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Abstract

Background: Most studies of exercise-related injury have focused on either sport-related exposures or specific at-risk populations. The
purpose of this study was to investigate injuries related to both non-equipment exercise (NEE) as well as strength training activity (STA) in U.S.
adults.

Methods: Data for this research came from the 2006-2015 National Electronic Injury Surveillance System (NEISS) which collects data
annually from a representative sample of U.S. emergency departments (EDs). Product codes were used to identify injuries related to NEE and
injuries related to STA in adults 18+ years of age. Analyses focused on estimating the number of exercise-related injuries and changes in injury
estimates across years. SAS survey procedures were used to compute descriptive statistics and estimate total weighted number of injuries. Linear
regression was used for 10-year trend analyses.

Results: Trend analysis of NEE injuries showed a significant linear increase (R?=.939, RMSE= 14,874, p<.001). Trend analysis of STA as well
showed a significant linear trend (R?=.933, RMSE= 3,413, p<.001).

Conclusion: Results from this study show that exercise-related injuries increased linearly from 2006 to 2015. Furthermore, injury trends
were similar for NEE and STA.
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Abbreviations: NEE: Non - Equipment Exercise; STA: Strength Training Activity; NEISS: National Electronic Injury Surveillance System; EDs:
Emergency Departments; BRFSS: Behavioral Risk Factor Surveillance System
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Introduction Many studies have reported estimates and trends associated
with exercise-related injuries. One study recently researched
the injuries associated with home exercise equipment that
resulted in emergency department treatment and found that
treadmills were involved in a majority of the cases [5]. Running-
related injuries in school-aged children and adolescents were
examined in another study, where an increasing trend was
found over the years of 1994-2007 [6]. A final study researched
the sex differences in resistance training injuries in a younger

Unintentional injury remains a leading cause of death and
disability in the U.S. [1]. One particular pastime related to
unintentional injury is the participation of exercise-related
activities [2]. Exercise can be defined as any planned and
structured form of physical activity where specific fitness-
related outcomes are expected [3]. Recent data from the 2016
Behavioral Risk Factor Surveillance System (BRFSS) shows
that approximately three-quarters of U.S. adults participate in
some form of physical activity [4]. With the above definition
in mind, then, muscular strength training can be considered
an exercise-related activity. In 2015, the BRFSS data showed
that approximately 30% of U.S. adults participate in muscle
strengthening activity two or more times per week. With such
large numbers of U.S. adults engaging in exercise-related activity,
the potential for increased injury risk becomes a public health

aged population and found that males experienced more
sprains and strains than females [7]. Most studies that have
reported incidence and trend estimates on exercise-related
injuries, however, have focused on either specific exposures,
specific injuries or specific at-risk populations [8]. Therefore,
the purpose of this study was to investigate injuries related to
both non-equipment exercise (NEE) as well as strength training

activity (STA) in U.S. adults.
concern.
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Methods
Participants and Design

Data for this research came from the 2006-2015 National
Electronic Injury Surveillance System (NEISS) which collects
data annually from a representative sample of U.S. emergency
departments (EDs) [9]. This study was limited to adults 18 years
of age and older who presented to one of the sampled U.S. EDs.
Ten different datasets, corresponding to years 2006 thru 2015,

were downloaded from the NEISS. Each dataset included the
same set of variables, such as date of treatment, case number,
date of birth, age of patient, sex of patient, diagnosis, body part
affected, case disposition, product code(s), injury intention,
location of incident, fire-related, work-related, race of patient,
and comments. As well, each case in each dataset has sampling
weight and associated complex sampling variables. After each
dataset was downloaded, they were concatenated to build one
single dataset.

Measures
Table 1: Sample frequencies and weighted frequencies of exercise-related injuries by sex, U.S. EDs 2006-2015.
Males Females
Injury Year Freq wtFreq Freq wtFreq
NEE 2006 1,637 59,790 1,494 58,330
2007 1,661 62,897 1,550 58,340
2008 2,309 76,081 1,902 68,850
2009 2,569 89,044 2,266 87,729
2010 2,823 100,180 2,393 93,686
2011 3,142 108,973 2,693 104,991
2012 3,232 120,358 3,051 127,919
2013 3,650 131,473 3,060 127,415
2014 3,678 130,212 3,163 128,131
2015 3,377 128,077 2,922 126,115
Total 28,078 1,007,086 24,494 981,506
STA 2006 1,078 42,474 232 9,311
2007 1,056 40,941 201 7,949
2008 1,251 44,555 277 10,596
2009 1,385 51,924 303 11,320
2010 1,460 57,293 285 11,773
2011 1,470 55,981 310 11,695
2012 1,521 60,219 341 13,391
2013 1,642 66,419 376 16,157
2014 1,590 60,721 436 18,008
2015 1,587 64,805 382 17,721
Total 14,040 545,333 3,143 127,922
NEE/STA 2006 2,705 101,893 1,718 67,381
2007 2,703 103,124 1,747 66,203
2008 3,517 119,167 2,167 79,160
2009 3,925 140,083 2,563 98,801
2010 4,252 156,490 2,669 105,170
2011 4,583 163,925 2,992 116,451
2012 4,711 179,319 3,373 140,568
2013 5,258 196,810 3,427 143,083
2014 5,238 190,004 3,581 145,632
2015 4,919 191,218 3,287 143,147
Total 41,811 1,542,032 27,524 1,105,597

Note. Freq is sample frequency and wtFreq is the weighted frequency. NEE is non-equipment exercise. STA is strength training activity. NEE/
STA frequencies may not sum to NEE + STA because of some overlap in reporting.
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Figure 1: 10-year trend line for estimated NEE injuries present-
ing to EDs in US adults, 2006-2015.
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Figure 2: 10-year trend line for estimated STA injuries present-
ing to EDs in US adults, 2006-2015.
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Figure 3: 10-year trend line for estimated NEE/STA injuries pre-

senting to EDs in US adults, 2006-2015. )

Product codes were used to identify injuries related to NEE
and injuries related to STA [10]. Three different analyses were
run using different exercise-related injury outcomes. First, a
NEE analysis was performed where patients were considered
treated for a NEE injury if they had product code 3299. Second,
an STA analysis was performed where patients were considered
treated for an STA injury if they had product code 3265. Finally,
a NEE/STA analysis was performed if a patient had either code
mentioned above. For each analysis, the two main variables were
weighted frequency of injury (NEE, STA, NEE/STA) and year
(2006 to 2015) (Table 1) (Figures 1-3).

Statistical Analysis

Analyses focused on estimating the number of exercise-
related injuries and changes in injury estimates across the
years 2006-2015. SAS survey procedures were used to compute
descriptive statistics and estimate total weighted number of
injuries [11]. Linear regression was used for 10-year trend
analyses [12]. Inspection of residuals and computation of
the Durbin-Watson statistic were both performed to detect
autocorrelation in the data. If autocorrelation was detected, the
SAS PROC AUTOREG was used to correct for it [13].

Results

Average annual number of actual (and weighted) ED visits
across the 10-year period was 5,257 (198,870) for NEEand 1,719
(67,334) for STA. Weighted number of NEE injuries more than
doubled in the 10-year period from 118,135 in 2006 to 254,192
in 2015. Trend analysis of NEE injuries showed a significant
linear increase (R?= .939, RMSE= 14,874, p< .001). Weighted
number of STA injuries also increased from 51,857 in 2006 to
82,526 in 2015. Trend analysis of STA injuries as well showed a
significant linear trend (R?*=.933, RMSE= 3,413, p<.001). When
analyzing injury estimates per 100,000 U.S. mid-year population,
trends remained for both NEE (R?= .918, RMSE= 6.50, p< .001)
and STA (R?=.898, RMSE= 1.48, p<.001).

Discussion

The purpose of this study was to investigate injuries related
to both NEE as well as STA in U.S. adults. Specifically, this study
examined the trends across a 10-year period beginning 2006 and
ending2015.Findings here showed that NEE injuries dramatically
increased across this time period. One possible explanation for
this is an associated increase in NEE participation by U.S. adults.
In any epidemiological analysis, assuming a fixed incidence,
the larger the exposed population, the greater the number of
infected [14]. However, data supporting this associated trend are
lacking. BRFSS data show a very similar prevalence in physical
activity participation across these years [4].

However, some data do support the prevalence of meeting
recommended amounts of physical activity is increasing in
U.S. adults [15,16]. Results of this study also showed a large
proportional increase in STA injuries across the study period.
This too may be explained simply by an increased number
of exposed individuals. Some data do support the increasing
prevalence in muscle strengthening activity. One such report
noted increases in muscle strengthening activity among U.S.
adults 65+ years of age, from the years 2000-2002 to the years
2013-2015 [17]. Even with these few supporting studies, more
research is needed to better understand this growing trend in
exercise-related injuries in U.S. adults.

Despite this study’s strength in reporting trends across
an extended (10-year) time period using data representative
of all ED centers in the U.S., there are some limitations worth
mentioning in this study. The main limitation is the fact that
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these data come from a sample of hospital EDs. This aspect of
the study may bias the estimates because some exercise-related
injuries may have presented to clinics or healthcare settings
other than EDs. Therefore, caution should be applied when
considering these results.

Conclusion

Results from this study show that exercise-related injuries
increased linearly from 2006 to 2015. Furthermore, injury
trends were similar for NEE, STA, and combined. These findings
indicate that health promotion efforts should include injury
prevention strategies in combination with physical activity
promotion.
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