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Abstract

Background

Activities of daily living (ADLs) and instrumental activities of daily living (IADLs) are essential for independent living and are pre-
dictors of morbidity and mortality in older populations. Older adults who are dependent in ADLs and IADLs are also more likely
to have poor muscle measures defined as low muscle mass, muscle strength, and physical performance, which further limit
their ability to perform activities. The aim of this systematic review and meta-analysis was to determine if muscle measures
are predictive of ADL and IADL in older populations.

Methods

A systematic search was conducted using four databases (MEDLINE, EMBASE, Cochrane, and CINAHL) from date of inception
to 7 June 2018. Longitudinal cohorts were included that reported baseline muscle measures defined by muscle mass, muscle
strength, and physical performance in conjunction with prospective ADL or IADL in participants aged 65 years and older at
follow-up. Meta-analyses were conducted using a random effect model.

Results

Of the 7760 articles screened, 83 articles were included for the systematic review and involved a total of 108 428 (54.8% fe-
male) participants with a follow-up duration ranging from 11 days to 25 years. Low muscle mass was positively associated with
ADL dependency in 5/9 articles and 5/5 for IADL dependency. Low muscle strength was associated with ADL dependency in
22/34 articles and IADL dependency in 8/9 articles. Low physical performance was associated with ADL dependency in
37/49 articles and with IADL dependency in 9/11 articles. Forty-five articles were pooled into the meta-analyses, 36 reported
ADL, 11 reported IADL, and 2 reported ADL and IADL as a composite outcome. Low muscle mass was associated with worsen-
ing ADL (pooled odds ratio (95% confidence interval) 3.19 (1.29-7.92)) and worsening IADL (1.28 (1.02-1.61)). Low handgrip
strength was associated with both worsening ADL and IADL (1.51 (1.34-1.70); 1.59 (1.04-2.31) respectively). Low scores on
the short physical performance battery and gait speed were associated with worsening ADL (3.49 (2.47-4.92); 2.33 (1.58—
3.44) respectively) and IADL (3.09 (1.06—-8.98); 1.93 (1.69-2.21) respectively). Low one leg balance (2.74 (1.31-5.72)), timed
up and go (3.41 (1.86-6.28)), and chair stand test time (1.90 (1.63-2.21)) were associated with worsening ADL.

Conclusions

Muscle measures at baseline are predictors of future ADL and IADL dependence in the older adult population.
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Introduction

Dependence in activities of daily living (ADLs), the basic tasks
required of an individual to maintain their independence at
home, is associated with increased risk of morbidity and mor-
taIity.l'2 Individuals that are dependent in ADL are also likely
to be dependent in instrumental activities of daily living
(IADLs), the tasks required of an individual to maintain their
independence in the community.g_5 The prevalence of ADL
and IADL disability for at least one activity is 34.6% and
53.5%, respectively, in adults aged 65 years and older,® and
this prevalence increases with age.7 Those with lower muscle
measures, defined by muscle mass, muscle strength, and
physical performance,8 are more likely to be dependent in
ADL and/or IADL.°* The more difficult tasks are for an indi-
vidual, the more effort and demand they require relative to
their muscle’s maximum capacity.12

Older adults that develop ADL dependence are less likely
to recover function, stressing the need for strategies that
can prevent or delay the onset of ADL dependence.13 Higher
muscle strength is protective against declining below the
threshold where dependence in ADL and IADL oceurs.* In
community-dwelling older adults, physical performance mea-
sured by gait speed has been shown to be a strong predictor
of ADL disability.ls'16 Similarly, low muscle mass, muscle
strength, and gait speed have all been associated with an im-
paired ability to perform ADL and IADL.1718 Currently, there
are no systematic review and/or meta-analyses that quan-
tifies the association between muscle mass, muscle strength,
and physical performance as predictors of ADL and IADL de-
pendence. By determining which muscle measures are pre-
dictive of ADL and IADL dependence allows for the
identification of individuals at high risk of decline as well as
the development and implementation of strategies that can
prevent or delay the onset of dependence.

The aim of this systematic review and meta-analysis was to
determine if muscle mass, muscle strength, or physical per-
formance are predictors of ADL and/or IADL at follow-up in
older populations.

Methods
Search strategy

This systematic review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
and registered with the PROSPERO International Prospective
Register of Systematic Reviews (CRD42019125666).° The fol-
lowing four electronic databases were screened for potential
relevance from date of inception to 7 June 2018: MEDLINE,
EMBASE, Cochrane Central Register of Controlled Trials, and
Cumulative Index of Nursing and Allied Health Literature.
The search strategy was developed in consultation with a

senior tertiary librarian from The University of Melbourne,
with expertise in research and search strategies. The following
terms were used in the search strategy: ‘muscle mass’, ‘fat
free mass’, ‘lean mass’, ‘muscle loss’/atrophy, ‘muscle
strength’, ‘physical performance’/mobility/fitness/endurance,
‘activities of daily living’, ‘functional decline’/disability, and
aged/elderly/older. The full search strategy can be found in
Supporting Information, Table S1.

Eligibility criteria

Inclusion criteria consisted of prospective longitudinal co-
horts of older adults with a reported mean/median age of
65 years and older at follow-up and reporting at least one
of the following measurements: muscle mass, muscle
strength, or physical performance in conjunction with a
follow-up outcome of ADL or IADL.

Exclusion criteria included cross-sectional and case—control
studies; anthropometric measurements as measures of mus-
cle mass such as body mass index, hip-waist ratio, waist or calf
circumference measurements, and skin-fold thickness; popu-
lations that suffered from cancer, muscular dystrophy, genet-
ically inherited diseases, and HIV/AIDS; cohorts that received
an intervention other than usual care or placebo; and non-
English articles. Articles including participants of the same co-
hort more than once were excluded in a hierarchical manner:
(i) if there was no statistical analysis conducted regarding odds
ratio (OR), hazards ratio, or relative risk and lacking data to
calculate the OR; (ii) if their primary research question was
not exploring the association between muscle measures with
ADL or IADL; or (iii) an article had a smaller sample size.

Article selection

Articles obtained through the search strategy had their title
and abstract screened followed by full-text screening for eligi-
bility independently by two authors (D. W., Y. Z,, or J. Y.)
using Covidence (Covidence Systematic Review Software,
Veritas Health Innovation, Melbourne, Australia). The deci-
sion made by authors was compared, and conflicts were set-
tled by a third reviewer (E. M. R.).

Data extraction and quality assessment

Data extraction was performed by two authors (D. W., Y. Z,,
or J. Y.). The following data were extracted from included ar-
ticles: author, year, study/cohort, setting, country/region, de-
mographical information [sample size, age (mean/median),
and sex (% female)], and follow-up duration. Muscle mass,
muscle strength, physical performance, ADL, and IADL were
extracted based on the measurement method, unit, and
cut-offs applied in analyses. Effect sizes were extracted from
text, tables, or figures if not described elsewhere.
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The quality of the included articles was assessed by a mod-
ified version of the Newcastle—Ottawa Scale (NOS) for cohort
studies.?’ Quality assessment was performed based on the fol-
lowing categories: selection, comparability, and outcome. Ar-
ticles were deemed to be high quality with the following
criteria: (i) the population was representative of the 65 years
and older at follow-up; (ii) in the case of a dichotomized
sarcopenic cohort (low muscle mass, muscle strength, and
physical performance), both cohorts were recruited from the
same population; (iii) the technique used to measure muscle
mass, muscle strength, or physical performance; (iv) the anal-
ysis was controlled for age and/or sex, as well as other factors;
(v) ADL or IADL was measured with a validated method or a
study designed questionnaire or survey; (vi) follow-up dura-
tion was >3 months; and (vii) subjects were all followed up,
accounted for or the number lost to follow-up was unlikely
to introduce bias (<20%). The adapted version of the NOS
can be found in Supporting Information, Supplementary

Material 2. Studies above the median score (7/7 and 8/8) were
the cut-off point for articles of high quality.21

Data synthesis and analysis

Effect sizes were extracted and reported where associations
were made between baseline muscle measures and follow-
up ADL and/or IADL. Inclusion into the meta-analysis required
articles to report an OR, hazards ratio, relative risk, or if the ar-
ticle provided sufficient information to calculate an OR for the
association between baseline muscle measures and follow-up
ADL and/or IADL. Forest plots were generated for the graphi-
cal representation of the meta-analysis. A random effect
model was adopted to account for differences between arti-
cles.?? Articles were presented in order from the shortest to
longest follow-up duration to determine if follow-up duration
impacts effect size, i.e. longer follow-up duration showing

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-analyses flow chart for the study selection process.
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Muscle measures and activities of daily living

greater effect size. Articles that reported sex-stratified re-
sults or ADL and IADL were entered in the meta-analysis
separately. The least adjusted statistical model consisting
of age and sex was used in the meta-analysis, followed by
the next least adjusted model then the unadjusted model.
Heterogeneity was measured using the /-squared (/%) test.
Low heterogeneity was defined as an /> < 25%, moderate
as 25-75%, and high as >75%.%% The P-value for significance
was set at <0.05, and the P-value for a trend was set at
0.05 < P < 0.01. Meta-analyses were performed separately
according to the unit of gait speed, ADL, and IADL. The
meta-analysis was performed using Comprehensive Meta-
analysis (version 3.3; Biostat Inc., Englewood, NK).

Results

Figure 1 presents the Preferred Reporting Items for System-
atic Reviews and Meta-analyses flow diagram of selected ar-
ticles. The four databases yielded 12 950 potential articles
to which an additional 13 were added by snowballing. After
removing duplicate articles, 7760 progressed to title and ab-
stract screening. Of these, 7535 articles were excluded
resulting in 225 articles for full-text screening. Ultimately,
83 articles were included in the systematic review and 45 ar-
ticles in the meta-analysis.

Characteristics of included articles
Table 1 presents the study characteristics of included articles.

The majority of the articles were conducted on community-
dwelling participants (n = 65/83). The mean or median age

of the study ranged from 54 to 86 years at baseline. The num-
ber of participants in each study ranged from 41 to 8000 and
included a total of 108 428 (54.8% female) participants.
Follow-up duration ranged from 11 days to 25 years. ADL
was measured in 73 articles that examined physical motor
tasks, 30 of which had developed an adapted questionnaire
to assess the motor component of ADL (Supporting Informa-
tion, Table S3) and 21 articles using the Katz Index or a mod-
ified version. Of the articles reporting ADL, 63 articles used a
dichotomous cut-off reporting a worsening ADL score (>1
points loss, i.e. more dependency) at follow-up compared
with using a continuous ADL score (n = 11). IADL was mea-
sured in 35 articles with the Lawton—Brody IADL scale being
used in 14 articles, three of which were modified. A total of
26 articles included measures of both ADL and IADL.

Qualitative analysis

Muscle mass was 28,32,35~

38,50,59,60,65,86,98,104

reported in 13 articles,
six using dual-energy X-ray absorptiome-
try, five using bioelectrical impedance analysis, one using
computed tomography, and one did not report the measure-
ment method (Table 2). Low muscle mass was positively asso-
ciated with worsening ADL in 5/9 articles and IADL in 5/5 at
follow-up.

Muscle strength was investigated in 418242527,28,34,35,37-
40,44,45,47,49,51,53,55,59,64,67-74,77,80-83,86—88,90,93,94,98,102 articles
as a predictor of ADL and IADL (Table 3). Handgrip strength
was used as a measure of muscle strength in 40 articles, five
using quadriceps or knee strength and each of the following
were used in single articles: shoulder strength, ankle and

Table 2 Muscle mass as predictor of activities of daily living or instrumental activities of daily living

First author (year) [ref] N Tool Measure Units Cut-offs AM MA
Amigues (2013) 28 975 DXA SMI kg/m? SD (NR) A Y
Quartile® A N
975 DXA LM kg SD (NR) A N
Baumgartner (2004) 32 451 DXA SMI kg/m2 M: 7.26. F: 5.45 A N
Bianchi (2015) ° 538 BIA SMI kg/m? M: 8.87. F: 6.42 A Y
Broadwin (2001) 3® 1051 BIA FFM % Quintile” A N
Carriere (2005) %’ 545 — LM/BM — <0.54, 0.54-0.63, >0.63 A N
Cesari (2015) 8 991 CcT Muscle density mg/cm3 SD (M: 3.32. F: 3.60) A N
Fantin (2007) *° 159 DXA FFM kg Continuous u N
Hirani (2015) >° 1819 DXA ALM kg <19.75 A N
Hirani (2017) ©° 1685 DXA ALM/BMI — <0.789 A Y
Janssen (2006) ©> 3694 BIA MM kg Quartile (NR) A N
3694 BIA SMI kg/m2 M: <10.75. F: <6.75 A Y
Sanchez-Rodrigeuz (2014) 86 99 BIA FFM kg Continuous A N
99 BIA LBM kg Continuous A N
Tanimoto (2013) %8 716 BIA AMI kg/m? M: <7.0. F: <5.8 u Y
Zoico (2007) "4 145 DXA AMI kg/m? <7.6 A N
Measure: —, not applicable or reported; ALM, appendicular lean mass; AMI, appendicular mass index; BIA, bioelectrical impedance anal-

ysis; BM, body mass; CT, computed tomography; DXA, dual-energy X-ray absorptiometry; FFM, fat free mass; LBM, lean body mass; LM,
lean mass; MM, muscle mass; SMI, skeletal muscle index. Cut-off: NR, not reported; SD, standard deviation. Expressed as either dichoto-
mous, ranges for specific tertiles, quartiles, quintiles, or categories or per unit or score. AM, adjustment model denotes whether the model
in the meta-analysis was: A, adjusted; or U, unadjusted. MA, meta-analysis; N, no; Y, yes.

#>6.72, 6.30-6.72, 5.82-6.30, <5.82.

PM: 35.5-75.6, 75.7-78.0, 78.1-80.2, 80.3-82.8, 82.9-93.0. F: 45.6-67.0, 67.1-69.4, 69.5-71.8, 71.9-74.7, 74.8-88.0.
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Table 3 Muscle strength as predictor of activities of daily living or instrumental activities of daily living

First author (year) [ref] N Measure Units Cut-offs AM MA
Abete (2017) 907 HGS NR Dich (NR) A Y
907 SS NR Dich (NR) A N
Al snih (2004) 2° 2493 HGS kg Continuous U Y
Quartile® U Y
Alexandre (2012) 27 1634 HGS kg Continuous A Y
Amigues (2013) 28 975 HGS kPa SD (NR) A N
Beloosesky (2009) 34 93 HGS kg Continuous U N
Bianchi (2015) 3° 538 HGS kg BMI specific® A N
Carriere (2005) %7 545 HGS kPa <47 A Y
545 Qs N/cm <3.52, 3.52-4.95, >4.95 A N
Cesari (2015) 38 991 HGS kg SD (M: 10.11. F: 7.49) A N
991 AE kg SD (M: 9.79. F: 8.35) A N
Chan (2014) 3° 570 HGS kg Continuous A N
570 QS kg Continuous A N
Chaudhry (2010) %° 5888 HGS kg Lowest quintile for sex and BMI (NR) A Y
Costanzo (2018) 44 709 HGS — Lowest quintile for sex and BMI (NR) U Y
Den Ouden (2013) %° 625 HGS kg Per 10 A N
625 Qs Nm Per 10 A N
Di Monaco (2015) %7 193 HGS kg SD (5.7) A N
Duchowny (2018) #° 8467 HGS kg WM: <35, BM: <40, WW: <22, BW: <31 A Y
Femia (1997) >’ 95 HGS kPa Continuous U N
Giampaoli (1999) >3 140 HGS kPa Continuous A N
Gill (2009) >° 722 HGS kg BMI specific A Y
Hirani (2015) >° 1819 HGS kg <26 A N
Ishizaki (2000) 4 468 HGS kg Continuous A Y
Kozicka (2016) ¢7 41 HGS kg Continuous u N
Kwon (2012) 8 204 HGS kg BMI specific® A N
Legrand (2014) ®° 309 HGS kg Tertile® A Y
Lopez-Teros (2014) 70 133 HGS kg Continuous A N
McGrath (2018) 7" 672 HGS kg Continuous A N
Minneci (2015) 72 453 HGS kg Continuous A Y
Moen (2018) 73 115 HGS kg Continuous A N
Onder (2005) 74 458 HGS kg SD (5.9) A N
Pisters (2012) 77 216 KE N/kg SD (0.6) A N
Rantanen (1999) &° 6089 HGS kg Tertilef A N
Rantanen (2002) & 553 HGS N M: <392. F: <225 U Y
554 AF N M: <274, <348. F: <159, <198 A N
550 KE N M: <363, <449. F: <225, <287 A N
546 TE N M: <542, <631. F: <271, <393 A N
538 TF N M: <472, <571. F: <231, <330 A N
Rodriguez-Pascual (2017) 82 277 HGS kg Lowest quintile for sex and BMI (NR) A Y
Rothman (2008) & 754 HGS kg BMI specific? A Y
Sanchez-Rodrigeuz (2014) 8¢ 99 HGS kg Continuous U N
Sarkisian (2000) &’ 6632 HGS kg Lowest Quintile (NR) A Y
Sarkisian (2001) 88 89 HGS kg Decile (NR) A N
Seidel (2011) %° 6670 HGS kg <26 U Y
Shinkai (2000) 23 513 HGS kg Age specific" U Y
Shinkai (2003) %4 601 HGS kg Quartile decrease A N
Taekema (2010) '8 555 HGS kg Continuous A N
Tanimoto (2013) %8 716 HGS kg Lowest quartile (NR) U N
Wennie Huang (2010) '°2 65 HGS kg Continuous A Y

Measure: —: not applicable or reported; AE, ankle extension; AF, arm flexion; BMI, body mass index; HGS, handgrip strength; KE, knee
extension; QS, quadriceps strength; SS, shoulder strength; TE, trunk extension; TF, trunk flexion. Cut-offs: NR, not reported; SD, standard
deviation. Expressed as either dichotomous, ranges for specific tertiles, quartiles, quintiles, or categories or per unit or score. AM, adjust-
ment model denotes whether the model in the meta-analysis was: A, adjusted; or U, unadjusted. MA, meta-analysis; N, no; Y, yes.

M: <22.00, 21.01-30.00, 30.01-35.00, >35.01. F: <14.00, 14.01-18.20, 18.21-22.50, >22.51.

bM: <24: <29, 24.1-28: <30, >30: <32. F: <23: <17, 23.1-26: <17.3, 26.1-29: <21.

M: <24: <29, 24.1-26: <30, 26.1-28: <30, >28: <32. F: <23: <17, 23.1-26: <17.3, 26.1-29: <18, >29: <21.

9M: <25, 25.0-29.9, 30.0-39.9, >40. F: <15, 15.0-19.9, 20.0-24.9, >25.
°M: <25.3, 25.4-33.2, >33.3. F: <15.0, 15.1-20.0, >20.1.

f<37.0, 37.0-42.0, >42.0.

IM: <24: <29, 24.1-26: <30, 26.1-28: <30, >28: <32. F: <23: <17, 23.1-26: <17.3, 26.1-29: <18, >29: <21.
PM: 65-74: <37, >75: <30. F: 65-74: <22, >75: <20.
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Table 4 Physical performance as predictor of activities of daily living or instrumental activities of daily living

First author (year) [ref] N Measure Units Cut-offs AM MA
Albert (2015) ¢ 347 Gait m/s Quartile® A N
Alexandre (2012) 27 1634 OLB s Continuous A N
1634 CST s Continuous A N
Amigues (2013) %8 975 Gait m/s SD (0.22) A N
974 Balance s Tertile® A N
Arnau (2016) *° 252 SPPB points <7 u Y
Artaud (2015) 3°© 3814 Fast Gait m/s SD (0.22) A N
3814 Change in FG m/s SD (0.013) A N
Basic (2017) 3’ 1693 TUG s Continuous U N
Beauchamp (2015) *3 430 SPPB points Continuous U N
430 Gait m/s Continuous (0.1) u N
428 400 m walk min Continuous U N
413 Stair climb watts Continuous u N
Bianchi (2015) *° 538 Gait m/s <0.8 A N
Carriere (2005) ¥’ 545 Gait m/s <0.78 A Y
545 Standing balance — Tertile® A N
545 Dynamic balance — Cat (3) A N
545 CST s <13s A Y
545 Foot tapping — Tertile A N
Cesari (2015) 38 991 Gait m/s SD (M: 0.24. F: 0.23) A Y
Chaudhry (2010) 40 5888 Gait m/s Lowest quintile for sex and height (NR) A Y
Chu (2006) *' 1338 Gait m/s <0.65 m/s A Y
Cooper (2011) 42 1425 Timed walk test — Continuous A N
1425 Tandem stand — A N
1425 Cardigan test s A N
1425 CST S A N
Corsonello (2012) 3 506 SPPB points Continuous A Y
<9 U Y
Costanzo (2018) #* 709 Gait m/s Lowest quintile for sex and height (NR) U Y
709 Balance s Lowest quintile for sex and height (NR) u N
Den Ouden (2013) 4° 625 SPPB points Continuous A Y
Denkinger (2010) #° 161 Change in gait m/s Continuous A N
Donoghue (2014) 48 1391 Gait m/s Continuous (0.1) U N
1391 TUG s Continuous U N
Duchowny (2018) 49 8467 Gait m/s <0.8 A Y
Fujiwara (2016) >2 981 Gait m/s Tertile (NR) A Y
Giil (1996) >* 775 Own test — Quartile (25%) u N
Gill (2009) > 722 SPPB points Continuous A Y
722 RGT S <10 U N
722 Gait and balance points Continuous u N
722 CST S Dich (NR) U Y
722 Chair — Dich u N
722 Manual dexterity s Quartile? U N
722 GMC S Quartile® U N
Guralnik (2000) >® 2542 SPPB points <10 u Y
Hansen (1999) >7 73 TUG s Tertile u N
73 Tinetti balance points Tertile? u N
Heiland (2016) >® 1971 Gait m/s <0.8 A Y
1971 oLB s <5 A Y
Hirani (2015) *° 1819 Gait m/s <0.8 A N
Hoeymans (1996) ' 303 Gait m/s <0.73 U N
303 CST S <17.2 U N
Hong (2016) 2 8000 Gait m/s <0.6 A Y
Idland (2013) ©3 113 Gait m/s Cont (1) A Y
113 FRT cm Cont (1) A N
113 Step climb test cm Per 10 A N
Jonkman (2018) '® 798 Gait m/s Dich (NR) A N
798 Tandem stand s <10's A N
Kempen (1998) ¢ 557 Walk turn walk s Cont A N
557 CST S Cont A N
557 CST s Cont A N
557 Jacket s Cont N
Kwon (2012) 8 204 Gait m/s Quartile" A N
204 Balance S FT10, FT1-9, ST10, StS10 A N
204 CcsT s Quartile' A N
Legrand (2014) ®° 308 SPPB points M: <10. F: <8 u Y
Lopez-Teros (2014) [54] 133 Gait m/s Continuous (1) A Y
McGrath (2018) 7" 672 Gait m/s Lowest quintile for sex and height (NR) A Y
Minneci (2015) 72 453 Gait m/s Continuous (1) A Y
453 SPPB points Continuous A Y
(Continues)
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Table 4 (continued)

First author (year) [ref] N Measure Units Cut-offs AM MA
453 6MWT m Continuous A N
Moen (2018) 73 75 TUG s Continuous A N
Onder (2005) 74 458 Balance s SD (10.2) A N
458 CST s SD (8.4) A N
458 Gait m/s SD (0.31) A Y
458 LE comp — SD (0.69) A N
458 Blouse s SD (72) A N
458 Purdue s SD (10.5) A N
458 UE comp — SD (0.49) A N
Ostir (1998) 7° 1342 SPPB points <9 U Y
1328 Gait m/s <0.8 U Y
1342 CST s <10.9 U Y
1006 Balance s FT10, FT2-10, StS10 U N
Peel (2014) 7® 280 Gait m/s Continuous (0.1) A Y
Purser (2005) 78 1388 Gait m/s Continuous (0.1) A N
1388 Change in gait m/s Continuous (0.1) A N
Rajan (2012) 7° 5317 M SPPB points Continuous A Y
Rodriguez-Pascual (2017) 82 218 Gait m/s Lowest quintile for sex (NR) A Y
Rothman (2008) &3 Gait m/s <0.3 A N
Sakamoto (2016) 4 188 TUG s <15s A Y
188 FRT cm <20 A N
Sanchez-Martinez (2016) &° 607 SPPB points <8 A N
607 Gait m/s <0.8 A N
Sarkisian (2000) & 6632 Gait m/s Lowest quintile (NR) A N
Schoenenberg (2013) 89 119 TUG s <20s U Y
Seidel (2011)° 1804 Gait m/s <0.4 U Y
Shimada (2010) *’ 436 TUG s <12 A Y
Shimada (2015) 92 4081 Gait — <1.0 A N
Shinkai (2000) 3 513 UWSs m/s Tertile U Y
513 MWS m/s Age and sex specific quartiles® A N
513 OLB s Tertile' U Y
Shinkai (2003) °* 601 Gait m/s Quartile lower A N
601 Fast gait m/s Quartile lower A N
601 OLB s Quiartile lower A N
Sourdet (2012) %° 583 OLB s <5 A N
Stenholm (2014) ¢ 727 Gait m/s Continuous (0.1) A Y
727 SPPB points Continuous u Y
Takuhiro (2017) %7 104 RWS m/s SD (0.24) A Y
Tanimoto (2013) %8 716 Gait m/s Lowest quartile (NR) U N
Terhorst (2017) *° 256 Balance — NR U N
256 Forward reach — NR U N
Tinetti (2005) '°° 1042 CsT s Tertile™ U N
Volpato (2011) '° 74 SPPB points <8 u Y
Wennie Huang (2010) 102 65 SPPB points Continuous A Y
65 Gait m/s Continuous (1) A Y
65 BBS points Continuous A N
65 TUG s Continuous A N
Zhang (2013) '3 504 CsT s <11.2 A Y

Physical Performance: —, not applicable or reported; 6MWT, 6 min walk test; BBS, Berg Balance Scale; CST, chair stand test; OLB, one leg
balance; FRT, functional reach test; FT, full tandem; MWS, maximum walking speed; POMA, performance oriented mobility assessment;
PPT, physical performance test; RGT, rapid gait test; RWS, regular walking speed; SPPB, short physical performance battery; ST, semi tan-
dem; StS, side to side; TUG, timed up and go; UWS, usual walking speed; WS, walking speed. Cut-offs: NR, not reported; SD, standard
deviation. Expressed as either dichotomous, ranges for specific tertiles, quartiles, quintiles, or categories or per unit or score unless oth-
erwise stated in brackets. AM, adjustment model denotes whether the model in the meta-analysis was: A, adjusted; or U, unadjusted. MA,

meta-analysis; N, no; Y, yes.

#>1, 0.74-0.99, 0.57-0.73, <0.57.

b<2,3-9, >10.

Full tandem, semi tandem, side to side.

9<21.8, 21.8-24.3, 24.4-27.5, >27.6.
€<8.8,8.8-10.3, 10.4-12.4, >12.5.

f<20, 20-40, >40.
915-27, 28-38, 39-41.

?‘M: >4.5, 4.0-4.5, 3.0-3.9, <3. F: >5, 4.0-5.0, 3.0-3.9, <3.
'M: >20, 17.0-19.0, 11-16.9. F: >21, 18.0-20.9, 12.0-17.9, <12.
'M: <1.08, >75: >0.82. F: <0.9, >75: <0.69.

KM: 65-74: <1.81, 1.82-2.10, 2.11-2.36, >2.37. >75: <1.34, 1.35-1.64, 1.65-1.99, >2.00. F: 65-75: <1.45, 1.46-1.70, 1.71-1.98, >1.97.

>75: <1.08, 1.09-1.34, 1.35-1.62, <1.63.
'M: <18, >75: <5. F: <7, >75: <16.

M<9, 9-14, >14.
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Table 5 Quality assessment of included studies using a modified Newcastle—Ottawa Scale (NOS)

Selection Comp Outcome Total

First author (year) [ref] Q1 Q2° Q3 Q1 Q1 Q2 Q3 score
Abete (2017) 24 1 1 1 1 1 1 6/7
Al snih (2004) 2° 1 1 2 1 1 1 7/7
Albert (2015) 26 1 1 0 1 1 1 5/7
Alexandre (2012) %7 1 1 0 1 1 1 5/7
Amigues (2013) 28 1 1 1 2 1 1 1 8/8
Arnau (2016) 2° 1 1 2 1 1 1 7/7
Artaud (2015) 3°© 1 1 2 1 1 1 7/7
Basic (2017) 3" 1 1 0 1 0 0 3/7
Baumgartner (2004) 32 1 1 1 2 1 1 1 8/8
Beauchamp (2015) 33 1 1 0 1 1 0 477
Beloosesky (2009) 34 0 1 0 1 1 1 4/7
Bianchi (2015) *° 1 1 1 2 1 1 1 8/8
Broadwin (2001) ¢ 1 1 2 1 1 1 7/7
Carriere (2005) 7 1 1 2 1 1 1 7/7
Cesari (2015) 38 1 1 1 2 1 1 1 8/8
Chan (2014) 3° 1 1 1 1 1 1 6/7
Chaudhry (2010) ° 1 1 2 1 1 1 7/7
Chu (2006) 4! 1 1 2 1 1 1 7/7
Cooper (2011) 42 1 1 2 1 1 1 717
Corsonello (2012) *3 0 1 2 1 1 1 6/7
Costanzo (2018) 44 1 1 0 1 1 1 5/7
Den Ouden (2013) 4° 1 1 2 1 1 1 7/7
Denkinger (2010) 4° 1 1 2 1 0 1 6/7
Di Monaco (2015) 47 1 1 2 1 1 1 777
Donoghue (2014) 48 1 1 0 1 1 1 5/7
Duchowny (2018) *° 1 1 2 1 1 1 7/7
Fantin (2007) >° 1 1 0 1 1 1 5/7
Femia (1997) °' 1 1 0 1 1 1 5/7
Fujiwara (2016) >2 1 1 2 1 1 1 7/7
Giampaoli (1999) >3 1 1 2 1 1 1 7/7
Gill (1996) >* 1 1 2 1 1 1 7/7
Gill (2009) >° 1 1 2 1 1 1 777
Guralnik (2000) °® 1 1 2 1 1 1 7/7
Hansen (1999) 7 1 1 0 1 0 1 4/7
Heiland (2016) 8 1 1 2 1 1 1 7/7
Hirani (2015) >° 1 1 1 2 1 1 1 8/8
Hirani (2017) ¢° 1 1 1 2 1 1 1 8/8
Hoeymans (1996) ' 1 1 1 1 1 1 6/7
Hong (2016) %2 1 1 2 1 1 1 7/7
Idland (2013) ©3 1 1 2 1 1 1 777
Ishizaki (2000) %% 1 1 2 1 1 1 7/7
Janssen (2006) ©° 1 1 1 2 1 1 1 8/8
Jonkman (2018) '® 1 1 2 1 1 1 7/7
Kempen (1998) ¢ 1 1 1 1 1 1 6/7
Kozicka (2016) ¢7 1 1 0 1 1 0 4/7
Kwon (2012) ©8 0 1 2 1 1 1 6/7
Legrand (2014) ®° 1 1 2 1 1 1 717
Lopez-Teros (2014) 7° 1 1 2 1 1 1 777
McGrath (2018) 7" 1 1 2 1 1 1 7/7
Minneci (2015) 72 0 1 2 1 1 1 6/7
Moen (2018) 73 1 1 2 1 0 1 6/7
Onder (2005) 74 1 1 1 1 1 1 6/7
Ostir (1998) 7° 1 1 2 1 1 0 6/7
Peel (2014) 76 0 1 1 1 1 0 4/7
Pisters (2012) 77 0 1 2 1 1 1 6/7
Purser (2005) 78 0 1 2 1 1 1 6/7
Rajan (2012) 7° 1 1 2 1 1 1 7/7
Rantanen (1999) 8° 1 1 2 1 1 1 7/7
Rantanen (2002) & 1 1 1 1 1 1 6/7
Rodriguez-Pascual (2017) &2 0 1 1 1 1 1 5/7
Rothman (2008) &3 1 1 2 1 1 1 7/7
Sakamoto (2016) & 1 1 2 1 1 1 7/7
Sanchez-Martinez (2016) & 1 1 2 1 1 1 7/7
Sanchez-Rodrigeuz (2014) 8¢ 0 1 1 0 1 1 1 5/8
Sarkisian (2000) &7 1 1 2 1 1 1 7/7

(Continues)
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Table 5 (continued)

Selection Comp Outcome Total
First author (year) [ref] Q1 Q2° Q3 Q1 Q1 Q2 Q3 score
Sarkisian (2001) & 1 1 2 1 1 1 7/7
Schoenenberg (2013) 89 0 1 0 1 1 1 4/7
Seidel (2011) ®° 1 1 2 1 1 1 7/7
Shimada (2010) *’ 1 1 2 1 1 1 7/7
Shimada (2015) 92 1 1 2 1 1 0 6/7
Shinkai (2000) 3 1 1 2 1 1 1 7/7
Shinkai (2003) ** 1 1 2 1 1 1 7/7
Sourdet (2012) %° 0 1 2 1 1 1 6/7
Stenholm (2014) °¢ 1 1 2 1 1 1 7/7
Taekema (2010) '8 1 1 1 1 1 1 6/7
Takuhiro (2017) *7 1 1 0 1 1 1 5/7
Tanimoto (2013) %8 1 1 1 2 1 1 1 8/8
Terhorst (2017) °° 1 1 0 1 1 1 5/7
Tinetti (2005) '°° 1 1 0 1 1 1 5/7
Volpato (2011) 1 0 1 0 1 1 1 4/7
Wennie Huang (2010) 102 1 1 2 1 1 0 6/7
Zhang (2013) '%3 1 1 2 1 1 1 7/7
Zoico (2007) '°4 1 1 2 1 1 0 6/7

Comp, comparability.
#Only applied to studies that dichotomized sarcopenic cohorts.

torso flexion, and extension. Low muscle strength was posi-
tively associated with worsening ADL in 22/34 and IADL in

8/9 at follow-up.
A total of 62 articlesl®26-31,33,35,37,38,40-46,48,49,52,54-59,61—

63,66,68-76,78,79,82-85,87,89-103 raported physical performance

as a predictor of ADL and IADL (Table 4). Gait speed was the
most reported measure, with a total of 37 articles, followed
by the composite test short physical performance battery
(SPPB), which was reported in 14 articles. Other measures of
physical performance included a variety of balance (n = 15),
chair stand (n = 10), timed up and go (n = 8), and functional
reach tests (n = 2) as well as tests that involve multiple assess-
ments (n = 3). Poor physical performance was positively asso-
ciated with worsening ADL in 37/49 articles and IADLin 9/11 at

follow-up: SPPB (10/13, 2/2), gait speed (27/33, 7/8), one leg
balance (3/4, 0/0), and chair stand test (4/9, 0/1).

Quality assessment

A complete breakdown of the NOS can be found in Table 5.
The majority of the articles were of high quality (46/83).

Meta-analysis

Muscle mass

Two articles®®®® evaluating muscle mass (low vs. high) and
its association with ADL were included in the meta-analysis.
Low muscle mass was associated with worsening ADL

Figure 2 Forest plot showing the association between baseline muscle mass (low vs. high) with activity of daily living (ADL) and instrumental activity of
daily living (IADL) at follow-up. Heterogeneity (Iz): ADL = 68.8. IADL = 75.8. M, male; F, female. Articles that reported both ADL and IADL were denoted

aand b.
Group by First author FU(ws) N Statistics for each study
Out Odds Lower Upper Relative
ratio limit limit  p-Value weight
ADL Tanimoto (2013) M 2 245 1980 0680 5763 0210 -+ 2008
ADL Tanimoto (2013) F 2 471 10980 3273 3689 0000 26.06
ADL Hirani (2017) a 5 1685 2120 1469 305 0000 E 3 491
ADL 3191 1285 790 0012 S
IADL Arigues (2013) 4 975 1110 08% 1441 0434 2115
IADL Hirani (2017) b 5 1685 1730 1380 2169  0.000 = 277
IADL Janssen (2006) M 8 1730 1080 0865 1348 04% 298
IADL Janssen (2006) F 8 1964 1000 0945 1257 02% 26.44
IADL Bianchi (2015) 9 538 250 1160 538 0019 — 6.66
IADL 1282 1023 1606 0031 >
0.01 0.1 1 10 100

No change or improvement Worse
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confidence
28,35,60,65

[OR 3.19, 95% interval (Cl): 1.29-7.92,
I? = 68.8]. Four articles were pooled into a meta-
analysis exploring the effect of muscle mass (low vs. high),
which favoured worsening IADL (OR = 1.28, 95% Cl: 1.02—
1.61, I* = 75.8) (Figure 2).

Muscle strength

Six articles?>27:6472:102.105 a3l ating the association between
handgrip strength (per 1 kg lower) and ADL were pooled,
favoured worsening ADL (OR = 1.09, 95% Cl: 1.05-1.13,
I? = 87.5) (Figure 3A). Ten articles®*?>40:44:49.69.81-83,93 \y 0 0
pooled into meta-analysis demonstrating the association be-
tween low vs. high handgrip strength with ADL (Figure 3B).
The pooled result again favoured worsening ADL (OR = 1.51,
95% Cl: 1.34-1.70, I*> = 50.0). Four articles®”®79%% \ere
pooled measuring handgrip strength (low vs. high) and IADL
favouring worsening ADL (OR = 1.59, 95% Cl: 1.04-2.41,
I? = 94.7) (Figure 3B).

Physical performance

Seven articles*®#>:5>72.79.96,102 o\ /3|y ating the association be-
tween SPPB and ADL were pooled, which demonstrated that
a lower SPPB score (per one point) is associated with worsen-
ing ADL (OR = 1.12, 95% CI: 1.07-1.18, /> = 91.8) (Figure 4A).
Four articles***®%%7> were pooled exploring the association
between SPPB (low vs. high) and ADL (Figure 4B). The pooled
effect favoured worsening ADL (OR = 3.49, 95% Cl: 2.47-4.92,
? = 63.3). Two articles***°! combined ADL and IADL and
showed that SPPB score (low vs. high) favoured a worsening
of the combined ADL and IADL measure (OR = 3.09, 95% Cl:
1.06-8.98, I? = 57.6) (Figure 4B).

Seven articles were pooled in a meta-analysis demonstrat-
ing the association of gait speed (per unit increase) with ADL
(Figure 5A). After subgrouping for a lower unit (per 0.1 m/s,
per 1 m/s and per SD) in gait speed, a lower gait speed of
0.1 m/s’®%® was not associated with worsening ADL
(OR = 1.64, 95% Cl: 0.80-3.38, /> = 85.0) while a lower gait
speed of 1.0 m/s®*7%1%2 and 1 SD**7* was associated with

Figure 3 Forest plot showing the association between baseline handgrip strength with activity of daily living (ADL) and instrumental activity of daily
living (IADL) at follow-up. (A) Handgrip strength (per 1 kg lower), heterogeneity (Iz) = 72.8. (B) Handgrip strength (low vs. high), heterogeneity (IZ):

ADL = 50.0. IADL: 94.7. M, male; F, female.

A
Group by First author FU(ys) N Statistics for each study Odds ratio and 95% CI
Outcome )
Odds Lower Upper Relative
ratio  limit limit  p-Value weight
ADL Wennie Huang (2010) 2 65 104 0970 124 0.142 5.40
ADL Aexandre (2012) F 2 1634 1009 102 1148 0.000 = 1872
ADL Minneci (2015) 3 483 1176 1070 120 0.001 —— 7.87
ADL Ishizaki (2000) 3 468 1110 1042 118 0.001 - 13.32
ADL Al snih (2004) M 7 1050 1.031 1015 1.047 0.000 2815
ADL Al 'snih (2004) F 7 1443 1083 1031 1075 0.000 | | 2654
ADL 1074 1041 1108 0.000 ‘
0.5 1 2
No change or improvement Worse
B

Group by First author FU(ws) N Statistics for each study
Outcome .

Odds Lower Upper Relative

ratio  limit limit  p-Value weight
ADL Abete (2017) 2 907 1560 1038 2345 0.032 —— 6.56
ADL Duchowny (2018) 2 8467 1540 1536 1.545 0.000 | | 2654
ADL Legrand (2014) 3 30 109 0821 147 0526 10.37
ADL Rantanen (2002) 5 55 180 103 338 0.037 368
ADL Shinkai (2000) 6 513 2170 12% 3640 0.003 e 4.50
ADL Costarzo (2018) 6 709 2940 1809 4778 0.000 4.9
ADL Al snih(2004) M 7 1050 1790 0972 3297 0.062 339
ADL Al 'snih(2004) F 7 1443 1050 0706 1.561 0810 —— 6.83
ADL Chaudhry (2010) 7 5888 1350 1119 1629 0.002 - 16.14
ADL Roathman (2008) 8 7% 150 1225 1837 0.000 - 15.14
ADL Rodriguez-Pascual (2017) 1 277 180 079 437% 0.149 186
ADL 1506 133 169 0000 2
IADL Seidel (2011) 2 6670 2470 21 282 0.000 = 2%
IADL Shinkai (2003) 3 601 1220 1070 1.391 0.003 B 2714
IADL Sarkisian (2000) 4 6632 1210 09% 1434 0.068 L 26.14
IADL Carriere (2005) 7 546 1780 1072 29% 0.026 1978
IADL 1586 104 2411 0.031 t

0.1 02 0.5 1 2 5 10
No change or improvement Worse
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Figure 4 Forest plot showing the association between short physical performance battery (SPPB) with activity of daily living (ADL) and/or instrumental
activity of daily living (IADL) at follow-up. (A) SPPB (per 1 point lower), heterogeneity (IZ) =91.8. (B) SPPB (low vs. high), heterogeneity (IZ): ADL = 63.3.

IADL = 57.6.

A
Group by First author FU(ws) N Statistics for each study
Outcome .

Odds Lower Upper Relative

ratio  limit limit  p-Value weight
ADL Corsonello (2012) 1 411 1250 1107 1412 0.000 —a— 11.09
ADL Wennie Huang (2010) 2 6 1253 088 1749 0184 215
ADL Minneci (2015) 3 453 1351 1119 1632 0.002 —_— 583
ADL Rajan (2012) 8 5317 1010 1005 1015 0.000 30.70
ADL Stenhdm(2014) 9 727 1130 088 1440 0324 382
ADL Den Ouden (2013) 10 625 1031 1015 1047 0.000 2098
ADL Gill (2009) 11 72 135 1240 1470 0.000 — 1648
ADL 1120 1065 1478 0000 L 2

05 1 2
No change or improvement Worse
B
Goupby ~ Firstauthor Fu(rs) N _Statistics for each study
Odds Lower Upper Relative
ratio limit  limit p-Value weight
ADL Corsonello (2012) 1 411 4510 1771 1148  0.002 — 9.16
ADL Cstir (1998) 2 1342 250 1260 532 0010 —— 1264
ADL Legrand (2014) 3 308 2170 1594 2954  0.000 - 2313
ADL Guralnik (2000) North Carolina 4 962 4530 2944 6970 0.000 —a— 1964
ADL Guralnik (2000) lowa 4 1175 4950 3246 7.550 0.000 —-— 19.89
ADL Guralnik (2000) New Haven 6 455 3560 1980 6400 0.000 —— 15.54
ADL 3480 2474 4.920 0000 <&
ADL and IADL Volpato (2011) 1 74 6160 1751 21667 0005 —a— 3838
ADL and IADL Amau (2016) 252 2010 1019 3965 0044 —— 61.62
ADL and IADL 3080 1062 8983 0038 B
0.01 0.1 1 10 100
No change or improvement Worse

worsening ADL (OR = 4.40, 95% Cl: 1.34-14.48, P? = 52.1;
OR 1.85, 95% Cl: 1.44-2.36, I° 62.8). Six arti-
cles*49:52:38.7593 1y50|ing gait speed (low vs. high) with ADL
favoured worsening in ADL (OR = 2.33, 95% Cl: 1.58-3.44,
I? = 94.2) (Figure 5B). Four articles®”"**%%>% evaluating the as-
sociation between gait speed (low vs. high) with IADL demon-
strated worsening in IADL (OR = 1.93, 95% Cl: 1.69-2.21,
I? = 0.0) (Figure 5B). Five articles****7%8287 were pooled com-
paring the lowest quintile for gait speed with the upper four
quintiles with ADL demonstrated an association in worsening
ADL (OR = 3.08, 95% Cl: 2.13-4.46, I> = 75.7) (Figure 5C).
Three articles®®°*° were pooled demonstrating a strong
association between one leg balance (low vs. high) and a de-
cline in ADL (OR = 2.74, 95% Cl: 1.31-5.72, I* = 88.5) (Figure
6A). Two articles®* 2 reported timed up and go (slow vs. fast)
with ADL (Figure 6B). Slow timed up and go favoured worsen-
ing in ADL (OR = 3.41, 95% Cl: 1.86-6.28, I = 41.6). Three arti-
cles®>”>1%3 explored the effect of chair stand test time (slow
vs. fast) with ADL (Figure 6B). Slow chair stand test favoured
worsening in ADL (OR = 1.90, 95% Cl: 1.63-2.21, /> = 0.0).
Two articles®”**® were pooled exploring the effect of chair
stand test time (slow vs. fast) was not associated with worsen-
ing IADL (OR = 2.10, 95% Cl: 0.80-5.48, 1> = 74.8) (Figure 6C).

All meta-analyses were ordered by study follow-up dura-
tion from shortest to longest. No pattern was present based
on follow-up duration in all meta-analyses.

Discussion

Muscle mass was associated with the development of IADL
dependence. Muscle strength and physical performance were
associated with the development of ADL and IADL depen-
dence at follow-up in older adults.

Muscle mass

Surprisingly, muscle mass was associated with the develop-
ment of new IADL dependence, but not ADL dependence at
follow-up in this meta-analysis. While the association be-
tween muscle mass and ADL was not statistically significant,
perhaps because of only two studies being included, a trend
suggested that it was a clinically significant predictor of wors-
ening ADL. The Concord Health and Ageing in Men Project re-
ported that low muscle mass and sarcopenic obesity were
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Figure 5 Forest plot showing the association between gait speed with activity of daily living (ADL) and instrumental activity of daily living (IADL) at

follow-up. (A) Gait (per unit lower), heterogeneity (Iz): 0.1m/s=85.1.0m

/s = 52.1. SD = 62.8. (B) Gait (low vs. high), heterogeneity (IZ): ADL = 94.2.

IADL = 0.0. (C) Gait (lowest quintile vs. upper four quintiles), heterogeneity (IZ) =75.7.

A
Gc_pry Outcome  First author FU(ys) N Statistics for each study QOdds ratioand 95% ClI
Units Odds Lower Upper Relative
ratio  limit limit  p-Value weight
0.1m/'s ADL Peel (2014) 1351 1190 1.028 1377 0020 [ ] 56.50
0.1m's ADL Stenholm (2014) 9727 2500 1450 4310  0.001 — 4350
0.1m/'s 1644 0799 3381 0177 @O
1mis ADL Wennie Huang (2010) 2 65 3497 0.116 105423 0471 1027
1mis ADL Mnneci (2015) 3 453 12500 2947 53012  0.001 — 33.04
1m's ADL Idland (2013) 9 113 2500 1450 4310  0.001 E = 56.70
mis 4404 1339 1448 0015 -
sb ADL Onder (2005) 3458 1389 1.016 1.898 0039 HE- 28.87
sD ADL Cesari (2015)M 93% 2273 1712 3017 0000 - 31.44
sD ADL Cesari (2015)F 95% 1923 1576 2346  0.000 | | 39.69
sD 1845 1440 2364  0.000 '3
0.01 041 1 10 100
No change or improvement Worse
B
Group by First author FU(ws) N Statistics for each study
Outcome Odds Lower Upper Relative
ratio  limit limit  p-Value weight
ADL Chu(2006) a 11338 380 2203 6659  0.000 —— 1322
ADL Ostir (1998) 2 1328 4770 1151 19763  0.031 —_— 5.28
ADL Duchowny (2018) 2 867 1210 1206 1215 0000 L] 18.07
ADL Shinkai (2000) 6 513 2920 1909 4467 0000 —-— 14.85
ADL Heiland (2016) 6 1971 8400 5252 1343 0000 —- 14.29
ADL Fuijinara (2016) M 8 411 1360 1007 168 0005 - 17.12
ADL Fuiiwara (2016) F 8 50 1230 098 1516 0053 - 17.17
ADL 2330 1580 34% 0000 <&
IADL Chu (2006) b 11338 2850 1371 5@4 0005 —_— 333
IADL Seidel (2011) 2 1804 180 1466 2284 0000 | ] %26
IADL Hong (2016) 3 8000 1974 1646 2367 0.000 | | 53.99
IADL Carriere (2005) 7 545 1760 1040 2979 0035 —— 643
IADL 1930 1689 2205 0000 ¢
0.01 0.1 1 10 100
No change or improvement Worse
C
Group by First author FU(ws) N Statistics for each study
Outcome Odds Lower Upper Relative
ratio limit  limit p-Value weight
ADL Rodriguez-Pascal (2017) 1 218 350 1753 732 0000 14.07
ADL McGrath (2018) 2 672 150 0718 3219 0274 1339
ADL Sarkisian (2000) 4 862 220 1657 3165 0000 4.3
ADL Costarzo (2018) 6 700 6520 4069 10447 0000 2011
ADL Chaudhry (2010) 7 5888 3030 2559 3588 0000 B 2812
ADL 308 2131 4462 0000 <@
01 02 05 1 2 5 10
No change orimprovement Worse

significantly associated with worsening ADL and IADL.®° Addi-
tionally, a prospective study reported that low fat free mass
was associated with functional disability.® It has been previ-
ously hypothesized that muscle mass plays an important role
in the loss of ADL with increasing age . Loss of muscle mass
could be explained by a variety of different factors including
the loss of innervation from alpha-motor neurons **7, reduced
dietary protein intake °%'%, and less physical activity **°.

Individuals with lower muscle mass have more difficulty in
performing ADL and IADL ****2_ Furthermore, it has been
suggested that the infiltration of fat into the muscle is a risk
factor for low muscle mass, which is associated with worsen-
ing ADL and IADL **. Prior studies exploring the effect of
training on muscle mass demonstrate its effectiveness in
increasing performance and preservation of ADL and
IADL Y31 Muscle mass has also been shown to improve in
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Figure 6 Forest plot showing the association between other physical performance measures with activity of daily living (ADL) at follow-up. (A) One leg
balance time (low vs. high), heterogeneity (IZ) = 88.5. (B) Timed up and go (slow vs. fast), heterogeneity (IZ) =41.6. (C) Chair stand test time (slow vs.
fast), heterogeneity (lz): ADL = 0.0. Instrumental activity of daily living (IADL) = 74.8. Articles that reported both ADL and IADL were denoted a and b.

A
Group by First author FU (yrs) N Statistics for each study
Outcome .
Odds Lower Upper Relative
ratio limit limit p-Value weight
ADL Saurdet (2012) 2 53 140 02 203 0056 3468
ADL Shinkai (2000) 6 513 4400 283 6786 0000 3342
ADL Heiland (2016) 6 1971 3400 20 5639 0000 3190
ADL 278 1311 5717 0007
0.1 0.2 0.5 1 2 5 10
No change or improverment Worse
B
Group by First author FU(ys) N Statistics for each study
Outcome
Odds Lower Upper Relative
ratio  limit limit  p-Value weight
ADL Schoenenberg (2013) 1 119 2500 0951 6.569 0.063 39.80
ADL Sakamoto (2016) 2 188 4190 1910 9191 0.000 60.20
ADL 3412 1855  6.276 0.000
01 0.2 0.5 1 2 5 10
No change or improvement Worse
C
Group by First author FU(ys) N Statistics for each study
Outcome
ut Odds Lower Upper Relative
ratio  limit limit  p-Value weight
ADL Ostir (1998) 2 1342 2070 0972 4409 0.059 | 401
ADL Zhang (2013) a 3 504 1140 028 4516 0.852 121
ADL Gill (2009) 1 72 190 1626 2220 0.000 HAT8
ADL 18% 1629 2205 0.000
IADL Zhang (2013) b 3 504 1280 0641 2557 0484 4963
IADL Carriere (2005) 7 55 3410 1742 6676 0.000 50.37
IADL 2097 081 5477 0.131
01 0.2 05 1 2 5 10

No change orimprovement Worse

response to resistance exercise training and nutritional inter-
ventions, even in frail populations 191131157117,

Muscle strength

The predictive ability of muscle strength at baseline of ADL
and IADL decline is consistent with a previous study
consisting of 6089 participants, which suggested that having
higher muscle strength was protective against the onset of
future disability.2° However, the discrepancies in measures
and cut-offs and thus a lack of consensus in measuring mus-
cle strength. Handgrip strength has been used as a measure
of upper limb strength in older populations.2*'® However
handgrip strength should not be used as an approximation
of overall muscle strength in older adults because of the

variation between individuals and the variation in muscle
groups within the same individual **°. Although a strong asso-
ciation between muscle mass and muscle strength exists 2%~
122 muscle strength may better predict worsening ADL and
IADL as muscle mass can also be influenced by factors like dis-
ease, muscle use, and muscle morphology **3.

It has previously been hypothesized that there is a minimal
amount of muscle strength required to complete ADL 2%,
Handgrip strength declines by 0.06 kg per year up to the
age of 50 with an even steeper decline of 0.37 kg per year af-
ter the age of 50 years '*°. In healthy older adults, large
changes in muscle strength have little effect on ADL while
small changes in a frail population have a more profound ef-
fect 4. This suggests that the completion of ADL and IADL
requires a minimum threshold of strength and that higher
muscle strength provides individuals with a protective
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reserve against the development of ADL and IADL depen-
dence.* Thus, individuals with lower muscle strength, and
therefore a lower protective reserve, are at higher risk of de-
veloping new ADL and IADL dependence at follow-up.14

The prevalence of ADL and IADL dependence increases
with age, muscle strength amongst older adults has been
shown to decrease.'?™?° Gender has also been suggested
to influence muscle strength as hospitalized older adults
demonstrated an association between handgrip strength with
ADL and IADL in male patients, but not female patients 12
Individuals with high muscle strength at baseline are also
likely to preserve their higher handgrip strength at follow-
up 129 1t would be expected that the association is stronger
with longer follow-up duration. However, this was not ob-
served in our meta-analysis. A reason this could be due to
the different baseline ages and follow-up duration between
studies. Given that muscle mass decreases at a slower rate
compared with muscle strength, it may be easier to preserve
and maintain muscle mass, which can also prevent the de-
cline in muscle strength.130

Muscle quality, which refers to the muscle strength or
power per unit of muscle mass, ™! has been associated with
worse ADL in a previous cross-sectional study.lo As previous
studies support the assumption that muscle strength decline
occurs faster than muscle mass, it also suggests that muscle
quality has likewise declined 130, Physical performance mea-
sured by gait speed has previously shown that a higher gait
speed to be associated with higher muscle quality in older
adults 132133, Currently, no studies have explored the associ-
ation between muscle quality and worsening ADLs; however,
as muscle quality has been shown to decline with age 134-136
it can be expected to observe similar results as muscle mass,
strength, and physical performance.

Physical performance

Lower SPPB scores were associated with worsening ADL at
follow-up. The SPPB encompasses three assessments that re-
quire strength, balance, dexterity, and cognitive control,
which captures functional elements that are required for
the completion of ADL and IADL 1877139 Lower extremity
physical performance measured by the SPPB was associated
with worse ADL. Furthermore, a difference in score of 1 point
on the SPPB was also significantly associated with worse ADLs
as shown in this review and prior research 138 | ower SPPB
scores are a reflection of impaired skeletal muscle function
and structural changes associated with chronic inflammatory
processes 140, as well as neurological pathologies that impair
gait and balance 141 that are thought to mediate the develop-
ment of ADL and IADL dependence **2. High heterogeneity
was observed between studies that evaluated the SPPB as a
continuous variable compared with a dichotomous variable
(low vs. high). The findings from this review were consistent

with a previous systematic review, where the SPPB was pre-
dictive of long-term disability.143

Gait speed measured by a 4 m walk test is a component of
the SPPB and is often used in clinical settings to identify indi-
viduals at high risk of adverse health outcomes™** and assist
in the diagnosis of sarcopenia.145 Gait speed is both a simple
and highly reproducible measure of physical performance
and is comparable with the SPPB as a predictor of ADL depen-
dence.>%14¢ |n community-dwelling outpatients, the associa-
tion between gait sped with ADL and IADL was stronger
than its association with the other sarcopenia diagnosis
criteria.X*” While having a higher 0.1 m/s gait speed was not
statistically significant in this study, all other analyses showed
a lower gait speed favoured a worsening ADL and/or IADL.
One study, which evaluated 27 200 community-dwelling older
adults for gait speed, demonstrated its predictive value on the
development of disability.148 Other studies reported different
cut-offs for slow and fast gait speed, but no single threshold
was evident with the incidence of disability.148 Therapies or
preventative interventions targeted at improving or maintain-
ing gait speed should be considered amongst older adults, as
these changes are reflective of the progression and develop-
ment of ADL and IADL dependence.l‘lg’150 The findings of this
meta-analysis also resonate with a previous systematic re-
view, which demonstrated that slow gait speed was associ-
ated with worsening ADL in older populations.ls'151

One leg balance was significantly associated with worsening
ADL in the follow-up. The importance of balance is well de-
scribed controlling both static and dynamic posture while
performing a variety of daily activities,*®>*% such that it has
been used as a predictor of high-risk individuals prone to
falls.® Although one previous study reported no statistically
significant association between one leg balance and ADL de-
pendence, the three studies included in this meta-analysis
demonstrated a strong association between low one leg bal-
ance time and worsening ADLs.* Timed up and go is a mea-
sure of walking, balance, strength, and cognition.156 A
descriptive meta-analysis exploring the cut-off times of the
timed up and go test reported cut-off values of 8.1, 9.2, and
11.3 s for those aged 60-69, 70-79, and 80-99 years old, re-
spectively.157 All studies included in the meta—analysisgﬂ"gg'91
had greater cut-offs for a slow timed up and go time, poten-
tially underestimating the pooled effect size. Timed up and
go had a smaller effect size but less heterogeneity in predicting
worsening ADLs compared with one leg balance in this meta-
analysis. Prior research comparing different measures of bal-
ance reported timed up and go as being a better predictor of
ADL in older the community-dwelling population.158

The chair stand test was significantly associated with wors-
ening ADL but not IADL. Chair stand test has been used as a
measure of lower body strength in older adults in
community-dwelling older adults and as part of the
SPPB.M1% A previous study reported that 22% of
community-dwelling older individuals are unable to complete
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the chair stand test (5 to 10 rises) without the use of hands
and/or arms.* The 30 s chair stand test may be a better pro-
tocol as it is more reliable given that some individuals are un-
able to complete standard protocols and the floor effect.?®
Surprisingly, no studies included in the meta-analysis re-
ported the 30 s protocol; only the 5x chair stand test was
used. High heterogeneity was observed in IADL perhaps be-
cause of the different cut-off points used (11.2 s°® and
13 5160) although this was not the case for ADLs.

Strength and limitations

This systematic review and meta-analysis explored muscle
mass, muscle strength, and physical performance as predictors
for ADL and IADL rather than limiting to just a single measure.
By evaluating the effects of all three measures, this review pre-
sented the most detailed assessment of this topic. To reduce
the risk of reverse causation when interpreting the associations
reported, only prospective studies were included. There are also
limitations to this review. Not all studies were pooled into a
meta-analysis because of differences in measures and cut-offs
of muscle mass, muscle strength, and physical performance,
the use of different statistical analyses, or the lack of data re-
quired to calculate an OR. Studies that were pooled were also
reporting univariate and multivariate analyses, adjusting for dif-
ferent confounders that were inconsistent between studies that
may have further led to an over or under estimation of the ef-
fect sizes. Studies that did not have a primary aim of exploring
the association between baseline muscle measures with ADL
and/or IADL may have used less standardized procedures. The
follow-up duration between studies varied significantly, which
may have impacted the results.

Future recommendations

There were few pre-existing studies that explored the associ-
ation between baseline muscle mass and ADL and/or IADL.
Studies should continue to investigate the association of
muscle mass alone with ADL and/or IADL. Future studies
should also explore the association of muscle quality with
ADL and/or IADL. Interventions tailored for specifically in-
creasing muscle measures should be developed to prevent
individuals from having worsening ADL and/or IADL in
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