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Abstract 

Background  Toward development of a core outcome set for randomized controlled trials (RCTs) of physical activity 
(PA) interventions for older adults, the purpose of this study was to identify outcome domains and subdomains (‘what’ 
was measured) in previously published RCTs of PA for older adults.

Methods  We conducted a rapid review and searched Ovid MEDLINE for recently- published (2015-2021), English-
language, RCTs of PA interventions for older adults (mean age 60+ yrs). We limited to articles published in Web of Sci-
ence top-10 journals in general and internal medicine, geriatrics and gerontology, rehabilitation, and sports science. 
Two reviewers independently completed eligibility screening; two other reviewers abstracted trial descriptors and 
study outcomes. We classified study outcomes according to the standard outcome classification taxonomy endorsed 
by the Core Outcome Measures in Effectiveness Trials Initiative.

Results  Our search yielded 548 articles; 67 articles were eligible to be included. Of these, 82% were efficacy/effective-
ness trials, 85% included both male and female participants, and 84% recruited community-dwelling older adults. 
Forty percent of articles reported on interventions that involved a combination of group and individual PAs, and 60% 
involved a combination of PA modes (e.g., aerobic, resistance). Trial sample size ranged from 14 to 2157 participants, 
with median (IQR) of 94 (57-517); 28,649 participants were included across all trials. We identified 21 unique outcome 
domains, spanning 4/5 possible core areas (physiological/clinical; life impact; resource use; adverse events). The five 
most commonly reported outcome domains were physical functioning (included in n=51 articles), musculoskeletal 
and connective tissue (n=30), general (n=26), cognitive functioning (n=16), and emotional functioning/wellbeing 
(n=14). Under these five outcome domains, we further identified 10 unique outcome subdomains (e.g., fall-related; 
body composition; quality of life). No outcome domains or subdomains were reported consistently in all RCTs.

Conclusions  We found extensive variability in outcome domains and subdomains used in RCTs of PA for older adults, 
reflecting the broad range of potential health benefits derived from PA and also investigator interest to monitor a 
range of safety parameters related to adverse events. This study will inform development of a core outcome set to 
improve outcome reporting consistency and evidence quality.
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Background
Physical activity (PA) is a strongly recommended inter-
vention for older adults, as randomized controlled trials 
(RCTs) have demonstrated positive effects on a variety 
of outcome domains (e.g., falls, cognition, mobility, and 
mood, among others) [1–4]. However, PA trialists lack 
appropriate guidance on which outcome domains to 
measure consistently, leading to considerable heteroge-
neity in outcome selection and reporting across PA RCTs 
for older adults. This heterogeneity contributes to bias 
and makes it difficult to compare, contrast, and combine 
results across trials [5–7]. In turn, lack of consistency in 
outcome selection and reporting makes it challenging 
to identify effective, ineffective, and unproven PA inter-
ventions in a timely manner, and thereby impedes future 
health research, health care decision making, and devel-
opment of PA policy and public health programs to sup-
port aging.

For example, given strong associations with all-cause 
mortality [8] as well increased dependence in activi-
ties of daily living, hospitalization, and entry into nurs-
ing homes [9, 10], slow gait speed has been called a vital 
sign for older adults, and leading scholars and geriatri-
cians have proposed that a gait speed of 0.6 m/s or slower 
should be considered as a diagnosis of dismobility [11]. 
However, gait speed is not measured consistently across 
PA RCTs for older adults, which impairs our ability to 
identify and implement the most effective interventions 
for increasing gait speed.

Defining a minimum and standard set of outcome 
domains to measure and report in all PA RCTs for older 
adults – called a core outcome set (COS) – would help to 
address the aforementioned problems [7]. Development 
and implementation of a COS leads to higher-quality evi-
dence about interventions and less research waste [7, 12]. 
In turn, interventions that work may be available more 
quickly to those who need them, for example through 
scaling up of effective PA interventions to reach large 
populations [13–15].

The Core Outcome Measures in Effectiveness Trials 
(COMET) Initiative, launched in 2010, fosters the devel-
opment, application, and promotion of COS in all health 
areas and supports collaboration among those develop-
ing COS [16]. Use of COS are endorsed by the Consoli-
dated Standards of Reporting Trials 2010 statement [17] 
and the Standard Protocol Items: Recommendations for 
Interventional Trials 2013 statement [18, 19]. The field of 
COS was pioneered by the Outcome Measures in Rheu-
matology consensus initiative, which began in 1992 and 
has developed COS for many rheumatologic conditions, 
including osteoarthritis [20]. A COS for RCTs in the area 
of fall and injury prevention [21] has seen good adoption 
[22] and thereby enabled the production of high-quality 

systematic reviews and meta-analyses that summarize 
evidence in the field (e.g., [2]).

A critical first step in COS development is to review 
existing literature to determine which outcomes domains 
(and subdomains) have been measured and reported in 
past trials [23]. Accordingly, to support future develop-
ment of a COS for RCTs of PA for older adults, the aim of 
this study was to conduct a rapid review to identify out-
come domains and subdomains that have been used in 
RCTs of PA for older adults.

Methods
Protocol
We developed and followed a rapid review protocol using 
guidance from existing literature [24–28]. A checklist 
for reporting rapid reviews does not currently exist in 
the Enhancing the QUAlity and Transparency Of health 
Research library, but this study is reported according to 
the relevant quality elements of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) extension for scoping review (PRISMA-ScR) 
[29], to which the current study most closely aligns.

Inclusion criteria
Consistent with rapid review methodology, which 
streamlines components of the systematic review pro-
cess, we sought to include  recently published, Eng-
lish-language, high-quality RCTs that delivered a PA 
intervention to older adults with the goal of affecting one 
or more health-related outcomes. Operational definitions 
of each of these concepts are included in Table 1.

Search strategy
We searched MEDLINE [Ovid], since all journal titles of 
interest were indexed in MEDLINE. We searched first for 
journal titles of interest. Next, we used a combination of 
MESH terms and keywords to search the concepts of PA 
and older adult. We used the MEDLINE [Ovid] filter for 
RCTs. We limited by year of publication (2015 to 2021), 
and English language. An information scientist reviewed 
and provided feedback on the search strategy to optimize 
sensitivity and specificity. The search strategy is included 
in Additional file 1.

Screening process
We imported and managed articles in Covidence soft-
ware for screening. Two reviewers (DCM, CLE) inde-
pendently screened articles against eligibility criteria in 
two phases: citations (title and abstract screening); and 
full-text article screening. We resolved discrepancies by 
discussion.
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Data abstraction process
We defined the data items for abstraction a priori, which 
included the following main categories: article informa-
tion (e.g., first author, year of publication, journal title), 
study characteristics (e.g., country, continent, phase of 
trial, clinical trial registration), study design (e.g., study 
setting, sample size, % female participants, mean par-
ticipant age, study arms, randomization unit), interven-
tions (e.g., primary location, mode, type), adverse events, 
intervention adherence, and study outcomes.

We imported and managed articles in NVivo software 
for data abstraction. Data were abstracted from articles 
by highlighting the relevant content, assigning it to its 
corresponding node (data item), and exporting tables of 
highlighted content. In addition, categorical data items 
(e.g., was clinical trial registered: yes, no; participant sex: 
females only, males only, female and male sexes) were 
classified directly on a Google spreadsheet with pre-
defined data validation.

Two reviewers (AC, AW) independently abstracted the 
study outcomes from all articles and resolved discrepan-
cies through discussion. A third reviewer (DCM) verified 

the set of outcomes abstracted from all articles. All other 
data items were abstracted by a single reviewer (AC or 
AW). Reviewers completed their abstraction for each 
item from all articles before beginning abstraction of the 
next item, and they sought clarification and assistance 
when needed from each other and from DCM.

Synthesis
We classified study outcome domains according to the 
standard outcome classification taxonomy endorsed by 
the COMET initiative, which includes five core areas 
(death, physiological/clinical, life impact, resource use, 
and adverse events) and 38 outcome domains [23]. To 
increase descriptive power, we also defined custom out-
come subdomains for those domains that appeared in at 
least 10 articles, as we felt that outcome representation 
across approximately 15% of included studies would give 
sufficient breath to understand ‘what’ may be critically 
important to measure in trials of PA in older adults. This 
is consistent with the objectives of this review to clas-
sify outcome domains and subdomains, which constitute 
‘what’ to measure, rather than psychometric properties of 

Table 1  Key concepts and operational definitions pertaining to the rapid review

Concept Operational Definition

Recently published 2015-current (Feb 2021)

High-quality Journal with a top-10 Web of Science impact factor in the following four categories: Medicine, General & Internal; Geriat-
rics and Gerontology; Rehabilitation; and Sports Science.

Randomized controlled trials An experiment in which two or more interventions, possibly including a control intervention or no intervention, are 
compared by being randomly allocated to participants. In most trials one intervention is assigned to each individual but 
sometimes assignment is to defined groups of individuals (for example, in a household) or interventions are assigned 
within individuals (for example, in different orders or to different parts of the body) [30].

Physical activity intervention Physical activity is any bodily movement produced by skeletal muscles that results in energy expenditure and increases 
heart rate and breathing. Exercise is physical activity that is planned, structured, repetitive and purposive in the sense 
that improvement or maintenance of one or more components of physical fitness is an objective [31].
The following types of interventions were eligible:
• Trials must have delivered some type of physical activity to some participants with the goal of affecting one or more 
health-related outcomes (other than just physical activity behaviour).
• In multicomponent interventions, physical activity must have been one of the interventions delivered.
• In multifactorial interventions, where interventions were targeted to individual risk factors, physical activity must have 
been one of the interventions available.
• In factorial designs that tested physical activity with one or more other active interventions, at least one group had to 
receive physical activity alone (possibly with control), so that the effects of physical activity could be isolated.
The following types of interventions were not eligible:
• Behaviour change interventions whose main purpose was to increase levels of physical activity.
• Interventions that delivered the same physical activity to all participants and augmented it with another intervention 
(e.g., dietary).
• Single joint rehabilitation interventions.

Older adults Mean or median age of study population at least 60 years [32].
We did not exclude trials based on living arrangements of older adults; thus, trials were eligible if they focused on older 
adults living in the community, assisted living, and residential care/aged-care/nursing homes/long-term care homes.
We excluded trials where the intervention was conducted in a hospital setting or on a hospital-based population, as 
hospital stays are temporary, and usually represent a fluctuating health status and a unique set of barriers, enablers, and 
goals for physical activity [33].
We excluded trials that targeted and recruited a specific clinical population (e.g., all participants had obesity/overweight, 
cardiovascular disease, diabetes, osteoarthritis, osteoporosis, frailty); however, we included trials where some participants 
had one or more clinical conditions. In addition, we did not regard people with a history of falls as a specific clinical 
population because falling is a highly-prevalent behaviour among older adults.
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outcome instruments, which constitute ‘how’ to measure. 
The core areas, outcome domains, and outcome subdo-
mains we applied and used for results presentation are 
listed in Additional file  2. Applying the COMET taxon-
omy to some outcomes required discussion among the 
researchers; decisions about outcome classification are 
detailed in Additional file  3. Notably, some outcomes 
were classified under multiple domains, and specifically 
named adverse events (e.g., musculoskeletal injury) were 
categorized under the appropriate taxonomy domain and 
not under the generic adverse event domain [23].

Results
Literature search & screening
Our search yielded 548 citations (titles and abstracts). 
Citations were screened in four batches (n=25, n=25, 
n=150, n=348). Among the 548 citations screened, 
both reviewers (DCM, CLE) agreed on eligibility 

status for 514 (93.8%) and disagreed on 34 (6.2%), 
Cohen’s Kappa = 0.77. Reviewers readily resolved 
discrepancies by email or videoconference and made 
minor updates to the wording of eligibility criteria 
to improve clarity. In total, 82/548 (15.0%) articles 
passed citation screening and moved onto full text 
screening (Fig.  1. PRISMA flow diagram for rapid 
review) [34]. During full text screening of 82 articles, 
there were 13 discrepancies (15.9%); 12 disagreements 
about inclusion/exclusion (Cohen’s Kappa = 0.45), 
and one disagreement about reason for exclusion. 
These were readily resolved by email correspondence 
and brief discussion. Of the 67 articles that passed full 
text screening and were included in the review (Addi-
tional file 4), 30 were published in Geriatrics and Ger-
ontology journals, 15 in Rehabilitation journals, 13 in 
Sports Science journals, and 9 in Medicine, General & 
Internal journals.

Fig. 1  PRISMA flow diagram for rapid review



Page 5 of 13Mackey et al. Int J Behav Nutr Phys Act           (2023) 20:34 	

Descriptive characteristics of randomized controlled trials
Of the 67 included articles, 35 (52%) were from trials 
in North America, 14 (21%) from Europe, eight (12%) 
from Asia, seven (10%) from Oceania (all in Australia), 
and three (5%) from South America (Table 2). In North 

America, 33 articles were from the United States and two 
from Canada. Clinical trial registration was reported in 
41 (61%) articles; the most common registries were Clini-
calTrials.gov (n=29) and the Australian New Zealand 
Clinical Trials Registry (n=8).

Table 2  Descriptive characteristics of included trials (n=67)

Note: ANZCTR​ Australian New Zealand Clinical Trials Registry, ISRCTN International Standard Randomized Controlled Trial Number, PA Physical Activity

Characteristic n (%) Characteristic n (%)

Continent where trial was conducted Publication stage

  North America 35 (52)   Main results 49 (73)

  South America 3 (5)   Secondary analysis/results 11 (16)

  Europe 14(21)   Subgroup analysis 5 (8)

  Asia 8 (12)   Protocol 1 (1.5)

  Oceania 7 (10)   Other 1 (1.5)

Country where trial was conducted Phase of trial

  United States 32 (48)   Efficacy/effectiveness 55 (82)

  Australia 7 (10)   Pragmatic 1 (1)

  Finland 4 (6)   Feasibility/pilot 10 (15)

  Japan 4 (6)   Other 1 (1)

  Other 24 (36)

Clinical trial registry Group design

  ClinicalTrials.gov 29 (43)   Parallel 63 (94)

  ANZCTR​ 8 (12)   Cross-Over 0 (0)

  ISRCTN 2 (3)   Factorial 4 (6)

  Other 2 (3)   Adaptive 0 (0)

  Not registered 26 (39)   Stepped-wedge 0 (0)

Sample size calculation Randomization

  Yes 28 (41)   Individual 61 (91)

  No 39 (59)   Cluster 6 (9)

Study setting Type of control group

  Community 56 (84)   Active 36 (54)

  Assisted living/low-level care 1 (1)   Waitlist 2 (3)

  Long-term care/ high-level care 4 (6)   Placebo/usual care 24 (36)

  Other 6 (9)   Not identified 5 (7)

Participant sex PA intervention, primary type

  Males and females 57 (85)   Combination 40 (60)

  Females only 10 (15)   Flexibility 0 (0)

  Males only 0 (0)   Aerobic/cardiorespiratory 9 (13)

Study goal   Strength/resistance 13 (19)

  Superiority 67 (100)   Balance/proprioceptive 5 (7)

  Noninferiority/equivalence 0 (0)

Intervention combination Intervention adherence measured?

  Single 52 (78)   Yes 52 (78)

  Multicomponent 14 (21)   No 15 (22)

  Multifactorial 1 (1) Intervention adherence reported?

PA intervention mode   Yes 48 (72)

  Group 19 (28)   No 19 (28)

  Combination 27 (40) Adverse events reported?

  Individual 13 (19)   Yes 45 (67)

  Unspecified 8 (12)   No 22 (33)
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Individual trial sample size ranged from 14 to 2157 
participants, with median (IQR) of 94 (57-517); a total 
of 28,649 participants were included across all trials. A 
sample size calculation was included in 28 (41%) arti-
cles (Table 2). Trials were most commonly conducted 
in community settings (n=56, 84%), but four (6%) were 
conducted in nursing homes, one in assisted living, 
and six (9%) in other settings (e.g., research facility). 
Males and females were recruited in 57 (85%) trials; 
10 (15%) trials recruited females only, and no trials 
recruited males only. Study populations were predomi-
nantly female (% female ranged from 40 to 100% with 
mean (SD) of 72 (15)).

Of the 67 included articles, 49 (73%) reported on 
main trial results, while 11 (16%) reported a sec-
ondary analysis, and five (8%) a subgroup analysis 
(Table  2). One article reported a trial protocol and 
one other article reported an ancillary study from a 
larger trial. Fourteen (21%) articles reported on data 
from either the Lifestyle Interventions and Independ-
ence for Elders (LIFE) Study [1] or the LIFE Pilot 
Study [35].

All 67 trials were superiority trials (designed to 
assess if one or more interventions was different from 
– better or worse – than control) [36] (Table  2). The 
majority were designed to test intervention efficacy/
effectiveness (n=55, 82%), while 10 (15%) were proof-
of-concept/feasibility/pilot trials, one was a large 
pragmatic trial, and one a cost-effectiveness trial. 
Sixty-three (94%) trials used a parallel study design, 
while four (6%) used a factorial design; no trials used 
cross-over, adaptive, or stepped wedge designs. Indi-
vidual randomization was used in 61 (91%) trials and 
cluster randomization in six (9%).

Forty-two (63%) trials had two arms, 18 (27%) had 
three arms, and seven (10%) had 4+ arms. Active 
control groups were used in 36 (54%) trials, placebo/
usual care control groups in 24 (36%), and waitlist 
control groups in two (3%) (Table 2); a control group 
was not explicitly identified in five (7%) trials. Most 
intervention arms used a combination of PA types, 
while 13 (19%) trials focused solely on strength/
resistance activities, nine (13%) on aerobic/cardiores-
piratory, and five (7%) on balance/proprioception. 
Many trials (n=27, 40%) also used a combination of 
group and individual modes of PA, while 19 (28%) 
were comprised solely of group-based activities, 13 
(19%) were solely individual activities; mode was not 
reported in eight (12%) trials. Intervention adherence 
was reported to have been measured in 52 (78%) tri-
als; however, measured intervention adherence was 
reported in only 48 (72%) trials. Adverse events were 
reported on in 45 (67%) trials.

Classification of study outcomes into domains 
and subdomains
We identified 21 of 38 possible outcome domains across 
the 67 articles, spanning 4 of 5 possible core areas: physi-
ological/clinical, life impact, resource use, and adverse 
events (Table  3). No outcome domains were identi-
fied under the core area of death. Further, no outcome 
domains were reported in all RCTs.

The five most commonly reported outcome domains 
were physical functioning (included in n=51 articles), 
musculoskeletal and connective tissue outcomes (n=30), 
general outcomes (n=26), cognitive functioning (n=16), 
and emotional functioning/wellbeing (n=14) (Table  3). 
These five outcome domains were also the ones that 
met our criteria for defining subdomains, as they each 
appeared in at least 10 articles (Table  3). General out-
comes referred to disorders and global measures and 
symptoms that affected the whole body and could not be 
attributed to a specific bodily system (see example out-
comes in Table 3) [23].

We identified 10 unique outcome subdomains. For the 
physical functioning domain, we defined six subdomains 
(in order of frequency): mobility, fall-related, lifestyle, 
balance, quality of life, and other. For the musculoskel-
etal and connective tissue outcomes domain, we defined 
four subdomains: muscle performance, bone, body com-
position, and other. For the general outcomes domain, 
we defined three subdomains: fall-related, body compo-
sition, and other. For the cognitive functioning domain, 
we defined three subdomains: multiple cognitive func-
tions, processing speed & executive function, and other. 
Finally, for the emotional functioning/wellbeing domain, 
we defined two subdomains: fall-related and quality of 
life. Notably, some subdomains were common to multi-
ple domains, such as fall-related, body composition, and 
quality of life. We grouped outcomes found in n=2 arti-
cles or fewer into a category called “other.” Examples of 
outcomes classified under each domain, and subdomain 
(where applicable) are given in Table 3.

Discussion
In this rapid review, we observed considerable hetero-
geneity in outcome domains measured and reported in 
recently published, high-quality RCTs of PA for older 
adults, predominantly conducted in the community 
setting. Twenty-one unique outcome domains and 10 
unique outcome subdomains were reported across 67 
articles. This finding reflects the broad range of health 
benefits potentially derived from PA and also investigator 
interest to monitor a range of safety parameters that may 
be related to adverse events from PA. Notably, no out-
come domains or subdomains were reported in all trials, 
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which underscores the need to develop a COS to improve 
outcome reporting consistency and enhance evidence 
quality.

Physical functioning was the most dominant outcome 
domain reported in the RCTs included in this review, 
indicating that PA trialists have traditionally empha-
sized the importance of measuring the physical func-
tioning benefits from PA. The physical functioning 
domain encompassed a number of distinct subdomains, 
the most prominent of which was mobility. The meas-
ures of mobility included in the articles we reviewed 
largely captured an individual’s capacity for mobility by 
assessing physical performance, such as gait speed, chair 
stand performance, etc. There were not many instances 
where measures of a person’s enacted mobility, such as 
the extent and frequency of movement away from one’s 
residence (which may further relate to role or social func-
tioning), were used as outcomes. As a result, there is 
opportunity for more holistic and comprehensive meas-
urement of mobility in future PA RCTs [37, 38].

Musculoskeletal and connective tissue was the second 
most dominant outcome domain in this review. Within, 
the most prominent subdomain was muscle perfor-
mance, which included measures of muscle strength, 
power, torque, quality, and fatigue. This emphasis on 
muscle performance was likely due to the nature of inter-
ventions in the included trials, whereby about 20% exclu-
sively targeted strength/resistance training and another 
60% included combination training, some of which incor-
porated strength/resistance exercises. Strength/resist-
ance training is heavily promoted for older adults for the 
prevention of falls and related injuries [2].

Fall-related outcomes also appeared prominently in 
the articles reviewed. The subdomain of fall-related 
outcomes was associated with three different outcome 
domains – physical functioning, general, and emotional 
– reflecting the wide range of impacts that falls have on 
the daily lives of older adults and the potential of PA to 
mitigate or prevent these impacts.

None of the trials included in this review measured 
the impacts of PA on sleep. As the importance of good 
sleep quality and quantity to overall health and wellbe-
ing continue to be explored and documented [39, 40], 
we hypothesize that older adults and their health care 
providers will deem positive impacts on sleep to be 
an important reason for participation in PA. In addi-
tion, under the core area of resource use, the outcome 
domains of ‘hospital’, ‘need for further intervention’, and 
‘society/carer burden’ were not reported in included 
articles. This may represent (1) a lack of input from 
health care professionals and/or older adult consum-
ers in trial outcome selection, (2) a lack of suitable out-
come measures (in terms of measurement feasibility, data 

accessibility, or psychometric performance), (3) limita-
tions in trial resources (e.g., sample size required) and/or 
(4) a lack of expertise in health economics among teams 
of trial investigators. Future research will be necessary to 
determine the outcomes related to PA participation that 
older adults and their health care professionals view as 
critically important, and to overcome barriers to their 
quality measurement. In particular, despite the inherent 
methodological challenges involved in economic evalu-
ation of health promotion programs [41], it is vital that 
cost-effectiveness data are provided in order to help jus-
tify future investment by policy makers in PA interven-
tions for older adults.

We envision that the inventory of outcome domains 
and subdomains generated with this review will have 
multiple applications. First, we expect the review will 
serve as essential background information (an ‘informa-
tive brief ’) toward the development of a COS for PA 
RCTs with older adults [28, 42]. Indeed, one third of pub-
lished COS are preceded by a literature review to identify 
potentially relevant outcomes [23]. Thus, our review find-
ings will be used as an evidence summary during future 
patient and health care provider engagement as well as 
consensus generation activities that lead to development 
of a COS. For instance, we will seek to compare patient 
and health care professional priorities for outcome 
domains with the inventory of outcome domains/subdo-
mains generated by this review to identify both areas of 
overlap and difference. Second, as development work on 
a COS proceeds, the outputs of this review will be use-
ful immediately to inform outcome selection for RCTs of 
PA for older adults and to guide reporting in systematic 
reviews and meta-analyses that synthesize RCTs of PA 
for older adults.

This study had certain limitations. First, our inclusion 
criteria were not designed to identify a complete and 
exhaustive set of older adult PA RCTs; rather, we sought 
to identify enough representative trials to achieve suffi-
cient understanding of the concepts necessary to address 
the study objectives. We recognize, for example, that by 
including only RCTs published in journals with a top-
10 ranking, we may have missed outcome domains and 
subdomains found in articles published in lower rank-
ing journals. Second, in this rapid review, we did not 
formally assess study quality of the 67 included articles 
with a published checklist or tool, as would be required 
for a systematic review about intervention effectiveness. 
Formal quality assessment was not necessary to achieve 
the objectives of this review, as our purpose was not to 
assess effectiveness of PA interventions, but rather to 
create an inventory of outcome domains and associ-
ated subdomains that have been used in past PA RCTs. 
Moreover, we attempted to locate high-quality studies at 
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the outset through searching exclusively for RCTs pub-
lished in top-10 journals in the four most relevant disci-
plines. Third, we did not consider factors that may affect 
selection of outcome measurement instruments such as 
psychometric properties, feasibility, or mode of assess-
ment, nor did we explore differences in outcome selec-
tion based on trial characteristics that may influence 
adoption of outcome measurement instruments. This 
was in keeping with the purpose of this review to gener-
ate an inventory of outcomes used in previous RCTs of 
PA for older adults to inform the selection of outcome 
domains (‘what’ to measure) for inclusion in a future 
COS. The selection of outcome instruments (‘how’ to 
measure) is distinct from, and typically comes after, the 
selection of outcome domains. Fourth, the results of this 
rapid review were influenced by outcome selection in the 
LIFE Study and the LIFE Pilot Study, as 21% of included 
articles reported results from these trials, reflecting the 
profound impact of these trials in the field of aging and 
PA. Nonetheless, a wide range of outcome domains were 
identified in these articles, including musculoskeletal and 
connective tissue, general, injury and poisoning, nervous 
system, psychiatric, vascular, physical functioning, social 
functioning, emotional functioning/wellbeing, cognitive 
functioning, and economic, diminishing the probability 
of overweighting certain domains from these two tri-
als. Outcome selection in LIFE Study and the LIFE Pilot 
Study was governed predominantly by trial investigators 
[43, 44]; moreover, the inventory of outcome domains 
reported in this review most likely reflect the priorities 
of clinical trial investigators. Since outcomes selected for 
a COS must be meaningful to researchers, patients, and 
health care professionals, there is a distinct opportunity 
to advance the field by documenting and incorporating 
outcome preferences of older adults and their health care 
professionals in a COS [7, 45].

Conclusions
In conclusion this review provides an inventory of out-
come domains and subdomains used in recent, high-qual-
ity RCTs of PA for older adults. There is strong potential 
to integrate the results of this review with the top research 
priorities of older adults and their health care professionals 
into a future COS for PA RCTs for older adults.

Abbreviations
COMET	� Core Outcome Measures in Effectiveness Trials
COS	� Core Outcome Set
LIFE	� Lifestyle Interventions and Independence for Elders
PA	� Physical Activity
PRISMA	� Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
PRISMA-ScR	� Preferred Reporting Items for Systematic Reviews and Meta-

Analyses extension for scoping review
RCT​	� Randomized Controlled Trial

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12966-​023-​01431-3.

Additional file 1. Search strategy.

Additional file 2. Complete list of core areas and outcome domains from the 
COMET taxonomy and custom outcome subdomains derived by the authors.

Additional file 3. Applying the COMET taxonomy to some outcomes 
required discussion among the researchers; decisions about outcome 
classification are detailed within.

Additional file 4. List of included articles in the rapid review (n=67), 
organized alphabetically.

Acknowledgements
The authors thank liaison librarians (information scientists) at Simon Fraser Uni-
versity who assisted with development and refinement of the search strategy.

Authors’ contributions
DCM conceived of the study. CLE, CB, PJY, SMG, AC, and AW contributed to the 
study conception and protocol. DCM designed and ran the search strategy, 
screened articles, supervised data extraction, analyzed, synthesized and inter-
preted the data, developed figures and tables, and drafted and revised the manu-
script. CKE screened articles, supervised data extraction, analyzed, synthesized, 
and interpreted the data, and revised the manuscript. PJY, AC, and AW extracted 
data, analyzed, synthesized, and interpreted the data, developed figures and 
tables, and revised the manuscript. CB and SMG interpreted the data and revised 
the manuscript. All authors read and approved the final manuscript.

Funding
This study was funded by a research grant from the Drummond Foundation 
(to DCM) and by a Scholar Award from Michael Smith Health Research British 
Columbia (to DCM). The funding agencies had no role in the research.

Availability of data and materials
The dataset generated and analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

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

Author details
1 Department of Biomedical Physiology and Kinesiology, Simon Fraser 
University, 8888 University Drive, Burnaby, British Columbia V5A 1S6, Canada. 
2 Rehabilitation, Ageing and Independent Living (RAIL) Research Centre, School 
of Primary and Allied Health Care, Monash University, Peninsula Campus, 
Building G, Moorooduc Hwy, Frankston, Victoria 3199, Australia. 3 Caring Futures 
Institute, College of Nursing and Health Sciences, Flinders University, Level 1, 
Room N103, Sturt North Sturt Rd, Bedford Park, South Australia 5042, Australia. 

Received: 22 December 2022   Accepted: 4 March 2023

References
	1.	 Pahor M, Guralnik JM, Ambrosius WT, Blair S, Bonds DE, Church TS, et al. 

Effect of structured physical activity on prevention of major mobility 
disability in older adults: the LIFE study randomized clinical trial. JAMA. 
2014;311:2387–96. https://​doi.​org/​10.​1001/​jama.​2014.​5616.

https://doi.org/10.1186/s12966-023-01431-3
https://doi.org/10.1186/s12966-023-01431-3
https://doi.org/10.1001/jama.2014.5616


Page 12 of 13Mackey et al. Int J Behav Nutr Phys Act           (2023) 20:34 

	2.	 Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A, Michaleff ZA, 
Howard K, et al. Exercise for preventing falls in older people living in the 
community. Cochrane Database Syst Rev. 2019. https://​doi.​org/​10.​1002/​
14651​858.​CD012​424.​pub2.

	3.	 Bauman A, Merom D, Bull FC, Buchner DM, Fiatarone Singh MA. Updating 
the evidence for physical activity: Summative reviews of the epidemio-
logical evidence, prevalence, and interventions to promote “Active Aging.” 
Gerontologist. 2016;56:S268-80. https://​doi.​org/​10.​1093/​geront/​gnw031.

	4.	 Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of 
physical inactivity on major non-communicable diseases worldwide: An 
analysis of burden of disease and life expectancy. Lancet. 2012;380:219–
29. https://​doi.​org/​10.​1016/​S0140-​6736(12)​61031-9. (England).

	5.	 Williamson PR, Altman DG, Blazeby JM, Clarke M, Devane D, Gargon E, 
et al. Developing core outcome sets for clinical trials: issues to consider. 
Trials. 2012;13:132. https://​doi.​org/​10.​1186/​1745-​6215-​13-​132.

	6.	 Clarke M, Williamson PR. Core outcome sets and systematic reviews. Syst 
Rev. 2016;5:11. https://​doi.​org/​10.​1186/​s13643-​016-​0188-6.

	7.	 Williamson PR, Altman DG, Bagley H, Barnes KL, Blazeby JM, Brookes ST, 
et al. The COMET Handbook: version 1.0. Trials. 2017;18:280. https://​doi.​
org/​10.​1186/​s13063-​017-​1978-4.

	8.	 Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, et al. Gait 
speed and survival in older adults. JAMA. 2011;305:50–8. https://​doi.​org/​
10.​1001/​jama.​2010.​1923.

	9.	 Vermeulen J, Neyens JCL, van Rossum E, Spreeuwenberg MD, de Witte 
LP. Predicting ADL disability in community-dwelling elderly people using 
physical frailty indicators: a systematic review. BMC Geriatr. 2011;11:33. 
https://​doi.​org/​10.​1186/​1471-​2318-​11-​33.

	10.	 Cawthon PM, Fox KM, Gandra SR, Delmonico MJ, Chiou C-F, Anthony MS, 
et al. Do muscle mass, muscle density, strength, and physical function 
similarly influence risk of hospitalization in older adults? J Am Geriatr Soc. 
2009;57:1411–9. https://​doi.​org/​10.​1111/j.​1532-​5415.​2009.​02366.x.

	11.	 Cummings SR, Studenski S, Ferrucci L. A diagnosis of dismobility - giving 
mobility clinical visibility: A mobility working group recommendation. 
JAMA. 2014;311:2061–2. https://​doi.​org/​10.​1001/​jama.​2014.​3033.

	12.	 Chalmers I, Glasziou P. Avoidable waste in the production and reporting 
of research evidence. Lancet (London, England). 2009;374:86–9. https://​
doi.​org/​10.​1016/​S0140-​6736(09)​60329-9.

	13.	 Gray SM, McKay HA, Hoy CL, Lau E, Ahn R, Lusina-Furst S, et al. Getting 
ready for scale-up of an effective older adult physical activity program: 
Characterizing the adaptation process. Prev Sci. 2020;21:355–65. https://​
doi.​org/​10.​1007/​s11121-​019-​01085-3.

	14.	 Nettlefold L, Gray SM, Sims-Gould J, McKay H. From start-up to scale-up 
of a health promoting intervention for older adults: The choose to move 
story. Kinesiol Rev. 2023;12:76–86. https://​doi.​org/​10.​1123/​kr.​2022-​0034.

	15.	 Reis RS, Salvo D, Ogilvie D, Lambert EV, Goenka S, Brownson RC. Scaling 
up physical activity interventions worldwide: stepping up to larger and 
smarter approaches to get people moving. Lancet. 2016;388:1337–48. 
https://​doi.​org/​10.​1016/​S0140-​6736(16)​30728-0. (Elsevier Ltd).

	16.	 Gargon E, Williamson PR, Altman DG, Blazeby JM, Clarke M. The 
COMET initiative database: progress and activities update (2014). Trials. 
2015;16:515. https://​doi.​org/​10.​1186/​s13063-​015-​1038-x.

	17.	 Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ, 
et al. CONSORT 2010 explanation and elaboration: Updated guidelines 
for reporting parallel group randomised trials. BMJ. 2010;340:c869. 
https://​doi.​org/​10.​1136/​bmj.​c869.

	18.	 Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, 
et al. SPIRIT 2013 statement: defining standard protocol items for clinical 
trials. Ann Intern Med. 2013;158:200–7. https://​doi.​org/​10.​7326/​0003-​
4819-​158-3-​20130​2050-​00583.

	19.	 Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, 
et al. SPIRIT 2013 explanation and elaboration: guidance for protocols 
of clinical trials. Br Med J. 2013;346:e7586. https://​doi.​org/​10.​1136/​bmj.​
e7586.

	20.	 Bellamy N, Kirwan J, Boers M, Brooks P, Strand V, Tugwell P, et al. Recom-
mendations for a core set of outcome measures for future phase III 
clinical trials in knee, hip, and hand osteoarthritis. Consensus develop-
ment at OMERACT III. J Rheumatol. 1997;24:799–802.

	21.	 Lamb SE, Jørstad-Stein EC, Hauer K, Becker C. Development of a com-
mon outcome data set for fall injury prevention trials: the Prevention 
of Falls Network Europe consensus. J Am Geriatr Soc. 2005;53:1618–22. 
https://​doi.​org/​10.​1111/j.​1532-​5415.​2005.​53455.x.

	22.	 Copsey B, Hopewell S, Becker C, Cameron ID, Lamb SE. Appraising 
the uptake and use of recommendations for a common outcome 
data set for clinical trials: a case study in fall injury prevention. Trials. 
2016;17:131. https://​doi.​org/​10.​1186/​s13063-​016-​1259-7.

	23.	 Dodd S, Clarke M, Becker L, Mavergames C, Fish R, Williamson PR. A 
taxonomy has been developed for outcomes in medical research to 
help improve knowledge discovery. J Clin Epidemiol. 2018;96:84–92. 
https://​doi.​org/​10.​1016/j.​jclin​epi.​2017.​12.​020.

	24.	 Hamel C, Michaud A, Thuku M, Skidmore B, Stevens A, Nussbaumer-
Streit B, et al. Defining rapid reviews: A systematic scoping review and 
thematic analysis of definitions and defining characteristics of rapid 
reviews. J Clin Epidemiol. 2021;129:74–85. https://​doi.​org/​10.​1016/j.​
jclin​epi.​2020.​09.​041.

	25.	 Garritty C, Gartlehner G, Nussbaumer-Streit B, King VJ, Hamel C, Kamel C, 
et al. Cochrane Rapid Reviews Methods Group offers evidence-informed 
guidance to conduct rapid reviews. J Clin Epidemiol. 2021;130:13–22. 
https://​doi.​org/​10.​1016/j.​jclin​epi.​2020.​10.​007.

	26.	 Ganann R, Ciliska D, Thomas H. Expediting systematic reviews: methods 
and implications of rapid reviews. Implement Sci. 2010;5:56. https://​doi.​
org/​10.​1186/​1748-​5908-5-​56.

	27.	 Tricco AC, Antony J, Zarin W, Strifler L, Ghassemi M, Ivory J, et al. A scop-
ing review of rapid review methods. BMC Med. 2015;13:224. https://​doi.​
org/​10.​1186/​s12916-​015-​0465-6.

	28.	 Khangura S, Konnyu K, Cushman R, Grimshaw J, Moher D. Evidence 
summaries: The evolution of a rapid review approach. Syst Rev. 2012;1:10. 
https://​doi.​org/​10.​1186/​2046-​4053-1-​10.

	29.	 Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. 
PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and 
explanation. Ann Intern Med. 2018;169:467–73. https://​doi.​org/​10.​7326/​
M18-​0850.

	30.	 CONSORT. CONSORT Glossary. https://​www.​conso​rt-​state​ment.​org/​resou​
rces/​gloss​ary#R

	31.	 CSEP. Canadian 24-Hour movement guidelines: Glossary of terms. 2021. 
(https://​csepg​uidel​ines.​ca/​resou​rces/​gloss​ary/).

	32.	 Gray SM, McKay HA, Nettlefold L, Race D, Macdonald HM, Naylor PJ, et al. 
Physical activity is good for older adults — but is programme implemen-
tation being overlooked? A systematic review of intervention studies that 
reported frameworks or measures of implementation. Br J Sports Med. 
2021;55:84–91. https://​doi.​org/​10.​1136/​bjspo​rts-​2020-​102465.

	33.	 Geelen SJG, van Dijk-Huisman HC, de Bie RA, Veenhof C, Engelbert R, van 
der Schaaf M, et al. Barriers and enablers to physical activity in patients 
during hospital stay: A scoping review. Syst Rev. 2021;10:293. https://​doi.​
org/​10.​1186/​s13643-​021-​01843-x.

	34.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: An updated guideline for reporting systematic 
reviews. Br Med J. 2021;372:n71. https://​doi.​org/​10.​1136/​bmj.​n71.

	35.	 LIFE study investigators, Pahor M, Blair SN, Espeland M, Fielding R, Gill TM, 
et al. Effects of a physical activity intervention on measures of physical 
performance: results of the lifestyle interventions and independence for 
elders pilot (LIFE-P) study. J Gerontol Med Sci. 2006;61A:1157–65. https://​
doi.​org/​10.​1093/​gerona/​61.​11.​1157.

	36.	 Friedman LM, Furberg CD, DeMets DL, Reboussin DM, Granger CB. Fun-
damentals of clinical trials. 5th edition. Fundam. Clin. Trials. Heidelberg: 
Springer Cham; 2015. https://​doi.​org/​10.​1007/​978-3-​319-​18539-2.

	37.	 Hirsch JA, Winters M, Sims-Gould J, Clarke PJ, Ste-Marie N, Ashe M, et al. 
Developing a comprehensive measure of mobility: mobility over varied 
environments scale (MOVES). BMC Public Health. 2017;17:513. https://​doi.​
org/​10.​1186/​s12889-​017-​4450-1.

	38.	 Webber SC, Porter MM, Menec VH. Mobility in older adults: A comprehen-
sive framework. Gerontologist. 2010;50:443–50. https://​doi.​org/​10.​1093/​
geront/​gnq013.

	39.	 Vanderlinden J, Boen F, van Uffelen J. Effects of physical activity programs 
on sleep outcomes in older adults: A systematic review. Int J Behav Nutr 
Phys Act. 2020;17:11. https://​doi.​org/​10.​1186/​s12966-​020-​0913-3.

	40.	 Smagula SF, Stone KL, Fabio A, Cauley JA. Risk factors for sleep distur-
bances in older adults: Evidence from prospective studies. Sleep Med 
Rev. 2016;25:21–30. https://​doi.​org/​10.​1016/j.​smrv.​2015.​01.​003.

	41.	 Huter K, Kocot E, Kissimova-Skarbek K, Dubas-Jakóbczyk K, Rothgang H. 
Economic evaluation of health promotion for older people-methodolog-
ical problems and challenges. BMC Health Serv Res. 2016;16:328. https://​
doi.​org/​10.​1186/​s12913-​016-​1519-y.

https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1093/geront/gnw031
https://doi.org/10.1016/S0140-6736(12)61031-9
https://doi.org/10.1186/1745-6215-13-132
https://doi.org/10.1186/s13643-016-0188-6
https://doi.org/10.1186/s13063-017-1978-4
https://doi.org/10.1186/s13063-017-1978-4
https://doi.org/10.1001/jama.2010.1923
https://doi.org/10.1001/jama.2010.1923
https://doi.org/10.1186/1471-2318-11-33
https://doi.org/10.1111/j.1532-5415.2009.02366.x
https://doi.org/10.1001/jama.2014.3033
https://doi.org/10.1016/S0140-6736(09)60329-9
https://doi.org/10.1016/S0140-6736(09)60329-9
https://doi.org/10.1007/s11121-019-01085-3
https://doi.org/10.1007/s11121-019-01085-3
https://doi.org/10.1123/kr.2022-0034
https://doi.org/10.1016/S0140-6736(16)30728-0
https://doi.org/10.1186/s13063-015-1038-x
https://doi.org/10.1136/bmj.c869
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1111/j.1532-5415.2005.53455.x
https://doi.org/10.1186/s13063-016-1259-7
https://doi.org/10.1016/j.jclinepi.2017.12.020
https://doi.org/10.1016/j.jclinepi.2020.09.041
https://doi.org/10.1016/j.jclinepi.2020.09.041
https://doi.org/10.1016/j.jclinepi.2020.10.007
https://doi.org/10.1186/1748-5908-5-56
https://doi.org/10.1186/1748-5908-5-56
https://doi.org/10.1186/s12916-015-0465-6
https://doi.org/10.1186/s12916-015-0465-6
https://doi.org/10.1186/2046-4053-1-10
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
https://www.consort-statement.org/resources/glossary#R
https://www.consort-statement.org/resources/glossary#R
https://csepguidelines.ca/resources/glossary/
https://doi.org/10.1136/bjsports-2020-102465
https://doi.org/10.1186/s13643-021-01843-x
https://doi.org/10.1186/s13643-021-01843-x
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1093/gerona/61.11.1157
https://doi.org/10.1093/gerona/61.11.1157
https://doi.org/10.1007/978-3-319-18539-2
https://doi.org/10.1186/s12889-017-4450-1
https://doi.org/10.1186/s12889-017-4450-1
https://doi.org/10.1093/geront/gnq013
https://doi.org/10.1093/geront/gnq013
https://doi.org/10.1186/s12966-020-0913-3
https://doi.org/10.1016/j.smrv.2015.01.003
https://doi.org/10.1186/s12913-016-1519-y
https://doi.org/10.1186/s12913-016-1519-y


Page 13 of 13Mackey et al. Int J Behav Nutr Phys Act           (2023) 20:34 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	42.	 Boers M, Kirwan JR, Wells G, Beaton D, Gossec L, D’Agostino M-A, et al. 
Developing core outcome measurement sets for clinical trials: OMERACT 
filter 2.0. J Clin Epidemiol. 2014;67:745–53. https://​doi.​org/​10.​1016/j.​jclin​
epi.​2013.​11.​013.

	43.	 Rejeski WJ, Fielding RA, Blair SN, Guralnik JM, Gill TM, Hadley EC, et al. The 
lifestyle interventions and independence for elders (LIFE) pilot study: 
Design and methods. Contemp Clin Trials. 2005;26:141–54. https://​doi.​
org/​10.​1016/j.​cct.​2004.​12.​005.

	44.	 Fielding RA, Rejeski WJ, Blair S, Church T, Espeland MA, Gill TM, et al. The 
lifestyle interventions and independence for elders study: Design and 
methods. J Gerontol A Biol Sci Med Sci. 2011;66:1226–37. https://​doi.​org/​
10.​1093/​gerona/​glr123.

	45.	 Kirkham JJ, Davis K, Altman DG, Blazeby JM, Clarke M, Tunis S, et al. Core 
Outcome Set-STAndards for Development: The COS-STAD recommenda-
tions. PLOS Med. 2017;14:e1002447 (Public Library of Science).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jclinepi.2013.11.013
https://doi.org/10.1016/j.jclinepi.2013.11.013
https://doi.org/10.1016/j.cct.2004.12.005
https://doi.org/10.1016/j.cct.2004.12.005
https://doi.org/10.1093/gerona/glr123
https://doi.org/10.1093/gerona/glr123

	Outcome domains measured in randomized controlled trials of physical activity for older adults: a rapid review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Protocol
	Inclusion criteria
	Search strategy
	Screening process
	Data abstraction process
	Synthesis

	Results
	Literature search & screening
	Descriptive characteristics of randomized controlled trials
	Classification of study outcomes into domains and subdomains

	Discussion
	Conclusions
	Anchor 21
	Acknowledgements
	References


