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Among active component service members in 2018, there were 545 incident 
diagnoses of rhabdomyolysis likely due to exertional rhabdomyolysis, for an 
unadjusted incidence rate of 42.0 cases per 100,000 person-years. Subgroup-
specific rates in 2018 were highest among males, those less than 20 years old, 
Asian/Pacific Islander service members, Marine Corps and Army members, 
and those in combat-specific or “other/unknown” occupations. During 2014–
2018, crude rates of exertional rhabdomyolysis increased steadily from 2014 
through 2016 after which rates declined slightly in 2017 before increasing 
again in 2018. Compared to service members in other race/ethnicity groups, 
the overall rate of exertional rhabdomyolysis was highest among non-His-
panic blacks in every year except 2018. Overall and annual rates were high-
est among Marine Corps members, intermediate among those in the Army, 
and lowest among those in the Air Force and Navy. Most cases of exertional 
rhabdomyolysis were diagnosed at installations that support basic combat/
recruit training or major ground combat units of the Army or the Marine 
Corps. Medical care providers should consider exertional rhabdomyolysis in 
the differential diagnosis when service members (particularly recruits) pres-
ent with muscular pain or swelling, limited range of motion, or the excretion 
of dark urine (possibly due to myoglobinuria) after strenuous physical activ-
ity, particularly in hot, humid weather.

Update: Exertional Rhabdomyolysis, Active Component, U.S. Armed Forces, 2014–2018

W H A T  A R E  T H E  N E W  F I N D I N G S ?   

The annual numbers and rates of diagnoses 
of exertional rhabdomyolysis among active 
component U.S. military members during the 
2014–2018 period peaked in 2018. In 2018, 
for the first time, the annual rate of exertional 
rhabdomyolysis among Asian/Pacific Island-
ers was higher than the rate in any other 
race/ethnicity group.

W H A T  I S  T H E  I M P A C T  O N 
R E A D I N E S S  A N D  F O R C E  H E A L T H 
P R O T E C T I O N ?

The net increase in annual rates of exertional 
rhabdomyolysis suggests that Commanders, 
supervisors, and trainers at recruit training 
camps and at installations with large ground 
combat units need to be more aggressive 
in preventing cases of this and other types 
of heat injury and in detecting early signs of 
such serious heat-associated injuries.

Rhabdomyolysis is characterized by 
the breakdown of skeletal muscle 
cells and the subsequent release of 

intracellular muscle contents into the cir-
culation. The characteristic triad of rhab-
domyolysis includes weakness, myalgias, 
and red to brown urine (due to myoglobin-
uria) accompanied by an elevated serum 
concentration of creatine kinase.1,2 In exer-
tional rhabdomyolysis, damage to skeletal 
muscle is generally caused by high-inten-
sity, protracted, or repetitive physical activ-
ity, usually after engaging in unaccustomed 
strenuous exercise (especially with eccentric 
and/or muscle-lengthening contractions).3 
Even athletes who are used to intense train-
ing and who are being carefully monitored 

are at risk of this condition,4 especially if 
new overexertion-inducing exercises are 
being introduced.5 Illness severity ranges 
from elevated serum muscle enzyme levels 
without clinical symptoms to life-threaten-
ing disease associated with extreme enzyme 
elevations, electrolyte imbalances, and kid-
ney failure.1–3,6

Risk factors for exertional rhabdo-
myolysis include younger age, male sex, a 
lower level of physical fitness, a prior heat 
illness, a lower level of education, and exer-
tion during the warmer months of the 
year.1,3,7–10 Acute kidney injury, due to an 
excessive concentration of free myoglobin 
in the urine accompanied by volume deple-
tion, renal tubular obstruction, and renal 

ischemia, represents a serious complica-
tion of rhabdomyolysis.6,11 Severly affected 
patients can also develop compartment 
syndrome, fever, dysrhythmias, metabolic 
acidosis, and altered mental status.  

In U.S. military members, rhabdo-
myolysis is a significant threat during 
physical exertion, particularly under heat 
stress.7,9,12–14 Moreover, although rhabdo-
myolysis can affect any service member, 
new recruits, who are not yet accustomed 
to the physical exertion required of basic 
training, may be at particular risk.9 Each 
year, the MSMR summarizes the numbers, 
rates, trends, risk factors, and locations 
of occurrences of exertional heat injuries, 
including exertional rhabdomyolysis. This 
report includes the data for 2014–2018. 
Additional information about the defini-
tion, causes, and prevention of exertional 
rhabdomyolysis can be found in previous 
issues of the MSMR.12,13,15
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M E T H O D S

The surveillance period was 1 January 
2014 through 31 December 2018. The sur-
veillance population included all individ-
uals who served in the active component 
of the Army, Navy, Air Force, or Marine 
Corps at any time during the surveillance 
period. All data used to determine inci-
dent exertional rhabdomyolysis diagnoses 
were derived from records routinely main-
tained in the Defense Medical Surveillance 
System (DMSS). These records document 
both ambulatory encounters and hospi-
talizations of active component members 
of the U.S. Armed Forces in fixed military 
and civilian (if reimbursed through the 
Military Health System [MHS]) treatment 
facilities worldwide. In-theater diagnoses 
of exertional rhabdomyolysis were identi-
fied from medical records of service mem-
bers deployed to Southwest Asia/Middle 
East and whose healthcare encounters were 
documented in the Theater Medical Data 
Store (TMDS). 

For this analysis, a case of exertional 
rhabdomyolysis was defined as an indi-
vidual with 1) a hospitalization or outpa-
tient medical encounter with a diagnosis 
in any position of either “rhabdomyolysis” 
(International Classification of Diseases, 
9th Revision [ICD-9]: 728.88; International 
Classification of Diseases, 10th Revision 
[ICD-10]: M62.82) or “myoglobinuria” 
(ICD-9: 791.3; ICD-10: R82.1) plus a diag-
nosis in any position of 1 of the following: 
“volume depletion (dehydration)” (ICD-
9: 276.5*; ICD-10: E86.0, E86.1, E86.9), 
“effects of heat” (ICD-9: 992.0–992.9; ICD-
10: T67.0–T67.9), “effects of thirst (depri-
vation of water)” (ICD-9: 994.3; ICD-10: 
T73.1), “exhaustion due to exposure” (ICD-
9: 994.4; ICD-10: T73.2), or “exhaustion 
due to excessive exertion (overexertion)” 
(ICD-9: 994.5; ICD-10: T73.3).13 Each indi-
vidual could be considered an incident case 
of exertional rhabdomyolysis only once per 
calendar year. 

To exclude cases of rhabdomyolysis 
that were secondary to traumatic injuries, 
intoxications, or adverse drug reactions, 
medical encounters with diagnoses in any 
position of “injury, poisoning, toxic effects” 
(ICD-9: 800–999; ICD-10: S00–T88, except 

the codes specific for “sprains and strains 
of joints and adjacent muscles” and “effects 
of heat, thirst, and exhaustion”) were 
not considered indicative of exertional 
rhabdomyolysis.13 

For surveillance purposes, a “recruit 
trainee” was defined as an active compo-
nent member in an enlisted grade (E1–
E4) who was assigned to 1 of the services’ 
recruit training locations (per the indi-
vidual’s initial military personnel record). 
For this report, each service member was 
considered a recruit trainee for the period 
of time corresponding to the usual length 
of recruit training in his or her service. 
Recruit trainees were considered a sepa-
rate category of enlisted service members 
in summaries of rhabdomyolysis cases by 
military grade overall.

In-theater diagnoses of exertional 
rhabdomyolysis were analyzed separately; 
however, the same case-defining criteria 
and incidence rules were applied to iden-
tify incident cases. Records of medical 
evacuations from the U.S. Central Com-
mand (CENTCOM) area of responsibil-
ity (AOR) (e.g., Iraq and Afghanistan) to 
a medical treatment facility outside the 
CENTCOM AOR also were analyzed sep-
arately. Evacuations were considered case 
defining if affected service members met 
the above criteria in a permanent military 
medical facility in the U.S. or Europe from 
5 days before to 10 days after their evacua-
tion dates. 

The new electronic health record for the 
MHS, MHS GENESIS, was implemented at 
several military treatment facilities dur-
ing 2017. Medical data from sites that are 
using MHS GENESIS are not available in 
the DMSS. These sites include Naval Hospi-
tal Oak Harbor, Naval Hospital Bremerton, 
Air Force Medical Services Fairchild, and 
Madigan Army Medical Center. Therefore, 
medical encounters for individuals seeking 
care at any of these facilities during 2017–
2018 were not included in this analysis.

R E S U L T S

In 2018, there were 545 incident diag-
noses of rhabdomyolysis likely associ-
ated with physical exertion and/or heat 

stress (exertional rhabdomyolysis) (Table 
1). The crude (unadjusted) incidence rate 
was 42.0 cases per 100,000 person-years 
(p-yrs). Subgroup-specific incidence rates 
of exertional rhabdomyolysis diagno-
ses were highest among males (45.9 per 
100,000 p-yrs), those less than 20 years 
old (86.1 per 100,000 p-yrs), Asian/Pacific 
Islander service members (73.8 per 100,000 
p-yrs), Marine Corps and Army mem-
bers (99.0 per 100,000 p-yrs and 54.8 per 
100,000 p-yrs, respectively), and those in 
combat-specific or “other/unknown” occu-
pations (76.0 per 100,000 p-yrs and 72.9 
per 100,000 p-yrs, respectively) (Table 1). 
Of note, the incidence rate among recruit 
trainees was more than 6 times that among 
other enlisted members and officers, even 
though cases among this group accounted 
for only 13.0% of all cases in 2018. 

During the surveillance period, crude 
annual rates of incident diagnoses of exer-
tional rhabdomyolysis increased steadily 
from 30.0 per 100,000 p-yrs in 2014 to 40.8 
per 100,000 p-yrs in 2016 after which rates 
declined slightly to 39.0 per 100,000 p-yrs 
in 2017 before increasing again to 42.0 
per 100,000 p-yrs in 2018 (Figure 1). Dur-
ing 2014–2018, the annual incidence rates 
of exertional rhabdomyolysis diagnoses 
were highest among non-Hispanic blacks 
in every year except 2018, when the highest 
rate occurred among Asian/Pacific Island-
ers (data not shown). Overall and annual 
rates of incident exertional rhabdomyoly-
sis diagnoses were highest among service 
members in the Marine Corps, interme-
diate among those in the Army, and low-
est among those in the Air Force and Navy 
(Table 1, Figure 2). The most pronounced 
increases in annual incidence rates were 
observed among Marine Corps members 
and Army members during 2014–2016 
(35.5% and 46.2%, respectively); however, 
rates among service members in the Air 
Force and Navy remained relatively stable 
(Figure 2). During the surveillance period, 
approximately three-quarters (75.6%) of 
the cases occurred during May–October 
(Figure 3).

Rhabdomyolysis by location

During the 5-year surveillance period, 
the medical treatment facilities at 11 



April 2019  Vol. 26 No. 04 MSMR Page  23

MCB Camp Lejeune/Cherry Point, NC; 
Fort Shafter, HI; Fort Hood, TX; and Fort 
Campbell, KY). The most cases overall were 
diagnosed at Fort Bragg, NC (n=272) and 
MCRD Parris Island/Beaufort, SC (n=250), 
which together accounted for more than 
one-fifth (22.5%) of all cases (Table 2).

Rhabdomyolysis in Iraq and Afghanistan

There were 6 incident cases of exer-
tional rhabdomyolysis diagnosed and 
treated in Iraq/Afghanistan (data not 
shown) during the 5-year surveillance 
period. Deployed service members who 
were affected by exertional rhabdomyoly-
sis were more often non-Hispanic black 
or non-Hispanic white (n=4; 66.7% and 
n=2; 33.3%, respectively), male (n=6), aged 
20–24 years (n=2; 33.3%), in the Army 
(n=6), enlisted (n=6), and in communica-
tion/intelligence occupations (n=2; 33.3%). 
One active component service member was 
medically evacuated from Iraq/Afghani-
stan for exertional rhabdomyolysis; this 
medical evacuation occurred in September 
2015 (data not shown).

E D I T O R I A L  C O M M E N T

This report documents an increase in 
the crude annual incidence rates of diag-
noses of exertional rhabdomyolysis among 
active component U.S. military members 
from 2014 through 2016 after which rates 
declined slightly in 2017 before increasing 
again in 2018. Exertional rhabdomyolysis 
continued to occur most frequently from 
late spring through early fall at installations 
that support basic combat/recruit training 
or major Army or Marine Corps combat 
units. 

The risks of heat injuries, including 
exertional rhabdomyolysis, are increased 
among individuals who suddenly increase 
overall levels of physical activity, recruits 
who are not physically fit when they begin 
training, and recruits from relatively cool 
and dry climates who may not be accli-
mated to the high heat and humidity at 
training camps in the summer.1,2,9 Sol-
diers and Marines in combat units often 
conduct rigorous unit physical training, 

T A B L E  1 .  Incident diagnoses and incidence ratesa of exertional rhabdomyolysis, active 
component, U.S. Armed Forces, 2018

Hospitalizations Ambulatory visits Total
No. Ratea No. Ratea No. Ratea

Total 260 20.1 285 22.0 545 42.0
Sex

Male 234 21.6 263 24.3 497 45.9
Female 26 12.2 22 10.3 48 22.5

Age group (years)
<20 66 35.7 93 50.3 159 86.1
20–24 86 25.8 68 20.4 154 46.2
25–29 47 15.8 75 25.1 122 40.9
30–34 38 18.5 29 14.1 67 32.7
35–39 17 11.3 11 7.3 28 18.7
40+ 6 4.8 9 7.2 15 12.0

Race/ethnicity
Non-Hispanic white 114 15.6 135 18.4 249 34.0
Non-Hispanic black 67 32.1 70 33.5 137 65.6
Hispanic 42 20.3 47 22.7 89 43.0
Asian/Pacific Islander 22 40.6 18 33.2 40 73.8
Other/unknown 15 16.1 15 16.1 30 32.1

Service
Army 109 23.3 147 31.5 256 54.8
Navy 31 9.6 17 5.2 48 14.8
Air Force 37 11.5 21 6.6 58 18.1
Marine Corps 83 44.9 100 54.1 183 99.0

Military status
Enlisted 192 18.5 209 20.1 401 38.6
Officer 37 16.1 36 15.7 73 31.7
Recruit 31 108.5 40 140.0 71 248.5

Military occupation
Combat-specificb 51 28.9 83 47.1 134 76.0
Motor transport 10 26.3 9 23.7 19 50.0
Pilot/air crew 3 6.5 0 0.0 3 6.5
Repair/engineering 53 13.8 42 10.9 95 24.7
Communications/intelligence 29 10.4 44 15.8 73 26.3
Healthcare 22 19.3 10 8.8 32 28.1
Other/unknown 92 35.5 97 37.4 189 72.9

Home of record
Midwest 35 15.2 44 19.1 79 34.2
Northeast 44 26.7 40 24.3 84 50.9
South 116 21.0 135 24.4 251 45.4
West 61 19.9 56 18.3 117 38.2
Other/unknown 4 9.7 10 24.2 14 33.8

aRate per 100,000 person-years
bInfantry/artillery/combat engineering/armor
No., number

installations diagnosed at least 50 cases 
each; when combined, these installations 
diagnosed almost half (47.7%) of all cases 
(Table 2). Of these 11 installations, 4 pro-
vide support to recruit/basic combat train-
ing centers (Marine Corps Recruit Depot 

Parris Island/Beaufort, SC; Fort Benning, 
GA; Joint Base San Antonio–Lackland, TX; 
and Fort Leonard Wood, MO). In addi-
tion, 6 installations support large combat 
troop populations (Fort Bragg, NC; Marine 
Corps Base [MCB] Camp Pendleton, CA; 
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personal fitness training, and field training 
exercises regardless of weather conditions. 
Thus, it is not surprising that recruit camps 
and installations with large ground combat 
units account for most of the cases of exer-
tional rhabdomyolysis.

The annual incidence rates among 
non-Hispanic black service members 
were higher than the rates among mem-
bers of other race/ethnicity groups in 4 of 
the 5 previous years, with the exception 
of 2018. This observation has been attrib-
uted, at least in part, to an increased risk 
of exertional rhabdomyolysis among indi-
viduals with sickle cell trait16–19 and is sup-
ported by at least 1 other study among 
U.S. service members.9 However, in 2018, 
the rate among Asian/Pacific Island-
ers was the highest of all race/ethnicity 
groups. Although the annual incidence 
rates of exertional rhabdomyolysis for 
service members in this group have been 

increasing since 2009, the reasons for such 
a trend are unknown. Supervisors at all lev-
els should ensure that guidelines to prevent 
heat injuries are consistently implemented 
and should be vigilant for early signs of 
exertional heat injuries, including rhabdo-
myolysis, among all service members.

The findings of this report should be 
interpreted with consideration of its limi-
tations. A diagnosis of “rhabdomyolysis” 
alone does not indicate the cause. Ascer-
tainment of the probable causes of cases of 
exertional rhabdomyolysis was attempted 
by using a combination of ICD-9/ICD-10 

F I G U R E  1 .  Incident cases of exertional 
rhabdomyolysis by year, active component, 
U.S. Armed Forces, 2014–2018

F I G U R E  2 .  Annual incidence rates of exertional rhabdomyolysis by service, active compo-
nent, U.S. Armed Forces, 2014–2018

F I G U R E  3 .  Distribution of exertional rhabdomyolosis cases by month, 2014–2018
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diagnostic codes related to rhabdomy-
olysis with additional codes indicative of 
the effects of exertion, heat, or dehydra-
tion. Furthermore, other ICD-9/ICD-10 
codes were used to exclude cases of rhab-
domyolysis that may have been secondary 
to trauma, intoxication, or adverse drug 
reactions. 

The measures that are effective at pre-
venting exertional heat injuries in gen-
eral apply to the prevention of exertional 
rhabdomyolysis. In the military train-
ing setting, the risk of exertional rhabdo-
myolysis can be reduced by emphasizing 
graded, individual preconditioning before 

starting a more strenuous exercise pro-
gram and by adhering to recommended 
work/rest and hydration schedules, espe-
cially in hot weather. The physical activities 
of overweight and/or previously sedentary 
new recruits should be closely monitored. 
Strenuous activities during relatively cool 
mornings following days of high heat stress 
should be particularly closely monitored; in 
the past, such situations have been associ-
ated with increased risk of exertional heat 
injuries (including rhabdomyolysis).8

Management after treatment for exer-
tional rhabdomyolysis, including the deci-
sion to return to physical activity and duty, 
is a persistent challenge among athletes 
and military members.9,10,20 It is recom-
mended that those who have had a clini-
cally confirmed exertional rhabdomyolysis 
event be further evaluated and risk strati-
fied for recurrence before return to activity/
duty.10,21,22 Low-risk patients may gradually 
return to normal activity levels, while those 
deemed high risk for recurrence will require 
further evaluative testing (e.g., genetic test-
ing for myopathic disorders).20,21

Commanders and supervisors at 
all levels should watch for early signs of 
exertional heat injuries and should inter-
vene aggressively when dangerous condi-
tions, activities, or suspicious illnesses are 
detected. Finally, medical care providers 
should consider exertional rhabdomyolysis 
in the differential diagnosis when service 
members (particularly recruits) present 
with muscular pain or swelling, limited 
range of motion, or the excretion of dark 
urine (possibly due to myoglobinuria) after 
strenuous physical activity, particularly in 
hot, humid weather.
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T A B L E  2 .  Incident cases of exertional 
rhabdomyolysis by installation (with at 
least 30 cases during the period), ac-
tive component, U.S. Armed Forces,  
2014–2018

Location of diagnosis    No.    % 
   total

Fort Bragg, NC 272 11.2
MCRD Parris Island/ 
Beaufort, SC 250 10.3

MCB Camp Pendleton, CA 133 5.5
Fort Benning, GA 128 5.3
MCB Camp Lejeune/ 
Cherry Point, NC 112 4.6

Fort Shafter, HI 83 3.4
JBSA-Lackland AFB, TX 70 2.9
Fort Hood, TX 67 2.8
Fort Campbell, KY 61 2.5
Fort Leonard Wood, MO 57 2.3
Fort Carson, CO 54 2.2
NMC San Diego, CA 49 2.0
Fort Gordon, GA 46 1.9
Fort Bliss, TX 38 1.6
Fort Belvoir, VA 38 1.6
Fort Stewart, GA 36 1.5
Fort Jackson, SC 35 1.4
Okinawa, Japan 34 1.4
Fort Polk, LA 31 1.3
NMC Portsmouth, VA 31 1.3
Other/unknown locations 807 33.2
Total 2,432 100.0

No., number; MCRD, Marine Corps Recruit Depot; 
MCB, Marine Corps Base; JBSA, Joint Base San 
Antonio; AFB, Air Force Base; NMC, Naval Medical 
Center
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Key points
• The unadjusted overall incidence rate of exertional rhabdomyolysis diagnoses among active component service members in 2018 

was 42.0 cases per 100,000 person-years. Subgroup-specific overall rates in 2018 were highest among males, those less than 20 
years old, Asian/Pacific Islander service members, Marine Corps and Army members, and those in combat-specific or “other/
unknown” occupations. 

• During 2014–2018, crude annual rates of incident exertional rhabdomyolysis diagnoses increased steadily from 2014 through 
2016 after which rates declined slightly in 2017 before increasing again in 2018; compared to service members in other race/eth-
nicity groups, the annual rates of exertional rhabdomyolysis were highest among non-Hispanic blacks in every year except 2018. 

• Overall and annual rates of incident exertional rhabdomyolysis were highest among Marine Corps members, intermediate among 
those in the Army, and lowest among those in the Air Force and Navy.

Learning objectives

1. The reader will analyze recent trends in the rates of incident exertional rhabdomyolysis diagnoses among active component ser-
vice members. 

2. The reader will explain how incidence rates of exertional rhabdomyolysis diagnoses among active component service members of 
different race/ethnicities compare over the surveillance period.

3. The reader will identify risk factors for and signs of exertional rhabdomyolysis as well as ways to reduce the risk of rhabdomyoly-
sis among service members.

Disclosures: MSMR editorial staff engage in a monthly collaboration with the DHA J7 Continuing Education Program Office (CEPO) to pro-
vide this CE/CME activity. MSMR staff authors, the DHA J7 CEPO, as well as the planners and reviewers of this activity have no financial or 
nonfinancial interest to disclose.


