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Background: Exertional rhabdomyolysis is a condition resulting from skeletal muscle damage and release of intracellular toxins

into the systemic circulation as a consequence of extreme physical effort. With increasing numbers of people partaking in high-

intensity workouts, we hypothesized that the rate of presentation of exertional rhabdomyolysis was also increasing.

Methods: All presentations to the Princess Alexandra Hospital emergency department in Brisbane, Australia between March

2005 and December 2016 were identified from the electronic medical record. Records of patients with a serum creatine

kinase value >1,000U/L or a urinary myoglobin >5mg/L were extracted for determination of whether the rhabdomyolysis

was attributable to physical exertion.

Results: From a total of 1,957 rhabdomyolysis cases, 89 patients (70.8% male) were identified as having exertional rhabdomyolysis.

The frequency of presentation increased from 0.28/10,000 presentations in 2005 to 3.5/10,000 in 2015. Gym-induced exertional

rhabdomyolysis was the primary subcategory (53.9%) for these cases, and manual labor was the second most common

subcategory (15.7%).

Conclusion: This study provides evidence for increasing instances of exertional rhabdomyolysis in the Brisbane, Australia

metropolitan area and adds to the current knowledge about those who develop exertional rhabdomyolysis. Future studies

are warranted to investigate if similar trends are being seen in other regions and to identify the circumstances leading to

the presentation. Such knowledge would be valuable for devising strategies to prevent and mitigate injury.
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INTRODUCTION
Exertional rhabdomyolysis, also frequently referred to

as exercise-induced rhabdomyolysis, is a potentially life-

threatening condition resulting from skeletal muscle damage

and the ensuing release of intracellular toxins into the sys-

temic circulation as a consequence of extreme physical ef-

fort.1 The classic clinical triad of rhabdomyolysis includes

myalgia, weakness, and pigmenturia.2 The mechanism at-

tributed to these features includes muscle injury as a re-

sult of direct mechanical damage and indirect damage

from energy depletion within the myocytes.1 Complications

can range from mild discomfort to acute renal failure and se-

vere electrolyte disturbances.3 Laboratory diagnostics in-

volve either a urinary myoglobin >5mg/L or an elevated

creatine kinase (CK) value >1,000U/L (a 5-fold increase

above normal physiologic levels).4 Early recognition allows

for aggressive treatment of the underlying etiology and

fluid replacement that can avert or mitigate renal damage

and other complications.2

Exertional rhabdomyolysis has been well documented in

the military and among professional and nonprofessional

athletes.5,6 Various activities have been identified as the pre-

cipitating cause, including marathons,7 training by young

athletes,8 stationary cycling,9 and extremely rigorous gym-

based workouts.10

The majority of the literature on exertional rhabdomyolysis

consists of case reports, with only 2 retrospective medical re-

cord studies from Norway investigating changes in incidences

over time. The first study found that incidences of exertional

rhabdomyolysis—identified based on CK laboratory values

>5,000U/L—increased 4-fold from 2011-2014.11 The second

study, conducted between 2010 and 2015, also identified an
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upward trend in exertional rhabdomyolysis.12 In that study,

25 of the 33 patients who had a CK level 10 times the

upper normal reference limit appeared in the last year of

the study. This trend is also reflected in case reports that

have increased in number and indicate the causal mecha-

nism to be high-intensity training.12,13

Although causes of exertional rhabdomyolysis are well

documented, case series and data describing changes

over time are limited. To add to the current evidence on

exertional rhabdomyolysis, we conducted a retrospective

prevalence study with the objective of identifying patterns,

circumstances, and outcomes of exertional rhabdomyoly-

sis presentations to the emergency department (ED) during

the prior 12 years. Further objectives were to determine whether

the presenting patterns of patients with exertional rhabdo-

myolysis have changed; to assess for any trends indicating

that particular activities initiate exertional rhabdomyolysis; to

gather demographic information on exertional rhabdomyoly-

sis admittances for sex and age; and to gather information re-

garding admittance, ED processing, and discharge of patients

with exertional rhabdomyolysis. We hypothesized that pre-

sentations of exertional rhabdomyolysis would reflect the in-

creasing popularity of extreme exercise regimens seen in

the wider community.

METHODS
This study was a retrospective medical records review

of presentations to the Princess Alexandra Hospital ED, a

tertiary-level, adult-only ED located in Brisbane, Australia,

with 61,000 primary presentations annually. Since 2005, pre-

sentations to the ED have been documented using the elec-

tronic databases Emergency Department Information System

and FirstNet (Cerner Inc.). The laboratory data were extracted

from the AUSLAB laboratory information system. Ethical ap-

proval for this study was received from the Human Research

Ethics Committees at both Metro South Health (HREC/16/

QPAH/310) and the University of Queensland (approval

2016-SOMILRE-0186).

Patients were included in the analysis if they had a posi-

tive urinary myoglobin or a CK level >1,000U/L within 2

days of their presentation or hospital admittance, were

>17 years old, and their medical records referenced physi-

cal exertion as an inciting cause of their presentation. Case

notes were reviewed to identify the underlying cause of the

rhabdomyolysis, and only cases caused by exertion were in-

cluded in the study.

Exclusion criteria included any presentation of rhabdo-

myolysis that could be attributed to another cause such as

myocardial infarction, pneumonia, trauma, stroke, overdose,

seizure, and electrocution. Also excluded were patients for

whom the inciting problem was initially attributed to exertion

but was subsequently deemed to be related to cardiac con-

ditions, drug overdose, or stroke.

All selected patients were classified into 7 subcategories

relating to the etiology of their exertional rhabdomyolysis:

gym, marathon/running, manual labor, military/police train-

ing, team sports, walking/heat, and other. Demographic in-

formation and hospital admission and discharge data were

collected. Variables were analyzed using appropriate de-

scriptive statistics of frequencies, percentages, and means

with standard deviations.

RESULTS
A total of 89 patients were identified as having exertional

rhabdomyolysis between March 2005 and December 2016

(Figure 1). An increasing number of total ED presentations,

number of rhabdomyolysis presentations, and number of ex-

ertional rhabdomyolysis presentations occurred during this

12-year period. The increase in exertional rhabdomyolysis

presentations is reflected in the percentage of exertional

rhabdomyolysis ED presentations compared to total ED pre-

sentations during the study period (Figure 2). The number of

exertional rhabdomyolysis presentations increased from a low

of 0.28 per 10,000 ED presentations in 2005 to a peak of 3.5

per 10,000 in 2015. Of the 89 total exertional rhabdomyolysis

presentations, 53.9% were attributable to gym-based work-

outs comprised of activities such as weight lifting, personal

trainer–guided exercise, and high-intensity workouts such as

CrossFit.

As shown in Table 1, >50% of patients presented on

Thursday, Friday, and Saturday and were most likely to arrive

during the daytime hours (0701-1600) as walk-in patients.

Half of the patients who arrived were either discharged di-

rectly from the ED or sent to short stay. Three of the 21 pa-

tients sent to short stay were subsequently admitted. The

medical record identified the time of the inciting event in 73

of the 89 cases (82.0%). Of the patients with an inciting

time identified, less than half (42.5%) presented on the

same day or the day after the inciting event (Table 2). The re-

mainder presented later, with 16.4% presenting more than a

week after the inciting event.

DISCUSSION
The increasing rate of exertional rhabdomyolysis presenta-

tions to the Princess Alexandra Hospital ED from 2005-2016,

in addition to confirming the study’s hypothesis, adds to the

little information available in the literature regarding instances

of exertional rhabdomyolysis. The 4-fold increase from 2011-

2014 reported in one of the Norwegian studies11 is more than

the 3-fold increase during the same period at our site. Reduc-

tions in presentations compared to prior years were seen in

2010 and 2016. The significance of these decreases is not

clear and would require longitudinal analysis to determine if

they were attributable to natural yearly variation or repre-

sented a change in presenting patterns. Notwithstanding

the fluctuation, the overall trend for increase is unequivocal.

In this study, both CK and urinary myoglobin concentra-

tions were highly variable. This variability is likely a reflection

of individual physiologic differences, the large variation in

sampling time relative to the inciting incident, and discrep-

ancies in the quantities of underlying muscle damage.

A 2016 metaanalysis indicated that patients with severe

rhabdomyolysis (defined as CK >15,000U/L) were at the

greatest risk of kidney damage, with a receiver operating

characteristic curve for CK predicting an acute kidney injury

occurrence of 0.75 (95% confidence interval 0.71-0.79).14

The predictive value was even higher in cases relating to

crush injuries, suggesting variability in subcategories of

rhabdomyolysis. A follow-up study regarding progression

to acute renal failure may be worthwhile, considering that

the average CK of patients at Princess Alexandra Hospital

was higher than the predictive value of 15,000U/L identified

in the literature.14
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Figure 2. The percentage of exertional rhabdomyolysis (ER) cases of total emergency
department (ED) presentations to Princess Alexandra Hospital is shown for the pe-
riod 2005-2016. The straight line represents the linear trend for the duration of the
study.

Figure 1. Data recorded in the Emergency Department Information System (EDIS/FirstNet) and AUSLAB laboratory data-
bases at the Princess Alexandra Hospital (PAH) emergency department were used to identify, screen, determine eligibility,
and categorize exertional rhabdomyolysis to identify 89 presentations with 7 major inciting subcategories.
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In regard to urinary myoglobin, 38.5% of the urinary myo-

globin results did not indicate exertional rhabdomyolysis

where CK results were >1,000U/L. The literature is not con-

sistent regarding the ability of urinary myoglobin to predict

progression to acute renal failure. A 2009 literature review

found that although the sensitivity for urinary myoglobin in

most of the 8 studies they selected was 100%, the number

of false-positive results was equal to or greater than the

true-positive results in all but one of the studies.15 The iden-

tification of predictive values for acute renal failure in cases

of rhabdomyolysis can be vital to mitigating complications

and initiating preventive treatments. Therefore, an evaluation

of the role of these biomarkers in exertional rhabdomyolysis

would be a valuable investigation in future studies.

Our exertional rhabdomyolysis cohort was younger than

the general ED population, with 78.7% of patients <40

years old compared to 44.1% in the general ED population

(data on file). This age range aligns with research on exer-

tional rhabdomyolysis published in 1994 that identified 35

male patients in a retrospective medical records study with

an average age of 24.4±5.4 years.16 Similarly, the male pre-

dominance in our exertional rhabdomyolysis cohort also

aligns with the literature.17 This unequal sex distribution

may be partly attributable to the greater number of males vs

females participating in predisposing activities. One study

found a male predominance (68.9%) in participants across

5 sports in the Australian state of Victoria.18 Even in high-

intensity activities such as CrossFit, in which the sex divide

is not as exaggerated, males have been shown to be more

likely to sustain an injury and less likely to ask for guidance

from personal trainers than females.19 Another argument

for the male predominance in exertional rhabdomyolysis is

differences in the distribution of skeletal muscle, fat, and in-

flammatory responses between the sexes. Animal models

have shown female rats to have lower degrees of muscle

damage following extreme exertion.17 In particular, the de-

creased inflammatory responses to muscle damage in fe-

males have been attributed to estrogen because of its

structural similarities to vitamin E that may enable it to exhibit

similar capabilities in suppressing oxidative stress.20 How-

ever, some contradictory research has indicated greater

muscle damage in women performing eccentric exercises

rather than less damage that would be predicted from the at-

tributed action of estrogen.21

In contrast with the larger cohort of all 89 patients with

exertional rhabdomyolysis (70.8% male), the ratio of

male to female presentations for the gym-induced exer-

tional rhabdomyolysis subcategory (n= 48) was almost

equal (52.1% male vs 47.9% female). This finding may

suggest that women may have a similar biophysical pre-

disposition to men influencing susceptibility in the gym en-

vironment, but patterns seen in the manual labor category

are accounted for by the male predominance in this

profession.22

Although several types of exercise were associated with

the exertional rhabdomyolysis presentations in our cohort,

gym workouts were the inciting cause for more than half of

the presentations. This finding is in alignment with our

study hypothesis that the increasing prevalence of exertional

rhabdomyolysis potentially stems from the heightened pop-

ularity and the 24/7 availability of gyms and high-intensity

workouts by individuals who perhaps have minimal scientific

Table 1. Demographic, Presenting, and Discharge Patterns
of Patients With Exertional Rhabdomyolysis at Princess
Alexandra Hospital, March 2005 to December 2016

Variable
Number of

Patients n =89

Age, years

<40 70 (78.7)

40-60 17 (19.1)

>60 2 (2.3)

Sex, male 63 (70.8)

Day of presentation

Sunday 6 (6.7)

Monday 7 (7.9)

Tuesday 15 (16.9)

Wednesday 11 (12.4)

Thursday 17 (19.1)

Friday 16 (18.0)

Saturday 17 (19.1)

Mode of arrival

Walk-in 66 (74.1)

Ambulance 20 (22.5)

Police 3 (3.4)

Time of arrival

0701-1600 45 (50.6)

1601-2300 35 (39.3)

2301-0700 9 (10.1)

Mean time in the emergency
department, minutes ± SD

363± 294.2

Discharge destination

Admitted 42 (47.2)

Discharged 23 (25.8)

Short stay 21 (23.6)

Transfer to another hospital 2 (2.3)

Left without discharge 1 (1.1)

Destination of ambulance arrivals (n = 20)

Not admitted 13 (65.0)

Admitted 7 (35.0)

Destination of short-stay patients (n = 21)

Not admitted 18 (85.7)

Admitted 3 (14.3)

Length of stay if admitted, days (n = 42)

1 16 (38.1)

2 8 (19.1)

3 8 (19.1)

4 6 (14.3)

5 2 (4.8)

6 0

7 1 (2.4)

8 1 (2.4)

Data are presented as n (%) unless otherwise noted.
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training or support. A 2016 article commenting on the Aal-

borg et al paper11 proposed that the trends observed in Nor-

way may also be a consequence of lifestyle patterns

composed of sedentary daily lives and widespread en-

gagement in organized fitness that often emphasizes

weight training, large numbers of repetitions, and eccen-

tric movements.12 Support for this shift in exercise styles

comes from a worldwide survey of fitness trends showing

that high-intensity interval training was the most popular

exercise type in 2014 and body weight training was the

most popular in 2015.23 Participants in gym workouts pos-

sibly represent a wider range of fitness levels than partici-

pants in other sports for which a certain level of skill and

fitness is required. Consequently, gym cohorts likely in-

clude individuals who are inexperienced and have a

lower level of physical strength, endurance, and athletic

training than participants in most sports.24

In addition to gym-induced exertional rhabdomyolysis, the

literature reports incidences of exertional rhabdomyolysis

related to running, police and military training, and team

sports. However, the second largest subcategory in our

study is manual labor–induced exertional rhabdomyolysis

for which we found no literature. The exertional rhabdomyol-

ysis cohort from Princess Alexandra Hospital included 14 in-

dividuals who presented with classic signs of rhabdomyolysis

following physical exertion and exposure to heat on the work-

site. Exertional rhabdomyolysis has often been referred to as

“white-collar rhabdomyolysis” as it was considered to primar-

ily impact educated individuals who could fit workouts into

their schedule and who would have the energy to engage

in high-intensity exercise at the end of a workday.25 However,

our study shows that extreme physical exertion on the job can

induce exertional rhabdomyolysis, particularly in locations

such as Queensland where high temperatures combined

with high humidity are common.

A number of patients presented to the ED several days

after the inciting event, indicating that the physical impact

and the diagnosable levels of CK and urinary myoglobin

can persist for a substantial amount of time in exertional

rhabdomyolysis. This finding is supported by research that

monitored serum CK and serum myoglobin excretion in 13

patients with rhabdomyolysis and showed CK persisting at

66% of the first-day value after 24 hours and at 46% after

48 hours and myoglobin at 35% and 22%, respectively.26

A related question is how many individuals with symptoms

and diagnostically elevated laboratory values choose to

manage their exertional rhabdomyolysis at home and what

implications this self-care has on kidney function. Future

studies may be able to evaluate these possibilities by taking

blood and urine samples and administering surveys at gyms

to identify cases of exertional rhabdomyolysis in patients

who do not present to the ED.

Table 2. Selected Comparisons of All Patients With Exertional Rhabdomyolysis (ER) to Patients
With Gym-Based ER and Manual Labor ER

Variable All ER Gym-Based ER Manual Labor ER

Time between inciting event and presentation, daysa

Same day 22 (30.1) 8 (17.8) 7 (70.0)

1 9 (12.3) 4 (8.9) 2 (20.0)

2 9 (12.3) 7 (15.6) 0

3 7 (9.6) 5 (11.1) 1 (10.0)

4 6 (8.2) 6 (13.3) 0

5 4 (5.5) 4 (8.9) 0

6 4 (5.5) 2 (4.4) 0

7 7 (9.6) 6 (13.3) 0

8 2 (2.7) 2 (4.4) 0

2 weeks+ 3 (4.1) 1 (2.2) 0

Sex, male 63 (70.8) 25 (52.1) 14 (100.0)

Time of arrival

0701-1600 45 (50.6) 27 (56.3) 5 (35.7)

1601-2300 35 (39.3) 16 (33.3) 7 (50.0)

2301-0700 9 (10.1) 5 (10.4) 2 (14.3)

Mean creatine kinase, U/L ± SDb 28,061 ± 47,912.7 29,732 ± 34,813.2 17,369 ± 31,968.0

Urinary myoglobin, mg/Lc

<5, negative 20 (38.5) 7 (26.9) 4 (40.0)

>5, positive 32 (61.5) 19 (73.1) 6 (60.0)

Data are presented as n (%) unless otherwise noted.
aThe medical records for 16 patients did not specify when the inciting event occurred (n=73).
bCreatine kinase values were not available for 15 patients (n=74).
cUrinary myoglobin values were not available for 37 patients (n=52).
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Approximately half (47.2%) of the patients in this study

who presented with exertional rhabdomyolysis were admit-

ted to Princess Alexandra Hospital. Their average length of

stay was 2.51±1.70 days (n=42, range 1-8 days), and

42.9% stayed for 3 or more days, suggesting that at least

half of the individuals experienced symptoms warranting

longer-term surveillance.

We only investigated admission data and patient trends;

assumptions about the severity of cases can only be made

based on whether patients were admitted to the hospital

and their length of stay. Future analyses of exertional rhab-

domyolysis severity could examine progression to acute

renal failure, commonly considered to be the most serious

complication of rhabdomyolysis. Ward and Kahn, respec-

tively, reported that 33% and 16.5% of patients with rhabdo-

myolysis developed acute renal failure.27,28 Long-term

survival rates have been estimated as 60%-80% following

diagnosis of acute renal failure.27-29

To our knowledge, this study is the largest analysis of exer-

tional rhabdomyolysis presentations to the ED. However, the

analysis has several limitations because of the nature of ret-

rospective medical record studies. For instance, only 73

medical records contained sufficient information to determine

the time between the inciting incident and presentation to the

ED, and not all of the records consistently listed substances

(medications, alcohol, supplements) that may have predis-

posed individuals to develop exertional rhabdomyolysis.

Therefore, large multicenter studies that include a prospec-

tive assessment of factors that influence the development

of exertional rhabdomyolysis should be conducted.

CONCLUSION
This study provides evidence that the number of presen-

tations of exertional rhabdomyolysis to the ED in the Bris-

bane, Australia area is increasing, as well as information

regarding etiology, presentation, and ED processing of ad-

missions. While some of the data, such as age ranges

of patients, can be found in the literature, other demographic

information—such as the sex distribution in our gym-induced

exertional rhabdomyolysis cohort—challenges the current-

ly held belief that exertional rhabdomyolysis is a male-

dominated condition.

We conclude that the popularity of high-intensity workouts

accounts for the increasing number of exertional rhabdo-

myolysis presentations; however, a variety of other poten-

tially contributing factors ought to be investigated. The

increasing frequency of exertional rhabdomyolysis is not

well documented and warrants further investigation. Identifi-

cation of what workout fads may be related to the increase in

exertional rhabdomyolysis is important to prevention and

early identification that can be vital in avoiding complications

such as acute renal failure.
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