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ABSTRACT

Kelley GA, Kelley KS. Exercise and Unintentional Injuries: Meta-Analysis of Randomized Controlled Trials. JEPonline 2009;12(4):8-22. One of the major reasons given for not participating in a regular exercise program is fear of injury. The purpose of this study was to use the meta-analytic approach to examine the overall risk of dropouts as a result of unintentional injuries in adult humans participating in randomized controlled exercise intervention trials.  A random sample of studies was selected from an electronic search of 1,594 citations identified in PubMed. Data abstraction was performed by both authors, independent of each other, with every item reviewed for accuracy and consistency.  A random effects model that controls for heterogeneity was used to analyze the event rate (ER) for dropping out of a study due to an unintentional injury. Heterogeneity was examined using the Q and I2 statistic. Thirty-three outcomes representing 1,211 men and women (677 exercise, 534 control) met the criteria for inclusion. Overall, the ER for dropouts as a result of unintentional injuries was 0.073 (95% confidence interval, 0.037 to 0.140). No statistically significant heterogeneity was observed (Q = 2.4, p > 0.99; I2 <1%).  The overall results of this study suggest that the risk for dropping out of a randomized controlled exercise intervention study because of an unintentional injury is small.  However, additional studies are needed to determine specific population groups and types of interventions that may increase risk.
Key Words: Exercise, Injury, Systematic Review, Dropouts

INTRODUCTION
While the benefits of regular exercise on chronic disease are numerous (1,2) current exercise levels in US adults are low. Consequently, one of the goals of Healthy People 2010 is to increase the proportion of adults who participate in regular physical activity from 15% to 30% (3).  Concomitant with this goal is the potential for an increase in the risk of unintentional injuries from participation in a physical activity program.      

One of the priorities in the 2002 Injury Research Agenda from the Centers for Disease Control and Prevention (CDC) is to “Identify ways to minimize injury risk among people initiating or increasing physical activity” (p. 32)(4).  In addition, the recently released 2008 Physical Activity Guidelines Advisory Committee Report concluded that additional research is needed to examine the incidence of adverse events as a result of initiating a regular program of physical activity (2).  While systematic reviews, especially meta-analyses of randomized controlled trials, are considered by some to be the most powerful form of evidence for decision-making (5), no meta-analysis to-date has examined the risk of unintentional injury as a result of participation in exercise intervention studies.  One of the reasons for this may be related to the lack of randomized controlled trials that have focused on this topic.  For example, only one randomized controlled trial that has focused on unintentional injuries as a result of participation in an exercise intervention study (6) appears to exists in the current literature.  Pollock et al. (6) examined the effects of 26 weeks of aerobic and resistance training on the incidence of injuries in 57 healthy men (n = 25) and women (n = 32) 70 to 79 years of age. Subjects were randomly assigned to a walk/jog, resistance training, or control group.  The incidence of injuries as a result of participation in the resistance training program was 8.7%.  Walking exercise during weeks 1-13 resulted in one injury (4.8%) while 57% of subjects who began jogging at week 14 incurred an injury. This included 25% of men and 100% of women. All walking and jogging injuries occurred in the lower extremity.  In addition, 19.3% of subjects in the resistance training group incurred an injury during one-repetition maximum (1RM) exercise testing.  The authors concluded that jogging and 1RM exercise testing should be used with caution in 70 to 79 year-old adults (6). 

While there appears to be a paucity of randomized controlled trials that have specifically focused on this topic, the reporting of adverse events, including unintentional injuries, should be a component of any well-designed exercise intervention study, especially since such reporting is required by Institutional Review Boards responsible for approving such studies (7).  Given the former, the purpose of this study was to use the meta-analytic approach to examine the overall risk of dropouts as a result of unintentional injuries among adults enrolled in randomized controlled exercise intervention trials. 

METHODS


Data Sources

Studies were identified by conducting a computerized search of the PubMed database using the keywords exercise and training and limiting the search to randomized controlled trials in adults 19 years of age and older that were published in English language journals between January 1, 1995 and October 31, 2005. From the population of citations identified (n = 1,594), 10% (n = 159) were randomly selected using a computerized random numbers generator and exposed to detailed review and potential inclusion.  A review of all 1,594 citations or an expanded search for studies across additional years was not possible given the limited resources available for this study. 

Study Selection

The inclusion criteria for this meta-analysis were as follows: (1) randomized controlled trials, (2) exercise programs (aerobic/weight training/both) for > 8 weeks, (3) adult humans > 19 years of age, (4) non-athletes, (5) studies published in English-language only, (6) studies published in journals between January 1, 1995 and October 31, 2005, (7) not a cardiovascular, cardiopulmonary, or neuromuscular rehabilitation study, (8) comparative control group that did not exercise, (9) data available on dropouts and unintentional injuries.  The inclusion of studies was limited to randomized controlled trials because it is the only way to control for unknown confounders. If data on unintentional injuries was not provided, contact was made with one or more investigators to obtain such. All studies were selected by both authors, independent of each other. Discrepancies were resolved by consensus. 

Data Extraction 

Codebooks were developed that could hold up to 146 items from each study. The major categories of items that were coded included (1) study characteristics (for example, country in which the study was conducted), (2) participant characteristics (for example, gender, age, height, body weight), (3) training program characteristics (for example, type, length, frequency, intensity, duration, mode), and (4)  primary outcome (number of participants who dropped out of the exercise program as a result of an unintentional injury). Data on participants who may have been injured during the exercise intervention but did not drop were excluded because it was expected that an insufficient amount of data would be available for analysis given the expected sample size.  All studies were coded by both authors, independent of each other. The authors then reviewed every item for accuracy and precision. Disagreements were resolved by consensus.  Inter-rater agreement using Cohen’s kappa was 0.88 prior to correcting discrepant items (8).  

Statistical Analyses

Calculation of study-level estimates for unintentional injuries.  The primary outcome for this study was the event rate (ER) for dropouts as a result of unintentional injuries in the exercise groups. For each group from each study, this was calculated as follows: 
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Study name Subgroup within study Cumulative statistics Cumulative event rate (95% CI)

Lower  Upper 

Point limit limit

Aldred et al. (1995) None 0.000 0.000 1.000

Marcus et al. (1995) None 0.000 0.000 1.000

O'Connor et al. (1995) None 0.000 0.000 1.000

Anshel (1996) None 0.000 0.000 1.000

Heinonen & Kannus (1996) None 0.082 0.031 0.198

Jette et al. (1996) None 0.061 0.026 0.139

Topp et al. (1996) None 0.061 0.026 0.139

Murphy & Hardman (1998) Combined 0.061 0.026 0.139

Tsutsumi et al. (1998) Combined 0.061 0.026 0.139

Bemben et al. (2000) Combined 0.061 0.026 0.139

Haykowsky et al. (2000) None 0.061 0.026 0.139

Loimaala et al. (2000) Combined 0.061 0.026 0.139

Kraemer et al. (2001) Combined 0.061 0.026 0.139

Maiorana et al. (2001) None 0.061 0.026 0.139

Ohkubo et al. (2001) None 0.061 0.026 0.139

Poyhonen et al. (2002) None 0.061 0.026 0.139

Schmitz et al. (2002) None 0.061 0.026 0.139

Takeshima et al. (2002) None 0.061 0.026 0.139

Fairey et al. (2003) None 0.061 0.026 0.139

Fujita et al. (2003) None 0.061 0.025 0.139

Hautala et al. (2004) None 0.061 0.025 0.139

Kalapotharakos et al. (2004) Combined 0.061 0.025 0.139

Maeda et al. (2004) None 0.061 0.025 0.139

Roelants et al. (2004) None 0.073 0.037 0.140

Shields et al. (2004) None 0.073 0.037 0.140

Tsai et al. (2004) None 0.073 0.037 0.140

0.073 0.037 0.140

-2.00 -1.00 0.00 1.00 2.00

Favors No Injury Favors Injury


Where n​​inje is the number of participants in the exercise group who dropped out of the intervention because of an unintentional injury and n​​​​tote is the initial total number of participants in the exercise group. Control group data were not included in these estimates because this would have resulted in zero events for all control groups.

The standard error for the ER was calculated as follows:
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where ER is the event rate for unintentional injuries and n​tote  is the initial total number of exercise participants. For those cells that were empty, i.e., zero (0) events, a continuity correction of 10-4 was added in order to calculate the standard error for each ER (9). 
Pooled estimates for unintentional injuries. After calculating treatment effects and variances for each outcome from each study, all results were pooled using a random effects model, an approach that accounts for between-study heterogeneity (10). For all analyses, the ER was analyzed using the logit transformation and then back transformed to the original ER for presentation purposes.  
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In addition to using a random effects model, heterogeneity based on a fixed effects model was examined using the Q statistic (11). An alpha value of < 0.10 for the Q statistic was considered to be indicative of statistically significant heterogeneity.  In addition, the consistency of between-study findings for all outcomes was examined using a recently developed extension of Q known as I2 (12). This was calculated as:
I2 = 100% x (Q-df)/Q
where Q is Cochran’s heterogeneity statistic (11) and df are the degrees of freedom, equal to the number of outcomes minus 1. Generally, I2 values of 25%, 50%, and 75% may be considered to represent small, medium, and large amounts of inconsistency (12).  For this study, findings were considered to be significantly heterogeneous if Q < 0.10 and/or I2 was greater than 50%. If no significant heterogeneity was found, a decision was made a priori to not conduct any subgroup or moderator analyses since it is not necessary to do so in the absence of significant heterogeneity. In addition, the primary purpose of this meta-analysis was to examine the overall risk of dropping out of a study because of an unintentional injury.  

Publication bias. Publication bias is the tendency for authors to submit, and editors to publish, studies that yield statistically significant results for the primary outcome of interest (13,14).  However, since adverse events, including unintentional injuries, were neither a primary nor secondary outcome for any of the included studies, no test for publication bias was conducted. 

Influence analysis. In order to examine the effects of each study on the overall results, all analyses were conducted with each study deleted from the model once.

Cumulative meta-analysis. In order to examine results over time, cumulative meta-analysis, ranked by year of publication (15), was conducted.  Cumulative meta-analysis is an approach in which studies are added one at a time in a specified order and the results summarized as each new study is added (16).

Multiple groups from the same study. For multiple groups from the same study, all analyses were conducted by treating each outcome independently as well as combining multiple results on unintentional injuries from the same study into one outcome. 

Software used for statistical analysis of data.  All data were analyzed using SPSS, version 16.0 (17), Comprehensive Meta-Analysis, version 2.2 (18), and Microsoft Excel (19).

RESULTS

Study Characteristics
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Study name Subgroup within study Event rate and 95% CI

Event Lower Upper 

rate limit limit

Aldred et al. (1995) None 0.000 0.000 1.000

Anshel (1996) None 0.000 0.000 1.000

Bemben et al. (2000a) Group 1 0.000 0.000 1.000

Bemben et al. (2000b) Group 2 0.000 0.000 1.000

Fairey et al. (2003) None 0.000 0.000 1.000

Fujita et al. (2003) None 0.000 0.000 1.000

Hautala et al. (2004) None 0.000 0.000 1.000

Haykowsky et al. (2000) None 0.000 0.000 1.000

Heinonen & Kannus (1996) None 0.082 0.031 0.198

Jette et al. (1996) None 0.020 0.003 0.129

Kalapotharakos et al. (2004a) Group 1 0.000 0.000 1.000

Kalapotharakos et al. (2004b) Group 2 0.000 0.000 1.000

Kraemer et al. (2001a) Group 1 0.000 0.000 1.000

Kraemer et al. (2001b) Group 2 0.000 0.000 1.000

Kraemer et al. (2001c) Group 3 0.000 0.000 1.000

Loimaala et al. (2000a) Group 1 0.000 0.000 1.000

Loimaala et al. (2000b) Group 2 0.000 0.000 1.000

Maeda et al. (2004) None 0.000 0.000 1.000

Maiorana et al. (2001) None 0.000 0.000 1.000

Marcus et al. (1995) None 0.000 0.000 1.000

Murphy & Hardman (1998a) Group 1 0.000 0.000 1.000

Murphy & Hardman (1998b) Group 2 0.000 0.000 1.000

O'Connor et al. (1995) None 0.000 0.000 1.000

Ohkubo et al. (2001) None 0.000 0.000 1.000

Poyhonen et al. (2002) None 0.000 0.000 1.000

Roelants et al. (2004) None 0.100 0.033 0.268

Schmitz et al. (2002) None 0.000 0.000 1.000

Shields et al. (2004) None 0.000 0.000 1.000

Takeshima et al. (2002) None 0.000 0.000 1.000

Topp et al. (1996) None 0.000 0.000 1.000

Tsai et al. (2004) None 0.000 0.000 1.000

Tsutsumi et al. (1998a) Group 1 0.000 0.000 1.000

Tsutsumi et al. (1998b) Group 2 0.000 0.000 1.000

0.073 0.037 0.140

-2.00 -1.00 0.00 1.00 2.00

Favors No Injury Favors Injury

Of the 159 studies reviewed, 26 were included for analysis (Figure 1) (20-45).  The studies included a total of 33 exercise groups (some studies had more than one exercise group) and 26 control groups.  The total number of male and female participants in the studies was 1,211 (677 exercise, 534 control).  The calculation of the exact number of males and females was not possible because of missing gender data for some studies. One study was a crossover trial (33) while the other 25 were parallel group trials (20-32,34-45). Eight studies were published in the United States (22,28,30,34,36,40,43,45), four in Finland (25,27,31,38), four in Japan (24,32,37,42), three in Canada (23,26,41), two each in either Australia (21,33) or the United Kingdom (20,35), and one each in Belgium (39), Greece (29), and Taiwan (44). 

Subject Characteristics 

A summary of the physical characteristics of the participants is shown in Table 1. The initial number of participants ranged from 8 to 62 in the exercise groups (
[image: image3.wmf]X

± SD, 21 + 13) and 4 to 58 in the control groups (
[image: image4.wmf]X

± SD, 21 + 15). The overall dropout rate ranged from 0% to 36.4% in the exercise groups (
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± SD, 10.8 + 11.3%) and 0% to 33.3% in the control groups (
[image: image6.wmf]X

± SD, 8.5 ± 10.1%).  Thirteen studies were limited to females (20,22,23,27,30,32,34,35,38-40,42,45) and five to males (21,25,26,31,41). The remaining eight studies included both males and females (24,28,29,33,36,37,43,44).  Nineteen studies reported that participants were not physically active prior to taking part in the study (20-22,25-
27,29,31-36,39,41-45), four reported that some were physically active (23,24,37,40) and two reported that all participants were physically active (30,38).  QUOTE "{Heinonen, Kannus, et al. 1996 #290}" 

Sixteen studies reported that participants were “apparently healthy” upon enrollment (21,22,24-28,30,33,34,37,38,40-42,45) while one reported that participants were not “apparently healthy” (23). Twenty studies reported that none of the participants had any significant type of cardiovascular disease prior to participation (20,22-32,35,37,39,40,42-45).  Two studies reported that some of the participants were overweight (20,40). 
Training Program Characteristics
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Study name Subgroup within study Statistics for each study Event rate and 95% CI

Event  Lower  Upper 

rate limit limit

Aldred et al. (1995) None 0.000 0.000 1.000

Anshel (1996) None 0.000 0.000 1.000

Bemben et al. (2000) Combined 0.000 0.000 1.000

Fairey et al. (2003) None 0.000 0.000 1.000

Fujita et al. (2003) None 0.000 0.000 1.000

Hautala et al. (2004) None 0.000 0.000 1.000

Haykowsky et al. (2000) None 0.000 0.000 1.000

Heinonen & Kannus (1996) None 0.082 0.031 0.198

Jette et al. (1996) None 0.020 0.003 0.129

Kalapotharakos et al. (2004) Combined 0.000 0.000 1.000

Kraemer et al. (2001) Combined 0.000 0.000 1.000

Loimaala et al. (2000) Combined 0.000 0.000 1.000

Maeda et al. (2004) None 0.000 0.000 1.000

Maiorana et al. (2001) None 0.000 0.000 1.000

Marcus et al. (1995) None 0.000 0.000 1.000

Murphy & Hardman (1998) Combined 0.000 0.000 1.000

O'Connor et al. (1995) None 0.000 0.000 1.000

Ohkubo et al. (2001) None 0.000 0.000 1.000

Poyhonen et al. (2002) None 0.000 0.000 1.000

Roelants et al. (2004) None 0.100 0.033 0.268

Schmitz et al. (2002) None 0.000 0.000 1.000

Shields et al. (2004) None 0.000 0.000 1.000

Takeshima et al. (2002) None 0.000 0.000 1.000

Topp et al. (1996) None 0.000 0.000 1.000

Tsai et al. (2004) None 0.000 0.000 1.000

Tsutsumi et al. (1998) Combined 0.000 0.000 1.000

0.073 0.037 0.140

-2.00 -1.00 0.00 1.00 2.00

Favors No Injury Favors Injury

A summary of the training program characteristics for each study is shown in Tables 2 and 3. Ten studies were limited to aerobic exercise (20,21,23,25,31,32,34-36,44) and five to a combination of both aerobic exercise and progressive resistance training (24,33,37,41,42).  One study had participants perform either aerobic exercise or a combination of aerobic exercise and progressive resistance training (30) while another study had participants perform jump training exercises (27).  Eighteen studies reported that all exercise sessions were supervised (21-27,29,30,33-34,36-39,42,44,45), one reported that exercise was unsupervised (28), while 6 others reported a combination of both supervised and unsupervised exercise (20,31,35,40,41,43).  Walking, jogging and stationary cycling were the most common types of aerobic activity prescribed.    

Unintentional Injuries

Overall results. The overall results for dropouts as a result of unintentional injuries are shown in Table 4.  On a percentage basis, the risk of dropping out of an exercise intervention study due to an unintentional injury was 7.3% (95% CI, 3.7% to 14.0%) This finding was consistent when results were examined at the group and study level.  Based on both the Q and I2 statistics, no statistically significant heterogeneity was observed. 
The results for each group from each study are shown in Figure 2 while results when multiple groups within each study were combined are shown in Figure 3. Only 3 of 33 groups (9.1%) (Figure 2) or 3 of 26 studies (11.5%) (Figure 3) included one or more participants that dropped out of the exercise intervention due to an unintentional injury.  One study reported that three participants (10%) dropped out because of knee problems (39) while a third study reported a dropout rate of approximately 8.2% because of four unintentional injuries; two due to the aggravation of previous musculoskeletal injuries and two because of lower limb overuse injuries (27). A fourth study reported that one participant (2.0%) dropped out because of back spasms (28).
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Study name Subgroup within study Event rate (95% CI) with study removed

Lower  Upper 

Point limit limit

Aldred et al. (1995) None 0.073 0.037 0.140

Anshel (1996) None 0.073 0.037 0.140

Bemben et al. (2000a) Group 1 0.073 0.037 0.140

Bemben et al. (2000b) Group 2 0.073 0.037 0.140

Fairey et al. (2003) None 0.073 0.037 0.140

Fujita et al. (2003) None 0.073 0.037 0.140

Hautala et al. (2004) None 0.073 0.037 0.140

Haykowsky et al. (2000) None 0.073 0.037 0.140

Heinonen & Kannus (1996) None 0.066 0.025 0.163

Jette et al. (1996) None 0.089 0.043 0.174

Kalapotharakos et al. (2004a) Group 1 0.073 0.037 0.140

Kalapotharakos et al. (2004b) Group 2 0.073 0.037 0.140

Kraemer et al. (2001a) Group 1 0.073 0.037 0.140

Kraemer et al. (2001b) Group 2 0.073 0.037 0.140

Kraemer et al. (2001c) Group 3 0.073 0.037 0.140

Loimaala et al. (2000a) Group 1 0.073 0.037 0.140

Loimaala et al. (2000b) Group 2 0.073 0.037 0.140

Maeda et al. (2004) None 0.073 0.037 0.140

Maiorana et al. (2001) None 0.073 0.037 0.140

Marcus et al. (1995) None 0.073 0.037 0.140

Murphy & Hardman (1998a) Group 1 0.073 0.037 0.140

Murphy & Hardman (1998b) Group 2 0.073 0.037 0.140

O'Connor et al. (1995) None 0.073 0.037 0.140

Ohkubo et al. (2001) None 0.073 0.037 0.140

Poyhonen et al. (2002) None 0.073 0.037 0.140

Roelants et al. (2004) None 0.061 0.025 0.138

Schmitz et al. (2002) None 0.073 0.037 0.140

Shields et al. (2004) None 0.073 0.037 0.140

Takeshima et al. (2002) None 0.073 0.037 0.140

Topp et al. (1996) None 0.073 0.037 0.140

Tsai et al. (2004) None 0.073 0.037 0.140

Tsutsumi et al. (1998a) Group 1 0.073 0.037 0.140

Tsutsumi et al. (1998b) Group 2 0.073 0.037 0.140

0.073 0.037 0.140

-0.25 -0.13 0.00 0.13 0.25
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Influence analysis. With the results from each group deleted from the model once, the ER ranged from a low of 0.061 (95% CI, 0.025 to 0.138) to a high of 0.089 (95% CI, 0.043 to 0.174) (Figure 4). Results were similar when multiple groups from the same study were pooled and then each study deleted from the model once (Figure 5).
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Study name Subgroup within study Cumulative event rate (95% CI)

Lower  Upper 

Point limit limit

Aldred et al. (1995) None 0.000 0.000 1.000

Marcus et al. (1995) None 0.000 0.000 1.000

O'Connor et al. (1995) None 0.000 0.000 1.000

Anshel (1996) None 0.000 0.000 1.000

Heinonen & Kannus (1996) None 0.082 0.031 0.198
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Murphy & Hardman (1998b) Group 2 0.061 0.026 0.139

Tsutsumi et al. (1998a) Group 1 0.061 0.026 0.139

Tsutsumi et al. (1998b) Group 2 0.061 0.026 0.139

Bemben et al. (2000a) Group 1 0.061 0.026 0.139

Bemben et al. (2000b) Group 2 0.061 0.026 0.139

Haykowsky et al. (2000) None 0.061 0.026 0.139
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Kraemer et al. (2001b) Group 2 0.061 0.026 0.139

Kraemer et al. (2001c) Group 3 0.061 0.026 0.139

Maiorana et al. (2001) None 0.061 0.026 0.139

Ohkubo et al. (2001) None 0.061 0.026 0.139

Poyhonen et al. (2002) None 0.061 0.026 0.139
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Fujita et al. (2003) None 0.061 0.025 0.139
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Kalapotharakos et al. (2004a) Group 1 0.061 0.025 0.139

Kalapotharakos et al. (2004b) Group 2 0.061 0.025 0.139

Maeda et al. (2004) None 0.061 0.025 0.139
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Cumulative meta-analysis. The results for cumulative meta-analysis are shown in Figures 6 and 7. As can be seen, the ER for dropping out of an exercise intervention study due to an unintentional injury has increased over time. Specifically, there was an increase from 0% in 1995 to 7.3% in 2004, regardless of whether results were treated independently (Figure 6) or pooled (Figure 7).

DISCUSSION

The purpose of this study was to examine the overall ER for dropping out of a randomized controlled exercise intervention study due to an unintentional injury.  The overall findings suggest that there is a small risk of dropping out of a randomized controlled exercise intervention study due to an unintentional injury.  The fact that these findings are smaller than the injury rates reported by Pollock et al. (6) may be the result of the meta-analysis focusing on dropouts as a result of unintentional injuries versus injuries that occurred regardless of whether or not participants dropped out of the study. However, this latter information is not often reported in intervention studies. In addition, the absence of life-threatening injuries is consistent with previous research among more than 5,500 participants and 11 different physical activity interventions that was part of a trans-National Institutes of Health collaborative known as the Behavior Change Consortium (46).  

The findings of this study are important since fear of injury, especially in adults 60 years of age and older, is a major reason given for not starting and maintaining a regular program of exercise (47).  The results of this study may also have implications for those planning randomized controlled exercise intervention trials in that initial summary data now exist on the risk for dropping out of an exercise intervention due to an unintentional injury.     
While no established criteria currently exist, the findings of the present meta-analysis suggest that the risk of dropping out of a randomized controlled exercise intervention study due to an unintentional injury is small.  However, there were several studies in which unintentional injuries and subsequent dropouts did occur.  The 10% dropout rate in the study by Roelants et. al. (39) may have been associated with the fact that the participants were older, postmenopausal women, the leg exercises performed and/or previous injuries. The approximate 8% dropout rate as a result of lower extremity injuries in the study by Heinonen et al. was most likely the result of the exercise intervention itself in that participants performed high-impact jump-training exercises (27).  While statistically significant increases in femoral neck BMD were found in this study, this has to be countered with the increased risk for unintentional injury that was reported. This may be especially important since jump training exercises have been recommended for increasing and/or maintaining BMD because of the potentially greater benefits afforded to the skeleton (48).  Finally, the one participant that dropped out of the study conducted by Jette et al. (28) because of back spasms may have been related to the older age of the participants and/or the fact that the exercise program, unlike the other two studies in which there were dropouts (27,39), was unsupervised.  Given the limited number of studies and unintentional injuries that occurred within those studies, no quantitative analyses were possible to see if any associations existed between dropout rates and selected characteristics from the studies in which unintentional injuries did occur.  Therefore, it would appear plausible to suggest that an exhaustive meta-analysis that includes a larger number of studies is needed to address those characteristics (subject, training program, etc.) that may increase the risk for dropping out of an exercise intervention due to an unintentional injury.  Unfortunately, such an analysis was beyond the resources available for the current meta-analysis.

While the overall results of the present meta-analysis are encouraging, they must be viewed with respect to the following potential limitations.  First, the low dropout rates observed may have to do with the rigorous screening protocols that are required by most Institutional Review Boards.  Consequently, those participants at risk for unintentional injury as a result of exercise may often be 
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Study name Subgroup within study Event rate (95% CI) with study removed

Lower  Upper 

Point limit limit

Aldred et al. (1995) None 0.073 0.037 0.140

Anshel (1996) None 0.073 0.037 0.140

Bemben et al. (2000) Combined 0.073 0.037 0.140

Fairey et al. (2003) None 0.073 0.037 0.140

Fujita et al. (2003) None 0.073 0.037 0.140

Hautala et al. (2004) None 0.073 0.037 0.140

Haykowsky et al. (2000) None 0.073 0.037 0.140

Heinonen & Kannus (1996) None 0.066 0.025 0.163

Jette et al. (1996) None 0.089 0.043 0.174

Kalapotharakos et al. (2004) Combined 0.073 0.037 0.140

Kraemer et al. (2001) Combined 0.073 0.037 0.140

Loimaala et al. (2000) Combined 0.073 0.037 0.140

Maeda et al. (2004) None 0.073 0.037 0.140

Maiorana et al. (2001) None 0.073 0.037 0.140

Marcus et al. (1995) None 0.073 0.037 0.140

Murphy & Hardman (1998) Combined 0.073 0.037 0.140

O'Connor et al. (1995) None 0.073 0.037 0.140
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Schmitz et al. (2002) None 0.073 0.037 0.140

Shields et al. (2004) None 0.073 0.037 0.140
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excluded from participation in a randomized controlled exercise intervention trial. Thus, the included participants may not be representative of all participants that initiate an exercise program on their own. A second possible factor for the low risk of dropping out may have to do with the limited exposure time to exercise in the included studies (8-72 weeks).  

The analysis was limited a priori to those participants that dropped out of a study because of an unintentional injury.  However, based on the findings of Pollock et al. (6) it is likely that more participants incurred an unintentional injury but did not dropout of each respective study. However, this information is not often reported in intervention studies. Given the former, it is suggested that future studies report data on the number, location, and type of unintentional injuries that occur during an exercise intervention study.  

Approximately 26% of the studies that met the inclusion criteria did not report adequate data on dropouts and/or adverse events, including information on unintentional injuries.  Given the former, it is suggested that future studies adequately report data on dropouts and adverse events, including unintentional injuries. This includes the number and reasons for dropping out as well as whether the adverse event was attributable to participation in the exercise intervention.  

Finally, 23 of 26 studies (approximately 88%) reported no dropouts as a result of unintentional injuries. Consequently, it was necessary to use a continuity correction so that variance statistics could be calculated. While a small continuity correction of 10-4 was used, results would have differed somewhat if a different continuity correction, for example 10-1, was used (9). This is important to understand since in addition to affecting the magnitude of an event, such constants also affect variance estimates and subsequent weighting (49). However, it is probably more important to include studies with zero events versus excluding them since the latter may result in more biased estimates.   

CONCLUSIONS

In conclusion, the overall findings of this study suggest that the rate of unintentional injuries congruent with participation in randomized controlled exercise intervention studies is small. However, additional studies are needed to determine specific population groups and types of interventions that may increase risk.  
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Figure 1. Flow diagram for the selection of studies. 





Table 1. Subject characteristics.





Variable�



N�
Exercise


� EMBED Equation.DSMT4  ���± SD�



Range�



N�
Control


� EMBED Equation.DSMT4  ���± SD�



Range�
�
Age (yrs)�
32�
51.3 + 14.7�
22-71�
25�
51.8 ±  15.8�
22-73�
�
Height (cm)�
16�
164.9 + 9.3�
150-179�
11�
165.2 ±  8.5�
153-180�
�
Body weight (kg)�
25�
72.5 + 10.0�
52-89�
19�
70.7 ± 9.7�
53-89�
�
BMI (kg/m2)�
25�
26.0 + 2.4�
22-31�
19�
25.3 ±  2.3�
22-30�
�
Body fat (%)�
9�
33.1 + 4.1�
29-41�
5�
33.2 ±  6.4�
24-41�
�
VO2max (ml.kg-1.min-1)�
15�
31.4 + 6.1�
23-42�
10�
33.1 ± 6.7�
25-44�
�
Abbreviations: N; number of groups reporting data, � EMBED Equation.3  ���±  SD; mean + standard deviation, BMI; body mass index, VO2max; maximum oxygen consumption.





Table 2. Summary of training program characteristics for aerobic exercise only and weight training only groups.


Variable�
N�
� EMBED Equation.DSMT4  ���± SD�
Range�
�
Aerobic Exercise�
�
�
�
�
- Length (weeks)�
15�
16.4 ± 15.8�
8-72�
�
- Frequency (times/week)�
15�
3.8 ± 1.1�
2-6�
�
- Intensity (%VO2max)�
14�
72.6 ±  10.3�
50-86�
�
- Duration (minutes/session)�
15�
30.7 ± 6.9�
20-46�
�
- Compliance (%)�
13�
94.6 ± 6.6�
83-100�
�
Weight Training�
�
�
�
�
- Length (weeks)�
12�
17.6 ±  7.8�
10-36�
�
- Frequency (times/week)�
12�
2.8 ±  0.4�
2-3�
�
- Intensity (%1RM)�
7�
67.1 ±  15.0�
40-80�
�
- Duration (minutes/session)�
8�
45.9 ±  11.5�
20-60�
�
- Sets (#)�
12�
2.4 ±  0.8�
1-3�
�
- Repetitions (#)�
12�
11.6 ±  3.9�
6-18�
�
- Rest between sets (sec.)�
5�
56.4 ±  60.5�
0-120�
�
- Exercises (#)�
12�
8.0 ±  3.1�
2-12�
�
- Compliance (%)�
10�
89.5 ±  12.5�
58-100�
�
Abbreviations: N; Number of groups reporting data, � EMBED Equation.3  ���± SD; mean ±  standard deviation, %VO2max; percentage of maximum oxygen consumption, %1RM; percentage of 1 repetition maximum, #; number, Compliance; percentage of exercise sessions attended.





Table 3. Summary of training program characteristics for combined aerobic exercise and weight training groups.


Variable�
N�
� EMBED Equation.DSMT4  ���± SD�
Range�
�
Length (weeks)�
6�
15.7 ± 7.4�
8-25�
�
Frequency (times/week)�
6�
2.8 ± 0.5�
2-3�
�
Intensity (%VO2max)�
6�
64.8 ±15.1�
50-85�
�
Intensity (%1RM)�
1�
--�
--�
�
Duration (minutes/session)�
6�
29.8 ± 11.1�
18-40�
�
Sets (#)�
4�
1.6 ± 0.8�
1-2�
�
Repetitions (#)�
5�
14.5 ± 3.7�
10-20�
�
Rest between sets (sec.)�
2�
7.5 ± 10.6�
0-15�
�
Exercises (#)�
5�
8.2 ± 2.9�
5-12�
�
Compliance (%)�
3�
93.3 ± 11.5�
80-100�
�
 N, number of groups reporting data; � EMBED Equation.3  ���+ SD, mean + standard deviation; %VO2max , percentage of maximum oxygen consumption; %1RM, percentage of 1 repetition maximum; -- Unable to calculate, one study reported participants training at 60% of 1RM; #, number; Compliance, percentage of exercise sessions attended.





Table 4. ER for dropouts as a result of unintentional injuries..


Level�
N�
ER (95% CI)�
Q(p)�
I2�
�
Group�
33�
0.073 (0.037 to 0.140)�
2.4 (>0.99)�
<1%�
�
Study�
26�
0.073 (0.037 to 0.140)�
2.4 (>0.99)�
<1%�
�
Abbreviations: N; number of outcomes, ER; event rate, 95% CI; confidence interval, Q(p); heterogeneity statistic and alpha value, I2; consistency statistic, an extension of Q.





Figure 2.  Group level forest plot of the event rate (ER) for unintentional injuries. Black squares represent the point estimate for the ER while the lines represent the 95% confidence intervals. Size of the black boxes for each outcome represents the weighted ER for that outcome. The overall weighted ER is shown by the middle of the diamond while the left and right extremes of the diamond represent the corresponding 95% confidence intervals. Since results are based on the ER, neither the point estimates nor 95% confidence intervals can be negative.





Figure 5.  Study level influence plot of the event rate (ER) for unintentional injuries with each study deleted from the model once.








Figure 3.  Study level forest plot of the event rate (ER) for unintentional injuries.  See Figure 2 legend for details.





Figure 4.  Group level influence plot of the event rate (ER) for unintentional injuries with each group deleted from the model once.





Figure 7.  Study level cumulative meta-analysis, ranked by year, of the event rate (ER) for unintentional injuries.





Figure 6.  Group level cumulative meta-analysis, ranked by year, of the event rate (ER) for unintentional injuries.
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