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Abstract

:

The aims of this systematic review and meta-analysis were to evaluate the effects of physical exercise on static and dynamic balance in the elderly population, and to analyze the number of falls and fallers. A systematic literature search was conducted using PubMed–Medline, Cochrane Central, and Google Scholar to select randomized clinical trials that analyzed the role of exercise on balance and fall rate in patients aged 65 or older. Sixteen articles were included in this review. Applying the Cochrane risk-of-bias tool, three studies were determined to be at low risk of bias, nine at unclear risk of bias, and four at high risk of bias. The meta-analysis showed improvements in dynamic balance (p = 0.008), static balance (p = 0.01), participants’ fear of falling (p = 0.10), balance confidence (p = 0.04), quality of life (p = 0.08), and physical performance (p = 0.30) in patients who underwent physical exercise compared to controls. The analysis of the total numbers of falls showed a decreased likelihood of falls in patients who participated in exercise programs (p = 0.0008). Finally, the number of patients who fell at least once was significantly reduced in the intervention group (p = 0.02). Physical exercise is an effective treatment to improve balance and reduce fall rates in the elderly.
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1. Introduction


Increasingly, attention is being paid by the scientific community to aging, and especially to successful aging. Several interventions aimed to improve the physical and psychosocial status of the elderly have been developed [1]. The decline in physical performance and cognitive capabilities with age causes progressive impairment of muscle strength, coordination, and balance [2], exposing people to a higher risk of falls [3,4]. Human balance is a complex multidimensional concept related to postural control, and it refers essentially to the ability to maintain a posture (e.g., sitting or standing), move between postures, and not fall when reacting to an external disturbance [5]. Apart from the risk of fractures [6] associated with falls, balance represents one of the main features of a plethora of daily activities, both professional and recreational; thus, an impairment of this ability could have a detrimental effect on quality of life [7]. A clear definition has been proposed for a “fall”, namely “inadvertently coming to rest on the ground, floor or other lower level, excluding intentional change in position to rest in furniture, wall or other objects” [8]. Almost one out of three elderly people experience a fall every year [9,10], while a person who experiences at least two falls within 6 months is defined as a “recurrent faller” [11,12]. Falls in older people are concerning events that could result in fractures, residual disability, chronic pain, and loss of independence, leading to important social and public health consequences requiring expensive long-term treatments [13] and accounting for 40% of all injury-related deaths in this group. The severity of the injuries derived from falls vary considerably from minor cutaneous injuries to major fractures, and, in some cases, to fatal traumas [14]. For those patients affected by osteoporosis, the risk of femoral fractures or vertebral body fractures is high, especially for ground-level falls or falls on stairs. The risk for head trauma is consistent across the whole elderly population, and such injuries may result in intracranial pathology with functional sequelae [15]. Progressive physical impairment can happen because of inactivity, which is recognized to be a factor in decreased body function in the elderly [16,17]. Indeed, physical exercise (PE) plays a fundamental role in the prevention of several age-related pathologies, such as metabolic and cardiovascular disease, cancer, and loss of bone quality, to such an extent that the proclamation “exercise is medicine” has been made [18,19]. There is overwhelming evidence that physical exercise can lower the risk of falling in elderly people, averting muscle mass reduction, and improving balance control. In particular, leg strength training seems to be crucial in preventing falls, as lower-limb weakness has been identified as a significant risk factor for falling [20]. In particular, the risk of falling can be assessed using postural control markers. For instance, it has been demonstrated that the risk of a fall is more than doubled when the timed up-and-go (TUG) test requires ≥13.5 s to be completed, the gait speed is <1 m/s, and the modified Romberg test shows a standing time of ≤19 s [21,22]. Furthermore, balance training (BT) has been investigated in recent years [23,24] as an important intervention to slow the physiological decline of balance control in the elderly, and has been revealed to be an effective option for improving balance and postural control [25,26]. Aging involves some changes that affect balance; these include rigidity and reduced range of articular motion, sarcopenia and impaired muscle strength [27,28] cognitive decline, and changes in sensory systems, such as poor vision and hearing [29]. Thus, many systematic reviews and meta-analyses have reported that BT plays a crucial role and it is recommended among other interventions to reduce the risk and rate of falls in older adults [24,30]. We present an updated systematic review and meta-analysis with the aim to analyze the effect of physical exercise on static and dynamic balance in patients aged 65 years or over. The primary endpoint was the improvement of balance performance after various types of physical exercise. The secondary endpoint was the number of falls and/or fallers before and after a course of physical exercise.




2. Materials and Methods


This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [31] and was performed using the PRISMA checklist (Table S1). In this manuscript, we included randomized clinical trials (RCTs) that evaluated the effect of physical exercise on static and dynamic balance and on the number of falls and fallers in the elderly.



2.1. Inclusion Criteria


The inclusion criteria were RCTs in the English language published in the past decade, which analyzed the effects of land-based or aquatic exercise on balance and falls rate on patients aged 65 or older, according to the World Health Organization (WHO) definition of the elderly. Exclusion criteria were studies that involved patients with Parkinson’s or Alzheimer’s disease, dementia, hemiplegia, cancer, fibromyalgia, or following a stroke, spinal cord injuries, or fractures. We excluded studies that evaluated activities such as tai chi, yoga, pilates, or dance.




2.2. Search Methods


A systematic literature search was conducted using the following online databases: PubMed–Medline, Cochrane Central, and Google Scholar. We used the following search strings: (“Balance” (Journal) OR “balance”(All Fields)) AND (“exercise”(MeSH Terms) OR “exercise”(All Fields) OR (“physical”(All Fields) AND “activity”(All Fields)) OR “physical activity”(All Fields)) AND (“aged”(MeSH Terms) OR “aged”(All Fields) OR “elderly”(All Fields)). Moreover, the following filters were used: randomized controlled trial (article types); 2010/01/01 to 2020/05/01 (publication dates); aged: 65+ years (ages); English (languages); humans (species). The reference lists of the included RCTs were checked in order to select further studies for inclusion. After duplicates were removed, two reviewers (G.P. and S.V.) independently read the abstracts of studies appropriate for inclusion. Differences of opinion were resolved by discussion with the third review author (R.P.). Finally, the full articles were checked by two investigators (G.P. and S.V.) in order to choose the studies to be included in the review and meta-analysis.




2.3. Data Collection, Analysis, and Outcomes


Two review authors (G.P. and S.V.) independently performed data extraction. The following data were extracted from the included studies: authors, year of publication, type of study, level of evidence, numbers of participants and their age and sex in both study and control groups, previous falls, follow-up, and intervention(s) in the experimental and in the control group. Many outcomes were analyzed for the assessment of static and dynamic balance, participants’ fear of falling, physical performance, quality of life, and risk of falls. Finally, total number of falls, number of fallers, and fall rate (falls per person-year) were compared between exercise and control groups.




2.4. Risk of Bias Assessment


The risk of bias of the included RCTs was independently assessed by two investigators (G.P. and S.V.) by the Cochrane risk-of-bias tool [32]. This tool consists of seven items: random sequence generation, allocation concealment, blinding of participants and personnel, blinding for outcome assessment, incomplete outcome data, selective reporting, and other sources of bias. Each item was graded as having a low, unclear, or high risk of bias. Thus, the trials presented low risk of bias if six or seven domains were reported to have low risk of bias, unclear risk of bias if four of five domains were at low risk of bias, or high risk of bias if fewer than four domains were at low risk of bias.




2.5. Statistical Analysis


A meta-analysis was conducted using the Review Manager (RevMan) software Version 5.3. Continuous outcomes were used to assess effects on static and dynamic balance, fear of falling, physical performance, quality of life, and risk of falls between the experimental and the control groups. Dichotomous outcomes were used to assess the total number of falls and the number of fallers between the two groups. Due to the use of different scores for the various outcomes, the continuous data are shown as standard mean difference (SMD) with 95% confidence intervals. Negative values of SMD indicate a benefit for the intervention group. Dichotomous data are presented as odds ratio (OR) with 95% confidence intervals. For the calculation of the weight of the samples of the trials, falls or fallers per month of follow-up were used instead of the total events. The I2 test was used to evaluate heterogeneity. In the presence of low heterogeneity (I2 < 55%), we used a fixed-effect model; otherwise, a random-effect model was applied. The statistical significance of the results was set at p < 0.05




2.6. Quality Assessment


The GRADE (Grading of Recommendations Assessment, Development, and Evaluation) assessment was used to evaluate the quality of the evidence of the outcomes and strength of recommendation [33]. This tool evaluates five items for each outcome: risk of bias, inconsistency, indirectness, imprecision, and publication bias. Each component was classified as not serious, serious, or very serious. The GRADE allocates the quality of evidence for the outcomes as high, moderate, low, or very low. RCTs were assigned an initial ranking of high, which could be downgraded for the items mentioned above.





3. Results


3.1. Results of the Search


The literature search yielded 1397 articles. After the removal of duplicates, the titles and abstracts of 1267 of these were examined, leading to the selection of 69 eligible papers that were read in full. Subsequently, 53 studies were excluded for the following reasons: not reporting selected outcomes (n = 17), not evaluating land-based or aquatic exercise (n = 11), patients aged below 65 years (n = 9), protocols of RCT (n = 7), and case reports (n = 2). Finally, 16 articles were included in this review and meta-analysis (Figure 1).




3.2. Demographic Data


The total number of participants in all the included studies was 2960, of which 1521 were in the combined exercise group and 1439 in the combined control group. The ages of the patients ranged from 67.3 to 86 years in the intervention groups, and from 67.2 to 86 in the control groups. The percentages of women in the trials ranged from 50% to 100% in the experimental groups and from 44% to 100% in the control groups. These data indicate a higher inclusion of females for the evaluation of the reported outcomes, and there were four studies that included only elderly women. The percentage of patients that had fallen at least once in the previous year was heterogeneous between the studies, ranging from 13.6% to 62% in the exercise groups and from 12.4% to 69% in the control groups. The demographic characteristics of the patients at baseline are reported in Table 1.




3.3. Physical Activity Program


Fourteen studies evaluated land-based exercise, while the remaining two studies [34,35] examined aquatic exercise (Table 2). Regarding exercise protocols, the patients in three trials participated in the Otago Exercise Program (OEP) [36,37,38], while in the other studies, the patients participated in different types of strength and balance training exercise programs. The mean follow-up was 9.2 months and ranged from 4 weeks to 2 years.




3.4. Clinical Outcome Data


The mean outcome measures before and after treatment are reported in Table 3. Dynamic balance was assessed in nine studies, using timed up-and-go (TUG) test [35,37,38,39,40,41], TUG-motor [42], TUGcog [34], or 8 foot up-and-go test [43]. Static balance was evaluated via Berg balance score (BBS) in six studies [34,37,40,41,43,44]. Participants’ fear of falling was assessed in five studies, using the Falls Efficacy Scale—International (FES-I) [39,45], Modified Falls Efficacy Scale (MFES) [46], Falls Efficacy Scale, Swedish version (FES(S)) [36], and Thai Falls Efficacy Scale (Thai FES-I) [37]. Balance confidence was reported in four studies, using the Activities-Specific Balance Confidence (ABC) Scale [34,35,46] and short-ABC [47]. Quality of life was assessed in three studies using the Short-Form-36 (SF-36) [39,45] or Short-Form-12 (SF-12) [40] Health Survey. Physical performance was evaluated in three studies, using the Short Physical Performance Battery (SPPB) [36,38,45].




3.5. Methodological Evaluation


Upon applying the Cochrane risk-of-bias tool, three studies (18.75%) were determined to be at low risk of bias (A), nine studies (56.25%) were at unclear risk of bias (B), and four studies (25%) were at a high risk of bias (C) (Table 4). More specifically, random sequence generation was adequate in all the studies except one (93.75%). Allocation concealment was considered adequate in 14 trials (87.5%). Blinding for participants and personnel appeared to be impossible due to the nature of the intervention; thus, it was inadequate in 15 studies (93.75%). Blinding for outcome assessment was graded as adequate in 13 studies (81.25%). Incomplete outcome data were judged as adequate in eight studies (50%). Selective reporting was considered adequate in 11 studies (68.75%). Other sources of bias were adequate in eight trials (50%).




3.6. Effect of Intervention


The meta-analysis showed the effect of exercise on dynamic balance, static balance, participants’ fear of falling, balance confidence, quality of life, and physical performance compared to controls (Figure 2). TUG times decreased significantly in the intervention group, demonstrating significant improvements in dynamic balance in comparison with the control group (SMD −0.51, 95% CI −0.88 to −0.13, p = 0.008). BBS showed significant improvements in static balance for the exercise group (SMD −1.29, 95% CI −2.29 to −0.29, p = 0.01). FES showed better fear-of-falling outcomes in patients who did physical exercise compared to controls (SMD −0.13, 95% CI −0.28 to 0.03), but no significant differences (p = 0.10). Balance confidence, assessed by ABC, showed significant differences in favor of the experimental group (SMD −0.52, 95% CI −1.01 to −0.03, p = 0.04). Short-Form Health Survey results showed greater improvements in quality of life in the experimental groups (SMD −0.48, 95% CI −1.01 to −0.05), without significant differences (p = 0.08). SPPB showed no significant differences in physical performance between the two groups (p = 0.30), but better outcomes in the exercise group (SMD −0.19, 95% CI −0.56 to 0.17). Summarily, analyzing all the reported scores, a significant difference was shown in favor of the physical exercise group compared to the controls (p > 0.00001).



The analysis of the total numbers of falls showed a statistically significant decreased likelihood of falls in patients who participated in exercise programs (OR 0.64, 95% CI 0.49 to 0.83, p = 0.0008) (Figure 3).



Finally, the number of patients who fell at least once was significantly reduced in the intervention group compared to the control group (OR 0.88, 95% CI 0.79 to 0.98, p = 0.02) (Figure 4).




3.7. Quality Assessment


The GRADE was used to assess the quality of the evidence provided in the included trials (Table 5). There were six comparisons for continuous data and two for dichotomous data. Regarding scores, TUG and BBS were downgraded by one level due to inconsistency of the results; thus, they reported a moderate quality. FES, ABC, and SPPB showed moderate quality because they were downgraded by one level for serious risk of bias. Finally, SF-36/SF-12 was downgraded by two levels due to serious risk of bias and inconsistency; thus, it presented low quality. In contrast, the outcomes of both total number of falls and fallers maintained a high quality of evidence.





4. Discussion


The primary aim of this systematic review and meta-analysis was to evaluate the improvement of balance performance in the elderly population after various types of physical exercise. A secondary endpoint analyzed was the number of falls and/or fallers before and after an exercise program. Physical exercise was shown to be very beneficial for older people in terms of dynamic and static balance, fear of falling, balance confidence, quality of life, and physical performance, with a significant improvement reported for all the considered scores in patients who participated in a physical treatment compared to controls. The meta-analysis proved that the parameters for dynamic and static balance, such as TUG and BBS, demonstrated the best improvements after PE, with the most statistical significance compared to controls. In fact, balance training led to higher confidence in the participants’ ability to perform various daily activities without falling, better patient mobility and safety at speed, greater ability to perform balance-related tasks, and lessened difficulties with activities of daily living. PE seemed to be particularly useful in reducing falls via the increase of postural control, more than improving quality of life and physical performance in older people. Moreover, with the exception of SF-36/SF-12 which was low, all the other outcomes presented a moderate quality of evidence as assessed by GRADE, thus supporting a recommendation of physical exercise in the geriatric population with risk of falls. The number of falls was recorded using daily fall calendars, which were returned to the blinded investigators. Regarding the evaluation of the number of falls and fallers, almost all the studies showed great improvements in the patients who underwent PE. Furthermore, the data showed both high quality and strength of recommendation according to GRADE for the benefit of balance and postural control exercises to reduce the rate of falls in the elderly. Only one study [48] reported no benefit in terms of falls and fallers after the exercise program, although it represented an effective approach for the improvement of multiple musculoskeletal and functional performance in older adults with risk factors for falls. Moreover, the meta-analysis showed that in patients who performed physical exercise, there was a statistically significant decrease in both the number of falls and fallers (respectively p = 0.0008 and p = 0,02). Furthermore, PE was more effective in reducing the total number of falls than the number of fallers, showing that improving muscle tropism and postural balance through specific protocol of exercises reduced the risk of falls, but it did not completely eradicate the risk of falling at least once. These data seem to strengthen the concept that PE represents a crucial aspect of prevention for reducing the risk of falls, which can lead to fractures and consequently to hospitalization, surgical procedures, and prolonged immobilization, with an increase in national healthcare costs. In contrast, a study by Lee et al. analyzed the effectiveness of exercise interventions on the rate of falls and number of fallers in care facilities, and they showed significant differences between all exercise interventions and control groups in the rate of falls, but they did not find differences in the number of fallers between all exercise interventions and control groups [50]. Similarly, Zhao et al. [51] showed that exercise had a positive effect on the reduction of fall-related fractures, with improvements in the rate of falls and leg strength in older people; however, they reported only a marginally beneficial effect of exercise on balance. Although the study population was represented by elderly people, the mean ages of the patients were different in the various studies. However, there was not a marked correlation found between age and greater improvements in the outcomes after balance training. Moreover, four studies enrolled only women, while the others included both sexes at various percentages. It seemed that in studies with only women, there were better improvements in the selected outcomes; therefore, the role of physical exercise and balance training could be greater in elderly women, and in the prevention of osteoporosis, reducing the risk of fracture following falls. In this systematic review, we included only RCTs in order to evaluate the role of physical activity compared to usual care. However, it was not possible to compare different kinds of physical activity in order to determine which is better for older people. In particular, only two studies analyzed aquatic therapy [34,35], which seems to be an interesting alternative to land-based exercise for the geriatric population, permitting low-impact and low-weight-bearing exercise. In fact, Guillamon et al. [52] presented some evidence that aquatic exercise can improve modifiable risk factors of falls, although the quality of this evidence was low, and there was a lack of consistency between studies. A limitation of this systematic review was the high variability of the training protocols of the included studies. Only few studies reported a fall-prevention program with a standardized protocol. The Otago Exercise Program was applied in three studies [36,37,38]; this is an individualized home-based program of balance and strength retraining exercises designed specifically to prevent falls [53]. Hewitt et al. [45] tested the Sunbeam program, which consists of individually prescribed progressive resistance training plus balance exercise. The Ossébo intervention, used by El-Khoury et al. [39], is composed of exercises designed to improve postural stability, muscle extensibility, balance, reaction time, coordination, and internal sense of spatial orientation [54]. The Lifestyle Approach to Reducing Falls through Exercise (LiFE) program, reported on by Clemson et al. [46], is a home-based, lifestyle-integrated balance and muscle-strengthening exercise training program specifically developed for fall prevention. Otherwise, the other studies did not refer to standardized exercise protocols, but they reported various generic exercises for postural balance, stationary strengthening [43], weight bearing [49], aerobic elements [41], and proprioceptive training and eye–hand/eye–foot coordinative [44]. Finally, Leiros-Rodríguez et al. [40] evaluated balance exercises as a recreational activity in public parks. Therefore, quite all the studies differed in terms of the applied exercise program; thus, it was difficult to compare the different results for the balance scores. Moreover, there was high heterogeneity among the studies in terms of the volume of training, due to different numbers of training weeks, sessions per week, exercises per session, repetitions per set, and sets per exercise, which resulted in varying loads of balance and strength training and fall-prevention exercises. Another limitation was the relatively short follow-up of some studies: it was one year or less in 87.5% of the studies, and may not allow the long-term effects of PA on dynamic and static balance to be determined. However, the overall quality of the included studies was good, with only four studies at a high risk of bias. The only critical item regarded the blinding for participants and personnel, which was at a high risk of bias in all the studies except one [49], but this was comprehensible for RCTs that compared clinical outcomes and the details of falls in patients who participated in specific exercise programs or no intervention. Instead, almost all studies used a clearly randomized allocation sequence and concealment, and the outcomes and falls were classified by qualified examiners (e.g., geriatricians or physical therapists) blinded to group assignment. Furthermore, the adherence to treatment in the studies was high and the patients lost to follow-up were few, demonstrating that PE protocols were well accepted by patients, despite their elderly age. In the literature search, we excluded many studies because they evaluated the role of PE only in patients with neurological or cardiovascular disease, whereas we were interested in analyzing the importance of exercise in the entire geriatric population, especially in healthy people, in order to limit the reduction of postural control and loss of muscle strength that predispose this population to an increased risk for falls [1]. We also focused on the differences between studies regarding the percentage of patients that had fallen at least once in the previous year. These data varied between 12.4% and 69% in the pretreatment measurements. Moreover, in many studies, this percentage was higher in the study group than in the control group; therefore, the result of fewer falls and fallers at follow-up in the study group acquires even more significance in light of these considerations. Valdés-Badilla et al. [55] reported the beneficial effects on quality of life, fall risk, activities of daily living, physical activity levels, and blood parameters of governmental physical activity programs for independent older adults. Finally, Tricco et al. [56] demonstrated that exercise was associated with a lower risk of injurious falls compared with usual care, but the type of physical activity used to reduce falls should be selected on the basis of patient and caregiver values. Sherrington et al. [24], in their systematic review and meta-analysis, demonstrated that a high dose of exercise, particularly involving balance training, can prevent falls in older people. In a more recent meta-analysis [57], the same group showed that exercise reduced the rate of falls in community-dwelling older people by 21%, and had a fall-prevention effect in community-dwelling people with Parkinson’s disease or cognitive impairment. In contrast to these studies, we evaluated as outcomes not only the rate of falls or number of fallers, but also the clinical scores for dynamic and static balance, participants’ fear of falling, physical performance, and quality of life in order to analyze the improvements in performing daily activities with less risk and fear of falling. Moreover, we focused on elderly people without neurological or cardiovascular disease, to recommend PE as an effective treatment for all the elderly population which could prevent impairment of muscle strength and a higher likelihood of falling. Furthermore, we analyzed various kinds of specific BT programs, including aquatic exercise, which could represent valid alternative or complementary activity to land-based exercise.




5. Conclusions


This systematic review proved that physical exercise is an effective treatment to improve static and dynamic balance and reduce the number of falls and fallers for patients aged 65 or over. The meta-analysis reports strong evidence that exercise programs can reduce fall rates in the geriatric population. Balance and postural exercises should be included in training protocols for the elderly in order to prevent the risk of falls, and they should be performed in the entire healthy population, not only as rehabilitation after stroke, fractures, or for patients affected by neurodegenerative disease. However, further large-scale trials with longer follow-up are needed to estimate the long-term effects of balance programs on decreasing the rate of falls. Moreover, more studies involving aquatic exercise or comparing aquatic versus land-based programs are necessary to promote innovative strategies to prevent falls in older people, which can be delivered by exercise trainers.
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Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flow diagram. 
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Figure 2. Outcome measurements. 
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Figure 3. Total number of falls. 






Figure 3. Total number of falls.



[image: Jcm 09 02595 g003]







[image: Jcm 09 02595 g004 550] 





Figure 4. Number of fallers (≥1 falls). 
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Table 1. Demographic characteristics of the patients at baseline.
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Author (Year)

	
Type of Study

	
LOE

	
Study Group

	
Control Group

	
Fell at least Once in Past Year




	

	

	

	
n

	
Age

	
Sex

	
n

	
Age

	
Sex

	
Study

	
Control






	
Ansai et al., (2015) [42]

	
RCT

	
I

	
23

	
81.9 y

	
73.9% F, 26.1% M

	
23

	
82.6 y

	
65.2% F, 34.8% M

	
10 (43.5%) *

	
8 (34.8%) *




	
23

	
82.8 y

	
65.2% F, 34.8% M

	
7 (30.4%) *




	
Arkkukangas et al., (2019) [36]

	
RCT

	
I

	
61

	
83 y

	
67% F, 33% M

	
56

	
82 y

	
73% F, 27% M

	
24 (39%)

	
21 (37%)




	
Arnold et al., (2010) [34]

	
RCT

	
I

	
28

	
73.2 y

	
71.4% F, 28.6% M

	
25

	
75.8 y

	
64%F, 36%M

	
14 (50%)

	
9 (36%)




	
26

	
74.4 y

	
77% F, 23% M

	
16 (62%)




	
Boongird et al., (2017), [37]

	
RCT

	
I

	
219

	
74.08 y

	
83.6% F, 16.4% M

	
220

	
73.94 y

	
81.4% F, 18.6% M

	

	




	
Clemson et al., (2010) [46]

	
RCT

	
I

	
18

	
81 y

	
50% F, 50% M

	
16

	
82 y

	
44% F, 56% M

	
7 (39%) †

	
4 (25%) †




	
El-Khoury et al., (2015) [39]

	
RCT

	
I

	
352

	
79.8 y

	
100% F

	
354

	
79.6 y

	
100% F

	
137 (39%)

	
159 (45%)




	
Gianoudis et al., (2014) [48]

	
RCT

	
I

	
81

	
67.7 y

	
64% F, 36% M

	
81

	
67.2 y

	
73% F, 27% M

	
11 (13.6%)

	
10 (12.4%)




	
Hale et al., (2012) [35]

	
RCT

	
I

	
23

	
73.6 y

	
74% F, 26% M

	
16

	
75.7 y

	
75% F, 25% M

	
13 (61%)

	
11 (69%)




	
Hewitt et al., (2018) [45]

	
RCT

	
I

	
113

	
86 y

	
62.8% F, 37.2% M

	
108

	
86 y

	
68.2% F, 31.8% M

	
69 (61%)

	
54 (50.5%)




	
Jacobson et al., (2011) [43]

	
RCT

	
I

	
14

	
83.05 y

	
57.1% F, 42.9% M

	
11

	
81.37 y

	
72.7% F, 27.3% M

	

	




	
Leiros-Rodriíguez et al., (2014) [40]

	
RCT

	
I

	
14

	
69 y

	
100% F

	
14

	
68 y

	
100% F

	

	




	
Liu-Ambrose et al., (2019) [38]

	
RCT

	
I

	
172

	
81.2 y

	
64% F, 36% M

	
172

	
81.9 y

	
69% F, 31% M

	
43 (25%)

	
60 (35%)




	
Miko et al., (2018) [41]

	
RCT

	
I

	
50

	
69.33 y

	
100% F

	
50

	
69.10 y

	
100% F

	

	




	
Patil et al., (2015) [49]

	
RCT

	
I

	
205

	
74.4 y

	
100% F

	
204

	
74 y

	
100% F

	

	




	
Patti et al., (2017) [44]

	
RCT

	
I

	
49

	
67.32 y

	
53% F, 47% M

	
43

	
68.93 y

	
55.8% F, 44.2% M

	

	




	
Smulders et al., (2010) [47]

	
RCT

	
I

	
50

	
70.5 y

	
90% F, 10% M

	
46

	
71.6 y

	
97.8% F, 2.2% M

	

	








RCT: randomized clinical trial; LOE: levels of evidence; N.: number of participants; y: years; F: female; M: male. * = fall in the past 3 months; † = frequent falls (≥3) in the past 12 months.
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Table 2. Clinical results of the included studies.
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Author

	
Intervention(s)

	
Control

	
Follow-up

	
Results






	
Ansai

	
Multicomponent training: protocol consisting of warm-up, aerobic, strength, balance, and cool-down exercises for 16 weeks

	
No intervention

	
22 w

	
There were no significant differences between groups and assessments in any variable.




	
Resistance training: leg press, chest press, calf, back extension, abdominal, and rowing for 16 weeks




	
Arkkukangas

	
OEP: home-based exercise program designed to improve strength, balance, and endurance over 12 weeks

	
No intervention

	
12 w

	
In the short-term perspective, there were no benefits of an exercise program regarding physical performance, fall self-efficacy, activity level, hand-grip strength, and fall frequency in comparison to a CG.




	
Arnold

	
AE protocol consisted of lower- and upper-extremity strengthening, trunk-control, and balance exercises twice a week for 11 weeks (preceded by educational session in the aquatics and education group)

	
No intervention

	
11 w

	
Significant improvement in fall risk factors (p = 0.038) with the combination of aquatic exercise and education.




	
Boongird

	
Modified OEP: five combined leg-muscle strengthening, balance retraining, and stretching exercises, which progressed in difficulty, and a walking plan

	
Fall prevention education

	
12 m

	
The incidence of falls was 0.30 falls per person year in the EG, compared with 0.40 in the CG. The fear of falling was significantly lower in the EG than CG (p = 0.003).




	
Clemson

	
Lifestyle Approach to Reducing Falls through Exercise (LiFE) program: home-based balance and strengthening exercise program for fall prevention

	
No intervention

	
6 m

	
The relative risk analysis demonstrated a significant reduction in falls in EG (RR = 0.23). Dynamic balance improved for the LiFE program participants (p = 0.04).




	
El-Khoury

	
Ossébo program: weekly supervised group sessions of progressive balance training for two years, supplemented by individually prescribed home exercises

	
No intervention

	
24 m

	
The injurious fall rate was 19% lower in the EG than in the CG (p = 0.04). The EG fared significantly better than the CG in all balance and gait performance tests.




	
Gianoudis

	
Multimodal program incorporating high-velocity progressive resistance training, weight-bearing impact and/or balance training, and fall-prevention exercises, performed three days per week for 12 months

	
Standard care self-management

	
12 m

	
There were no significant differences in fall incidence between the groups, or in the number of participants sustaining one or more falls or multiple falls.




	
Hale

	
Water-based exercise classes twice weekly for 12 weeks

	
Time-matched computer training program for 12 weeks

	
12 w

	
Water-based exercise did not reduce falls risk compared with attending a computer-skills training class.




	
Hewiit

	
Resistance training plus balance exercises performed in a group setting for 50 h over a 25-week period (Sunbeam program), followed by a maintenance period for 6 months

	
Regular activity schedule

	
12 m

	
Overall incidence of falls in the EG of 1.31 per person-year, compared with 2.91 in the CG. A significantly greater improvement was found in physical performance in the EG than in the CG (p = 0.02).




	
Jacobson

	
Standing, static balancing, and mild leg exercise, 12 min per session, three times per week for 12 weeks.

	
Regular group exercise

	
12 w

	
Significant (p < 0.01) improvement for the EG over the CG in the 30 s chair test repetitions, 8-foot up and go test, balance assessment, and leg-function assessments.




	
Leiros-Rodriíguez

	
12 sessions of balance exercises for 50 min

	
No intervention

	
4 w

	
Berg Balance Scale, timed up-and-go test, and SF-12 showed statistically significant differences in the EG (p < 0.05).




	
Liu-Ambrose

	
Usual care plus OEP (a home-based strength and balance retraining exercise program) for 12 months

	
Fall-prevention care

	
11 m

	
Fall rates were lower in the EG compared with CG (IRR, 0.64; p = 0.009). The estimated fall rate incidence was 1.4 per person-year in the EG and 2.1 in the CG (p = 0.006).




	
Miko

	
12-month of balance-training exercise program (three times a week for 30 min)

	
No intervention

	
12 m

	
TUG and BBS test scores showed a statistically significant difference between EG and CG (p < 0.005). The event rate for the number of patients who fell was 0.122 in the EG and 0.229 in the CG, thus the relative risk of falls was 0.534 (p = 0.17).




	
Patil

	
Group exercise classes twice a week for 12 months and once a week for the subsequent 12 months and home exercises

	
Current physical activity

	
24 m

	
Timed up-and-go and grip strength did not differ between groups. There was no difference in the total falls incidence rate ratio (IRR = 1.0).




	
Patti

	
Joint mobility, cardiovascular exercise, strengthening of core stability, proprioceptive training, and eye–hand/eye–foot coordinative exercises for 13 weeks

	
No intervention

	
14 w

	
Only the EG group demonstrated significant improvements in balance skills (p < 0.0001).




	
Smulders

	
11 sessions over 5.5 weeks of education, obstacle course, walking exercises, weight-bearing exercises, correction of gait abnormalities, and training in fall technique

	
No intervention

	
12 m

	
The fall rate in the exercise group was 39% lower than for the control group (0.72 vs 1.18 falls/person-year; risk ratio of 0.61).








OEP: Otago Exercise Program; AE: aquatic exercise; w: weeks; m: months; CG: control group; EG: experimental group.
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Table 3. Outcome measures before and after treatment.
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Study

	

	
TUG (s)

	
BBS (pts)

	
FES (pts)

	
ABC (pts)

	
SF-36/SF-12 (pts)

	
SPPB 9 (pts)




	

	

	
Pre

	
Post

	
Pre

	
Post

	
Pre

	
Post

	
Pre

	
Post

	
Pre

	
Post

	
Post

	
Pre






	
Ansai

	
I

	
30.4 ± 12.2

	
29.8 ± 13.1

	

	

	

	

	

	

	

	

	

	




	

	

	
29.0 ± 15.5

	
26.7 ± 22.2

	

	

	

	

	

	

	

	

	

	




	

	
C

	
25.3 ± 8.4

	
25.3 ± 9.3

	

	

	

	

	

	

	

	

	

	




	
Arkkukangas

	
I

	

	

	

	

	
103.3 ± 21.3 1

	
106.5 ± 20.9

	

	

	

	

	
7.9 ± 2.4

	
8.1 ± 2.8




	

	
C

	

	

	

	

	
100.2 ± 26.5

	
106.2 ± 20.6

	

	

	

	

	
7.6 ± 2.5

	
8.2 ± 2.6




	
Arnold

	
I

	
14.9 ± 5.6

	
12.6 ± 3.9

	
30.4 ± 3.8

	
31.4 ± 3.2

	

	

	
69.2 + 19.9 5

	
75.0 ± 15.2

	

	

	

	




	

	

	
15.8 ± 9.1

	
15.1 ± 9.5

	
29.3 ± 5.2

	
30.5 + 5.1

	

	

	
70.4 ± 21.9

	
69.6 ± 24.4

	

	

	

	




	

	
C

	
14.3 ± 6.7

	
14.5 ± 7.1

	
31.1 ± 2.7

	
30.9 + 3.8

	

	

	
65.3 ± 18.1

	
62.9 ± 20.8

	

	

	

	




	
Boongird

	
I

	
16.75

	
16.7

	
21.68

	
21.6

	
27.11 2

	
24.7

	

	

	

	

	

	




	

	
C

	
16.6

	
16.8

	
21.48

	
21.7

	
26.84

	
27

	

	

	

	

	

	




	
Clemson

	
I

	

	

	

	

	
45.3 ± 8.2 3

	
50.3 ± 5.18

	
925 ± 341 6

	
1125 ± 233

	

	

	

	




	

	
C

	

	

	

	

	
45.1 ± 8.7

	
46.6 ± 4.81

	
825 ± 372

	
830 ± 149

	

	

	

	




	
El-Khoury

	
I

	
12.38 ± 2.76

	
11.93 ± 3.23

	

	

	
25.52 ± 7.06 4

	
26.58 ± 6.37

	

	

	
57.05 ± 15.80 7

	
55.65 ± 14.87

	

	




	

	
C

	
12.39 ± 3.09

	
12.69 ± 3.22

	

	

	
26.02 ± 6.97

	
27.46 ± 6.33

	

	

	
54.72 ± 16.05

	
53.56 ± 14.71

	

	




	
Hale

	
I

	
11.0 ± 3.13

	
10.1 ± 2.9

	

	

	

	

	
64.2 ± 19.3 5

	
67.0 ± 19.95

	

	

	

	




	

	
C

	
10.7 ± 5.78

	
10.7 ± 6.84

	

	

	

	

	
66.4 ± 19.8

	
66.7 ± 13.23

	

	

	

	




	
Hewitt

	
I

	

	

	

	

	
27.75 ± 10.08 4

	
30.01 ± 9.67

	

	

	
65.72 ± 18.30 7

	
74.66 ± 18.51

	
5.16 ± 2.57

	
5.81 ± 3.02




	

	
C

	

	

	

	

	
31.28 ± 13.03

	
30.57 ± 9.69

	

	

	
64.96 ± 16.98

	
72.43 ± 16.60

	
4.30 ± 2.90

	
4.13 ± 2.92




	
Jacobson

	
I

	
16.97 ± 5.63

	
12.71 ± 3.07

	
26.91 ± 3.65

	
40.67 ± 6.10

	

	

	

	

	

	

	

	




	

	
C

	
16.20 ± 3.67

	
18.26 ± 5

	
27.24 ± 4.64

	
24.42 ± 7.78

	

	

	

	

	

	

	

	




	
Leiros-Rodriíguez

	
I

	
11 ± 1.3

	
6.71 ± 0.73

	
45.86 ± 2.91

	
54.07 ± 1.98

	

	

	

	

	
49.36 ± 3.2 8

	
54.93 ± 1.8

	

	




	

	
C

	
11.14 ± 1.68

	
10.93 ± 1.49

	
47.79 ± 3.38

	
47.71 ± 2.89

	

	

	

	

	
50.29 ± 2.5

	
50.79 ± 2.3

	

	




	
Liu-Ambrose

	
I

	
16.3 ± 7

	
16.1 ± 6

	

	

	

	

	

	

	

	

	
7.9 ± 2.2

	
7.9 ± 2.2




	

	
C

	
16.9 ± 6.4

	
16.6 ± 8.5

	

	

	

	

	

	

	

	

	
7.8 ± 2.3

	
7.8 ± 2.4




	
Miko

	
I

	
8.89 ± 7.38

	
6.74 ± 3.13

	

	

	

	

	

	

	

	

	

	




	

	
C

	
9.95 ± 12.02

	
10.64 ± 13.84

	

	

	

	

	

	

	

	

	

	




	
Patti

	
I

	

	

	
51.83 ± 4.17

	
54.36 ± 2.15

	

	

	

	

	

	

	

	




	

	
C

	

	

	
51.09 ± 3.89

	
51.67 ± 4.49

	

	

	

	

	

	

	

	




	
Smulders

	
I

	

	

	

	

	

	

	
54.3 ± 19.7 5

	
61.9 ± 16.9

	

	

	

	




	

	
C

	

	

	

	

	

	

	
55.5 ± 22.1

	
55.5 ± 22.8

	

	

	

	








I: intervention group; C: control group; TUG: timed up-and-go; BBS: Berg Balance Score; FES: Falls Efficacy Scale; ABC: Activities-Specific Balance Confidence; SF-36/SF-12: Short Form-36/Short Form-12 Health Survey; SPPB: Short Physical Performance Battery; s: seconds; pts: points. FES: 1 = FES Swedish version (0–130); 2 = Thai Falls Efficacy Scale (16–64); 3 = Modified Falls Efficacy Scale (0–140); 4 = FES-I (16–64); ABC: 5 = ABC (0–100); 6 = ABC (0–1600); SF-36: 7 = SF-36 (0–100); SF-12: 8 = SF-12 (0–100); SPPB: 9 = SPPB (0–12).
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Table 4. Cochrane risk-of-bias tool for randomized controlled trials.






Table 4. Cochrane risk-of-bias tool for randomized controlled trials.





	Study
	Random Sequence Generation
	Allocation Concealment
	Blinding (Participants and Personnel)
	Blinding (Outcome Assessment)
	Incomplete Outcome Data
	Selective Reporting
	Other Sources of Bias
	Risk of Bias





	Ansai
	L
	L
	H
	L
	L
	H
	U
	B



	Arkkukangas
	L
	L
	H
	L
	L
	L
	U
	B



	Arnold
	L
	L
	H
	L
	L
	U
	L
	B



	Boongird
	L
	L
	H
	L
	U
	L
	L
	B



	Clemson
	L
	L
	H
	L
	H
	L
	U
	B



	El-Khoury
	L
	L
	H
	L
	L
	L
	L
	A



	Gianoudis
	L
	U
	H
	U
	U
	L
	L
	C



	Hale
	L
	L
	H
	L
	U
	L
	L
	B



	Hewitt
	L
	L
	H
	L
	L
	L
	L
	A



	Jacobson
	L
	L
	H
	H
	L
	H
	L
	B



	Leiros-Rodriíguez
	L
	U
	H
	U
	L
	L
	U
	C



	Liu-Ambrose
	U
	L
	H
	L
	L
	L
	L
	A



	Miko
	L
	L
	H
	L
	H
	L
	U
	B



	Patil
	L
	L
	U
	L
	H
	U
	U
	C



	Patti
	L
	L
	H
	L
	H
	U
	U
	C







L: low; U: unclear; H: high.
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Table 5. GRADE






Table 5. GRADE





	Outcomes
	Number of Participants (Studies)
	Risk of Bias
	Inconsistency
	Indirectness
	Imprecision
	Other Considerations
	Quality





	TUG
	1074 (7 RCTs)
	not serious
	serious
	not serious
	not serious
	not serious
	⨁⨁⨁◯ moderate



	BBS
	224 (4 RCTs)
	not serious
	serious
	not serious
	not serious
	not serious
	⨁⨁⨁◯ moderate



	FES
	858 (4 RCTs)
	serious
	not serious
	not serious
	not serious
	not serious
	⨁⨁⨁◯ moderate



	ABC
	232 (4 RCTs)
	serious
	not serious
	not serious
	not serious
	not serious
	⨁⨁⨁◯ moderate



	SF-36/SF-12
	898 (3 RCTs)
	serious
	serious
	not serious
	not serious
	not serious
	⨁⨁◯◯ low



	SPPB
	556 (3 RCTs)
	serious
	not serious
	not serious
	not serious
	not serious
	⨁⨁⨁◯ moderate



	Total number of falls
	2158 (9 RCTs)
	not serious
	not serious
	not serious
	not serious
	not serious
	⨁⨁⨁⨁ high



	Number of fallers (≥1 falls)
	2632 (11 RCTs)
	not serious
	not serious
	not serious
	not serious
	not serious
	⨁⨁⨁⨁ high







TUG: timed up-and-go; BBS: Berg Balance Score; FES: Falls Efficacy Scale; ABC: Activities-Specific Balance Confidence; SF-36/SF-12: Short Form-36/Short Form-12 Health Survey; SPPB: Short Physical Performance Battery; RCT: randomized clinical trial.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
Exercise Control Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV. Random, 95% ClI
1.1.1 TUG
Arnold 2010 138 7.27 54 145 71 25 41% -0.10 [-0.57, 0.38]
El-Khoury 2015 1193 323 271 1269 322 277 58% -0.24 [-0.40, -0.07]
Hale 2012 10.1 29 20 107 684 15 3.1% -0.12 [-0.79, 0.55]
Jacobson 2011 1271 3.07 14 18.26 5 11 2.2% -1.33 [-2.22, -0.45]
Leiros-Rodriguez 2014 671 0.73 14 1083 1.49 14 1.4% -3.49 [-4.73, -2.26]
Liu-Ambrose 2019 16.1 6 129 166 85 133 55% -0.07 [-0.31, 0.17]
Miko 2018 6.74 313 49 1064 13.84 48  4.5% -0.39 [-0.79, 0.01]
Subtotal (95% CI) 551 523 26.6% -0.51 [-0.88, -0.13]
Heterogeneity: Tau® = 0.18; Chi* = 3547, df = 6 (P < 0.00001); I* = 83%
Test for overall effect: Z = 2.64 (P = 0.008)
1.1.2 BBS
Arnold 2010 -31 425 54 -309 38 25 41% -0.02 [-0.50, 0.45]
Jacobson 2011 4067 6.1 14 -2442 778 11 1.8% -2.28 [-3.33, -1.24]
Leiros-Rodriguez 2014 -54.07 1.98 14 -47.71 289 14 1.8% -2.49 [-3.51, -1.47]
Patti 2017 -54.368 215 49 -5167 449 43 44% -0.77 [-1.20, -0.35]
Subtotal (95% CI) 131 93 121% -1.29 [-2.29, -0.29]
Heterogeneity: Tau® = 0.89; Chi* = 28.40, df = 3 (P < 0.00001); I* = 89%
Test for overall effect: Z=2.52 (P =0.01)
1.1.3 FES
Arkkukangas 2019 -106.5 20.9 61 -106.2 206 56  4.8% -0.01 [-0.38, 0.35]
Clemson 2010 -50.3 5.18 16 -466 4.81 18 2.89% -0.72 [-1.42, -0.03]
El-Khoury 2015 2658 637 267 2746 633 270 58% -0.14 [-0.31, 0.03]
Hewitt 2018 30.01 987 91 3057 969 79 51% -0.06 [-0.36, 0.24]
Subtotal (95% CI) 435 423 18.7% -0.13 [-0.28, 0.03]
Heterogeneity: Tau® = 0.00; Chi* = 3.41,df = 3 (P = 0.33); *=12%
Test for overall effect: Z=1.62 (P = 0.10)
1.1.4 ABC
Arnold 2010 -f24 203 54 629 208 25 41% -0.46 [-0.94, 0.02]
Clemson 2010 -1,125 233 16 -B830 149 18  2.6% -1.49 [-2.26, -0.72]
Hale 2012 -67 1995 20 -86.7 13.23 15 31% -0.02 [-0.69, 0.65]
Smulders 2010 -61.9 16.9 44 555 228 40  4.4% -0.32 [-0.75, 0.11]
Subtotal (95% CI) 134 98 14.1% -0.52 [-1.01, -0.03]
Heterogeneity: Tau® = 0.16; Chi* = 8.97, df = 3 (P = 0.03); I = 67%
Test for overall effect: Z=2.09 (P = 0.04)
1.1.5 SF-36 / SF-12
El-Khoury 2015 -55.65 14.87 349 -5356 1471 353 59% -0.14 [-0.29, 0.01]
Hewitt 2018 -74.66 18.51 88 -7243 166 80 51% -0.13 [-0.43, 0.18]
Leiros-Rodriguez 2014 -54.93 1.8 14 -50.79 2.3 14 2.1% -1.95 [-2.87, -1.02]
Subtotal (95% CI) 451 447  13.2% -0.48 [-1.01, 0.05]
Heterogeneity: Tau® = 0.17; Chi* = 14 .48, df = 2 (P = 0.0007); I* = B6%
Test for overall effect: Z=1.76 (P = 0.08)
1.1.6 SPPB
Arkkukangas 2019 -8.1 28 61 -8.2 26 56  48% 0.04 [-0.33, 0.40]
Hewitt 2018 -5.81  3.02 93 413 292 86 52% -0.56 [-0.86, -0.26]
Liu-Ambrose 2019 <79 22 128 78 24 132 55% -0.04 [-0.29, 0.20]
Subtotal (95% CI) 282 274 15.4% -0.19 [-0.58, 0.17]

Heterogeneity: Tau® = 0.08; Chi*=8.87,df=2 (P=0.01); *=77%
Test for overall effect: Z=1.04 (P = 0.30)

Total (95% CI) 1984 1858 100.0%
Heterogeneity: Tau® = 0.11; Chi* = 117.72, df = 24 (P < 0.00001); I* = 80%

Test for overall effect: Z=5.15 (P < 0.00001)

Test for subagroup differences: Chi* = 10.31, df = 5 (P = 0.07), I* = 51.5%

Std. Mean

Difference

IV, Random, 95% CI

-0.43 [-0.59, -0.27]

¢ ‘]1]

j—
——
——
—
1
NE—

& | |

¢

0{||{

1

-4

2 (
Favours [exercise]

)
Favours [control]





nav.xhtml


  jcm-09-02595


  
    		
      jcm-09-02595
    


  




  





media/file2.png
1

Identification

|

J

Screening

Records identified through
database searching (n = 1354)

Eligibility

Included

Additional records identified

through other sources (n = 43)

Records after duplicates removed
(n=1267)

\4

Records screened

A 4

(n = 1267)

Full-text articles assessed

for eligibility

Records excluded
(n=1198)

v

(n = 69)

Studies included in
qualitative synthesis
(n=16)

l

Studies included in
quantitative synthesis

(meta-analysis)

(n = 16)

Full-text articles excluded,
with reasons (n = 53):
17 = Not reporting selected
outcomes;

11 = Not evaluating land-
based or aquatic exercise;
7 = Patients with
neurological disease or
stroke;

9 = Aged below 65 years;
7 = Protocols of RCT






media/file5.jpg
(Enercios _ Controd (Odds Ratlo. Odds Retlo.

Sty o Subgrovp_Evants Toal_Evets Totl Woight_ W, Randon, 95%CI 104 Random, 350
g0t 19 2u4 20 Tmn 10052200 —

Boonged 017 o w0 usn  omspskio ==

Clomaan 010 7w w7t ompovos ————

Exkrouny 2015 Ear oo 1S 0m7.0m |

Glrous 2014 © w2 ow  woenams —

Hown 2016 1 s 6 wen 04303508 =

Lohmbrosezts 26 109 e sk 059080.07) -

ety 7 s s sew  oopmim  ————

Saddans 010 u e S0 0w omom oo —

Tow pss ) s 100 00k osafos,08 -

Towovots 1098 12

Hoterogonoy: T =011 Cr = 6327 df 8. < 00000 B T T

Tostfo veral afact 2= 335 7 = 0.0008) F .. LA





media/file3.jpg
PSS A S 7t R et
B omzissin s 1
= SEEE4 i ENa I
B BEiEuig mem -
B HOIBIIE B E
o SR e s
St
S F5iNEIE gun
Sr-EEImELE Zua
e R
[l . S
S mmewms s smmm
B BEIZE:Z o428
=5, FEEZ R BES
oo SO i,
ErmEn
B mmosam oz e B
S D osomoses
EEC. SRimeEn den =
=5z 2% 28 B8 E
S
Epr mumumuis 3
i S8 L -
EmmE et
SHEE45E #ES E
7% E R wEaE E
s Soraris

ErmEnsy
—— S ———— .

o o810 17 8 s o o






media/file1.jpg
Records dentified hrough Addtons reords deied
databose sechin (1= 1359) through ther soures (1= 43)

[

Records e duplicats removed

i
[R— [R—
o1 e

[—
[— it (o .
iy || 17Nt eportin st
o g
1o et -
i g i
Teraienis i
seurlogial dbesseor
St sk
p—— 9= Aget o s
S 7Pt
——
quini s
Pt
—






media/file7.jpg
. B sl

Sty or Subgroup _EvansTotal_EvensTosl Weight Mo, Fieed 5% CL. 1 Fie, 95% 1
s 2015 52 13 10 28 osspa210

Adkangas 2019 18 26 12 2 ime 118083253 —t
Boongra 2017 st o2 e mo s 0m0STi2 =

Glomion 2010 s 9w oasw onpawis  —————

sy 2015 o ss 2w aten 08570100 .

G 2014 w2z w2 e 11088200 ——

Hovi 208 S s 73 e 06 0640408 =

Commbosozota 105 12 f04 fem2 &% 101076134] =

Moo 2018 S sws o wme iew  osow M  —————— —

Panz0rs Mo a1 e 2% 0WO7E125) —

Sy 2010 2 s m s 3w owssis e

T sy 2100 20 1000 oss(09,008) .

Toevts o

Hotoogeney G =330, 61 =10 P = 046 5

Tostforovesi flect 2= 225 (P = 002) S T . —





media/file0.png





media/file8.png
Exercise Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Ansai 2015 15 247 13 110 2.5% 0.48 [0.22, 1.05]
Arkkukangas 2019 15 244 12 224 1.7% 1.16 [0.53, 2.53]
Boongird 2017 51 2628 61 2640 8.8% 0.84 [0.57, 1.22] -
Clemson 2010 8 102 9 84 1.3% 0.71 [0.26, 1.93]
El-Khoury 2015 189 B448 222 8496 31.9% 0.85 [0.70, 1.04] —
Gianoudis 2014 29 a72 25 a72 3.6% 1.16 [0.68, 2.00]
Hewitt 2018 50 1356 73 1296 10.6% 0.64 [0.44, 0.93] —_—
Liu-Ambrose 2019 105 1892 104 1892 14.5% 1.01 [0.76, 1.34] S
Miko 2018 5} 588 11 576 1.6% 0.53 [0.19, 1.44]
Patil 2015 140 4920 141 489 20.2% 0.99 [0.78, 1.25] .
Smulders 2010 21 564 23 540 3.3% 0.87 [0.48, 1.59]
Total (95% CI) 21961 21726 100.0% 0.88 [0.79, 0.98] L
Total events 629 694
Heterogeneity: Chi? = 9.80, df = 10 (P = 0.46); I = 0% n:z n: : 2 5

Test for overall effect: Z = 2.29 (P = 0.02)

Favours [exercise]

Favours [control]





media/file6.png
Exercise Control

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Arkkukangas 2019 19 244 17 224 T.8%
Boongird 2017 66 2628 88 2640 12.9%
Clemson 2010 12 102 35 84 7.1%
El-Khoury 2015 533 8448 640 8496 155%
Gianoudis 2014 46 4972 34 972 109%
Hewitt 2018 142 1356 277 1296 14.4%
Liu-Ambrose 2019 236 1892 366 1892 14.9%
Miko 2018 7 588 16 576  5.6%
Smulders 2010 34 564 52 540 10.9%
Total (95% CI) 16794 16720 100.0%
Total events 1095 16525

Heterogeneity: Tau® = 0.11; Chi* = 5§3.27, df = 8 (P < 0.00001); I* = 85%
Test for overall effect: Z = 3.35 (P = 0.0008)

Odds Ratio

Odds Ratio

M-H, Random, 95% CI

1.03 [0.52, 2.03]
0.75 [0.54, 1.03]
0.19 [0.09, 0.39]
0.83 [0.73, 0.93]
1.37 [0.87, 2.15]
0.43 [0.35, 0.54]
0.59 [0.50, 0.71]
0.42 [0.17, 1.03]
0.60 [0.38, 0.94]

0.64 [0.49, 0.83]

i

L I

0.1

02 05
Favours [exercise]

1

2 5
Favours [control]





