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a  b  s  t  r  a  c  t

Background:  Progressive  disability  develops  with  older  age  in association  with  underlying  disease,  comor-
bidity and  frailty.  Physical  performance  characteristics  are  important  to  improve  the  physical  condition  of
older  persons  and  therefore  may  be able  to  prevent  or delay  the  onset  of  (progressive)  disability.  However
lack of  understanding  of  the  physiology  and  etiology  of  functional  decline  leading  to  disability  causes  a
problem  in  the  development  of  effective  preventive  interventions.  The  aim  of  the  present  review  is  to
determine  which  physical  performance  characteristics  are  determinants  of  disability  in the  older  general
population.
Methods:  We  searched  systematically  the  electronic  databases  of  PubMed  (MEDLINE),  CINAHL,  Cochrane
Library,  Psychlit  and  Embase  for  cohort  studies  and  randomized  controlled  trials  assessing  disability  in
the older  general  population.  Outcomes  of  interest  were  handgrip  strength,  upper  and  lower  extremity
function,  balance  gait  and  physical  activity.  The  searching  strategy  resulted  in 22  studies  included  in the
present  systematic  review.
Results:  Although  heterogeneity  was  present  in  the  measurements  of  disability,  consistent  findings  were

shown for  physical  performance  characteristics  and  disability.  In  general,  a lower  score of  the  physical
performance  characteristics  was  associated  with  a higher  probability  of  (the  development  of)  disability.
The  association  for  other  aspects  of  gait  (e.g.  gait-step  continuity,  gait-step  symmetry,  path  deviation  and
turning)  and  disability  seems  to  be  present,  though  the  number  of  studies  is  limited.
Conclusion:  In  the present  systematic  review,  associations  were  found  for  hand  grip strength,  upper  and
lower  body  strength,  gait  speed,  physical  activity  and  the  probability  of  disability.
© 2011 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Aging in general is associated with a decline in exercise capacity,
uscle strength and power, lung capacity, balance and/or walk-

ng ability [1].  Ultimately these changes in the body may  result
n a decline of ability to perform activities of daily living (ADL) or
isability. Two types of disability are distinguished, namely pro-
ressive and catastrophic disability [2].

Progressive disability develops with older age in association
ith underlying disease, comorbidity and frailty [2,3]. Catastrophic
isability is the result of an acute clinical event (e.g. hip fracture
r stroke) [2,3]. The incidence rates of progressive and catas-
rophic disability are approximately the same (11.3 vs 12.1 per
000 person-years), with no apparent differences between men
nd women [2].  However the rate of increase is higher for pro-
ressive disability compared to catastrophic disability [2].

Because people in general are getting older, it is important to
ry to prevent (progressive) disability. Physical performance char-
cteristics are important to improve the physical condition of older
ersons and therefore may  be able to prevent or delay the onset
f (progressive) disability. In addition, physical measures are also
mportant for the prevention of hip fractures and stroke, which are
elated to catastrophic disability [4,5].

Many studies have investigated the relation between physi-
al measures (e.g. lower body strength, grip strength, balance and
hysical activity) and disability. However lack of understanding of
he physiology and etiology of functional decline leading to dis-
bility causes a problem in the development of effective preventive
nterventions. The aim of the present review is to determine which
hysical performance characteristics are determinants of disability

n the older general population.

. Methods

.1. Data sources

The electronic databases of PubMed (MEDLINE), CINAHL,
ochrane Library, Psychlit and Embase were systematically
earched with the following search term: Outcome disability was
efined as (“impaired”, or “decline”, or “declined” or “limitation”
r “preservation”) AND (“physical functioning” or “disabilities” or
(instrumental) activities of daily living” or IADL or ADL or “physi-
al performance”). The search was limited to the English and Dutch
anguage and there was no restriction on year of publication. The
eferences of the included articles were scanned to find other rel-
vant studies. The last search was performed on March 7th, 2011.
oth cohort studies and random controlled trial studies (RCT) were

ncluded. Cross-sectional studies were excluded for the present
ystematic review. Unpublished studies, abstracts, dissertations,
heses and book chapters were also excluded.

.2. Study selection
Fig. 1 shows the selection of the study selection process. First,
ll titles (n = 4573) were scanned independently by two  researchers
M.E.M.O. and E.M.A.A.) based on the criteria “physical performance
haracteristics” (as determinants) and “functional status or disabil-
 . . . .  .  .  .  .  .  . . . .  .  .  .  .  .  . . .  . .  .  .  .  . . . . . .  .  .  .  . . . . . . .  .  .  . . . . . .  .  . .  . .  .  .  . .  .  .  . .  . . . .  . .  .  .  . . 219

ity” (as outcome). Articles were excluded if they did not reported
data from an original study (e.g. reviews or meta analysis, unpub-
lished studies, abstracts, dissertations, theses and book chapters)
or included a study population focussing on older persons with a
medical condition or no community based population. Second, the
(remaining) abstracts (n = 236) were scanned independently by two
investigators (M.E.M.O. and E.M.A.A.) based on the same criteria.
Additionally, papers were excluded when they did not describe
an etiologic relation between physical performance characteris-
tics and functional status or disability. Third the selected full-text
articles were read (n = 45) and the final selection was made. In
this last step the reason for excluding articles were cross-sectional
study design (n = 8), prediction study (n = 6), outcome (n = 7), study
population (n = 5), determinant (n = 3). By scanning the references
of the included studies, six additional studies were included. The
searching strategy resulted in 22 studies included in the present
systematic review.

2.3. Data extraction and methodological quality

The data extraction was  performed independently by two inves-
tigators (M.E.M.O. and E.M.A.A.) and was  based on the guidelines
of the Cochrane Handbook 2009 (chapter 7) [6].  We  assessed the
methodological quality of the studies based on the guidelines of
Cochrane Library [6].  The guidelines included description of the
study population (e.g. sample size, age, percentage women  and
mortality), study design (e.g. length of follow-up or intervention
and definition of functional outcome), collection of the data (e.g.
description methods, percentage missing at follow-up, blinding,
selection bias, randomization), attrition over time (e.g. drop out and
missing data) and statistical analysis (e.g. sufficient analysis and
correction for confounders). For each aspect one point was assigned
to the study, by adding the points of the different aspects a total
score was  calculated. A higher score represents a higher method-
ological quality. The maximum score for cohort studies was  17 and
the maximum score for RCT was 20.

3. Results

The characteristics of the 22 studies included in this review are
shown in Table 1. Both longitudinal studies (n = 18) and randomized
controlled trials (n = 4) were included. In the longitudinal studies
the follow-up time ranged from 12 months to 28 years and during
the follow-up period the participants were measured one to eight
times. All RCTs had a follow-up period of one year and the par-
ticipants were measured one to three times during this follow-up
period.

The overall quality of the included studies was  moderate to
good. For cohort studies the methodological quality ranged from
10 to 16 points and for RCT from 11 to 18 points.

In the included studies functional status or disability was
measured using different outcomes en methods. The outcomes
of the studies were: (instrumental and basic) ADL (n = 9), (inci-

dent) disability (n = 6), functional limitations (n = 3), functional
(in)dependence (n = 2), onset of mobility disability (n = 1) and func-
tional status (n = 1). In all studies a questionnaire was used to
assess functional status or disability. The most commonly used
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Table 1
Characteristics of the included studies.

Authors Study design Participants Outcome Determinant(s) Factors controlled
for

Association measures Methods score

n Age (years) ±
sd

% women

Avlund et al. [23] Cohort 1396 80 vs 74–75 54 Onset of
mobility
disability

Physical activity Not described No vs strenuous PAa and onset
of mobility disability men:
OR  = 2.9[1.2; 6.7]; women:
OR  = 4.2[2.0; 8.7] light vs
strenuous PA men:
OR  = 1.6[0.7; 3.6]; women:
OR  = 1.6[0.8; 3.0]

16

Brach et al. [27] Cohort 229 74.2 ± 4.3 100 ADLb and IADLc Physical activity Age, # chronic
conditions,
physical activity
limited by health

Compared to less active
women  in 1995, the more
active women in 1995 reported
fewer difficulties with ADL,
performed better on the
physical performance test and
walked faster

15

Bruce  et al. [24] Cohort 805 50–72 28 Disability Physical activity Age, gender,
race/ethnicity,
education years,
smoking status,
number of
comorbid
conditions and
baseline HAQ-DI

After adjustment, the
physically inactive participants
had significantly more
disability than the active
participants regardless of
weight (p < 0.001)

10

Chu  et al. [20] Cohort 414 73.1 ± 6.2 49.5 IADL and
BADLd

Gait/balance
disorder

Age, gender, living
alone, educational
level, usual level of
exercise, smoking
status,
self-reported
health status,
number of doctor
visits, income level
and several
potential comorbid
conditions

Slow gait speed and IADL score
RR = 2.85[1.37; 5.92]

12

Femia  et al. [12] Cohort 90 86.8 ± 2.3 74 ADL and IADL Grip strength All other variables
(e.g. psychological
(mastery,
depression,
subject’s health)
and other vitality
determinants

Grip strength is not significant
associated with ADL stability.

14
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Foldvari et al. [14] RCTe 80 74.8 ± 5.0 100 Functional
status

VO2 peak, max
treadmill time,
muscle strength,
power and
endurance, percent
1RM where peak
power occurs.

Not done Univariate relation between
physical measures and the
functional status score: PA
(r = −0.49, p < 0.001), leg press
power (r = −0.47, p < 0.001), leg
press strength
(r  = −0.43, p = 0.001), VO2 peak
(r  = −0.40, p = 0.0003), chest
press power
(r  = −0.35, p = 0.00270, chest
press strength
(r  = −0.27, p = 0.0223), upper
back power
(r = −0.26, p = 0.02700 and hip
abductor power
(r  = −0.18, p = 0.1353)

11

Giampaoli et al. [8] Cohort 140 71–91 0 Disability in
ADL and IADL

Hand grip strength Not described Hand grip strength was
associated with disability in
persons ≥ 77 years (RR = 0.96,
95% CI [0.93; 0.99]) but not in
persons ≤ 76 years (RR = 0.99,
95% CI [0.97; 1.01])

13

Gill  et al. [21] Cohort 1103 79.1 ± 5.0 74 Onset of
functional
dependence

Physical
performance

Age, gender,
number of chronic
diseases

Categories (quarter) of physical
performance and functional
dependence
worst: RR = 2.1[1.4; 3.0], Third:
RR = 1.3[0.9; 1.9], Second:
RR = 1.1[0.7; 1.6], Best: RR = 1.0

16

Gill  et al. [17] RCT 188 82.8 ± 5.0 (I)
83.5 ± 5.5 (C)

85 (I)f

74 (C)g
Disability Intervention

program
Recruitment
strategy; level of
physical frailty and
disability on
baseline

Overall, participants in the
intervention group had less
disability at 3, 7 and 12 months
(P-values 0.48, 0.008 and 0.02
respectively)

18

Gill  et al. [22] RCT 188 82.8 ± 5.0 (I)
83.5 ± 5.5 (C)

85 (I)
74 (C)

Self-reported
iADL

Intervention
program

Not done Intervention program on IADL
disability
Difference between
intervention and control group
at 7 and 12 months was  17.7%
(p = 0.036) and 12.0%
(p = 0.143), respectively

16
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Authors Study design Participants Outcome Determinant(s) Factors controlled
for

Association measures Methods score

n Age (years) ±
sd

% women

Gill et al. [19] Cohort 563 79.1 ± 4.7 74 ADL
dependence

Transfer and
balance, gait; chair
stand, rapid gait,
360◦ turn, bending
over, foot taps,
hand signature

Age, gender, #
medications,
arthritis of the
knee(s)

Qualitive performance tests
and ADL dependence
Stand from chair:
RR = 2.5[1.4; 4.2], stand of toes:
RR = 3.0[1.8; 5.0], stand on
heels: RR = 2.7[1.7; 4.5], sit
down to chair:
RR = 1.8[1.1;3.0], stand with
feet touching: RR = 1.3[0.8; 2.2],
withstand sternal nudge:
RR = 1.1[0.6; 1.8], balance on
one leg: RR = 1.0[0.5; 2.0],
tandem stand:
RR = 1.2[0.6;2.4], step
continuity: RR = 2.3[1.4;3.9],
step symmetry:
RR = 1.7[1.0;3.0], Turning:
RR = 1.8[0.9; 3.6], path
deviation: RR = 1.2[0.6; 2.4]

16

Guralnik  et al. [18] Cohort 1122 77.1 64.9 Disability in
ADL

Summary
performance score

Age, sex, # chronic
conditions

Summary performance score
and disability at four years of
follow-up
Score 4–6: RR = 4.2[2.3; 7.7],
score 7–9: RR = 1.6[1.0; 2.6],
score 10–12: R = 1.0

15

Hirvensalo et al. [7] Cohort 720 71.8 ± 5.1
71.9 ± 5.4
73.6 ± 5.0
74.4 ± 5.5

68 Loss of
independence

Physical activity Sociodemographic
factors, chronic
conditions,
smoking and
earlier physical
exercise

Mobility and physical activity
related to loss of independence
Mobile-active (reference)
Mobile-sedentary men:
OR = 0.91[0.22; 3.70], women:
OR = 1.17[0.63; 2.22];
impaired-active men:
OR = 1.14[0.26; 4.93], women:
OR = 1.99[0.94; 4.22];
impaired-sedentary men:
OR = 5.21[1.44;18.7], Women:
OR = 2.92[1.52; 5.60]

15

Kuo  et al. [15] Cohort 1753 70.2 ± 7.5 46.2 (instrumental)
ADL

Knee extensor
power and usual
gait speed

Age, sex, race,
educational levels,
BMI, cognitive
performance,
smoking status,
alcohol intake,
health perception,
self-reported PA,
walking device,
pain, C-reactive
protein,
co-morbidities,
usual gait
speed/knee
extensor power

Knee extensor power and ADL
disability OR = 0.75[0.59; 0.97]
Knee extensor power and IADL
disability OR = 0.76[0.59; 0.98]
Usual gait speed and ADL
disability OR = 0.72[0.59; 0.87]
Usual gait speed and IADL
disability OR = 0.63[0.52; 0.77]

12
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Landi et al. [25] Cohort 2005 82.1 ± 7.0 78 Onset of
disability

Physical activity Age, gender,
cognitive
performance scale
score, impaired
vision, ischemic
heart disease,
congestive heart
failure, stroke,
peripheral vascular
disease, COPD,
osteoarthritis,
depression, #
medications and
country

PA and risk of disability
No PA: OR = 1.0
PA: OR = 0.67[0.53; 0.84]
Age < 80 years, no PA: OR = 1.0,
PA: OR = 0.62[0.41; 0.93]
Age > 80 years, no PA: OR = 1.0,
PA: OR = 0.70[0.52; 0.94]

16

Miller et al. [26] Cohort 5151 78.2 ± 6.0 64 Functional
limitations

Physical activity Gender, age,
follow-up year,
atherosclerotic
heart disease,
hypertension,
arthritis and
diabetes

Physically active lifestyle in
1984 and functional limitations
Severe vs moderate/none
limitations:
1984–1986:
OR = 0.45[0.35; 0.58],
1986–1988:
OR = 0.47[0.36; 0.60,
1988–1990:
OR = 0.74[0.59; 0.93]
Severe or moderate vs none
limitations:
1984–1986:
OR = 0.68[0.58; 0.80],
1986–1988:
OR = 0.57[0.47; 0.69,
1988–1990:
OR = 0.84[0.65; 1.08]

14

Onder et al. [9] Cohort 884 78.7 ± 8.0 100 Incident ADL
disability

Balance, chair
stand, walking
speed lower
extremity,
putting-on blouse,
purdue pegboard,
grip strength and
upper extremity

Age and race Lower and upper extremity
performance measures and
incident ADL disability
Balance: RR = 0.81[0.66; 0.89];
chair stands:
RR = 1.54[1.29; 1.83]; walking
speed: RR = 0.65[0.52;0.82]
lower extremities summary
performance score:
R  = 0.56[0.53; 0.83]
purdue pegboard:
RR = 1.21[1.02; 1.45]; grip
strength: RR = 0.84[0.69; 1.02];
upper extremities summary
performance score:
RR = 0.75[0.61; 0.91]

11
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Table 1 (Continued)

Authors Study design Participants Outcome Determinant(s) Factors controlled
for

Association measures Methods score

n Age (years) ±
sd

% women

Ostir et al. [16] Cohort 1365 73.3 53 ADL
dependence

8-foot walk, chair
stand, standing
balance and
summary
performance score

Age, sex, # chronic
diseases.

8-foot walk and ADL disability:
Cat. 1: OR  = 5.4[1.2;23.6]; cat.
2: OR = 4.3[1.0;19.0], cat. 3:
OR = 3.6[0.8;15.7], cat. 4:
OR = 1.0
Chair stands and ADL
disability: Cat. 1:
OR = 2.8[1.2; 6.4]; cat. 2:
OR = 1.6[0.7; 3.9], cat. 3:
OR = 1.0[0.4; 2.6], cat. 4:
OR = 1.0
Standing balance and ADL
disability: Cat. 1:
OR = 2.4[1.0; 5.4]; cat. 2:
OR = 2.5[1.2; 4.8], cat. 3: OR=1.0
Summary performance score
and ADL disability: Score 1–4:
OR = 6.2[2.4; 16]; Score 5–8:
OR = 2.0[0.9; 4.2], Score 9–11:
OR  = 1.0

10

Phelan  et al. [28] RCT 201 77.1 ± 5.1 (I)
76.9 ± 5.2 (C)

64.9
48

ADL disability Intervention
program

Baseline
differences in
gender and ADL
function

Incidence of disability in BADL
(no ADL disability at baseline)
Intervention: RR = 0.68
[0.27; 1.70], control: RR = 1.0
Incidence of improvement in
ADL function (any ADL
disability at baseline):
Intervention: RR = 1.84
[1.05; 3.22], control: RR = 1.0
Incidence of worsening in ADL
function (entire population)
Intervention: RR = 0.71
[0.38; 1.30], control: RR = 1.0

18
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Rantanen et al. [10] Cohort 6089 54 ± 5.5 0 Functional
limitations

Hand grip strength Age, weight,
height, education,
occupation,
smoking, PA and #
chronic diseases

Lowest midlife grip strength
and self-reported difficulty
walking 0.8 km:
OR = 1.25[0.93; 1.67], walking
up 10 steps:
OR = 1.28[0.93; 1.78], lifting
4.5 kg: OR  = 1.94 [1.25;3.02],
doing heavy household work:
OR = 1.69 [1.69; 2.27], dressing:
OR = 2.43[1.42; 4.15], bathing:
OR = 2.06[1.18; 3.59], eating:
OR = 2.33[0.99; 5.49], toileting:
OR = 1.96[0.97; 3.95]
Middle midlife grip strength
and self-reported difficulty
walking 0.8 km:
OR = 1.07[0.83; 1.38], walking
up 10 steps:
OR = 1.12[0.85; 1.49], lifting
4.5 kg: OR  = 1.57 [1.05; 2.34],
doing heavy household work:
OR = 1.31 [1.02; 1.70], dressing:
OR = 1.65[1.01;2.71, bathing:
OR = 1.76[1.07;2.92], eating:
OR = 1.72[0.78; 3.80], toileting:
OR = 1.84[0.98;3.46]

13

Sarkisian  et al. [11] Cohort 657 73.6 ± 5.2
72.1 ± 4.3

100 Functional
difficulty

Grip strength Age, education, #
comorbidities,
cognitive function,
BMI, gait speed,
grip strength,
visual acuity, PA,
social network
score, Geriatric
depression scale
and enrollment site

Grip strength and new
functional difficulty:
OR = 0.92[0.84; 1.0]

13

Tinetti et al. [13] Cohort 1471 79.4 ± 5.2
78.0 ± 5.1

71 IADL Lower and upper
extremity function

Gender, age, race,
education, #
chronic diseases,
MMSE, living
situation, proxy
information

Project safety cohort
Lower extremity and IADL:
ˇ  = −0.72 (p < 0.0001)
Upper extremity and IADL:
ˇ  = −0.19 (p = 0.06)
Precipitating events project
Lower extremity and IADL:
ˇ  = −0.36 (p < 0.0001)
Upper extremity and IADL:
ˇ  = −0.34 (p = 0.0004)

16

a PA: physical activity.
b ADL: activities of daily living.
c IADL: instrumental activities of daily living.
d BADL: basic activities of daily living.
e RCT: randomized controlled trial.
f I: Intervention group.
g C: Control group.
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4573 articles identified by 
search and title screened 

236 articles possibly relevant 
and abstract screened 

45 articles possibly relevant 
and detailed evaluation by 
reading full-text article 

191 excluded from review 
- Editorials, review (n=23) 
- Inappropriate definition of disability 
  outcome (n=49) 
- No physical performance characteristic 
  as determinant (n=44) 
- Study population (e.g. frail persons or  
  with a certain medical condition (n=38) 
 - Cross-sectional studies (n=37) 

16 articles included in review 

29 excluded from review 
- Inappropriate definition of disability 
  outcome (n=7) 
- No physical performance characteristic 
  as determinant (n=3) 
- Study population (e.g. frail persons or  
  with a certain medical condition (n=5) 
- Cross-sectional studies (n=8) 
- Study design (e.g. prediction) (n=6) 

22 articles included in review 

 Cross reference search (n=6)

 the s

m
S
s
K
(
i
r
l
I
w
m

3

3

o
w
s
w
t
a

g
u
a
(
d
f
a
a
(

Fig. 1. Flow diagram of

easure was a selection of (i)ADL items (n = 9), followed by the
tanford Health Assessment Questionnaire (n = 3), Lawton’s (I)ADL
cale (n = 3), the Functional Status Questionnaire (n = 2), Modified
atz questionnaire (n = 2), Mobility-Help Scale (n = 1), Barthel Index

n = 1) and physical functioning questionnaire (n = 1). In the remain-
ng study dependence was classified according to whether a person
esided in nursing home, hospital or other assisted-living faculty or
ived in the community but receiving publicly funded assistance [7].
n almost all studies (except two) the majority of the participants

ere female (range: 28–100%), in the remaining two  studies only
en  were measured.

.1. Physical performance characteristics

.1.1. Hand grip strength
In total, four studies analyzed the impact of hand grip strength

n (the development of) disability. In all studies hand grip strength
as measured using a dynamometer. However the hand grip

trength was calculated using different methods. The methods used
ere highest of two measures in the dominant hand [8],  best of

hree attempts [9];  average of best results in 2 exams [10] and the
verage of both hands [11].

All studies showed a non-significant beneficial effect of hand
rip strength on the development of disability. In a 4-year follow-
p study higher hand grip strength was borderline significantly
ssociated with reduced probability of new functional difficulty
odds ratio (OR) = 0.92, 95% CI [0.84; 1.00]) [11]. A 3-year longitu-
inal study found a borderline significant protective association

or higher hand grip strength and incident ADL disability (rel-
tive risk = 0.84, 95% CI [0.69; 1.02] [9]. This was  confirmed by
nother study, but only in participants over 77 years (relative risk
RR) = 0.96; 95% CI [0.93; 0.99] [8].  Also midlife grip strength is
tudy selection process.

important for the ability to do heavy household work, dressing and
bathing (OR range from 1.31 to 2.43) [10]. However the association
was  not present for eating and toileting [10]. Grip strength was not
a significant predictor of ADL [12].

3.1.2. Lower and upper body strength
A total of eight studies focussed on lower and upper body

strength. In the included studies, upper body strength was mea-
sured by the timed fingertaps and an upper extremity summary
performance score (e.g. putting-on blouse, purdue pegboard and
grip strength) [9,13].  Leg press power, summary performance score
by Guralnik and the chair-stand test were used to assess lower body
strength.

In the study of Onder and colleagues (2005) an upper extrem-
ity summary score was calculated. In this study a better score of
upper extremity was  associated with a lower probability of incident
ADL disability (RR = 0.75, 95% CI [0.61; 0.91]) [9]. Another study also
found a significant association between upper extremity strength
(timed fingertaps) and IADL (  ̌ = −0.34, p-value <0.004) [13].

Leg press power and VO2 peak were the only physiologic vari-
ables that contributed independently to FFS (r = 0.57, p < 0.0001)
accounting for 32% of the variance in Functional Status Score (FSS)
[14]. Higher knee extensor power was  associated with a lower
probability of ADL disability (OR = 0.75, 95% CI [0.59; 0.97]) [15].
More time to perform the chair stand test was associated with a
higher probability of incident ADL disability and functional limi-
tations (RR = 1.54, 95% CI [1.29; 1.83] [9].  In an other study only in
the lowest quartile (≥16.5 s) more time to perform the chair stand

test was associated with ADL disability (Q4 vs Q1: OR = 2.8, 95%
CI [1.2; 6.4]) [16]. The inability to rise from a chair was  associated
with a higher probability of functional limitation. There was a sig-
nificant association between worse lower extremity strength (by
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hair stands) and higher probability in IADL disability (  ̌ = −0.36,
-value < 0.001) [13].

There was only one RCT that focussed on improving lower body
trength in an intervention program [17]. After a six month inter-
ention, the intervention group had a non significant shorter time
o perform the chair stand test compared to the control group
p = 0.101) [17]. However, the effect was present at the follow-up
t 12 months (p = 0.046) [17].

.1.3. Balance
In four studies balance was investigated in relation to living

ndependently. Balance was measured by investigating maintain-
ng of balance in different positions of the feet and withstand a
ternal nudge [16–19].

A  worse balance was associated with a higher probability of ADL
ependence (Q3 vs Q1: OR = 2.4, 95% CI [1.0; 5.4]) [16]. In addition,

 better balance was associated with a lower probability of inci-
ent ADL disability (RR = 0.81, 95% CI [0.66; 0.89]) [9].  In one study
alance was not associated with ADL dependence [19].

After a six-month, home-based intervention participants in the
ntervention group had less IADL disability compared to partici-
ants in the control group at 7 months (difference: 17.7%, p = 0.036)
17]. However this effect was no longer present at 12 months (dif-
erence: 12.0%, p = 0.143) [17]. In a separate analysis of participants
ith severe frailty, the disability scores at 7 and 12 months were not

ignificantly different between the intervention and control group
17].

.1.4. Gait
In total five studies focussed on gait and aspects related to

ait. In one study rapid gait speed was measured, all other stud-
es reported usual gait speed. However the distance over which the
ait speed was measured ranged from 2.4 m (8-foot) till 5 meter
9,15,16,19,20]. In two studies other aspects of gait were measured,
amely gait-step continuity, gait-step symmetry, path deviation
nd turning [17,19].

In the two lowest quartiles, lower walking speed was associ-
ted with a higher probability of the onset of ADL disability (Q4
s Q1: OR = 5.4, 95% CI [1.2; 23.6]) [16]. This result was confirmed
n another study (OR = 2.85, 95% CI [1.37; 5.92]) [20]. Two  studies
ound that higher walking speed was associated with a lower prob-
bility of incident ADL disability (OR = 0.65, 95% CI [0.52; 0.82] and
R = 0.72, 95% CI [0.59; 0.87]) [9,15].

Less step continuity was related with a higher probability of
DL dependence (RR = 2.3, 95% CI [1.4; 3.9] [19,21].  There was  a
orderline significant relation for less step symmetry and higher
robability of ADL dependence (RR = 1.7, 95% CI [1.0; 3.0]) [19]. No
elations were found for turning, path deviation and ADL depen-
ence [19].

There was only one RCT that focussed on improving gait speed
nd gait related aspects in an intervention program. After a six
onths intervention, the intervention group had a significant

igher timed rapid gait compared to the control group (differ-
nce: 17.7%, p = 0.036) [22]. However the effect was not present
t the 12 month follow-up (difference: 12.0%, p = 0.143) [22]. The
ame effect was shown for other aspects of gait measured by the
erformance Oriented Mobility Assessment (POMA) [22]. After a
ix months intervention, the intervention group had a significant
igher POMA-score compared to the control group (difference:
2.2%, p = 0.036) [22]. Again the effect was no longer present at the
2 month follow-up (difference: 7.2%, p = 0.183) [22].
.1.5. Summary performance score
Lower extremity function can also be assessed by a summary

core of standing balance, walking speed and the ability to per-
ritas 69 (2011) 208– 219 217

form a sit to stand test. In three studies an additional summary
performance score was calculated [16,18,19].

In a four-year follow-up study the Summary Performance Score
(SPS) at baseline was associated with disability in ADL (SPS 10 to
12 vs SPS 4 to 6: RR = 4.2, 95% CI [2.3; 7.7]) [18]. This was  confirmed
by two  other studies (OR = 6.2, 95% CI [2.4; 16] and RR = 2.1, 95% CI
[1.4; 3.0]) [16,21]. These results showed that only the lowest cat-
egory of the SPS was  associated with a higher probability of ADL
disability compared to the highest category of the SPS [16]. How-
ever the number of participants with a lower SPS score were small
(11, 38 and 9 respectively) [16].

3.1.6. Physical activity
In total seven studies focussed on the relation between physical

activity and disability. The correlation between Functional Status
Score (FSS) and physical activity was −0.49 (p < 0.001) [14]. No
physical activity compared to strenuous physical activity was  asso-
ciated with a higher probability of disability in men  and women
(men: OR = 2.0, 95% CI [1.2; 6.7], women: OR= 4.2, 95% CI [2.0; 8.7)
[23]. However there was  no association for light vs strenuous
activity on the probability of disability in men  and women (men:
OR = 1.6, 95% CI [0.7; 3.6], women: OR = 1.6 95% CI[0.8; 3.0]) [23].
This was  confirmed by two  other studies, the association was
present regardless of weight group (normal weight vs overweight)
and age (<80 years and >80 years) [24,25].  In both men and women
a sedentary lifestyle and impaired mobility were associated with a
higher probability of disability (men: OR = 5.21, 95% CI [1.44; 18.7],
women: OR = 2.92, 95% CI [1.52; 5.60]) [7].  Past physical activity
level is important to delay the onset of disability, regardless of the
severity of limitations [26]. Consistency in physical activity level is
related to less ADL difficulty [27].

In a 1-year RCT leg press power and habitual physical activ-
ity level were the only two  factors that contributed independently
to the FFS (r = 0.64, p < 0.001) [28]. No effect of an exercise inter-
vention program was  shown among persons with no disability at
baseline [28]. However the incidence of improvement in ADL func-
tion in persons with any ADL disability at baseline was  higher in
the intervention group compared to the control group (RR = 1.84,
95% CI [1.05; 3.22] [28].

3.2. Summary of findings

All studies showed a beneficial effect of higher hand grip
strength on the development of disability. One study described
that the association was  only present in persons with a higher age,
therefore this association seems to be modified by age. Both higher
upper and lower body strength were associated with disability in all
studies. An intervention program seems to work to delay or slow
down the process into disability, but this is only based on a sin-
gle study. In three out of four studies an association was found
for better balance and disability. In a single RCT balance improved
after the intervention, however the effect was not present at the
12 months follow-up. The association between higher gait speed
and the development of disability was confirmed in all studies. The
relation for other aspects of gait (e.g. gait-step continuity, gait-step
symmetry, path deviation and turning) and disability seems to be
present, though the number of studies is limited. Higher level of
physical activity (regardless intensity) is associated with a lower
probability of disability. An intervention program seems to work,
but only in persons who  experience any form of disability.

4. Discussion
In the present systematic review, we summarized the results of
both cohort studies and randomized controlled trials on the rela-
tion between physical performance characteristics and disability.
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n the literature is no consensus about the definition of the ability
o live independently. Multiple synonyms are used, among others
isability, ADL (in)dependence and functional status. It has been
ound that the prevalence of ADL disability is higher when disability
s defined as “difficulty” compared to “dependence” [29]. In addi-
ion, the attribution or acceptance of disability by older persons
hemselves is important [30]. In the included studies of the present
eview eight questionnaires were used to describe the outcome
elated to living independently, which shows the diverse definition
f the outcome.

All studies described an association between higher hand grip
trength and the development of disability. Though, the associa-
ions between hand grip strength and disability were relatively
mall. A possible biological mechanism that can explain this is that
sometric grip strength changes little until 60 years. From 50 to 70
ears of age, grip strength decreases 1.0% to 1.5% per year and there-
fter 3% per year [1,31].  However, one study showed that midlife
and grip strength is important in the development of future dis-
bility. Handgrip strength has often been used as an indicator of
verall muscle strength. Overall general strengthening exercise can
e used to improve hand grip strength and maybe in addition, delay
r prevent the progression into disability.

Due to the limited number of studies investigating upper body
trength, it is difficult to describe a conclusion. However both
vailable studies showed that higher upper body strength was  asso-
iated with a smaller probability of disability. Tinetti and colleagues
2005) used the finger tapping test as a measure of upper extremity

easure [13]. In addition, the finger tapping test can also be used
s a measure of motor function [32].

In the included studies different methods were used to assess
ower body strength. Despite the different methods all studies
ound a significant relation with activities of daily living. The effect
f an intervention program targeting lower body strength should
e maintained over a longer period to demonstrate the effects.

In general worse balance was associated with a higher probabil-
ty of disability. One study did not show this relation, despite a large
tudy population (n = 563) [19]. A possible explanation is that the
umber of persons with an abnormal balance was small. One RCT
howed that the effect was no longer present at 12 months after
he intervention [17]. This suggests that (balance) training should
e continued to improve balance in the long term.

The relation between gait speed and disability was confirmed
n multiple studies. Intervention programs seem to work, but the
rogram has to be continued over a longer period to have a long
erm effect on the delay of disability. In contrary, there is lacking
vidence about the relation with the other aspect of gait, such as
ait-step continuity, gait-step symmetry, path deviation and turn-
ng.

Higher physical activity is associated with a lower probability
f disability. Also a beneficial effect was found of an intervention
rogram. In addition the level of physical activity at a younger age

s important to delay of prevent disability at older age. The effect of
hysical activity is comparable for men  and women.

The overall quality of the included studies was  moderate to
ood. However, not in all studies the data analysis was  correctly
erformed regarding the research question. For example according
o authors the study was a prediction study, but in the analysis the
ssociations were adjusted for potential confounders. In addition,
here might be a publication bias, due to the policy and statistical
easons of scientific journals to prefer studies with positive results.
t therefore may  result in an overestimation of the effect of the
hysical characteristics on the development of disability. However,

tudies were included in the present review that reported no associ-
tion between physical performance characteristics and disability.
he studies included used different definitions of disability and/or
hysical decline. As shown from previous studies the definitions,
ritas 69 (2011) 208– 219

or description of the outcome, can give different results, therefore
it is difficult to compare studies. Age is the most important deter-
minant of disability, unfortunately not all studies adjusted for age.
This can result in an overestimation of the effect.

We  performed a systematic review on physical performance
characteristics, to change or intervene in these physical character-
istics. We  included multiple physical performance characteristics
which provides us an opportunity to intervene. The study popula-
tion was not restricted to specific subgroups, such as persons with
a certain disease, but rather the older general population.

More studies should be developed to confirm the results of
the present systematic review. A small number of RCT were
included in the review, therefore more focus on intervention pro-
grams to delay the onset of disability or prevent disability is
important.

We recommend the inclusion of a younger population, to find
out whether functional limitations at a younger age can already
be recognized. In addition, preventive interventions could enable
people, even in old age and with chronic conditions, to live indepen-
dently. Preclinical disability is characterized by the development of
early functional limitations or mild impairments long before it is
clinically manifest [19]. Persons with preclinical disability do not
have problems executing basic ADL but have an increased risk for
developing disability or functional dependence [19]. Both Bruce
and colleagues [24] and Rantanen and colleagues [10] performed
studies which also include persons with a younger age (study pop-
ulation 50–72 and 45–68 years at baseline).

Physical performance measures are not only important in
delaying the onset of disability, but also in predicting all cause
mortality in the older general population [30]. The systematic
review of Cooper and colleagues showed that lower grip strength
(HR = 1.67, 95% CI [1.45; 1.93]), slower walking speed (HR = 2.87,
95% CI [2.22; 3.72]) and more time to perform a chair stand test
(HR = 1.96, 95% CI [1.56; 2.45]) were associated with a higher
risk of all cause mortality [30]. The present systematic review
shows that even in an earlier stage physical performance char-
acteristics have an association with disability or preservation
of function. This may  implicate that intervention in an earlier
stage of the disability process is possible, to delay the onset
or prevent disability. This should be further explored in future
studies.

Progressive disability develops with older age in association
with underlying disease, comorbidity and frailty [2,3]. In the
present review we  focussed on physical performance characteris-
tics associated with progressive disability. In conclusion, despite a
diverse definition of the ability to perform activities of daily living,
associations were found for hand grip strength, upper and lower
body strength, gait speed, physical activity and the probability to
develop disability.
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