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Abstract

Purpose: To review and update the evidence of the relationship between physical activity, risk of 

fall-related injury, and physical function in community-dwelling older people that was presented in 

the 2018 Physical Activity Guidelines Advisory Committee Scientific Report (PAGAC Report).

Methods: Duplicate independent screenings of 1,415 systematic reviews and meta-analyses 

published between 2006 and 2016 identified from PubMed®, Cochrane Library, and CINAHL 

databases yielded 111 articles used for the PAGAC Report. The PAGAC Aging Subcommittee 

members graded scientific evidence strength based upon a 5-criteria rubric and assigned one of 

four grades: strong, moderate, limited, or not assignable. An updated search of 368 articles 

published between January 2017 and March 2018 yielded 35 additional pertinent articles.
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Results: Strong evidence demonstrated that physical activity reduced the risk of fall-related 

injuries by 32-40%, including severe falls requiring medical care or hospitalization. Strong 

evidence also supported that physical activity improved physical function and reduced the risk of 

age-related loss of physical function in an inverse graded manner among the general aging 

population, and improved physical function in older people with frailty and with Parkinson’s 

disease. Aerobic, muscle-strengthening, and/or multicomponent physical activity programs 

elicited the largest improvements in physical function in these same populations. Moderate 

evidence indicated that for older adults who sustained a hip fracture or stroke, extended exercise 

programs and mobility-oriented physical activity improved physical function.

Conclusions: Regular physical activity effectively helps older adults improve or delay the loss 

of physical function and mobility while reducing the risk of fall-related injuries. These important 

public health benefits underscore the importance of physical activity among older adults, 

especially those living with declining physical function and chronic health conditions.
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INTRODUCTION

Advances in public health and in health care are keeping people alive longer, and 

consequently, the proportion of older people in the global population is increasing rapidly. 

As of 2016, individuals ages 65 years and older comprise about 13% of the United States 

population, and their numbers are projected to reach 72.1 million (19% of the total 

population) by the year 2030 (1). This represents a two-fold increase compared with the 

older adult population in 2000. Moreover, the number of people 85 years and older is 

projected to rise to 14.6 million by 2040 (1). Due to these growing demographic trends, the 

prevention of chronic disease, the maintenance of functional status, and the preservation of 

physical independence in aging present major challenges that have substantial personal and 

public health implications.

Physical activity is any bodily movement that results in increased energy expenditure, and 

can be achieved by a variety of leisure-time, work or transportation-related activities (2). 

Exercise refers to physical activities that are planned, structured, repetitive, and intended to 

improve or maintain fitness, function, and health (2). Ample evidence now exists that regular 

physical activity is key to preventing and managing major chronic diseases common to older 

people (3). Physical activity is also important for preserving physical function and mobility, 

which can then delay the onset of major disability (4). Current physical activity guidelines 

for older people recommend at least 150 min/week of moderate-intensity aerobic activity, 

with muscle-strengthening activity performed on two or more days/week (5). Despite the 

known benefits of physical activity to health and physical function in aging, however, the 

proportion of older adults meeting recommended physical activity guidelines for aerobic 

activity remains low (27%), based on data from the 2011-2012 National Health and 

Nutrition Examination Survey (NHANES)(6). This low prevalence of physical activity has 

important implications since it is a modifiable behavior that contributes substantially to the 

burden of chronic disease mortality in the United States (7).
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Since the 2008 Physical Activity Guidelines Advisory Committee (PAGAC) Scientific 
Report (3), considerable evidence has emerged regarding the relative benefits of additional 

modes or combinations of physical activity to specific physical function outcomes (e.g., 

strength, gait speed, balance, activities of daily living [ADL] function). These additional 

physical activity interventions include progressive resistance training, multicomponent 

exercise, dual-task training, active video gaming, tai chi, yoga, and dance. In addition, the 

current research has begun to address the issues of the dose-response relationship between 

physical activity and physical function in aging. Similar to studies of pharmacologic agents, 

it is not only important to determine if a graded relationship exists, but also to determine the 

shape of the relationship for specific health outcomes, in order to establish a minimal 

effective dose and a maximal threshold dose for safety.

The 2018 PAGAC Scientific Report (8) expanded upon the 2008 Report by examining the 

relationship between physical activity and the risk of fall-related injuries, as well as the 

relationship between physical activity and physical function, in both the general aging 

population and in people living with specific chronic diseases (cardiovascular disease 

(CVD), chronic obstructive pulmonary disease (COPD), cognitive impairment, frailty, hip 

fracture, osteoporosis, Parkinson’s Disease, stroke, and visual impairments). The 2018 

PAGAC Scientific Report further leveraged current research in examining: 1) the dose-

response relationship between exposure and outcome; 2) the mode of activity most 

beneficial to a specific functional outcome; and 3) whether the relationship between physical 

activity and physical function varied by age, race, sex, sociodemographic characteristics, or 

by body weight. This current article summarizes the evidence from the 2018 PAGAC 

Scientific Report and includes new evidence from an updated search of the effects of 

physical activity on fall-related injuries, and physical function in older people.

METHODS

Search Strategy, Study Selection, and Quality Assessment

Table 1 provides the specific questions and subquestions addressed by the Aging 

Subcommittee of the 2018 PAGAC in their report. A first search was undertaken to include 

publications from 2006 to 2016. The searches were conducted in PubMed®, CINAHL, and 

Cochrane Library and supplemented through hand-searches of reference lists of included 

articles and are reported according to the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines (9). The Subcommittee determined that 

systematic reviews, meta-analyses, pooled analyses, and reports provided a wealth of quality 

information to answer two of its three research questions. Thus, to increase work efficiency, 

the searches were limited to these types of reviews. For Question 1 (What is the relationship 

between physical activity and risk of injury due to a fall?), the Subcommittee found that 

existing reviews (systematic reviews, meta-analyses, pooled analyses, and reports) covered 

only evidence from randomized controlled trials (RCTs), and therefore a supplementary 

search for cohort and case-control studies was conducted to capture the most complete 

literature. Search terms included physical activity and sedentary time terms combined with 

physical function or falls and injuries terms. The full search strategies are available at https://

health.gov/paguidelines/second-edition/report/supplementary_material/pdf/
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Aging_Q1_Risk_of_Injuries_Evidence_Portfolio.pdf and https://health.gov/paguidelines/

second-edition/report/supplementarymaterial/pdf/

Aging_Q2_Physical_Function_Evidence_Portfolio.pdf.

The inclusion criteria were pre-defined, and studies were considered potentially eligible if 

they were systematic reviews, meta-analyses, pooled analyses, or reports published in 

English from 2006 until February 2016 (also cohort studies published in English from 2006 

until 2016 for risk of fall-related injuries) and investigated the association between all types 

and intensities of physical activity and physical function and/or risk of injuries from falls in 

the aging population. Studies of non-ambulatory adults, hospitalized patients, or animals 

were excluded. Two reviewers independently screened titles, abstracts, and full-text of the 

identified articles. A third reviewer helped resolve disagreement between reviewers.

In March, 2018, two updated systematic reviews were undertaken to identify additional 

systematic reviews and meta-analyses published between January 2017 through February 

2018 that assessed the relationship between 1) any type of physical activity and fall-related 

injury or 2) physical function in the aging population. The searches were also conducted in 

PubMed®, CINAHL, and Cochrane Library and supplemented through hand-searches of 

reference lists of included articles. The updated review followed an established protocol that 

was registered as two reviews with PROSPERO [CRD42018096687 (fall-related injuries) 

and CRD42018095776 (physical function)].

Evidence to inform each question was graded as strong, moderate, limited, or “not 

assignable” based on several grading criteria, including applicability, generalizability, risk of 

bias/study limitations, quantity and consistency of results across studies, and magnitude and 

precision of effect (8) (see Table, Supplemental Digital Content 1, 2018 Physical Activity 

Guidelines Advisory Committee Grading Criteria). Table 2 provides a summary of the 

relationships and level of evidence for each health outcome examined by the 2018 PAGAC 

Aging Subcommittee.

RESULTS

After duplicates were removed, a total of 1,415 articles were identified from the original 

search process. Following full-text review, a total of four articles were deemed relevant to 

the question about fall-related injuries (Question 1); 38 were relevant to physical function in 

the general aging population (Question 2); and 63 were relevant to physical function in older 

people with specific chronic diseases (Question 3). Quality for each systematic review (SR), 

meta-analysis (MA), or article was assessed using AMSTARExBP (10). Risk of bias, or 

internal validity, was assessed for each original study using an adapted version of the USDA 

Nutrition Evidence Library Bias Assessment Tool (NEL BAT)(11).

The updated systematic search for fall-related injury risk identified 38 unique systematic 

reviews and meta-analyses after duplicates were removed. Of these, 32 were excluded after a 

review of the titles and abstracts and five more were excluded after full-text review leaving 

one new review (Figure 1). The updated search for physical function in the general aging 

population and in those with selected chronic conditions identified 330 systematic reviews 
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and meta-analyses, of which 288 were excluded after review of titles, six were excluded 

after review of the abstracts, and two more excluded after full-text review leaving 34 new 

reviews (Figure 2).

Physical Activity and Risk of Fall-Related Injury

The 2018 PAGAC Scientific Report cited strong and consistent evidence from RCTs 

demonstrating that multicomponent physical activity (i.e., combinations of aerobic, muscle-

strengthening, balance, and flexibility) significantly reduced the risk of fall-related injuries 

by about 32-40%, including severe falls that result in bone fracture, head trauma, open 

wound soft tissue injury, or any other injury requiring medical care or admission to hospital 

(12–15). Moreover, the benefits of physical activity programs to reduce the risk of these four 

categories of fall-related injuries were similar between older adults identified as being at 

high risk of falling versus those who were at an unspecified risk (12). Also, fall prevention 

programs using multicomponent activity reduced the risk of fall-related bone fractures by 

40-66% among older adults in community and home settings (12–15). These RCT findings 

were supported by data from three prospective cohort studies (16–18) and one case-control 

study (19).

The updated search identified one review that supported the evidence from the 2018 PAGAC 

Report (20). A meta-analysis of five RCTs conducted in Asian countries reported that 

participation in physical activity programs (primarily tai chi) by community-dwelling older 

adults reduced the risk of fall-related injuries by 50% (relative risk (RR) = 0.50; 95% 

confidence interval (CI): 0.35 to 0.71).

Dose-Response.—There was some evidence in the 2018 PAGAC Scientific Report to 

suggest that a dose-response relationship exists between the amount of moderate-to-vigorous 

physical activity or home and group exercise and risk of fall-related injury and bone fracture; 

however, the small number of studies available and the diverse array of physical activities 

studied made it difficult to describe the shape of the relationship. Consistent results from 

four high-quality epidemiologic studies (three cohort and one case-control) suggested that 

adults aged 65 years and older who participated in physical activity of at least moderate-

intensity for ≥30 minutes per day (16) or engaging in high/very high levels of activity (i.e. a 

weekly physical activity index score ≥25)(17), reduced the risk of fall-related injury and 

bone fracture. Evidence also exists that even adults ages 85 years and older obtained similar 

benefits from ≥60 minutes per week of home- or group-based physical activity (18). 

However, it is important to note that lower amounts of moderate-intensity physical activity 

(16, 17) and walking (18) may not be sufficient to reduce the risk of fall-related injury and 

bone fracture in older age.

Physical Activity Type.—The physical activity programs that effectively reduced the risk 

of fall-related injuries and bone fractures contained a variety of group- and home-based 

activities (12, 14, 15, 18, 19). Most programs were multicomponent and included various 

combinations of moderate-intensity balance, strength, endurance, gait, flexibility, and 

“physical function” training, as well as recreational activities (e.g., dancing, cycling, 

gardening, sports). Although the research was limited, it does not support the use of low-
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intensity walking as a primary mode of physical activity to reduce the risk of fall-related 

injuries and fractures among older adults (18, 19), although walking may be included in 

multicomponent physical activity regimens. Unfortunately, insufficient information was 

available from the systematic reviews to determine the effects of individual elements (e.g., 

strength training, balance training) of the multicomponent training programs on the risk of 

fall-related injuries.

Effect Modification by Sociodemographic Characteristics or Pre-existing 
Disability.—There was insufficient evidence available to determine whether the 

relationship between physical activity and risk of fall-related injuries and bone fractures 

varies by age, sex, race/ethnicity, socio-economic status, or weight status or whether factors 

such as level of physical function ability and pre-existing gait disability modify the 

relationship between physical activity and risk of injury due to a fall.

Physical Activity and Physical Function in the General Older Population

The 2018 PAGAC Scientific Report cited strong evidence from RCTs and cohort studies that 

aerobic, muscle-strengthening, balance, and/or multicomponent physical activity programs 

improved physical function and reduced risk of age-related loss of physical function in the 

general aging population (8). One high quality meta-analysis by Chase, et al. (21) analyzed 

data from 28 RCTs using objective composite measures of physical function, such as the 

short physical performance battery (SPPB), timed-up-and-go tests (TUG), the continuous 

scale physical performance test (CS-PPT), and the physical performance test (PPT). The 

summary effect size (ES) describing the magnitude of the relation between physical activity 

and physical function was 0.45 (95% CI: 0.27 to 0.64), with the higher quality studies 

reporting smaller effect sizes. The updated search identified nine SR/MAs that supported the 

2018 Scientific Report by also providing strong to moderate evidence demonstrating the 

benefits of physical activity to physical function in this population (22–30).

Dose-Response.—The 2018 PAGAC Scientific Report found strong evidence of an 

inverse dose-response relationship between volume of aerobic physical activity and risk of 

physical functional limitations in the general aging population. One review of 24 

comparisons from prospective cohort studies with covariate adjustment classified dose of 

aerobic activity reported in cohort studies into four ordinal categories (0=no activity; 1= low 

activity; 2=moderate activity; and 3 = vigorous activities and/or high activity volume) (31). 

With this analysis framework, virtually every study showed an inverse dose-response 

relationship of aerobic activity with risk of limitations in physical function (Figure 3). The 

2018 Scientific Report cited limited evidence of a dose-response relationship between either 

balance (32) or muscle-strengthening training and physical function (21) in this same 

population. The updated search, however provided important additional information. Roberts 

et al. (29) examined the effects of different physical activity types and levels (determined 

from calculated MET-min and categorized as low, moderate, or high) on ADL function. 

Results from the pooled meta-analysis indicated that, compared with a control condition, 

there were beneficial effects of physical activity on ADL physical performance 

(standardized mean difference (SMD)=0.72; 95% CI: 0.45 to 1.00; 29 studies) with the 

largest effects observed for moderate activity levels (SMD=1.07; 95% CI: 0.44 to 1.70; 9 
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studies), compared with low levels (SMD=0.57; 95% CI:0.29 to 0.86; 20 studies). There 

were no studies of ADL performance that used high physical activity levels, and therefore a 

conclusion regarding their benefits could not be drawn. With regard to various levels of 

multi-task activities (those activities that combine physical and mental tasks), the greatest 

difference in ADL performance between the exercise and the control groups were reported 

for the high level multi-task group (SMD=1.36; 95% CI: 0.46 to 2.26; 6 studies), followed 

by the moderate level group (SMD=0.74; 95% CI: 0.41 to 1.06; 13 studies), and the low 

level group (SMD=0.45; 95% CI: −0.01 to 0.91; 8 studies).

Types of activity.—The 2018 PAGAC Scientific Report cited strong evidence that, 

specifically, aerobic, muscle-strengthening, and multicomponent physical activity improved 

physical function in the general aging population, and moderate evidence indicating that 

balance training improved physical function in a dose-response manner among these same 

persons (8). The evidence linking physical activities such as tai chi exercise, dance training, 

active video gaming, and dual-task training to improvements in physical function in healthy 

aging were limited, however, due to the lack of studies at this time. Similarly, insufficient 

evidence was available to determine the effects of flexibility activity, yoga, and qigong 

exercise on physical function in the general aging population.

The updated search identified a meta-analysis by Farlie and colleagues (24) that examined 

the effects of four different types of balance training interventions [multidimensional 

(activities such as “functional exercises”, tai chi, and ball games), control center of mass 

(COM), mobility, and reaching] on several dimensions of balance performance. Overall, the 

meta-analysis resulted in small to moderate effects in favor of programs that included 

multidimensional (SMD=0.50; 95% CI: 0.36 to 0.65), reaching (SMD=0.48; 95% CI: 0.33 

to 0.64), COM (SMD=0.42; 95% CI: 0.27 to 0.56) and mobility (SMD=0.31; 95% CI: 0.20 

to 0.43) balance training versus no balance training interventions. The authors noted, 

however, that there was substantial between-study heterogeneity among the interventions (I2 

range 50.4% to 80.6%).

Multi-task activities with high levels of physical (speed, coordination, balance), mental and 

social demands (e.g., dancing, team sports, handball) appeared particularly effective in 

improving functional performance, relative to moderate or lower levels of such activities and 

compared with control conditions (29). Nordic walking also has demonstrated moderate 

effectiveness in improving dynamic balance (effect size (ES)=0.30), functional balance 

(ES=0.62), muscle strength of upper (ES=0.66) and lower (ES=0.43) limbs, and aerobic 

capacity (ES=0.92) compared with no exercise comparison groups in healthy older people 

(23). A meta-analysis of 23 studies by Liu and colleagues (27) among community-dwelling 

older people with low physical function reported that progressive resistance exercise was 

effective in improving lower-body muscle strength and static standing balance; however 

multicomponent exercise was more effective in improving muscle strength, balance, and 

lower-body physical functioning, compared with progressive resistance exercise alone. 

Neither progressive resistance nor multicomponent exercise was effective in improving 

activities of daily living, however.
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Howe and colleagues (25) examined the effects of active computer gaming (ACG) on 

physical function in 1,838 healthy people >65 years of age. Their meta-analysis of 35 RCTs 

reported significant moderate effects in favor of ACG over a control intervention on balance 

(SMD = 0.52; 95% CI: 0.24 to 0.79; 17 studies) and on functional exercise capacity when 

the volume of the ACG was >120 minutes per week (SMD = 0.53; 95% CI: 0.15 to 0.90; 5 

studies). The authors noted, however, that the quality of the evidence for all comparisons 

was graded low or very low.

Finally, Weber, et al., (30) reviewed 14 studies (6 RCTs) of interventions that integrated and 

embedded “functional exercise” into the daily activities of older people. The most frequently 

evaluated intervention in this review was the Lifestyle-integrated Functional Exercise (LiFE) 

program (33). “Functional exercises” are designed to improve lower-body strength, balance, 

and motor performance, as well as for increasing daily levels of physical activity. Examples 

of such include postures or walking with gradual reduction in the base of support (e.g., 

upgrading tandem stand to one-leg stand over time) and dynamic movements that perturb the 

center of gravity (stepping over obstacles). “Functional exercises” for improving lower-body 

strength include squatting, chair stands, and toe raises with a gradual increase to more 

intense and challenging activities (33). Importantly, the LiFE intervention has strategies for 

behavior change that are based on the habit re-framing theory (34). Indeed, these exercises 

are linked to everyday tasks by using situational and environmental cues (e.g., tooth 

brushing, housework) as prompts to action, with the idea of performing the activities 

intentionally and consciously until they become a habit. Evidence from three RCTs in the 

Weber, et al. (30) review suggested that the LiFE intervention significantly improved 

balance, strength, and functional performance compared with either no intervention, low-

intensity activities (e.g., walking), or structured exercise programs. Two of these RCTs also 

reported a significant reduction in incident falls in participants in the LiFE group, compared 

with those in either a no intervention or a low-intensity activity group. Thus, although the 

data are limited, the LiFE approach appears to be a promising alternative or complement to 

traditional structured exercise programs.

In sum, our current findings pertaining to the effectiveness of different types of physical 

activity for improving physical function support those from the 2018 PAGAC Scientific 
Report, which cited strong evidence of the benefits of aerobic, muscle-strengthening, and 

multicomponent physical activity on improvements in physical function in the general aging 

population, and moderate evidence indicating that balance training improves physical 

function in these same persons. The evidence linking ACG (or active video gaming), Nordic 

walking, or functional exercise to improvements in physical function remains limited at this 

time.

Sociodemographic Characteristics and Weight Status.—Limited evidence from 

the 2018 PAGAC Scientific Report suggested that the relationship between physical activity 

and physical function did not vary by age, sex, or weight status in the general population of 

older adults (8). One meta-analysis reported sex and body mass index (BMI) were not 

significant effect modifiers of the relationship of physical activity on composite physical 

function scores (21). A meta-analysis of cohort studies reported the relationship between 

aerobic activity and ADL dependency did not differ significantly by age (75 years and 
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younger vs older than 75 years) (35). The available evidence was insufficient to determine 

whether the relationship between physical activity and physical function varied by race/

ethnicity and socioeconomic status in the general population of older adults. No relevant 

analyses were located in the updated search. We note, however, that several findings with 

“limited” evidence also have high public health importance. Adults age 75 years and older 

have more age-related loss of physical function, are more likely to be women, and the 

majority have a BMI in the range of overweight-to-obese.

Effect Modification by Visual, Cognitive, or Physical Impairments.—None of the 

SR/MAs identified in either search examined whether visual or cognitive impairments 

modified the effects of physical activity on physical function. Limited evidence suggested 

that physical activity has a stronger effect on physical function in older adults with 

limitations in physical function, compared with relatively healthy older adults. One meta-

analysis compared the effect size in non-frail adults (ES=0.35; 95% CI: 0.17-0.54) to that in 

frail adults (ES=1.09; 95% CI: 0.55-1.64) and found the effect size was significantly larger 

in frail adults (P<.05)(21). A meta-analysis identified from the updated search reported that 

the significant benefits of aerobic exercise training to improvements in peak aerobic capacity 

were observed in both healthy older people (MD=1.72; 95% CI: 0.34 to 3.10; 6 studies) and 

in those with existing chronic conditions (MD=1.47 (95% CI: 0.60 to 2.34; 4 studies) (22). 

This aerobic training involved walking, cycling, treadmill walking, walking/running on a 

mini-trampoline, or combinations of these activities performed 3 times/week over a range of 

12 to 26 weeks.

Physical Activity and Physical Function in Older People with Specific Chronic Conditions.

This question builds upon Question 2 by addressing the relationship between physical 

activity and physical function in discreet populations of older people having selected chronic 

conditions. The chronic conditions were selected based on their prevalence in older age, as 

well as on the availability of published research linking physical activity to physical function 

within each condition (8).

Table 2 shows the level of evidence for the relationship between various types of physical 

activities and physical function in older people with specific chronic conditions from the 

2018 PAGAC Scientific Report. The strongest evidence was observed for the benefits of 

multicomponent activities among people with frailty and with Parkinson’s disease. Moderate 

evidence indicated that for community-dwelling older adults who sustain a hip fracture, 

extended exercise programs (which begin after formal hip fracture rehabilitation ends) was 

effective for improving physical function and that mobility-oriented physical activity 

improved walking function for individuals after a stroke.

Cardiovascular Disease.—In the 2018 PAGAC Scientific Report, there was limited 

evidence suggesting that physical activities such as muscle-strengthening and alternative/

complementary exercises (tai chi, qigong, Baduanjin) improved physical function among 

older people with cardiovascular disease. The updated search identified no additional 

evidence of this relationship.
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Chronic Obstructive Pulmonary Disease (COPD).—Limited evidence from the 2018 

Report suggested that tai chi and qigong exercise improved one aspect of physical function 

(walking ability) in individuals with COPD (36, 37). The updated search identified one 

SR/MA in people with severe COPD that supported the limited evidence reported in 2018 

(38). This meta-analysis of 10 RCTs reported that exercise training improved performance 

on the 6 minute walk test (6MWT; SMD=3.86; 95% CI: 2.04 to 5.67), compared with a 

control condition. The exercise training interventions comprised primarily leg exercises, 

cycling, and walking, with intensity of exercise ranging from 70% to 90% of maximal 

velocity achieved during incremental testing at baseline.

Cognitive Impairment.—Limited evidence from the 2018 PAGAC Scientific Report 

suggested that for individuals with cognitive impairment, physical activity programs 

improved physical function, including ADL measures. Two SR/MA examining the 

relationship between physical activity and physical function in older people with cognitive 

impairment were identified in the updated search (39, 40). One of these meta-analyses (39) 

comprising 43 trials (N=3,988) reported significant differences between supervised exercise 

training and control conditions on improvements in performance on the 30-second sit-to-

stand test (mean difference (MD)=2.1 repetitions; 95% CI: 0.3 to 3.9; 4 trials), step length 

(MD=5 cm; 95% CI: 2 to 8; 5 trials), Berg Balance Scale (MD=3.6 points; 95% CI: 0.3 to 

7.0; 6 trials), functional reach (MD=3.9 cm; 95% CI: 2.2 to 5.5; 6 trials), TUG test (MD=−1 

second; 95% CI: −2 to 0; 11 trials), walking speed (MD=0.13 m/s; 95% CI: 0.03 to 0.24; 7 

trials), and the 6MWT (MD=50 m; 95% CI: 18 to 81; 7 trials) in this population. 

Importantly, about 45% of the training programs used multicomponent exercise with a 

resistance exercise component, while 23% relied on aerobic training.

Frailty.—All of the 15 systematic reviews/meta-analyses included in the 2018 PAGAC 

Scientific Report cited that physical activity improved some or all measures of physical 

function in older people with frailty (8). A meta-analysis (41) of 19 RCTs among 

community-dwelling older adults with frailty reported that overall, physical activity 

decreased the time needed to walk 10 meters by 1.73 seconds. This has important clinical 

relevance for older people with frailty, as gait speed is a strong predictor of mortality risk 

and there is evidence that increments in speed as small as 0.1 m/s significantly lowers that 

risk (42). The updated search identified five additional systematic reviews that support the 

strong evidence from the 2018 PAGAC Scientific Report (43–47). Most of these reviewed 

RCTs and experimental studies examined multicomponent exercise involving resistance 

training, balance, gait, or endurance training (44–47). In a review of 16 studies involving 

1350 frail older adults, Lopez and colleagues (45) reported that resistance training either 

alone or as part of multicomponent training improved maximal muscle strength between 

6.6% and 37%. Similarly, the authors report gains in muscle mass (3.4% to 7.5%), muscle 

power (8.2%), and functional capacity (4.7% to 58.1%). Moreover, gait speed improved 

between 5.9% and 14.5%, as did score on the TUG (5.5% to 20.4%).

Hip Fracture.—Moderate evidence from the 2018 PAGAC Scientific Report indicated that 

older people who have sustained a hip fracture also benefitted from weight-bearing, 

multicomponent activity (8). The updated search identified only one SR/MA that 
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investigated this relationship. The meta-analysis of RCTs by Lee, et al., (48) reported that 

progressive resistance exercise significantly improved overall physical function after hip 

fracture surgery compared with a control group (SMD= 0.408; 95% CI: 0.238 to 0.578; 8 

studies) and it was especially effective in improving mobility (SMD=0.501; 95% CI: 0.297 

to 0.705), ADLs (SMD=0.238; 95% CI: 0.040 to 0.437), balance (SMD=0.554; 95% CI: 

0.310 to 0.797), lower-limb strength or power (SMD=0.421; 95% CI: 0.101 to 0.741), and 

performance tasks (SMD=0.841; 95% CI: 0.197 to 1.484).

Osteoporosis/Osteopenia.—Limited evidence from the 2018 PAGAC Scientific Report 

suggested that muscle-strengthening and agility activities performed on two or more days 

per week improved physical function in older people who are at risk of fragility fractures 

due to osteoporosis or osteopenia (8). The updated search identified one SR/MA examining 

this relationship that adds considerably to the level of evidence. Based on a meta-analysis of 

25 RCTs, Varaha, et al, (49) reported that multicomponent exercise significantly improved 

timed mobility (SMD=− 0.56; 95% CI: − 0.81 to − 0.32), balance (SMD=0.50; 95% CI: 0.27 

to 0.74), and self-reported functioning (SMD= − 0.69: 95% CI: − 1.04 to − 0.34) compared 

with a control condition in 2,113 older people (95% of whom were women). Moreover, the 

results for multicomponent exercise (10 studies) were more pronounced than those for gait, 

balance, and functional tasks (4 studies); strength/resistance training (9 studies); or tai chi (5 

studies) interventions, suggesting that multicomponent exercise was more effective in 

improving a broad range of functional outcomes in people with osteoporosis.

Parkinson’s Disease.—The 2018 PAGAC Scientific Report cited strong evidence that 

physical activities, such as aerobic and resistance training, tango dancing, virtual reality 

training, yoga, and tai chi improved a number of physical function outcomes, including 

walking, balance, strength, and disease-specific motor scores in older people with 

Parkinson’s disease, with effect sizes ranging from small (ES=0.33; 95% CI: 0.17 to 0.49 for 

gait velocity) to moderate (ES=0.72; 95% CI:0.08 to 1.36 for the 6 min walk time) (8). 

Three additional systematic reviews on this relationship were identified in the updated 

search (50–52), two of which (51, 52) included a meta-analysis. Overall, the new papers 

supported the findings of the 2018 Report. One small meta-analysis (5 RCTs; N=159 

participants) compared dance interventions (Tango or Irish) with other physical activity 

interventions (3 RCTs) or with no intervention (2 RCTs)(51). Dance practice at least 3 

times/week promoted significant improvements in motor scores assessed with the Unified 

Parkinson’s Disease Rating Scale (UPDRS) III (SMD= − 2.52; 95% CI: − 4.59 to − 0.45) 

and a significant decrease in TUG time (SMD= − 1.15 sec; 95% CI: − 2.03 to − 0.27 sec) 

compared with other interventions. Dance also improved the UPDRS III score when 

compared with no intervention (SMD= - 8.35; 95% CI: - 13.79 to - 2.91).

Stroke.—In the 2018 PAGAC Scientific Report, moderate evidence indicated that mobility-

oriented physical activity improved walking function for individuals after a stroke and that 

among stroke survivors, treadmill walking (especially with cadence cuing) improved 

walking speed by approximately 0.23m/sec (8). Seven systematic reviews relating physical 

activity to improved physical function in people having had a stroke were identified from the 

updated search (53–59). Of these reviews, 6 included a meta-analysis (53–58). The 
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interventions examined included aerobic exercise (54), circuit-based training (53), dual-task 

balance and mobility training (56), progressive task-oriented exercise (58), and treadmill 

training (57, 59). Two novel meta-analyses examined the effects of circuit-based exercise 

(versus other types of exercise or no therapy) on various measures of physical function (53, 

55) and both reported that circuit-based training was equal or superior to other forms of 

therapy in improving measures of gait speed, balance, and functional mobility. In their meta-

analysis (N=10 studies; 835 participants), English and colleagues (55) reported that circuit 

training was superior to comparison interventions in improving walking capacity on the 

6MWT (MD=60.86 m; 95% CI: 44.50 to 77.17 m) and gait speed (MD=0.15 m/sec; 95% 

CI: 0.10 to 0.19 m/sec). Interestingly, these same authors observed no difference in the 

effectiveness of circuit-training versus a control on walking endurance between stroke 

survivors who began training within 12 month of their stroke (MD=46.56; 95% CI: 21.35 to 

71.77) and those who started training 12 months or more after their stroke (MD=71.15; 95% 

CI: 49.76 to 92.54). Additionally, superior benefits of circuit training were observed for 

scores on the TUG test and Activities of Balance Confidence, but not for the Berg Balance 

Score or the Step Test.

Visual Impairments.—Insufficient evidence was available from either search to 

determine the effects of physical activity on physical function in older adults with visual 

impairments.

DISCUSSION

This updated systematic review extends the findings of the 2018 PAGAC Scientific Report 

by providing new evidence that corroborates the benefits of physical activity to a lower risk 

of fall-related injuries, as well as to improved physical function among the general older 

population and among those with selected chronic conditions. The types of activities 

reviewed in the updated search are similar to those reviewed in the 2018 PAGAC Scientific 

Report with the addition of different types of balance training interventions, functional 

exercises that become embedded in everyday life-style activities, Nordic walking, and 

circuit-based training. Perhaps the most convincing evidence from the 2018 PAGAC Report, 

along with that from the updated search, relates to the greater benefits of multicomponent, 

relative to single-component, exercise to the prevention of fall-related injuries and to 

improvements in physical function in older age. Moreover, multicomponent and multi-task 

activities that are incorporated into the daily routine may be a promising alternative to 

structured, single-task exercise programs for older adults.

One in four individuals ≥65 years falls in the United States every year (60). Furthermore, 

falls are the leading cause of fatal injury and the most common cause of nonfatal trauma-

related hospital admissions among older adults (60). Physical activity programs that 

emphasize combinations of moderate-intensity balance, strength, endurance, gait, and 

physical function training appear most effective in reducing the risk of fall-related injuries 

and fractures in older adults. Thus, the effectiveness of these programs (that were performed 

in community settings or at home) for risk reduction has significant public health relevance 

in older age, due to the high prevalence of falls and fall-related injuries and fractures among 

older adults, as well as the consequent morbidity, disability and reduced quality of life.
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Age-related limitations in physical function are prevalent in older adults. The National 

Health Interview Survey ascertained the prevalence of physical limitations in 2001-2007, 

with limitations defined as great difficulty doing (or inability to do) basic tasks of life (e.g., 

walk a quarter of a mile, lift a 10-pound bag of groceries)(61). At that time, 22.9% of older 

adults ages 60-69 years and 42.9% of adults ages ≥80 years reported functional limitations. 

Older adults with lower levels of physical function generally have higher health care 

expenditures (60). In addition, about 80% of adults ≥60 years of age have at least one 

chronic condition, and 77% have at least two. Moreover, approximately 20 to 30% of adults 

older than age 65 years suffer from either mild cognitive impairment or dementia (60). 

Chronic diseases account for 75% of health care spending in the United States (60). Low 

levels of daily physical activity often co-exist with chronic disease, thereby accelerating the 

risk of functional decline, disability, and mortality. Ample evidence now indicates that 

physical inactivity is among the strongest predictors of physical disability in older people 

(4). Aerobic, muscle-strengthening, and multicomponent physical activity appear to have the 

strongest relationship to improvements in physical function in the general aging population, 

as well as among those with chronic conditions. Thus, such activities may delay or improve 

mobility disability, frailty, and loss of independence in aging.

Both the 2018 Scientific Report (8) and this umbrella review underscore the need for future 

research in several areas. For example, the relationship between the minimal effective dose 

of activity (150 min/week of moderate intensity activity) and health has been described in 

detail (3, 8). There still is, however, a need to examine greater volumes and intensities of 

physical activity to establish safety thresholds for older people –especially for those with 

pre-existing conditions or limitations. To accomplish this, studies need to examine several 

levels of activity and to monitor and report adverse events. Also, the feasibility and benefits 

of alternative and complimentary activities, rigorous multi-task activities, as well as novel 

interventions that integrate “functional exercises” into everyday tasks, need to be examined 

further. Moreover, the effectiveness of any new intervention needs to be examined across 

different socioeconomic strata to address existing disparities in prevention strategies and in 

health among older people . Given the rapidly increasing trends in aging demographics in 

the United States, preventing or delaying fall-related injuries and loss of physical function 

and mobility has important public health benefits, and this may be especially so for older 

people with already established chronic conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the contributions of Sarah Prowitt, MPH (HHS) and Kyle Sprow, MPH 
(National Cancer Institute, National Institutes of Health) for management support; Anne Brown Rodgers, HHS 
consultant for technical writing support; and ICF librarians, abstractors, and additional support staff.

Role of the Funder/Sponsor

HHS staff provided general administrative support to the Committee and assured that the Committee adhered to the 
requirements for Federal Advisory Committees. HHS also contracted with ICF, a global consulting services 
company, to provide technical support for the literature searches conducted by the Committee. HHS and ICF staff 

DiPietro et al. Page 13

Med Sci Sports Exerc. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



collaborated with the Committee in the design and conduct of the searches by assisting with the development of the 
analytical frameworks, inclusion/exclusion criteria, and search terms for each primary question; using those 
parameters, ICF performed the literature searches.

REFERENCES

1. Administration on Aging, US Department of Health and Human Services. A profile of older 
Americans: 2016. Washington, DC: US Department of Health and Human Services; 2016.

2. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: 
definitions and distinctions for health-related research. Public health reports (Washington, DC : 
1974). 1985;100(2):126–131.

3. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory 
Committee Report, 2008. Washington, DC: US Department of Health and Human Services; 2008 
https://health.gov/paguidelines/guidelines/report.aspx. Published 2008. Accessed January 4, 2018.

4. Pahor M, Guralnik JM, Ambrosius WT, 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(23):2387–2396. doi:10.1001/jama.2014.5616. [PubMed: 24866862] 

5. US Department of Health and Human Services. Physical activity guidelines for Americans. 2nd 
Edition Washington, DC: US DHHS, 2018.

6. Keadle S, McKinnon R, Graubard BI, Troiano RP. Prevalence and trends in physical activity among 
older adults in the United States: A comparison across three national surveys. Prev Med. 8 
2016;89:37–43. doi:10.1016/j.ypmed.2016.05.009. [PubMed: 27196146] 

7. Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, for the Lancet Physical Activity 
Series Working Group. Effect of physical inactivity on major non-communicable diseases 
worldwide: an analysis of burden of disease and life expectancy. Lancet. 2012; 7 18, 2012 10.1016/
S0140-6736(12)61031-9.

8. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory 
Committee Report, 2018. Washington, DC: US Department of Health and Human Services; 2008 
https://health.gov/paguidelines/guidelines/report.aspx. Published 2018. Accessed January 4, 2018.

9. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, et al. (2009) The PRISMA Statement 
for Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Health Care 
Interventions: Explanation and Elaboration. PLOS Medicine 6(7): e1000100 10.1371/journal.pmed.
1000100 [PubMed: 19621070] 

10. Johnson BT, MacDonald HV, Bruneau ML Jr, et al. Methodological quality of meta-analyses on 
the blood pressure response to exercise: a review. J Hypertens. 2014;32(4):706–723. doi:10.1097/
HJH.0000000000000097. [PubMed: 24463936] 

11. U.S. Department of Agriculture (USDA). 2015 Dieteary Guidelines Advisory Committee (DGAC) 
nutrition evidence library methodology. 2017 https://www.cnpp.usda.gov/sites/default/files/
usda_nutrition_evidence_flbrary/2015DGAC-SR-Methods.pdf. Accessed January 16, 2018.

12. El-Khoury F, Cassou B, Charles MA, Dargent-Molina P. The effect of fall prevention exercise 
programmes on fall induced injuries in community dwelling older adults: systematic review and 
meta-analysis of randomised controlled trials. BMJ. 2013;347:f6234. doi: 10.1136/bmj.f6234. 
[PubMed: 24169944] 

13. Gillespie LD, Robertson M, Gillespie WJ, Sherrington C, Gates S, Clemson LM, Lamb SE. 
Interventions for preventing falls in older people living in the community. Cochrane Database of 
Systematic Reviews. 2012;9:CD007146. doi:10.1002/14651858.CD007146.pub3.

14. Zhao R, Feng F, Wang X. Exercise interventions and prevention of fall-related fractures in older 
people: a meta-analysis of randomized controlled trials. Int J Epidemiol. 2016. doi: 10.1093/ije/
dyw142.

15. Health Quality Ontario. Prevention of falls and fall-related injuries in community-dwelling seniors: 
an evidence-based analysis. Ont Health Technol Assess Ser. 2008;8:1–78.

16. Cauley JA, Harrison SL, Cawthon PM, Ensrud KE, Danielson ME, Orwoll E, Mackey DC. 
Objective measures of physical activity, fractures and falls: the osteoporotic fractures in men study. 
J Am Geriatr Soc. 2013;61:1080–1088. doi:10.1111/jgs.12326. [PubMed: 23855842] 

DiPietro et al. Page 14

Med Sci Sports Exerc. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://health.gov/paguidelines/guidelines/report.aspx
https://health.gov/paguidelines/guidelines/report.aspx
https://www.cnpp.usda.gov/sites/default/files/usda_nutrition_evidence_flbrary/2015DGAC-SR-Methods.pdf
https://www.cnpp.usda.gov/sites/default/files/usda_nutrition_evidence_flbrary/2015DGAC-SR-Methods.pdf


17. Heesch KC, Byles JE, Brown WJ. Prospective association between physical activity and falls in 
community-dwelling older women. J Epidemiol Community Health. 2008;62:421–426. [PubMed: 
18413455] 

18. Iinattiniemi S, Jokelainen J, Luukinen H. Exercise and risk of injurious fall in home-dwelling 
elderly. Int J Circumpolar Health. 2008;67:235–244. [PubMed: 18767343] 

19. Peel NM, McClure RJ, Hendrikz JK. Health-protective behaviours and risk of fall-related hip 
fractures: a population-based case-control study. Age Ageing. 2006;35:491–497. [PubMed: 
16772364] 

20. Hill KDS, Lin P, Tsang SI, Ashari WWN, Hamid A, Farrier TAA, Burton K. What works in falls 
prevention in Asia: a systematic review and meta-analysis of randomized controlled trials. BMC 
Geriatrics. 2018; 18: 3.2018208.

21. Chase JD, Phillips LJ, Brown M. Physical activity intervention effects on physical function among 
community-dwelling older adults: a systematic review and meta-analysis. J Aging Phys Act. 
2017;25(1):149–170. doi:10.1123/japa.2016-0040. [PubMed: 27620705] 

22. Bouaziz W, Kanagaratnam L, Vogel T, Schmitt E, Dramé M, Kaltenbach G, Geny B Lang PO. 
Effect of Aerobic Training on Peak Oxygen Uptake Among Seniors Aged 70 or Older: A Meta-
Analysis of Randomized Controlled Trials. Rejuvenation Research. 2018; 10.1089/rej.
2017.1988.2018.

23. Bullo V, Gobbo S, Vendramin B, Duregon F, Cugusi L, Di Blasio A, Bocalini DS, Zaccaria M, 
Bergamin M, and Ermolao A. Nordic walking can be incorporated in the exercise prescription to 
increase aerobic capacity, strength, and quality of life for elderly: a systematic review and meta-
Analysis. Rejuvenation Research 2018;10.1089/rej.2017.1921.2018;

24. Farlie MK, Robins L, Haas R, Keating JL, Molloy E, and Haines TP. Programme frequency, type, 
time and duration do not explain the effects of balance exercise in older adults: a systematic review 
with a meta-regression analysis. BJSM. 2018; 10.1136/bjsports-2016-096874.

25. Howe SC, Charles DK, Marley J, Pedlow K, McDonough SM. Gaming for health: systematic 
review and meta-analysis of the physical and cognitive effects of active computer gaming in older 
adults. Physical Therapy. 2017; 97: 1122–1137.017. [PubMed: 29077911] 

26. Lai CC, Tu Y-K, Wang T-G, Y-T Huang Y-T, and Chien K-L. Effects of resistance training, 
endurance trainingand whole-body vibration on lean body mass, muscle strength and physical 
performance in older people: a systematic review and network meta-analysis. Age and Ageing 
2018; 47: 367–373. [PubMed: 29471456] 

27. Liu C-j, Chang W-P, Araujo de Carvalho I, Savage KEL, Radford LW and Thiyagarajan JA. Effects 
of physical exercise in older adults with reduced physical capacity: meta-analysis of resistance 
exercise and multimodal exercise. International Journal of Rehabilitation Research 2017; 40:303–
314. [PubMed: 29023317] 

28. Papa E, Dong X, and Hassan M. Resistance training for activity limitations in older adults with 
skeletal muscle function deficits: a systematic review. Clinical Interventions in Aging 2017:12 
955–961. [PubMed: 28670114] 

29. Roberts LH, Cooper CL, Gray S, Allan JL. Effect of different types of physical activity on 
activities of daily living in older adults: systematic review and meta-analysis. Journal Aging Phys 
Act 2017; 25: 653–670.2017.

30. Weber M, Belala N, Clemson L, Boulton E, Hawley-Hague H, Becker C, and Schwenk M. 
Feasibility and effectiveness of intervention programmes integrating functional exercise into daily 
life of older adults: a systematic review. Gerontology 2018;64:172–187; doi: 10.1159/000479965 
2018 [PubMed: 28910814] 

31. Paterson DH, Warburton DE. Physical activity and functional limitations in older adults: a 
systematic review related to Canada’s Physical Activity Guidelines. Int J Behav Nutr Phys Act. 
2010;7:38. doi:10.1186/1479-5868-7-38. [PubMed: 20459782] 

32. Lesinski M, Hortobágyi T, Muehlbauer T, Gollhofer A, Granacher U. Effects of balance training on 
balance performance in healthy older adults: a systematic review and meta-analysis. Sports Med. 
2015;45(12):1721–1738. doi:10.1007/s40279-015-0375-y. [PubMed: 26325622] 

DiPietro et al. Page 15

Med Sci Sports Exerc. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33. Clemsen L, et al.: Integration of balance and strength training into daily life activity to reduce rate 
of falls in older people (the LiFE study): randomised parallel trial. BMJ 2012;345: e4547.2012. 
[PubMed: 22872695] 

34. Lally P, Gardner B. Promoting habit formation. Health Psychol Rev 2013; 7: 137–158.

35. Tak E, Kuiper R, Chorus A, Hopman-Rock M. Prevention of onset and progression of basic ADL 
disability by physical activity in community dwelling older adults: a meta-analysis. Ageing Res 
Rev. 2013;12(1):329–338. doi:10.1016/j.arr.2012.10.001. [PubMed: 23063488] 

36. Ding M, Zhang W, Li K, Chen X. Effectiveness of t’ai chi and qigong on chronic obstructive 
pulmonary disease: a systematic review and meta-analysis. J Altern Complement Med. 
2014;20(2):79–86. doi:10.1089/acm.2013.0087. [PubMed: 23961940] 

37. Ngai SPC, Jones AYM, Tam W. Tai chi for chronic obstructive pulmonary disease (COPD). 
Cochrane Database Syst Rev. 2016;(6):Cd009953. doi:10.1002/14651858.CD009953.pub2. 
[PubMed: 27272131] 

38. Paneroni M, Simonelli C, Vitacca M, and Ambrosino N. Aerobic exercise training in very severe 
chronic obstructive pulmonary disease. A systematic review and meta-analysis. Am J Phys Med 
Rehabil 2017;96:541–548. [PubMed: 28099192] 

39. Lam FMH, Huang M-Z, Liao L-R, Chung RCK, Kwok TCY, Pang MYC. Physical exercise 
improves strength, balance, mobility, and endurance in people with cognitive impairment and 
dementia: a systematic review. Journal of Physiotherapy 2018; 64: 4–15. [PubMed: 29289581] 

40. Goncalves A-C, Cruz J, Marques A, Demain S, Samuel D. Evaluating physical activity in 
dementia: a systematic review of outcomes to inform the development of a core outcome set. Age 
and Ageing 2018; 47: 34–41 2018 [PubMed: 28985262] 

41. Giné-Garriga M, Roqué-Fíguls M, Coll-Planas L, Sitjà-Rabert M, Salvà A. Physical exercise 
interventions for improving performance-based measures of physical function in community-
dwelling, frail older adults: a systematic review and meta-analysis. Arch Phys Med Rehabil. 
2014;95(4):753–769.e3. doi:10.1016/j.apmr.2013.11.007. [PubMed: 24291597] 

42. Studenski S, Perera S, Patel K, et al. Gait speed and survival in older adults. JAMA. 2011;305(1):
50–58. doi:10.1001/jama.2010.1923. [PubMed: 21205966] 

43. Apostolo J, Cooke R, Bobrowicz-Campos E, Santana S, Marcucci M, Cano A,Vollenbroek-Hutten 
M, Germini F, D’Avanzo B, Gwyther H, Holland C. Effectiveness of interventions to prevent pre-
frailty and frailty progression in older adults: a systematic review. JBI Database of Systematic 
Reviews and Implementation Reports 2018;16: 140–232. [PubMed: 29324562] 

44. Dedyne L, Deschodt M, Verschueren S, Tournoy J, Gielen E. Effects of multi-domain interventions 
in (pre)frail elderly on frailty, functional, and cognitive status: a systematic review. Clinical 
Interventions in Aging 2017;12: 873–896. [PubMed: 28579766] 

45. Lopez P, Silveira Pinto R, Radaelli R, Rech A, Grazioli R, Izquierdo M, Lusa Cadore E. Benefits 
of resistance training in physically frail elderly: a systematic review. Aging Clinical Experimental 
Research. 2017 10.1007/s40520-017-0863-z.

46. Lopez P, Izquierdo M, Radaelli R, Shurzzi G, Grazioli R, Silveira Pinto R, and Lusa Cadore E. 
Effectiveness of multimodal training on functional capacity in frail older people: a meta-analysis 
of randomized controls trials. J Aging Phys Act 10.1123/japa.2017-01881-36

47. Lozano-Monyoya I, Correa-Pérez A, Abraha I, Soiza RL, Cherubini A, O’Mahony D, Cruz-Jentoft 
AJ. Nonpharmacological interventions to treat physical frailty and sarcopenia in older patients: a 
systematic overview – the SENATOR Project ONTOP Series. Clinical Interventions in Aging 
2017;12: 721–740. [PubMed: 28490866] 

48. Lee SY, Yoon B-H, Beom J, Ha Y-C, Lim J-Y. Effect of lower-limb progressive resistance exercise 
after hip fracture surgery: a systematic review and meta-analysis of randomized controlled studies. 
JAMDA 2017;18:1096.e19–1096.e26.

49. Varaha A, Rodrigues JB, MacDermid JC, Bryant D, Birmingham T. Exercise to improve functional 
outcomes in persons with osteoporosis: a systematic review and meta-analysis. Osteoporosis 
International 2018; 29:265–286. [PubMed: 29306984] 

50. Cwiekala-Lewis KJ, Gallek M, Taylor-Piliae RE. The effects of Tai Chi on physical function and 
well-being among persons with Parkinson’s Disease: A systematic review. J Bodywork Movement 
Therapies 2017; 21:414–421.

DiPietro et al. Page 16

Med Sci Sports Exerc. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



51. dos Santos Delabary M, Komeroski IG, Monteiro EP, Costa RR, Haas AN. Effects of dance 
practice on functional mobility, motor symptoms and quality of life in people with Parkinson’s 
disease: a systematic review with meta-analysis. Aging Clin Exp Res 2017; DOI 10.1007/
s40520-017-0836-2.

52. Mazzarin CM, Valderramas SR, de Paula Ferreira M, Tiepolo E, Guérios L, Parisotto D, Israel VL. 
Effects of dance and of tai chi on functional mobility, balance, and agility in Parkinson disease. a 
systematic review and meta-analysis. Topics in Geriatric Rehabilitation 2017;33:262–272.

53. Bonini-Roche AC, Souza de Andrade AL, Moraes AM, Matheus LBG, Rios Diniz L, Martins WR. 
Effectiveness of circuit-based exercises on gait speed, balance, and functional mobility in people 
affected by stroke: a meta-analysis. PM R 2018;10:398–409. [PubMed: 29111465] 

54. Boyne P, Welge J, Kissela B, Dunning K. Factors influencing the efficacy of aerobic exercise for 
improving fitness and walking capacity after stroke: a meta-analysis with meta-regression. 
Archives Physical Medicine Rehabilitation 2017;98:581–595.

55. English C, Hillier S, Lynch E. Circuit class therapy for improving mobility after stroke. Stroke 
2017;48:e275–e276. DOI: 10.1161/STROKEAHA.117.018601.

56. He Y, Yang L, Zhou J, Yao L, Pang MYC. Dual-task training effects on motor and cognitive 
functional abilities in individuals with stroke: a systematic review. Clinical Rehabilitation 2018; 
10.1177/026921551875848.

57. Mehrhotz J, Pohl M, Elsner B. Treadmill training and body weight support for walking after stroke. 
Cochrane Database of Systematic Reviews 2014, Issue 1 Art. No.: CD002840. DOI: 
10.1002/14651858.CD002840.pub3.

58. Stretton CM, Mudge S, Kayes NM, and McPherson KM. Interventions to improve real-world 
walking after stroke: a systematic review and meta-analysis. Clinical Rehabilitation 2017;31:310–
318. [PubMed: 27056251] 

59. Tally Z, Boetefuer L, Kauk C, Perez G, Schrand L, and Hoder J. The efficacy of treadmill training 
on balance dysfunction in individuals with chronic stroke: a systematic review. Topics in Stroke 
Rehabilitation 2017; 24:539–546; DOI: 10.1080/10749357.2017.13454452017. [PubMed: 
28687056] 

60. National Council on Aging. Fact sheet: healthy aging. https://www.ncoa.org/news/resources-for-
reporters/get-the-facts/healthy-aging-facts. Accessed January 4, 2018 Arlington, VA: National 
Council on Aging; 2016.

61. Holmes J, Powell-Griner E, Lethbridge-Cejku M, Heyman K. Aging differently: physical 
limitations among adults aged 50 years and over: United States, 2001-2007. NCHS Data Brief. 7 
2009;(20):1–8.

DiPietro et al. Page 17

Med Sci Sports Exerc. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ncoa.org/news/resources-for-reporters/get-the-facts/healthy-aging-facts
https://www.ncoa.org/news/resources-for-reporters/get-the-facts/healthy-aging-facts


Figure 1. 
Risk of injuries from falls: systematic reviews, meta-analyses, pooled analyses, and report 

flow diagram of search strategy and study selection from the updated search, March 2018.
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Figure 2. 
Physical function systematic review, meta-analyses, pooled analysis, and report flow 

diagram of search strategy and study selection from the updated search, March 2018.
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Figure 3. 
Results of a systematic review of the inverse dose-response relationship between volume of 

aerobic physical activity and risk of physical functional limitations in the general aging 

population. Categories of physical activity level were derived from prospective cohort 

studies with covariate adjustment: 0)=no activity; 1) = light activities only occasion walking 

or gardening; 2) = moderate level of activity (volume = 3-5 days/week for 30 min/day; and 

3) = vigorous activities and/or high volume of systematic activity. The odds ratio is the odds 

of disability in the physical activity group relative to a comparison group. ADL=activities of 

daily living; IADL=instrumental activities of daily living; QOL=quality of life score. Figure 

reproduced with permission from Paterson & Warburton, 2010.

DiPietro et al. Page 20

Med Sci Sports Exerc. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DiPietro et al. Page 21

Table 1-

List of questions addressed by the Aging Subcommittee of the 2018 Physical Activity Guidelines Advisory 

Committee.

1 What is the relationship between physical activity and risk of injury due to a fall?

a. Is there a dose-response relationship? If yes, what is the shape of the relationship?

b. Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

c. What type(s) of physical activity are effective for preventing injuries due to a fall?

d. What factors (e.g., level of physical function, existing gait disability) modify the relationship between physical 
activity and risk of injury due to a fall?

2 What is the relationship between physical activity and physical function among the general aging population?

a. Is there a dose-response relationship? If yes, what is the shape of the relationship?

b. Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

c. What type(s) of physical activity (single component, dual task, multicomponent) are effective for improving or 
maintaining physical function among the general aging population?

d. What impairment(s) (e.g., visual impairment, cognitive impairment, physical impairment) modify the relationship 
between physical activity and physical function among the general aging population?

3 What is the relationship between physical activity and physical function in older adults with selected chronic conditions? These 
conditions are: 1) cardiovascular disease; 2) chronic obstructive pulmonary disease (COPD); 3) cognitive impairment; 4) frailty; 
5) hip fracture; 6) osteoporosis and osteopenia; 7) Parkinson’s disease; 8) stroke; and 9) visual impairment.
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Table 2 –

Summary of the level of evidence for the relationship between physical activity, fall-related injuries, and 

physical function in older people: 2018 PAGAC Scientific Report

Overall Evidence Dose-Response Type of Activity
Reported

Effect Modification by 
Demographic Factors, 
Weight, or other Functional 
factors

Fall-related Injury STRONG LIMITED (MVPA) MODERATE (multicomponent) NOT ASSIGNABLE

Physical Function in the 
General Aging Population

STRONG STRONG 
(aerobic)
LIMITED 
(strength and 
balance)

STRONG (aerobic, strength, 
multicomponent)
MODERATE (balance)
LIMITED (tai chi, dance, AVG, dual-
task, functional)
NOT ASSIGNABLE (flexibility, yoga, 
qigong)

LIMITED/NOT ASSIGNABLE

Physical Function in Older 
People with Specific Chronic 
Conditions*

  • Cardiovascular Disease LIMITED Muscle-strengthening, tai chi, qigong, 
aerobic

  • COPD LIMITED Tia chi, qigong, walking, cycling, leg 
exercises

  • Cognitive Impairment LIMITED Supervised multicomponent

  • Frailty STRONG Multicomponent

  • Hip Fracture MODERATE Weight-bearing multicomponent

  • Osteoporosis LIMITED Muscle-strengthening, multicomponent

  • Parkinson’s Disease STRONG Aerobic, resistance, dance, VRT, yoga, 
tai chi

  • Stroke MODERATE Mobility-oriented, treadmill walking

  • Visual Impairment INSUFFICIENT

MVPA= moderate-to-vigorous intensity physical activity; AVG=active video gaming; VRT=virtual reality training. The activities in parentheses 
refer to the level of evidence. For example among the general aging population, we found strong evidence linking aerobic, strength, and 
multicomponent activities to improvements in physical function.

*
Question 3 did not examine dose-response or effect modification.
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