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Abstract 

Background:  Physical activity and a healthy diet are important in helping to maintain mobility with aging. This 
umbrella review aims to identify group-based physical activity and/or nutrition interventions for community-dwelling 
older adults that improve mobility-related outcomes.

Methods:  Five electronic databases (MEDLINE, Embase, CINAHL, Cochrane CENTRAL, Sociological Abstracts) were 
searched from inception to December 2021. Eligibility criteria included systematic reviews exploring the effectiveness 
of physical activity or structured exercise, alone or combined with nutrition interventions on mobility-related out‑
comes (aerobic capacity, physical function, balance, falls/safety, muscle strength, health-related quality of life/wellbe‑
ing). Interventions must have been delivered in a group setting to community-dwelling older adults aged 55+. Two 
reviewers independently performed eligibility screening, critical appraisal (using AMSTAR 2) and data extraction. The 
GRADE approach was used to reflect the certainty of evidence based on the size of the effect within each mobility-
related outcome category. Older adult/provider research partners informed data synthesis and results presentation.

Results:  In total, 62 systematic reviews (1 high, 21 moderate, 40 low/critically low quality) were identified; 53 
included physical activity only, and nine included both physical activity and nutritional supplements. No reviews 
included nutrition interventions alone. Combined aerobic/resistance, general physical activity, and mind-body 
exercise all improved physical function and balance (moderate-high certainty). Aerobic/resistance training improved 
aerobic capacity (high certainty). Resistance training and general physical activity improved muscle strength (moder‑
ate certainty). Aerobic/resistance training and general physical activity are likely to reduce falls among older adults 
(moderate certainty). There was no evidence of benefit for nutritional supplementation with physical activity.

Conclusions:  Group-based physical activity interventions that combine aerobic and resistance, general PA and mind-
body exercise can improve measures of mobility in community-dwelling older adults. We found no reviews focused 
on nutrition only, highlighting a gap in the literature.
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Background
Mobility is a multifaceted construct, influenced by a 
range of modifiable (e.g., physical, cognitive, psychoso-
cial, financial) and non-modifiable (e.g., environmen-
tal, gender, cultural, and biographical) factors [1]. A 
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comprehensive view of mobility reflects one’s ability to 
move within their immediate home environment and the 
broader community [1]. Reductions in mobility and the 
ability to carry out activities of daily living are common 
with aging and are recognized precursors to frailty, falls, 
hospitalization, and death [2–4]. Although some factors 
influencing mobility among older adults are non-modifi-
able, several modifiable risk factors have been identified, 
including physical function, balance, muscular strength, 
aerobic endurance, and psychosocial wellbeing [5, 6]. 
Nutritional risk factors (e.g., inadequate food/fluid intake 
to support optimal physical functioning) are also predic-
tive of reduced mobility in older adults [5, 7].

The beneficial effect of physical activity (PA) and 
improved diet quality on modifiable mobility-related 
outcomes has been widely demonstrated; however, inac-
tivity and malnutrition continue to affect the well-being 
and mobility of older adults [8–12]. Community-based 
physical activity and nutrition programs delivered in 
group settings can address both the physical and psy-
chosocial aspects of mobility, promoting a sense of 
belonging which aids in long-term adherence [13, 14]. 
The Enhancing physical and community MoBility in 
OLDEr adults with health inequities using commuNity 
co-design (EMBOLDEN) trial is a multi-year program 
of research from XX University in [City, Country] (Trial 
ID: NCT05008159) [15]. The transdisciplinary team of 
EMBOLDEN researchers, older adults and community 
partners have used community-based co-design to inte-
grate local community needs, preferences, and resources 
with high-quality scientific evidence to develop a mobil-
ity-enhancing program that supports physical activ-
ity, healthy eating, and social participation among older 
adults.

Several systematic reviews have been published explor-
ing a broad range of PA and/or nutrition interventions 
for older adults, making it challenging to bring together 
the best scientific evidence to inform program design. 
Umbrella reviews provide a rigorous methodology for 
synthesizing evidence from multiple existing system-
atic reviews [16], and may be particularly useful for a 
phenomenon such as mobility given the wide variety of 
interventions and uncertainty as to which interventions 
are more effective when delivered individually or in com-
bination and within different populations and/or set-
tings. To date, two umbrella reviews have reported the 
effectiveness of exercise interventions in pre-frail, frail, or 
sarcopenic older adults [17, 18], and one umbrella review 
has described the impact of nutritional interventions 
for community-dwelling older adults on body composi-
tion [19]. Given the lack of recent, relevant synthesized 
evidence to meet our needs, our team undertook this 
umbrella review to help inform intervention design and 

provide a foundation for the EMBOLDEN research pro-
gram. This umbrella review aims to synthesize evidence 
from existing systematic reviews regarding the effective-
ness of group-based PA and/or nutrition interventions 
to improve measures of mobility in community-dwelling 
older adults.

Methods
This review was conducted following the Joanna Briggs 
Institute (JBI) guidance for umbrella reviews [16], and 
was registered with PROSPERO (CRD42020141352). 
Although originally conceptualized as a systematic 
review, upon initiation of screening it was determined 
that many systematic reviews existed, and an umbrella 
review was most appropriate.

Search strategy
A trained librarian conducted a search of MEDLINE, 
Embase, CINAHL, Cochrane CENTRAL, and Sociologi-
cal Abstracts from inception to December 2021 (Addi-
tional file 1). Searches were limited to systematic reviews/
meta-analyses and randomized controlled trials (RCTs) 
published in English.

Study selection
Citations were imported into DistillerSR (Evidence Part-
ners, Ottawa, Canada) and duplicates were removed. 
Citations were reviewed by two independent review-
ers using pre-determined criteria. At the title/abstract 
level, a study must have been selected by one reviewer 
for inclusion, while exclusion required two reviewers to 
agree. At the full-text level, disagreements were resolved 
through discussion by two reviewers, with input from a 
third team member as needed.

Eligibility criteria
Types of studies
Systematic reviews (narrative summary, meta-analysis, 
or network meta-analysis) of interventions were eligible. 
Scoping or narrative reviews that did not include criti-
cal appraisal of primary studies were excluded. Eligible 
reviews could include RCTs and non-randomized inter-
vention studies, however, at least 80% of single studies 
included must have been interventions (i.e., not descrip-
tive, qualitative, or observational). To balance feasibility, 
while ensuring we captured the most recent and relevant 
intervention data, we chose to include only reviews that 
were published in 2010 or later; although eligible reviews 
did include single studies that were conducted prior to 
2010.
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Types of participants
Eligible systematic reviews included studies involving 
community-dwelling older adults. Reviews were included 
if the pooled mean age or inclusion criteria identified an 
age of ≥ 55 years. If this information was not available, 
at least 70% of included studies must have reported a 
mean sample age of ≥ 55 years. Reviews in which studies 
were selected based on a specific health or disease status 
(e.g., cancer, sarcopenia) were excluded. In reviews that 
did not restrict by disease status, 70% of included stud-
ies must have been conducted in a general sample of 
older adults. The choice of 70% was intended to include 
reviews in which the majority of included studies were 
relevant to the general population; most studies were 
either well above or well below this threshold.

Interventions
Eligible reviews must have included single studies of any 
PA (any movement resulting in energy expenditure), 
structured exercise (planned and repetitive movements), 
and/or nutrition intervention (e.g., education, counsel-
ling, dietary changes and/or supplementation) that could 
reasonably be delivered in a group-based setting [20]. 
Exercise or PA interventions were categorized as: aero-
bic exercise, resistance exercise, combined aerobic and 
resistance exercise, general physical activity (reviews in 
which a variety of types of physical activity and/or exer-
cise were synthesized together), mind-body exercise (e.g., 
Tai Chi, yoga, Pilates), and dance.

Context
Single studies within eligible reviews must have been 
delivered in a community setting. Reviews that focused 
exclusively on interventions delivered in hospitals, reha-
bilitation centers, long-term care homes, or clinics were 
excluded. When the reviews did not set inclusion crite-
ria by setting, at least 70% of included single studies were 
required to be community-based.

Outcomes
Reviews must have synthesized (narratively or via meta-
analysis) outcomes related to physical or community 
mobility. These outcomes were broadly classified into 
six domains based on modifiable risk factors related to 
mobility that could be reasonably addressed through 
PA and/or nutrition interventions, as described above. 
The mobility-related outcomes explored include aerobic 
capacity, physical function, balance, falls/safety, muscular 
strength, and self-reported mental wellbeing/quality of 
life. Reviews that focused exclusively on cognitive func-
tion or body composition were excluded. These criteria 
were not part of our original protocol as registered in 

PROSPERO but added at the full text screening level as 
the goals of these interventions and associated outcomes 
were quite distinct.

Assessment of methodological quality
Eligible reviews were critically appraised using A MeaS-
urement Tool to Assess systematic Reviews (AMSTAR 
2) [21]. AMSTAR 2 was completed independently by two 
reviewers, with conflicts resolved through discussion or 
the input of a third reviewer, as needed. Following con-
sensus, results were entered into the online AMSTAR 
checklist, which provides an assessment of overall quality 
as critically low, low, moderate, or high based on seven 
critical domains [22].

Data extraction
Data were extracted by two independent reviewers 
using a standardized form. Disagreements were resolved 
through discussion or by a third reviewer. Data were 
extracted related to review methodology (e.g., sources 
searched, publication date range, methodological qual-
ity of included studies, noted limitations) and details 
of included studies (e.g., study designs, participant 
characteristics, intervention descriptions, setting). To 
explore issues of equity, diversity and inclusion, any data 
regarding material deprivation, and the percentage of 
low-income and/or immigrant populations were also 
extracted. Results from both narrative syntheses and 
meta-analyses were extracted within the six outcome cat-
egories described above. Any outcomes within these cat-
egories or composite outcomes in these areas (e.g., when 
multiple outcome measures were grouped and reported 
as standardized mean difference in a meta-analysis) were 
extracted, as reported. Data collection forms and full 
extracted data are available upon request.

Data synthesis and certainty of evidence
The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) approach was used 
to assess the overall certainty of the evidence [23]. 
The GRADE process was adapted to accommodate 
the umbrella review by considering both the find-
ings across included reviews and across single stud-
ies within reviews by intervention type and outcome. 
Following the GRADE approach, reviews including 
primarily RCTs start at ‘high’ certainty, while reviews 
primarily including non-randomized studies start 
at ‘low’ certainty. The level of certainty was further 
downgraded based on the risk of bias, inconsistency 
of findings, indirectness of interventions/outcomes, 
imprecision of effect measures, and/or publication bias, 
and were upgraded based on the magnitude of effect 
size, dose-response relationship, and accounting for 
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confounding. A narrative approach to data synthesis 
was used, with results presented in supporting tables 
and figures. Informative statements reflecting both the 
certainty of evidence and importance of the size of the 
effect are presented to communicate overall findings 
within each intervention type and outcome category, in 
line with published recommendations [24]. Only results 
that compared an intervention group to a control group 
were included in GRADE, although subgroup analyses 
are presented in accompanying tables.

The review team synthesized data with feedback and 
input from the larger research team and key stakehold-
ers. After an initial draft, preliminary results and cat-
egories were presented to four older adult citizen and 
service provider partners from an established stakeholder 
group within the EMBOLDEN research program who 
were consulted via a one-time, virtual meeting. The aim 
of this engagement was to allow for feedback and discus-
sion about the appropriateness of intervention/outcome 
groupings and to identify priority outcome measures 
(e.g., prioritize general physical function outcomes 
over measures such as body composition). Our older 
adult and service provider partners also contributed to 

developing public-facing documents, including a plain-
language summary and infographic.

Results
The search identified 41,157 unique citations, of which 
1547 were potentially relevant; at this point, the team 
elected to limit to systematic reviews (Fig. 1). A second 
screen identified 453 citations for full-text review, of 
which 62 were included (Table 1). A list of excluded stud-
ies with reasons is provided in Additional file 2.

Included reviews reported on several types of interven-
tions, with some reporting separate results for more than 
one intervention type. Most reviews focused on exercise or 
PA only (n = 53) [26–35, 37–40, 42, 44, 45, 47, 49–75, 77, 
78, 80–84, 86], while others included exercise with nutri-
tional supplements (n = 9) [25, 36, 41, 43, 46, 48, 76, 79, 
85]. No reviews included group-based nutrition interven-
tions alone. Exercise or PA interventions were categorized 
as resistance exercise (n = 12) [26, 35, 47, 49, 52, 60, 65, 
69, 72, 78, 80, 81], aerobic exercise (n = 5) [28, 29, 33, 38, 
66], combined aerobic and resistance exercise (n = 9) [27, 
34, 47, 50, 57, 60, 64, 65, 81], general PA (n = 12) [42, 44, 
45, 49, 54, 58, 62, 63, 67, 69, 70, 86], mind-body exercise 

Fig. 1  PRISMA Flow Diagram
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(e.g., Tai Chi, yoga, Pilates) (n = 11) [31, 32, 37, 40, 49, 56, 
59, 71, 74, 75, 84], dance (n = 5) [39, 51, 61, 73, 81], and 
other (e.g., aquatics, stretching) (n = 10) [30, 47, 49, 53, 55, 
68, 77, 81–83]. Nutritional supplements included protein 
(n = 5) [41, 43, 48, 79, 85], creatine (n = 2) [36, 76], vitamin 
D (n = 1) [25], or dairy (n = 1) [46]. Meta-analyses were 
undertaken in 39 reviews [25, 26, 29, 31–37, 40–42, 44, 
46–50, 54–56, 60, 61, 65, 66, 68–70, 72, 75, 78–81, 83–86], 
22 reviews presented findings narratively [27, 28, 38, 39, 
43, 45, 51–53, 57–59, 62–64, 67, 71, 73, 74, 76, 77, 82], and 
one performed a network meta-analysis [30]. Total sam-
ple sizes ranged from 153 to 28,523 when reported. Par-
ticipants ranged from 42 to 98 years old, with most reviews 
only including studies with participants aged 60 and older. 
No reviews extracted data on material deprivation, low 
income, or immigrant populations.

Eligible reviews included 1339 primary studies, of 
which 962 were unique (28.2% overlap across reviews, 
although some duplicates were included in reviews 
focused on different intervention types). Reviews with 
the most overlap by intervention type were exercise 
with nutritional supplements (36.2% overlap), dance 

(31.9% overlap), and resistance exercise (26.3% over-
lap). Single studies were published between 1983 and 
2021 (range 5 to 99 studies per review). Of these, 83% 
were randomized controlled trials and 17% were quasi-
experimental, observational, or not reported.

Methodological quality of included reviews
Methodological quality of the reviews was variable 
(summary in Fig. 2, full assessment in Additional file 3), 
with one review [49] rated as having high confidence 
in findings. The confidence for the remaining reviews 
were moderate (n = 21) [25, 28, 30, 35, 36, 42–44, 46, 
50, 53, 66, 67, 71, 72, 75, 77, 80–83], low (n = 17) [31, 
34, 39, 40, 48, 54–56, 60, 63, 69, 70, 73, 74, 76, 85, 86], 
and critically low (n = 23) [26, 27, 29, 32, 33, 37, 38, 41, 
45, 47, 51, 52, 57–59, 61, 62, 64, 65, 68, 78, 79, 84]. Most 
reviews did not report protocol registration, describe 
an adequate search strategy, justify excluded studies, or 
incorporate risk of bias in interpreting review findings.

Fig. 2  AMSTAR 2 Summary of Systematic Review Quality. Legend: RCT = randomized controlled trial, NRSI = non-randomized studies of 
interventions
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Findings of reviews
A summary of findings by intervention type and out-
come category, alongside review quality is listed in 
Table  2, with a summary of the certainty of evidence 
(GRADE) in Fig. 3.

Aerobic capacity
The effect of interventions on aerobic capacity was 
reported in 15 reviews [27–31, 33, 37, 45, 50, 66, 72–74, 
76, 83] (Additional  file  4). Across reviews, 109 studies 
were reported, of which 104 were unique (overlap, 4.6% 
across intervention types). Aerobic capacity was most 

Table 2  Summary of results across included systematic reviews by outcome domain and intervention type, alongside methodological 
quality of the review, number of trials included in the relevant analysis and sample size
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often assessed using measured or predicted maximal or 
peak oxygen consumption (VO2 peak). Based on high-cer-
tainty evidence, a combination of aerobic and resistance 

training results in meaningful improvements in aerobic 
capacity in older adults. Based on moderate certainty evi-
dence, aerobic exercise probably results in improvements 

Table 2  (continued)
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Table 2  (continued)
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in aerobic capacity. Dance interventions may result in 
increased aerobic capacity, although this is based on 
low-certainty evidence and findings may change as more 

information becomes available. Interventions that com-
bined exercise with nutritional supplements may make 
little to no difference in aerobic capacity of older adults, 

Table 2  (continued)
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Table 2  (continued)

Note:  = critically low quality; = low quality;   = moderate quality;   = high quality (as determined by AMSTAR 2).   = compared to a control group, intervention 
demonstrates statistically significant beneficial effect on outcome;   = intervention demonstrates no significant change in outcome when compared to a control 
group.

 6MWT six-minute walking test, CR creatine supplementation, NR not reported, Pro protein supplementation, RT resistance training, TUG​ Timed Up and Go test, Vit 
D vitamin D supplementation

Fig. 3  GRADE Summary of Certainty of Evidence. Legend: a start at low certainty due to non-randomized study designs. b downgraded due to 
risk of bias. c downgraded due to inconsistency in effects. d downgraded due to indirectness of interventions/outcomes. e downgraded due to 
imprecision in effect estimate. f downgraded due to publication bias. g upgraded due to large effect. h upgraded due to dose-response relationship. 
i upgraded due to accounting for confounding



Page 28 of 33Neil‑Sztramko et al. BMC Geriatrics          (2022) 22:539 

although this is based on low-certainty evidence. The 
evidence is very uncertain about the effect of mind-body 
exercise, general physical activity, or resistance exercise 
alone on aerobic capacity in older adults (very low cer-
tainty evidence). Other exercise types, including aquatic 
exercise and a combination of PA and cognitive training, 
were also examined for their effect on aerobic capacity.

Physical function
In total, 51 reviews [25, 27, 28, 30–40, 42–53, 57–63, 65, 
67, 69–77, 79–84, 86] reported on 596 single studies, of 
which 434 were unique (27.2% overlap across interven-
tion types). Physical function was typically assessed 
using the Timed Up and Go test, chair stands, gait 
speed, and six-minute walk test; often findings from 
single studies were compiled into a composite score for 
self-reported and/or measured physical function within 
meta-analyses (Additional  file  5). Based on moderate 
certainty evidence, interventions that included a com-
bination of aerobic and resistance exercise, interven-
tions focused on general PA, and mind-body exercise 
interventions are all likely to result in improvements 
in physical function in older adults. Resistance train-
ing and dance interventions may also increase physical 
function (low certainty evidence). Low certainty evi-
dence suggests that aerobic exercise interventions and 
exercise combined with nutritional supplements may 
have little to no impact on physical function.

Balance
In total, 30 reviews [27, 31–33, 37–40, 42, 44, 49, 51, 55–
57, 59, 60, 62–65, 71, 73–75, 80, 82–84] reported on 275 
single studies, of which 226 were unique (17.8% overlap). 
Static and dynamic balance tests (e.g., single-leg stance, 
Berg Balance Scale) and composite balance measures were 
used across reviews (Additional file 6). High certainty evi-
dence suggests that participation in mind-body exercise 
interventions increases balance in older adults. General PA 
interventions and interventions that combined aerobic and 
resistance training are also likely to result in improvements 
in balance in older adults, based on moderate-certainty 
evidence. Dance interventions may improve balance; how-
ever, this is based on low certainty evidence. Also based 
on low certainty evidence, resistance training and aerobic 
exercise alone may result in little to no change in balance. 
No included reviews explored the effects of exercise and 
nutritional supplements on balance.

Falls and safety
Number of falls, risk of falling, and fall-related injuries 
were measured across 14 reviews [27, 28, 38, 40, 44, 56, 
59, 60, 62, 63, 69, 72, 73, 82] including 108 single studies, 

98 of which were unique (9.3% overlap). Interventions 
that combine aerobic and resistance exercise and inter-
ventions focused on general PA are likely to result in a 
small reduction in the risk of falls or fall-related injuries 
in older adults, based on moderate certainty evidence 
(Additional  file  7). Based on low-certainty evidence, 
mind-body exercises may have little to no meaningful 
effect on fall risk, although these findings may change as 
more data are available. Dance interventions and aerobic 
exercise only may reduce falls, but the evidence is of very 
low certainty. Also based on very low certainty evidence, 
resistance training alone may have little to no effect on 
falls risk. No reviews reported the risk of falls within 
interventions that combined exercise and nutrition.

Muscle strength
Within reviews reporting muscle strength outcomes, 40 
reviews [25–28, 31–33, 36–44, 46, 48, 52, 54, 58–60, 62, 
65, 68, 71–76, 78–80, 82–86] reported on 452 single stud-
ies, of which 349 were unique (22.8% overlap). Various 
measures were reported, including handgrip strength, 
upper body strength, lower body strength, muscle mass, 
and overall muscle strength (Additional  file  8). Both 
resistance exercise interventions and general PA inter-
ventions likely increase upper and lower body strength 
(moderate certainty evidence). Aerobic exercise alone, 
combined aerobic and resistance exercise, mind-body 
exercise, and dance interventions may result in improve-
ments in muscle strength, however, this is based on low 
certainty evidence and findings may change as more data 
become available. Also based on low certainty evidence, 
interventions that combined exercise with nutritional 
supplements may not improve muscle strength.

Health‑related quality of life and self‑reported wellbeing
In total, 14 reviews [27, 28, 32, 33, 38, 42, 44, 60, 61, 63, 
72, 73, 75, 82] reported health-related quality of life and 
self-reported wellbeing outcomes (Additional  file  9). 
Given the variation in constructs measured within this 
domain (e.g., activities of daily living, quality of life (SF-
36), perceived mental health) and limited number of 
reviews for each outcome type, these results were not 
incorporated into the overall summary of findings using 
GRADE.

Discussion
We provide a high-level comprehensive synthesis regard-
ing the overall effectiveness of group-based PA and/or 
nutrition interventions to improve mobility among com-
munity-dwelling older adults. Within this review, we take 
a broad view of mobility, which captures several modifia-
ble risk factors that influence older adults’ ability to move 
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within and beyond their immediate environments [1, 5]. 
Interventions that combined aerobic and resistance exer-
cise, and general PA interventions were found to result in 
meaningful improvements in physical function, balance, 
and muscle strength in older adults and are also likely to 
reduce falls and fall-related injuries. Mind-body exercise 
is also effective at improving physical function and bal-
ance, as is combined aerobic and resistance exercise for 
aerobic capacity.

Our findings support a multifaceted approach to health 
and wellbeing among community-dwelling older adults. 
Similar findings are reflected in two overviews of reviews 
focused on all adults over the age of 18, including older 
adults [87, 88], which informed the recent Canadian 
24-Hour Movement Guidelines [89]. These guidelines 
also recommend a combination of aerobic, resistance, 
and balance exercises for adults aged 65+. Recent evi-
dence has found that older adults face unique barriers 
and hesitancy to engage in certain types of exercise, such 
as resistance training [90]. It is encouraging that ben-
efits for each of our outcome domains were seen across 
a range of intervention types. This suggests that effective 
interventions for older adults can incorporate a variety 
of types of exercises or physical activities that are most 
likely to foster enjoyment. This notion is consistent with 
emerging literature regarding the role of intrinsic motiva-
tion (i.e., enjoyment in physical activity) as an important 
predictor of physical activity engagement among older 
adults [91]. This approach can also improve accessibil-
ity to PA within this population by building upon exist-
ing community services and group-based PA programs 
that provide the additional benefit of social participation, 
which enhances enjoyment, adherence, and sustainabil-
ity of PA [92]. The importance of social participation for 
older adults is supported by recent research informed by 
social-cognitive and socio-emotional theories, suggesting 
that older adults experiencing social isolation may derive 
meaningful social benefits from interactions with other 
participants in group-based exercise programs [93].

Our findings did not provide any convincing evidence 
for the addition of protein, creatine, vitamin D, or dairy 
supplementation to PA interventions to improve mobil-
ity-related outcomes within community-dwelling older 
adults. However, the overall quality of the systematic 
reviews and single studies was low to moderate, and 
numerous distinct comparator groups were used to test 
intervention effectiveness. These reviews typically syn-
thesized highly heterogeneous single studies, including 
a wide range in “dose” of both exercise and dietary sup-
plement components of the interventions; this may have 
limited the ability to see effects of specific combinations 
of interventions when synthesized together. Future high-
quality studies with similar intervention and comparator 

groups may provide a better understanding of the role of 
combined diet and nutrition interventions on mobility-
related outcomes in older adults. No reviews focused on 
group-based nutrition interventions alone, nor did any 
explore or report on domains of equity, diversity, and 
inclusion, highlighting priorities for future research.

There are several inherent limitations of this umbrella 
review that should be considered in interpreting results. 
Included reviews were limited to those in English, pub-
lished since 2010. Considering the redundancy in single 
studies across the reviews dating back as early as 1983, 
we feel our strategy is robust, captures relevant data 
from much earlier than 2010, and conclusions are highly 
unlikely to be changed by older studies that employed less 
relevant methodologies and practices compared to those 
used today. Given the large number of included reviews, 
the overlap in single studies across reviews is unsurpris-
ing. The highest amount of overlap of studies evaluating 
physical function outcomes is attributable to our broad 
characterization of this outcome and the overlap in sin-
gle studies among reviews focused on resistance, exercise 
and nutrition, and dance interventions. Although 28.2% 
overlap in single studies exists, each review contributing 
to these results focused on specific outcomes (e.g., gait 
speed alone, composite physical function measures), and 
we do not anticipate this greatly influenced our overall 
certainty of evidence. At the systematic review level, it 
was not possible to extract specific intervention “doses” 
and we did not examine single studies to collect this data. 
Although we would expect targeted aerobic, resistance, 
or combined aerobic and resistance exercise to be more 
effective than general PA interventions, certainty in the 
evidence was influenced by higher risk of bias and het-
erogeneity across both single studies and reviews of aero-
bic, resistance, and combined interventions, reflective 
of variation in types of interventions and tools used to 
assess outcomes. Finally, changing behaviour is a neces-
sary precursor to changes in mobility-related health out-
comes. For example, if an intervention fails to increase 
physical activity levels of older adults, an improvement 
in cardiovascular fitness or muscular strength will not 
occur. An understanding of interventions or techniques 
that are most effective to change older adults’ physical 
activity and/or nutrition-related behaviour is an impor-
tant area of study, particularly when considering sustain-
ability of change beyond the research study. A synthesis 
of the literature to answer this question is warranted but 
is outside of the scope of this review.

A strength of this umbrella review was the collaboration 
with older adults and service provider partners to inform 
the protocol and identify relevant outcomes. Specifically, 
the older adult partners involved in this project prioritized 
the inclusion of quality of life and wellbeing as outcomes of 
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primary importance. The partners voiced that older adults’ 
self-reported functional measures were likely more mean-
ingful to older adults than measures designed to capture 
physiology or function. We recognize that objective meas-
ures are important as benchmarks; however, we propose 
that subjective ratings represent a personal participant-rel-
evant domain that could be as, or more, important when 
considering intervention effectiveness. However, very few 
reviews reported these outcomes separately as they were 
commonly combined within meta-analyses, thus we are 
unable to distinguish between self-reported and objec-
tively measured function.

Conclusion
Group and community-based PA interventions that com-
bine aerobic and resistance, general PA, and mind-body 
exercise can improve mobility measures in older adults. 
There was no evidence of benefit for nutritional supple-
mentation with physical activity. No reviews focused on 
group-based nutrition interventions alone, and very few 
identified quality of life outcomes, highlighting a need for 
future synthesis work. The results of this umbrella review 
will be used to inform the co-design of a community-
based, mobility-enhancing intervention.
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