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Abstract
Background: There is an interest for intervention studies aiming at the prevention of disability in
community-dwelling physically frail older persons, though an overview on their content,
methodological quality and effectiveness is lacking.

Methods: A search for clinical trials involved databases PubMed, CINAHL and Cochrane Central
Register of Controlled Trials and manually hand searching. Trials that included community-dwelling
frail older persons based on physical frailty indicators and used disability measures for outcome
evaluation were included. The selection of papers and data-extraction was performed by two
independent reviewers. Out of 4602 titles, 10 papers remained that met the inclusion criteria. Of
these, 9 were of sufficient methodological quality and concerned 2 nutritional interventions and 8
physical exercise interventions.

Results: No evidence was found for the effect of nutritional interventions on disability measures.
The physical exercise interventions involved 2 single-component programs focusing on lower
extremity strength and 6 multi-component programs addressing a variety of physical parameters.
Out of 8 physical exercise interventions, three reported positive outcomes for disability. There was
no evidence for the effect of single lower extremity strength training on disability. Differences
between the multi-component interventions in e.g. individualization, duration, intensity and setting
hamper the interpretation of the elements that consistently produced successful outcomes.

Conclusion: There is an indication that relatively long-lasting and high-intensive multicomponent
exercise programs have a positive effect on ADL and IADL disability for community-living moderate
physically frail older persons. Future research into disability prevention in physical frail older
persons could be directed to more individualized and comprehensive programs.

Published: 30 December 2008

BMC Health Services Research 2008, 8:278 doi:10.1186/1472-6963-8-278

Received: 28 August 2008
Accepted: 30 December 2008

This article is available from: http://www.biomedcentral.com/1472-6963/8/278

© 2008 Daniels et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Page 1 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19115992
http://www.biomedcentral.com/1472-6963/8/278
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


BMC Health Services Research 2008, 8:278 http://www.biomedcentral.com/1472-6963/8/278
Background
Frail elderly people are at much higher risk for falls, infec-
tions, disabilities, hospitalization, institutionalization,
and death, compared with their age-matched non-frail
counterparts [1-3]. In scenarios that predict future health
service delivery in the Western world, the rapid increase in
frail elderly is seen as one of the major challenges of
health care [4-6]. There is an increasing interest for frail
elderly being particularly vulnerable for developing disa-
bilities [7-9]. As disability is closely related to medical
spending, it is believed that prevention of disability can
lead to reduced health care costs [10]. Current literature
supports the notion of frailty as a pathway to disability
that is not a direct result of chronic disease, but instead is
associated with age-related loss of physical condition and
reserve [11,12]. This viewpoint on frailty points to oppor-
tunities for interventions aimed at either delaying the
onset of frailty or reducing its adverse outcomes [1,4].

A widely accepted definition and clear criteria for frailty
are lacking [1,5,13]. Markle-Reid and Brown [5] reported
substantial disagreement in the literature how frailty is
defined and measured. Based on recent studies into risk-
factors for adverse outcomes in frail elderly there appears
to be a growing consensus for acknowledging physical
frailty as a construct that can be identified by frailty com-
ponents [14]. Interventions for physical frailty stem from
the idea that the causal pathway towards frailty is a nega-
tive spiral in which inflammation, neuroendocrine dereg-
ulation and sarcopenia play a role implying that
interventions can be targeted at physical frailty independ-
ent of specific diseases [15]. The Interventions on Frailty
Working Group [14] recommended the development and
testing of preventive interventions for physically frail eld-
erly based on any of the following screening criteria:
mobility, strength, balance, motor processing, nutrition,
endurance or physical activity. Over the last decade, sev-
eral intervention studies aiming at the prevention of disa-
bility in the elderly using physical frailty indicators as
inclusion criteria have been reported. An overview of the
effectiveness and content of these interventions is, how-
ever, not available. This systematic review was conducted
to assess the content, the methodological quality and the
effectiveness of intervention studies for the prevention of
disability in community-dwelling physically frail elderly.

Methods
Search strategy
On May 16 2007 databases PubMed, the Cochrane Cen-
tral Register of Controlled Trials (CENTRAL) and CINAHL
were searched for randomized- and controlled clinical tri-
als by using "frail*", "vulnerable", "at risk", "high risk",
"low functioning", and the MESH terms "chronic disease"
and "disabled persons" in combination with the MESH
term "aged". Search terms for outcomes focused on disa-

bility measures and included terms like "disabil*", "func-
tional decline", "functional capabilit*", "functional
performance", "independen*" and MESH terms "activi-
ties of daily living", "quality of life" and "well being". To
restrict the search to interventions that targeted commu-
nity-dwelling elderly terms like "home*", "in-home*",
"communit*", "independent living" and MESH term "pri-
mary care" were added. Additionally studies were
searched by hand-searching reference lists from relevant
papers. The search was restricted to articles in English,
Dutch and German. There was no restriction for type of
intervention or year of publication.

Selection criteria
Clinical trials where community-dwelling frail elderly
were the target group were included. Studies had to
include frail elderly based on at least one of the physical
frailty indicators as described by Ferrucci et al. [14]. Table
1 gives an overview of these indicators. Studies that, for
instance, equalized frailty solely on the basis of presence
of disabilities, chronic illness, the eligibility of care or dis-
charge from hospital were excluded. As interventions in
frail elderly focusing on disability prevention was the aim

Table 1: Physical frailty indicators

Indicators* Possible measures†

Mobility Gait speed

Strength Grip strength
Chair rise
Knee extensor strength

Endurance Lack of energy
Tiredness
Oxygen-uptake

Nutrition Under-nutrition (decreased food intake)
Weight loss
Body Mass Index
Obesity

Physical inactivity Frequency and duration of walking and 
bicycling in the previous week and the average 
amount of time spent monthly on hobbies, 
gardening, odd jobs, and sports

Balance Items from Berg Balance Scale like
Sitting to standing
Standing to sitting
Standing unsupported

Motor processing Coordination
Movement planning
Movement speed

* As mentioned in Ferrucci et al. [14]
† As reported in frailty literature
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of this study, the presence of outcome measurement 'dis-
ability' was another criteria for inclusion. Disability was
defined as experienced difficulty in performing activities
in any domain of life [16]. Avlund [17] found that most
current studies of disability among older persons focus on
the ability to carry out the activities of daily living. The
need to focus on activities of daily living as a fundamental
outcome is well justified as persons who are disabled in
activities of daily living function can not successfully live
alone [18]. In this review only studies reporting about
measurements on Activities of Daily Living (ADL) or
Instrumental Activities of Daily Living (IADL) were
included.

Data extraction and analysis
A first selection of relevant studies was made on title-level
using a conservative approach, meaning that in case of
doubt an article would always be screened on abstract-
level. The second (abstract-level) and third selection
phase (full-text level) were independently undertaken by
two reviewers (RD and EvR) scoring 'relevant', 'doubt' or
'irrelevant' on forms. In case of inconsistencies, the
reviewers discussed the scoring. Consensus on 'irrelevant'
led to the exclusion of an article. On one occasion the

reviewers asked for the involvement of a third party
(LdW) in order to reach consensus. The same reviewers
also performed independently the quality assessment of
included studies as well as the data extraction. Inconsist-
encies in scoring between reviewers was discussed until
consensus was reached. As the included trials all turned
out to be randomized controlled trials the methodologi-
cal quality was assessed using an adaptation of the
Cochrane Back Review Group list of criteria (Table 2)
[19]. Three items were disregarded, because of their use as
an inclusion criterion (relevance of outcome measure) or
their low applicability to the evaluated interventions
(blinding of participant and blinding of care provider).
The criteria list comprised five descriptive, two statistical
and nine validity items. Each item was scored "+" if the
criterion was fulfilled, "-" if the criterion was not fulfilled,
and "?" if the information was not provided or was
unclear. Scores on validity items ranged from 0 to 9 per
trial. Trials which fulfilled over half of the validity items
were considered to be of "sufficient methodological qual-
ity". In addition, general characteristics of the studies and
outcomes of the trials were extracted. All data were ana-
lyzed qualitatively. Pooling of data was considered inap-
propriate due to the heterogeneity between trials

Table 2: Extracted data from the selected full papers

1. Methodological Quality of Trials (Criteria List by Cochrane Back Review Group)

Descriptive Items
1. Were eligibility criteria clearly specified?
2. Were index and control interventions explicitly described?
3. Was described whether adverse effects had or had not occurred?
4. Was a short-term follow-up measurement (directly after the intervention) of disability performed?
5. Was a long-term follow-up measurement (> 6 months after the intervention) of disability performed?

Statistical Items
6. Was the sample size for each group described?
7. Were point estimates and measures of variability presented for disability?

Internal Validity Items
8. Was a method of randomization used?
9. Was treatment allocation concealed?
10. Were groups similar at baseline regarding the most important prognostic indicators?
11. Were co-interventions avoided or comparable?
12. Was the compliance acceptable in all groups?
13. Was the outcome assessor blinded to the intervention?
14. Was the withdrawal/dropout rate acceptable (maximum of 20% for short-term follow-up and 30% for long-term follow-up)?
15. Was timing of the outcome assessment in both groups comparable?
16. Did the analysis include an intention-to-treat analysis?

2. Results of the Trial

Disability outcome measure
Frailty components measures
Baseline and follow-up details: number of participants, time of follow-up and results of the analyses
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regarding measurement instruments and intervention
characteristics.

Results
Four thousand six hundred and two titles were identified
in the literature search. After screening the titles, 127 stud-
ies were considered relevant for further screening on
abstract-level. Of these, another 69 studies were excluded,
because of not meeting the inclusion criteria (figure 1). In
the next phase, the screening of 58 full-text articles

resulted in the exclusion of 48 studies. Thirty-eight trials
were excluded for not meeting the criteria for population
characteristics, 5 for not meeting the criteria for the out-
come measure (disability) and 5 for not meeting both cri-
teria. There was a 0.70 and 0.75 (Kappa value) agreement
between the reviewers during respectively screening of
abstracts and screening of full-text articles. Results of the
methodological quality assessment of the 10 included tri-
als are shown in table 3. The observed total validity score
ranged from 3 to 7. One trial [20]did not fulfill over half

Progress of Search for Relevant TrialsFigure 1
Progress of search for relevant trials.

4602 potentially relevant studies 

4475 titles from database search excluded due to 
not meeting one or more inclusion criteria 

127 potentially relevant studies 

69 abstracts excluded due to: 
- duplicate abstract (n = 4) 
- population characteristics (n=35) 
- no disability outcome (n=2) 
- study design (n=22) 
- multiple reasons (n=6) 

58 potentially relevant studies 

48 papers excluded due to: 
- population characteristics (n = 38) 
- no disability outcome (n=5) 
- both (n = 5) 

10 studies meeting inclusion criteria 

Information on the selection process is available from the first author 
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of the criteria (≥ 5) and was considered to be of insuffi-
cient methodological quality. Most papers did not pro-
vide sufficient information on whether the treatment
allocation was concealed and on whether co-interven-
tions were avoided or comparable. Concerning the
descriptive items, 9 out of the 10 trials did not perform a
long-term follow-up measurement (≥ 6 months after the
intervention). Six trials did not report about the occur-
rence of adverse effects.

Additional file 1 provides general characteristics of all 10
trials. From here the results of the 9 trials with sufficient
methodological quality will be presented. The number of
participants in the trials varied from 46 to 188. All studies
were published between 1998 and 2005, showing the rel-
ative new trend in using frailty indicators explicitly as
inclusion criteria. Disability was not the primary outcome
measure for all studies. In the 9 trials the experimental
interventions were nutritional interventions [21,22] or
physical exercise interventions [21,23-29]. The study by
Chin A Paw [21] followed a factorial design evaluating
both a nutritional and a physical exercise program. The
nutritional interventions in the selected studies were
focused on macronutrient status [22] or micronutrient
status [21]. The physical exercise interventions were sin-
gle-component focusing purely on lower extremity
strength [23,27] or multi-component addressing a variety

of physical parameters as endurance, flexibility, balance
and strength [21,24-26,28,29].

All interventions can be regarded as standard treatment
(as in contrast to tailor-made treatment) and focused on
the physical condition of the participants, except for one
[26] that individualized treatment based on the outcomes
of an extensive assessment and focused also on environ-
mental conditions. The interventions lasted from 10
weeks to 18 months. The two longest programs [25,26]
intended to encourage participants to undertake home
exercising independently and provided only monthly
phone calls in the last 6 months. In this review additional
support by telephone was considered a part of the inter-
vention.

The inclusion criteria used varied from rising from a chair,
to descending stairs, knee extensor strength, oxygen-
uptake, physical inactivity, involuntary weight loss, low
BMI, dietary assessment, gait test, balance test and mobil-
ity problems (see also inclusion criteria in Additional file
1). Although all studies used measurements on ADL or
IADL, not all mentioned disability as an outcome meas-
ure; some used other terms like functional decline [26] or
reduced functional ability [24]. The mean age of the pop-
ulations in the included trials ranged from 76 to 83.

Table 3: Methodological quality of included trials*

Descriptive† Statistical Internal Validity Total Validity

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ? +

Binder, 2002 + + + + - + + + + + ? ? + - + + 2 6

Boshuizen, 2005 + + - + - + + + ? ? ? + + - + + 3 5

Chandler, 1998 + + - + - + - + ? + ? ? + + + + 3 6

Chin A Paw, 2001 + + + + - + + + ? + ? + - - + + 2 5

Gill, 2002 + + + + - + + + ? + ? + + + + + 2 7

King, 2002 + + + + - + + + ? + ? - + - + + 2 5

Kretser, 2003 + + - + - + + ? - ? ? ? ? + + + 5 3

Payette, 2002 + + - + - + + + ? + ? - + + + + 2 6

Timonen, 2004 + + - + + + - + ? + ? + ? + + + 3 6

Worm, 2001 + - - + - + - + - ? ? + ? + + + 3 5

* '+' criterion fulfilled; '-' criterion not fulfilled; and '?' data not provided or unclear.
† see table 2 for a detailed description of the items.
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The main results of the trials are presented in Additional
file 1. All trials (except for one [28]) reported statistically
significant positive changes on physical measures e.g.
weight gain, strength, mobility, oxygen-uptake, physical
fitness, physical activity and balance. Improvements on
these physical measures did not necessarily lead to posi-
tive effects on disability outcomes, as only 3 out of nine
trials reported significant differences in favor of the inter-
vention group [24,26,29]. Those three trials are multi-
component physical exercise programs. In the study of
Gill et al. [26], the intervention group showed less func-
tional decline at 12 months (from 2.3 to 2.7 on a scale
with a range of 0 to 16) than the control group (from 2.8
to 4.2). Subgroup analysis revealed that these effects were
mainly obtained for participants with moderate frailty but
not for participants with severe frailty. Worm et al. [24]
reported for the intervention group a larger increase in
functional ability (from 36.4 to 53.6 on a scale ranging
from 0 to 100) compared to the control group (from 39.1
to 43.0). In the study of Binder et al. [29] the intervention
group reported less difficulty with ADL and IADL after the
nine months program (from 26.6 to 30.4 on a scale rang-
ing from 0 to 36) compared to the control group (from
26.6 to 27.0). Binder et al. [29] specifically focused on
moderate to mild frail elderly.

Discussion
This review aims to provide an overview of the content,
methodological quality and effectiveness of intervention
studies that are directed to physically frail elderly. In order
to perform this review a strict use of criteria for physical
frailty and disability was needed. This meant that even
recent trials that contribute to frailty intervention research
(e.g [30]), however not meeting the inclusion criteria,
were excluded. The use of the term frailty in the literature
is relatively new [4]. Although reference lists were
checked, a limitation of this review is that 'older studies'
were probably not identified as we searched with terms for
frailty and synonyms. Another risk for publication bias is
the selection of 4602 studies on title-level that may have
resulted in excluding relevant articles. Due to a lack of
consensus in the literature about measures for detecting
frail elderly the homogeneity of the target groups in this
review may have been reduced. In interpreting the results
of this review it should be taken in consideration that due
to small sample sizes trials may have been underpowered
to detect differences on the self-reported measures for dis-
ability.

Out of the 10 randomized controlled trials that evaluated
interventions for physically frail community-living elderly
on disability, 9 were considered to be of sufficient meth-
odological quality. No consistent findings were found in
these 9 trials regarding their effect on disability.

There is no evidence that nutritional interventions for frail
elderly, despite an observed effect on total energy intake
and weight gain [22], result in positive effects on disabil-
ity-level. Out of 8 physical exercise interventions three
reported positive outcomes for disability. No evidence
appeared that single lower extremity strength-training,
despite the effect on strength [23,27] and walking func-
tion [27] has an effect on disability. However, lower
extremity strength training as part of a multicomponent
program may contribute to the effectiveness of these pro-
grams. Out of six trials that offer a multi-component phys-
ical exercise program focusing on endurance, flexibility,
balance and strength, three studies [24,26,29] reported
statistically significant effects for the disability outcome.
The interventions in the effective studies of Gill et al. [26]
and Binder et al. [29] are relatively long-lasting programs
(respectively 12 and 9 months) with at least three exercis-
ing moments a week. The effective program of Worm et al.
[24] last 12 weeks and comprises 2 supervised sessions a
week and daily home exercises for 8 to 10 minutes. Gill et
al.'s trial [26] has some specific features compared to the
other trials: it is more individualized, it focuses on both
the person and the environment and it provides super-
vised individual home-sessions followed by six months of
non-supervised exercising.

The differences between the interventions hamper the
interpretation of elements that consistently produced suc-
cessful outcomes. Although malnutrition and physical
frailty markers are considered strong indicators for func-
tional decline in the elderly [31,32], the question is
whether targeting underlying mechanisms of frailty can
prevent or delay disability. The effects of single nutritional
interventions on functional performance is an issue under
discussion [31]. A review on protein and energy supple-
mentation in malnourished elderly [33] reported evi-
dence for weight gain, but found no evidence for positive
effects on functional performance. Our finding that phys-
ical exercise interventions for community-dwelling frail
elderly have an effect on intermediate physical measures
is supported by reviews [34-36] focusing on physical exer-
cising for elderly. These identified a lack of evidence for
the effect of physical exercise on disability, suggesting that
prevention of disability needs to address a complex of
physical, behavioral, environmental and social factors.
This review on interventions for physically frail elderly
shows some indication that long-lasting high-intensive
exercise programs for moderate physically frail elderly can
have an effect on disability outcomes. However, addi-
tional research is needed. As there are also indications that
especially moderate frail elderly may benefit [14,26] it is
recommended to conduct subgroup analysis in effect
studies for frail elderly.
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Conclusion
A systematic review was conducted to assess the content,
the methodological quality and the effectiveness of inter-
vention studies for the prevention of (ADL/IADL) disabil-
ity in community-dwelling physically frail older persons.
There is no evidence that nutritional interventions for frail
older persons, despite an observed effect on total energy
intake and weight gain, result in positive effects on disa-
bility-level. No evidence appeared that single lower
extremity strength-training, despite the effect on strength
and walking function, has an effect on disability for phys-
ically frail older persons. There is some indication that
long-lasting high-intensive exercise programs for moder-
ate physically frail older persons can have an effect on dis-
ability outcomes.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
RD, EvR, LdW and WvdH developed the original idea for
the review. RD performed the search strategy and the
selection, extracted the data and wrote the manuscript.
EvR was involved in the selection process and data extrac-
tion. EvR, LdW, WvdH and GIJMK provided valuable
comments during the process of writing this manuscript.
All authors have read and approved the final manuscript.

Additional material

Acknowledgements
We kindly thank dr. G.A.R. Zijlstra for her support in searching the data-
base and mrs. A. Graat-Engelen for her support in retrieving publications. 
This review was funded by the Zuyd University of Applied Sciences.

References
1. Aminzadeh F, Dalziel WB, Molnar FJ: Targeting frail older adults

for outpatient comprehensive geriatric assessment and
management services: an overview of concepts and criteria.
Rev Clin Gerontol 2002, 12(1):82-92.

2. Storey E, Thomas RL: Understanding and ameliorating frailty in
the elderly.  Topics in Geriatric Rehabilitation 2004, 20(1):4-13.

3. Espinoza S, Walston JD: Frailty in older adults: insights and
interventions.  Cleve Clin J Med 2005, 72(12):1105-1112.

4. Hooi WC, Bergman H: A review on models and perspectives on
frailty in older persons.  SGH Proceedings 2005, 14(2):.

5. Markle-Reid M, Browne G: Conceptualizations of frailty in rela-
tion to older adults.  J Adv Nurs 2003, 44(1):58-68.

6. Slaets JP: Vulnerability in the elderly: frailty.  Med Clin North Am
2006, 90(4):593-601.

7. Hardy SE, Dubin JA, Holford TR, Gill TM: Transitions between
states of disability and independence among older persons.
Am J Epidemiol 2005, 161(6):575-584.

8. Boyd CM, Xue QL, Simpson CF, Guralnik JM, Fried LP: Frailty, hos-
pitalization, and progression of disability in a cohort of disa-
bled older women.  Am J Med 2005, 118(11):1225-1231.

9. Gill TM, Allore H, Holford TR, Guo Z: The development of insid-
ious disability in activities of daily living among community-
living older persons.  Am J Med 2004, 117(7):484-491.

10. Cutler DM: Declining disability among the elderly.  Health
Affairs 2001, 20(6):11-27.

11. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener
J, Seeman T, Tracy R, Kop WJ, Burke G, et al.: Frailty in older
adults: evidence for a phenotype.  J Gerontol A Biol Sci Med Sci
2001, 56(3):M146-156.

12. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G: Untan-
gling the concepts of disability, frailty, and comorbidity:
implications for improved targeting and care.  J Gerontol A Biol
Sci Med Sci 2004, 59(3):255-263.

13. Rockwood K: What would make a definition of frailty success-
ful?  Age Ageing 2005, 34(5):432-434.

14. Ferrucci L, Guralnik JM, Studenski S, Fried LP, Cutler GB Jr, Walston
JD: Designing randomized, controlled trials aimed at pre-
venting or delaying functional decline and disability in frail,
older persons: a consensus report.  J Am Geriatr Soc 2004,
52(4):625-634.

15. Walston J, Hadley EC, Ferrucci L, Guralnik JM, Newman AB, Studen-
ski SA, Ershler WB, Harris T, Fried LP: Research agenda for frailty
in older adults: toward a better understanding of physiology
and etiology: summary from the American Geriatrics Soci-
ety/National Institute on Aging Research Conference on
Frailty in Older Adults.  J Am Geriatr Soc 2006, 54(6):991-1001.

16. Jette AM: Towards a common language for function, disability
and health.  Physical Therapy 2006, 86(5):726-734.

17. Avlund K: Disability in old age. Longitudinal population-based
studies of the disablement process.  Dan Med Bull 2004,
51(4):315-349.

18. Covinsky K: Aging, arthritis, and disability.  Arthritis Rheum 2006,
55(2):175-176.

19. van Tulder MW, Cherkin DC, Berman B, Lao L, Koes BW: The
effectiveness of acupuncture in the management of acute
and chronic low back pain. A systematic review within the
framework of the Cochrane Collaboration Back Review
Group.  Spine 1999, 24(11):1113-1123.

20. Kretser AJ, Voss T, Kerr WW, Cavadini C, Friedmann J: Effects of
two models of nutritional intervention on homebound older
adults at nutritional risk.  Journal of the American Dietetic Association
2003, 103(3):329-336.

21. Chin A Paw MJ, de Jong N, Schouten EG, Hiddink GJ, Kok FJ: Physi-
cal exercise and/or enriched foods for functional improve-
ment in frail, independently living elderly: a randomized
controlled trial.  Arch Phys Med Rehabil 2001, 82(6):811-817.

22. Payette H, Boutier V, Coulombe C, Gray-Donald K: Benefits of
nutritional supplementation in free-living, frail, undernour-
ished elderly people: a prospective randomized community
trial.  J Am Diet Assoc 2002, 102(8):1088-1095.

23. Chandler JM, Duncan PW, Kochersberger G, Studenski S: Is lower
extremity strength gain associated with improvement in
physical performance and disability in frail, community-
dwelling elders?  Arch Phys Med Rehabil 1998, 79(1):24-30.

24. Worm CH, Vad E, Puggaard L, Stovring H, Lauritsen J, Kragstrup J:
Effects of a multicomponent exercise program on functional
ability in community-dwelling frail older adults.  Journal of the
aging and physical activity 2001:414-424.

25. King MB, Whipple RH, Gruman CA, Judge JO, Schmidt JA, Wolfson
LI: The Performance Enhancement Project: improving phys-
ical performance in older persons.  Arch Phys Med Rehabil 2002,
83(8):1060-1069.

26. Gill TM, Baker DI, Gottschalk M, Peduzzi PN, Allore H, Byers A: A
program to prevent functional decline in physically frail, eld-
erly persons who live at home.  N Engl J Med 2002,
347(14):1068-1074.

27. Boshuizen HC, Stemmerik L, Westhoff MH, Hopman-Rock M: The
effects of physical therapists' guidance on improvement in a
strength-training program for the frail elderly.  J Aging Phys Act
2005, 13(1):5-22.

Additional file 1
Table 4: General characteristics and outcomes of included trials. The 
data provided informs about features of interventions, measurements and 
outcomes of trials included in the systematic review
Click here for file
[http://www.biomedcentral.com/content/supplementary/1472-
6963-8-278-S1.doc]
Page 7 of 8
(page number not for citation purposes)

http://www.biomedcentral.com/content/supplementary/1472-6963-8-278-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16375094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16375094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16392724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16392724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12956670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12956670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16843764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15746474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15746474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15464705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15464705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15464705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11253156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11253156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15031310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15031310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15031310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16107450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16107450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16776798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16776798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16776798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16649895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16649895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16009060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16009060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16583390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10361661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10361661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10361661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12616254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12616254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12616254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11387588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11387588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11387588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12171453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12171453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12171453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9440412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9440412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9440412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12362007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12362007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12362007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15677832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15677832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15677832


BMC Health Services Research 2008, 8:278 http://www.biomedcentral.com/1472-6963/8/278
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

28. Timonen L, Rantanen T, Makinen E, Timonen TE, Tormakangas T,
Sulkava R: Effects of a group-based exercise program on func-
tional abilities in frail older women after hospital discharge.
Aging Clin Exp Res 2006, 18(1):50-56.

29. Binder EF, Schechtman KB, Ehsani AA, Steger-May K, Brown M, Sina-
core DR, Yarasheski KE, Holloszy JO: Effects of exercise training
on frailty in community-dwelling older adults: results of a
randomized, controlled trial.  J Am Geriatr Soc 2002,
50(12):1921-1928.

30. Pahor M, Blair SN, Espeland M, Fielding R, Gill TM, Guralnik JM, Had-
ley EC, King AC, Kritchevsky SB, Maraldi C, et al.: Effects of a phys-
ical activity intervention on measures of physical
performance: Results of the lifestyle interventions and inde-
pendence for Elders Pilot (LIFE-P) study.  J Gerontol A Biol Sci
Med Sci 2006, 61(11):1157-1165.

31. Olde Rikkert MG, Rigaud AS: Malnutrition research: high time
to change the menu.  Age Ageing 2003, 32(3):241-243.

32. van Heuvelen MJ, Kempen GI, Brouwer WH, de Greef MH: Physical
fitness related to disability in older persons.  Gerontology 2000,
46(6):333-341.

33. Milne AC, Potter J, Avenell A: Protein and energy supplementa-
tion in elderly people at risk for malnutrition.  Cochrane Data-
base Syst Rev 2005:CD003288.

34. Keysor JJ, Jette AM: Have we oversold the benefit of late-life
exercise?  J Gerontol A Biol Sci Med Sci 2001, 56(7):M412-423.

35. Keysor JJ: Does late-life physical activity or exercise prevent
or minimize disablement? A critical review of the scientific
evidence.  Am J Prev Med 2003, 25(3 Suppl 2):129-136.

36. Bean JF, Vora A, Frontera WR: Benefits of exercise forcommu-
nity-dwelling older adults.  Arch Phys Med Rehabil 2004, 85(7
Suppl 3):S31-42. quiz S43-34

37. Gill TM, Baker DI, Gottschalk M, Peduzzi PN, Allore H, van Ness PH:
A prehabilitation program for the prevention of functional
decline: effect on higher-level physical function.  Arch Phys Med
Rehabil 2004, 85(7):1043-1049.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1472-6963/8/278/pre
pub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16608136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16608136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17167156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17167156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17167156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12720605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12720605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11044789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11044789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15846655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15846655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11445600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11445600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14552936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14552936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14552936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15221722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15221722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15241748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15241748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15241748
http://www.biomedcentral.com/1472-6963/8/278/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Search strategy
	Selection criteria
	Data extraction and analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References
	Pre-publication history

