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During 2007–2017, there were 574 incident cases of coccidioidomycosis 
among active component service members, with an overall unadjusted inci-
dence rate of 3.9 cases per 100,000 person-years (p-yrs). Compared to their 
respective counterparts, the overall rates were highest among those aged 
40 years or older, Navy members, enlisted service members, and those in 
healthcare occupations. Overall incidence rates were similar for males and 
females. Within race/ethnicity groups, the overall rates of coccidioidomyco-
sis were highest among Asian/Pacific Islanders and lowest among non-His-
panic whites. During the surveillance period, crude annual incidence rates 
decreased from a high of 5.2 cases per 100,000 p-yrs in 2007 to a low of 2.3 
cases per 100,000 p-yrs in 2017. Of the total U.S. cases (n=547), the vast 
majority (85.0%) were associated with locations within states in the south-
western U.S. with Coccidioides-endemic areas, including California (47.3%), 
Arizona (32.5%), Texas (4.6%), and New Mexico (0.5%). Providers of health 
care to U.S. military members should consider coccidioidomycosis as a 
potential cause of febrile respiratory infectious illnesses, particularly when 
the individual has a history of recent travel to an endemic area (especially 
those who work or participate in activities where dust is generated).
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Coccidioidomycosis, also called “Val-
ley Fever,” is an infectious disease 
caused by fungi of the genus Coc-

cidioides (C. immitis and C. posadasii).1 The 
vast majority of infections are caused by 
inhalation of spores, although direct con-
tact through broken skin has been occa-
sionally reported.1–3 Coccidioides spp. are 
endemic to arid regions of the southwest-
ern U.S. (Arizona, California, Nevada, New 
Mexico, Texas, and Utah), northern Mex-
ico, and several desert regions of Central 
and South America.1 The organism tends 
to grow in sandy soil 10–30 cm below the 
surface, where in wet conditions it grows in 
mold form.4 In dry conditions, the thread-
like filaments (hyphae) of the fungi desiccate 
to form spores that are dispersed by aerosol-
ization when the soil is disturbed.4

Approximately 60% of infected indi-
viduals are asymptomatic.5 After an incu-
bation period of 1–3 weeks, symptomatic 
individuals most often experience self-lim-
ited influenza-like symptoms including 

fever, cough, malaise, fatigue, dyspnea, and 
headache.1 In those individuals who do not 
clear the infection, granulomatous lung 
disease may develop with dissemination 
to skin, bone, and meninges (coccidioidal 
meningitis) occurring in a small fraction of 
infected individuals.6 Those at increased risk 
for severe disease include pregnant women, 
older adults, and persons with compromised 
immune systems.6 In addition, those of Afri-
can or Filipino descent disproportionately 
develop disseminated disease with greater 
frequency than whites.7  

The risk for coccidioidomycosis among 
military personnel who are assigned to or 
train in endemic areas is well recognized.8,9 
Previous MSMR analyses have examined 
trends in the incidence of coccidioidomy-
cosis among U.S. active component ser-
vice members during 2000–2012/2013 and 
have shown that the overall incidence rates 
peaked in 2006, after which rates declined 
slightly.10,11 The current analysis updates and 
expands upon previous work by examining 

incidence rates, trends, and correlates of risk 
of coccidioidomycosis among active compo-
nent members during 2007–2017. Locations 
of the incident cases at the time of diagnosis 
are also presented.

M E T H O D S

The surveillance period was 1 January 
2007 through 31 December 2017. The sur-
veillance population consisted of active com-
ponent service members of the Army, Navy, 
Air Force, or Marine Corps who served at 
any time during the surveillance period and 
who accessed care through either a mili-
tary medical facility/provider or a civilian 
facility/provider (if paid for by the Military 
Health System). Diagnoses were ascertained 
from administrative records of all such 
medical encounters which are maintained 
in the electronic database of the Defense 
Medical Surveillance System (DMSS). In-
theater diagnoses of coccidioidomycosis 
were identified from medical records of ser-
vice members deployed to Southwest Asia/
Middle East and whose healthcare encoun-
ters were documented in the Theater Medi-
cal Data Store (TMDS). It is Department of 
Defense policy that cases of certain speci-
fied medical conditions and events of public 
health importance shall be reported elec-
tronically through military health chan-
nels for surveillance purposes.12 Conditions 
covered by this policy, including diagnosed 
cases of coccidioidomycosis, are referred to 
as reportable medical events (RMEs). The 
content of such electronic reports is stored 
in the databases of the DMSS. In addition, 
laboratory-confirmed cases of Coccidioides 
infection (coccidioidomycosis) were iden-
tified from Navy and Marine Corps Public 
Health Center (NMCPHC) records of sero-
logic tests or fungal cultures. Specific labo-
ratory tests documented as positive were 
serology (including enzyme immunoas-
say, immunodiffusion, and complement 
fixation positive in any titer) and culture or 
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T A B L E  1 .  Incident counts and incidence 
rates of coccidioidomycosis, by demo-
graphic and military characteristics, ac-
tive component, U.S. Armed Forces, 
2007–2017

direct visualization (i.e., smear or micros-
copy) of Coccidioides in any body fluid or 
tissue sample.

A case of coccidioidomycosis was 
defined as an individual with 1) one posi-
tive laboratory test; 2) a reportable medical 
event record of confirmed coccidioidomy-
cosis; 3) a hospitalization record with a pri-
mary diagnosis of coccidioidomycosis; or 4) 
two or more outpatient (or TMDS) encoun-
ters within 14 days of each other (but not on 
the same day) that included the ICD-9 code 
114.* or ICD-10 code B38.* in the primary 
diagnostic position.13 

The incident date was considered the 
date of the first positive laboratory test, 
RME or medical encounter that included a 
qualifying diagnosis. An individual could 
be counted as a case of coccidioidomycosis 
once per lifetime. Service members diag-
nosed as a case prior to the start of the sur-
veillance period were excluded from the 
analysis. Incidence rates were calculated as 
incident coccidioidomycosis diagnoses per 
100,000 person-years (p-yrs) of active com-
ponent service.

The new electronic health record for 
the Military Health System, MHS GENESIS, 
was implemented at several military treat-
ment facilities during 2017. Medical data 
from sites that are using MHS GENESIS are 
not available in DMSS. These sites include 
Naval Hospital Oak Harbor, Naval Hospital 
Bremerton, Air Force Medical Services Fair-
child, and Madigan Army Medical Center. 
Therefore, medical encounter and person- 
time data for individuals seeking care at 
one of these facilities during 2017 were not 
included in this analysis.

R E S U L T S

During 2007–2017, there were 574 inci-
dent cases of coccidioidomycosis among 
active component service members, with an 
overall crude (unadjusted) incidence rate of 
3.9 cases per 100,000 p-yrs (Table 1). Com-
pared to their respective counterparts, the 
overall incidence rates were highest among 
those aged 40 years or older, Navy members, 
and enlisted service members. Overall inci-
dence rates were similar for male and female 
service members (3.9 and 3.7 cases per 

100,000 p-yrs, respectively). Within race/
ethnicity groups, the overall rates of coc-
cidioidomycosis were highest among Asian/
Pacific Islanders (9.6 cases per 100,000 p-yrs) 
and lowest among non-Hispanic whites (3.2 
cases per 100,000 p-yrs) (Table 1). Across 
military occupations, overall incidence 
rates were highest among healthcare work-
ers (4.7 cases per 100,000 p-yrs) and lowest 
among those working in infantry/artillery/
combat engineering (1.7 cases per 100,000 
p-yrs) and armor/motor transport (1.8 cases 
per 100,000 p-yrs) occupations. During the 
11-year surveillance period, crude annual 
incidence rates decreased from a high of 5.2 
cases per 100,000 p-yrs in 2007 to a low of 
2.3 cases per 100,000 p-yrs in 2017 (Figure 1). 

A total of 547 incident cases of coc-
cidioidomycosis occurred among service 
members associated with 25 U.S. states and 
the District of Columbia. Twelve of these 
states and the District of Columbia were 
associated with four or more cases of coc-
cidioidomycosis (n=528) during 2007–2017 
and accounted for 96.5% of the total num-
ber of U.S. cases (Figure 2). Thirteen states 
were associated with fewer than four cases 
of coccidioidomycosis. Of the total U.S. 
cases, the vast majority (n=465; 85.0%) 
were associated with locations within states 
in the southwestern U.S. with Coccidioides-
endemic areas, including California (n=259; 
47.3%), Arizona (n=178; 32.5%), Texas 
(n=25; 4.6%), and New Mexico (n=3; 0.5%). 
However, some U.S. locations outside of the 
endemic areas also were associated with rel-
atively high numbers of cases (Hawaii, n=16; 
Georgia, n=9; Washington, n=7; Maryland, 
n=7; Virginia, n=6; Florida, n=5) (Figure 2).

The medical treatment facilities at four 
military installations diagnosed more than 
half (53.1%) of the total incident coccidioid-
omycosis cases and included Naval Medical 
Center San Diego, CA (n=95), Naval Health 
Clinic Lemoore, CA (n=89), Raymond W. 
Bliss Army Health Center Fort Huachuca, 
AZ (n=64), and Davis-Monthan Air Force 
Base, AZ (n=57). There were 12 incident 
coccidioidomycosis cases among service 
members assigned outside the U.S., in Ger-
many (n=7), Japan (n=3), and South Korea 
(n=2) (data not shown). Information on loca-
tion of diagnosis was missing for a relatively 
small number of cases (n=15).

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

In the U.S. general population, approx-
imately 10,000 coccidioidomycosis cases 
are reported annually through reportable 
disease surveillance, and the substantial 
year-to-year fluctuation that occurs likely 
reflects varying environmental conditions, 
numbers of susceptible people exposed to 

No. Ratea

Total 574 3.9
Sex
Male 492 3.9
Female 82 3.7

Race/ethnicity
Non-Hispanic white 287 3.2
Non-Hispanic black 106 4.4
Hispanic 78 4.1
Asian/Pacific Islander 53 9.6
Other/unknown 50 4.9

Age group (years)
<20 25 2.6
20–29 277 3.3
30–39 174 4.3
40–49 87 6.1
50+ 11 7.6

Service
Army 149 2.6
Navy 212 6.1
Air Force 157 4.4
Marine Corps 56 2.6

Rank
Enlisted 499 4.0
Officer 75 3.0

Occupation
Combat-specificb 35 1.7
Armor/motor 
transport 10 1.8

Healthcare 60 4.7
Other 469 4.3

aRate per 100,000 person-years
bInfantry/artillery/combat engineering
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Coccidioides (because of travel or reloca-
tion to endemic areas), and testing and 
reporting practices.14-16 The vast majority of 
U.S. coccidioidomycosis cases are reported 
from Arizona and California.14 In 2016, a 
marked increase in annual coccidioidomy-
cosis incidence was observed in California, 
compared with previous years.17 Annual 
incidence rates in California and Arizona 
generally followed similar trends; however, 
Arizona reported a decrease in the rate 
between 2015 and 2016.18-21 In contrast, 
during this same period, crude annual inci-
dence rates among active component ser-
vice members remained relatively stable. 

Provisional data from the Califor-
nia Department of Public Health for                
January–February 2018 show a more than 
200% increase in the number of reported 
coccidioidomycosis cases compared to the 
number of cases reported during the same 
period in 2017 and 2016.22 Similarly, provi-
sional data from the Arizona Department 
of Health Services for January–February 
2018 indicate a more than 100% increase 
in the number of reported coccidioidomy-
cosis cases relative to the number reported 
during the same period in 2017.23 Parallel 
increases in the number of cases of coccid-
ioidomycosis among U.S. military person-
nel can be expected given the numbers of 

non-immune service members stationed or 
training in these states. 

The vast majority of the incident cases 
of coccidioidomycosis among active com-
ponent service members occurred among 
those personnel assigned to Coccidioides-
endemic regions of the southwestern U.S. 
It is important to note that the fungus was 
recently found in south-central Washing-
ton state, and that this area is now con-
sidered endemic by some sources.24,25 In 
addition to the risk of living and working in 
an endemic area, more cases may be iden-
tified at these locations because clinicians 
may suspect and test for coccidioidomy-
cosis more readily, thus identifying larger 
proportions of incident cases. 

The results of this analysis are lim-
ited by the fact that the ascertainment of 
coccidioidomycosis cases is likely incom-
plete; some cases treated in deployed or 
non-U.S. military medical facilities may 
not have been reported or otherwise 
ascertained at the time of this analysis. In 
addition, because of the absence or mild-
ness of symptoms, affected individuals 
may not seek medical attention. Further-
more, most infections with Coccidioides 
are of self-limited duration and would not 
be specifically identified in the absence of 
laboratory testing. 

Because of the non-specific clini-
cal manifestations of coccidioidomyco-
sis and the delayed onset of symptoms, 
affected service members may present for 
care outside of endemic areas. Individu-
als with latent coccidioidal infection due 
to past exposure may experience reactiva-
tion of their infection and illness if they 
later develop immune compromise due to 
age, infection (e.g., HIV), cancer, autoim-
mune disease, or medical treatments.6 Such 
reactivation may occur far from regions 
where coccidioidomycosis is endemic. In 
such situations, affected individuals may 
experience delays in testing, diagnosis, 
and treatment.8 Because disease awareness 
is low among primary care providers out-
side of endemic areas, disease detection 
and timely treatment are significant chal-
lenges.26,27 Providers of health care to U.S. 
military members should consider coccidi-
oidomycosis as a potential cause of febrile  
respiratory infectious illnesses, particularly 
when the individual has a history of recent 
travel to an endemic area (especially those 
who work or participate in activities where 
dust is generated).
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In 2017, there were 464 incident diagnoses of heat stroke and 1,699 inci-
dent diagnoses of heat exhaustion among active component service mem-
bers. The overall crude incidence rates of heat stroke and heat exhaustion 
were 0.38 cases and 1.41 cases per 1,000 person-years, respectively. In 2017, 
subgroup-specific incidence rates of both heat stroke and heat exhaustion 
were highest among service members aged 19 years or younger, Asian/Pacific 
Islanders, Marine Corps and Army members, and those in combat-specific 
occupations. The rate of heat stroke was markedly higher among males than 
females. In contrast, the rate of heat exhaustion among females was similar 
to that among males. During 2013–2017, a total of 359 heat illnesses were 
documented among service members in Iraq and Afghanistan; 8.6% (n=31) 
were diagnosed as heat stroke. Commanders, small unit leaders, training 
cadre, and supporting medical personnel must ensure that military members 
whom they supervise and support are informed about risks, preventive coun-
termeasures, early signs and symptoms, and first-responder actions related to 
heat illnesses.

Update: Heat Illness, Active Component, U.S. Armed Forces, 2017

The term “heat illness” refers to a 
group of disorders that occur when 
the elevation of core body temper-

ature surpasses the compensatory limits of 
thermoregulation.1 Heat illness is the result 
of environmental heat stress and/or exer-
tion and represents a set of conditions that 
exist along a continuum from less severe 
(heat exhaustion) to potentially life-threat-
ening (heat stroke).

Heat exhaustion is caused by the inabil-
ity to maintain adequate cardiac output due 
to strenuous physical exertion and envi-
ronmental heat stress.1,2 Acute dehydration 
often accompanies heat exhaustion but is 
not required for the diagnosis.3 Clinical cri-
teria for heat exhaustion include core body 
temperature greater than 100.5ºF/38ºC and 
less than 104ºF/40ºC at the time of or imme-
diately after exertion and/or heat exposure; 
physical collapse at the time of or shortly 
after physical exertion; and no significant 
dysfunction of the central nervous sys-
tem. If any central nervous system dysfunc-
tion develops (e.g., dizziness, headache), it 

is mild and rapidly resolves with rest and 
cooling measures (e.g., removal of unnec-
essary clothing, relocation to a cooled envi-
ronment, and oral hydration with cooled, 
slightly hypotonic solutions).1-4 

Heat stroke is a debilitating illness char-
acterized clinically by severe hyperthermia 
(core body temperature of 104ºF/40ºC or 
greater), profound central nervous system 
dysfunction (e.g., delirium, seizures, coma), 
and additional organ and tissue damage.1,4,5 
The onset of heat stroke requires aggressive 
clinical treatments, including rapid cool-
ing and supportive therapies such as fluid 
resuscitation to stabilize organ function.1,5 
The observed pathologic changes in sev-
eral organ systems are thought to occur 
through a complex interaction between 
heat cytotoxicity, coagulopathies, and a 
severe systemic inflammatory response.1,5 
Multi-organ system failure is the ultimate 
cause of mortality due to heat stroke.5

Timely medical intervention can pre-
vent milder cases of heat illness, such as 
heat exhaustion, from becoming severe 

(e.g., heat stroke) and potentially life 
threatening. However, even with medical 
intervention, heat stroke may have last-
ing effects, including damage to the ner-
vous system and other vital organs and 
decreased heat tolerance, making an indi-
vidual more susceptible to subsequent 
episodes of heat illness.6-8 Furthermore, 
the continued manifestation of multi-
organ system dysfunction after heat stroke 
increases patients’ risk of mortality during 
the ensuing months and years.9,10  

Strenuous physical activity for 
extended durations in occupational set-
tings as well as during military operational 
and training exercises exposes service 
members to considerable heat stress due to 
high environmental heat and/or a high rate 
of metabolic heat production.11 In some 
military settings, wearing needed protec-
tive clothing or equipment may make it 
biophysically difficult to dissipate body 
heat. The resulting body heat burden and 
associated cardiovascular strain limit exer-
cise performance and increase the risk of 
heat-related illness.11,12 

Over many decades, lessons learned 
during military training and operations 
in hot environments as well as a substan-
tial body of literature have resulted in doc-
trine, equipment, and preventive measures 
that can significantly reduce the adverse 
health effects of military activities in hot 
weather.13-19 Although numerous effec-
tive countermeasures are available, heat-
related illness remains a significant threat 
to the health and operational effectiveness 
of military members and their units and 
accounts for considerable morbidity, par-
ticularly during recruit training in the U.S. 
military.11,20

In the Military Health System, the 
most serious heat-related illnesses are con-
sidered notifiable medical events. Noti-
fiable cases of heat illness include heat 
exhaustion and heat stroke. All cases of 
heat illness that require medical interven-
tion or result in change of duty status are 
reportable.4 

https://health.mil/msmrce
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This report summarizes not only 
reportable medical events of heat illnesses, 
but also heat illness–related hospitaliza-
tions and ambulatory visits among active 
component members during 2017 and 
compares them to the previous 4 years. 
Episodes of heat stroke and heat exhaustion 
are summarized separately.

M E T H O D S

The surveillance period was 1 January 
2013 through 31 December 2017. The sur-
veillance population included all individu-
als 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 incident heat ill-
ness diagnoses were derived from records 
routinely maintained in the Defense Med-
ical Surveillance System (DMSS). These 
records document both ambulatory 
encounters and hospitalizations of active 
component members of the U.S. Armed 
Forces in fixed military and civilian (if 
reimbursed through the Military Health 
System) treatment facilities worldwide. 
In-theater diagnoses of heat illness were 
identified from medical records of service 
members deployed to Southwest Asia/Mid-
dle East and whose healthcare encounters 
were documented in the Theater Medical 
Data Store (TMDS). Because heat illnesses 
represent a threat to the health of individual 
service members and to military training 
and operations, the Armed Forces require 
expeditious reporting of these reportable 
medical events through one of the ser-
vice-specific electronic reporting systems; 
these reports are routinely transmitted and 
incorporated into the DMSS. 

For this analysis, a case of heat ill-
ness was defined as an individual with 1) 
a hospitalization or outpatient medical 
encounter with a primary (first-listed) or 
secondary (second-listed) diagnosis of heat 
stroke (ICD-9: 992.0; ICD-10: T67.0*) or 
heat exhaustion (ICD-9: 992.3–992.5; ICD-
10: T67.3*–T67.5*); or 2) a reportable med-
ical event record of heat exhaustion or heat 
stroke.21 It is important to note that previous 
MSMR analyses included diagnosis codes 

for other and unspecified effects of heat 
and light (ICD-9: 992.8 and 992.9; ICD-10: 
T67.8* and T67.9*) within the heat illness 
category “other heat illnesses.” These codes 
were excluded from the current analysis. If 
an individual had a diagnosis for both heat 
stroke and heat exhaustion during a given 
year, only one diagnosis was selected pri-
oritizing heat stroke over heat exhaustion. 
Encounters for each individual within 
each calendar year then were prioritized in 
terms of record source: hospitalizations > 
reportable events > ambulatory visits. 

For surveillance purposes, a “recruit 
trainee” was defined as an active compo-
nent service member (grades E1–E4) who 
was assigned to one of the Services’ nine 
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 heat illnesses by military 
grade overall.  

Records of medical evacuations from 
the U.S. Central Command (CENTCOM) 
area of responsibility (AOR) (i.e., Iraq, 
Afghanistan) to a medical treatment facility 
outside the CENTCOM AOR were analyzed 
separately. Evacuations were considered 
case-defining if affected service members 
had at least one inpatient or outpatient 
heat illness medical encounter in a perma-
nent military medical facility in the U.S. or 
Europe from 5 days before to 10 days after 
their evacuation dates.

The new electronic health record for 
the Military Health System, MHS GENESIS, 
was implemented at several military treat-
ment facilities during 2017. Medical data 
from sites that are using MHS GENESIS are 
not available in DMSS. These sites include 
Naval Hospital Oak Harbor, Naval Hospital 
Bremerton, Air Force Medical Services Fair-
child, and Madigan Army Medical Center. 
Therefore, medical encounter and person- 
time data for individuals seeking care at 
one of these facilities during 2017 were not 
included in this analysis.

R E S U L T S

In 2017, there were 464 incident cases 
of heat stroke and 1,699 incident cases 
of heat exhaustion among active compo-
nent service members (Table 1). The over-
all crude incidence rates of heat stroke 
and heat exhaustion were 0.38 cases and 
1.41 cases per 1,000 person-years (p-yrs), 
respectively. 

Crude (unadjusted) annual incidence 
rates of heat stroke increased steadily from 
0.24 cases per 1,000 p-yrs in 2013 to 0.38 
cases per 1,000 p-yrs in 2016 and 2017 
(Figure 1). In 2017, there were more heat 
stroke–related hospitalizations than in 
2016 but similar numbers of ambulatory 
visits. Crude annual incidence rates of 
heat exhaustion ranged from a low of 1.12 
cases per 1,000 p-yrs in 2014 to a peak of 
1.43 cases per 1,000 p-yrs in 2016, after 
which the rate remained relatively stable at 
1.41 cases per 1,000 p-yrs in 2017 (Figure 
2). During the 5-year surveillance period, 
the numbers of heat exhaustion–related 
hospitalizations and the proportions that 
they represented of the total heat exhaus-
tion cases remained relatively stable (range 
44–60; 2.6%–4.2%); however, the propor-
tions of total heat exhaustion cases rep-
resented by ambulatory visits increased 
from 57.0% in 2013 to 80.8% in 2017. 

In  2017,  subgroup-specific  inci-
dence rates of heat stroke were highest 
among males and service members aged 
19 years or younger, Asian/Pacific Island-
ers, Marine Corps and Army members, 
recruit trainees, and those in combat-
specific occupations (Table 1). The inci-
dence rate of heat stroke was 38.2% higher 
among service members in the Marine 
Corps than among those in the Army; the 
Army rate was nearly 6-fold the Navy rate 
and 11-fold the Air Force rate; and the 
rate among females was 40.1% lower than 
the rate among males. There were only 
18 cases of heat stroke reported among 
recruit trainees, but their incidence rate 
was more than one and a half times that of 
other enlisted members and officers. 

In contrast to the heat stroke findings, 
the crude incidence rate of heat exhaustion 
among females was similar to that among 
males (Table 1). In 2017, subgroup-specific 
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incidence rates of heat exhaustion were 
notably higher among service members 
aged 19 years or younger, Asian/Pacific 
Islanders, Marine Corps and Army mem-
bers, recruit trainees, and service mem-
bers in combat-specific occupations.

Heat illnesses by location

During the 5-year surveillance period, 
a total of 10,458 heat-related illnesses were 
diagnosed at more than 250 military instal-
lations and geographic locations worldwide. 

Less than 5% of the total heat illness cases 
occurred outside of the U.S. (n=440). Four 
Army installations accounted for close 
to one-third (32.8%) of all heat illnesses 
during the period (Fort Benning, GA 
[n=1,328]; Fort Bragg, NC [n=1,059]; Fort 
Campbell, KY [n=606]; and Fort Jackson, 
SC [n=442]); six other locations accounted 
for an additional one-quarter (25.3%) of 
heat illness events (Marine Corps Base 
Camp Lejeune/Cherry Point, NC [n=682]; 
Marine Corps Recruit Depot Parris Island/
Beaufort, SC [n=518]; Marine Corps Base 
Camp Pendleton, CA [n=432]); Fort Polk, 
LA [n=428]; NMC San Diego, CA [n=313]; 
and Okinawa, Japan [n=271]). Of the 10 
locations with the most heat illness events, 
seven are located in the southeastern U.S. 
(Table 2). The 17 locations with more than 
100 cases of heat illness accounted for 
71.4% of all active component cases during 
2013–2017.

Heat illnesses in Iraq and Afghanistan

During the 5-year surveillance period, 
a total of 359 heat illnesses were diag-
nosed and treated in Iraq and Afghani-
stan (Figure 3). Of the total cases of heat 
illness, 8.6% (n=31) were diagnosed as 
heat stroke. Deployed service members 
who were affected by heat illnesses were 
most frequently male (n=297; 82.7%); 
non-Hispanic white (n=215; 59.9%); aged 
20–24 years (n=177; 49.3%); in the Army 
(n=206; 57.4%); enlisted (n=343; 95.5%); 
and in repair/engineering (n=123; 34.3%) 
or combat-specific (n=95; 26.5%) occu-
pations (data not shown). During the sur-
veillance period, four service members 
were medically evacuated for heat illnesses 
from Iraq or Afghanistan; all of the evac-
uations took place in the summer months 
(May–September).

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

This annual update of heat illnesses 
among service members in the active 
component documented that the unad-
justed annual incidence rates of heat stroke 
increased steadily between 2013 and 2016 
with relatively little change in rates between 

T A B L E  1 .  Incident casesa and incidence ratesb of heat illness, active component, U.S. 
Armed Forces, 2017

Heat stroke Heat exhaustion Total heat illness 
diagnoses

No. Rateb No. Rateb No. Rateb

Total 464 0.38 1,699 1.41 2,163 1.79
Sex
Male 416 0.41 1,430 1.41 1,846 1.82
Female 48 0.25 269 1.38 317 1.62

Age group
<20 68 0.72 499 5.29 567 6.02
20–24 196 0.51 699 1.83 895 2.34
25–29 110 0.40 264 0.96 374 1.35
30–34 56 0.29 129 0.66 185 0.95
35–39 19 0.14 70 0.50 89 0.64
40+ 15 0.12 38 0.31 53 0.43

Race/ethnicity
Non-Hispanic white 269 0.39 947 1.37 1,216 1.76
Non-Hispanic black 81 0.41 325 1.63 406 2.04
Hispanic 66 0.35 252 1.35 318 1.71
Asian/Pacific Islander 28 0.59 101 2.11 129 2.70
Other/unknown 20 0.23 74 0.87 94 1.10

Service
Army 265 0.60 961 2.19 1,226 2.80
Navy 29 0.10 109 0.39 138 0.50
Air Force 17 0.05 134 0.43 151 0.49
Marine Corps 153 0.84 495 2.70 648 3.54

Military status
Recruit 18 0.61 306 10.45 324 11.07
Enlisted 368 0.38 1,279 1.33 1,647 1.71
Officer 78 0.36 114 0.52 192 0.88

Military occupation
Combat-specificc 170 1.07 497 3.12 667 4.18
Armor/motor transport 8 0.19 66 1.58 74 1.77
Pilot/air crew 7 0.16 7 0.16 14 0.31
Repair/engineering 63 0.18 265 0.77 328 0.96
Communications/ 
intelligence 66 0.26 291 1.14 357 1.40

Health care 34 0.32 102 0.95 136 1.26
Other/unknown 116 0.45 471 1.84 587 2.29

Home of recordd

Midwest 97 0.44 307 1.40 404 1.85
Northeast 53 0.34 198 1.27 251 1.61
South 198 0.38 793 1.53 991 1.91
West 106 0.38 376 1.36 482 1.74
Other/unknown 10 0.25 25 0.63 35 0.88

aOne case per person per year
bNumber of cases per 1,000 person-years
cInfantry/artillery/combat engineering
dAs self-reported at time of entry into service
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2016 and 2017. The crude annual incidence 
rate of heat exhaustion in 2017 was compa-
rable to the rate in 2016.

There are significant limitations to 
this update that should be considered 
when interpreting the results. Similar heat-
related clinical illnesses are likely managed 
differently and reported with different diag-
nostic codes at different locations and in 
different clinical settings. Such differences 
undermine the validity of direct compari-
sons of rates of nominal heat stroke and 
heat exhaustion events across locations and 
settings. Also, heat illnesses during training 
exercises and deployments that are treated 
in field medical facilities are not completely 
ascertained as cases for this report. In addi-
tion, it should be noted that the guidelines 
for mandatory reporting of heat illnesses 
were modified in the 2017 revision of the 
Armed Forces guidelines and case defi-
nitions for reportable medical events.4 In 
this updated version of the guidelines and 
case definitions, the heat injury category 

was removed, leaving only case classifica-
tions for heat stroke and heat exhaustion. 
To compensate for such possible variation 
in reporting, the analysis for this update, 
as in previous years, included cases iden-
tified in DMSS records of ambulatory care 
and hospitalizations using a consistent set 
of ICD-9/ICD-10 codes for the entire sur-
veillance period. However, it also is impor-
tant to note that the exclusion of diagnosis 
codes for other and unspecified effects of 
heat and light (formerly included within 
the heat illness category “other heat ill-
nesses”) in the current analysis precludes 
the direct comparison of numbers and rates 
of cases of heat exhaustion to the numbers 
and rates of “other heat illnesses” reported 
in previous MSMR updates.  

As has been noted in previous MSMR 
heat illness updates, results indicate that 
a sizable proportion of cases identified 
through DMSS records of hospitaliza-
tions and ambulatory visits did not prompt 
mandatory reports through the reporting 

system.20 However, the record source prior-
itization rule (hospitalizations > reportable 
events > ambulatory visits) employed in 
this analysis imposes limitations as to what 
can be said about the true magnitude of the 
observed discrepancy in the numbers of 
reportable events and medical encounters 
for both types of heat illness. To address 
this limitation in future analyses, it will be 
important to ascertain the overlap between 
hospitalizations and reportable events and 
the overlap between reportable events and 
outpatient encounters. It is possible that 
cases of heat illness, whether diagnosed 
during an inpatient or outpatient encoun-
ter, were not reported as reportable medical 
events because treatment providers were 
not attentive to the criteria for reporting 

T A B L E  2 .  Heat illness events,a by loca-
tion of diagnosis/report, active compo-
nent, U.S. Armed Forces, 2013–2017

F I G U R E  1 .  Incident casesa and incidence 
rates of heat stroke, by source of report and 
year of diagnosis, active component, U.S. 
Armed Forces, 2013–2017

F I G U R E  2 .  Incident casesa and incidence 
rates of heat exhaustion, by source of report 
and year of diagnosis, active component, 
U.S. Armed Forces, 2013–2017

aDiagnosis codes were prioritized by severity and 
record source (heat stroke > heat exhaustion; hospital-
izations > reportable events > ambulatory visits)

aDiagnosis codes were prioritized by severity and 
record source (heat stroke > heat exhaustion; hospital-
izations > reportable events > ambulatory visits)
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Hospitalizations
Reportable events
Ambulatory visits
Rate

Location of diagnosis No. % total
Fort Benning, GA 1,328 12.7
Fort Bragg, NC 1,059 10.1
MCB Camp Lejeune/ 
Cherry Point, NC 682 6.5

Fort Campbell, KY 606 5.8
MCRD Parris Island/ 
Beaufort, SC 518 5.0

Fort Jackson, SC 442 4.2
MCB Camp Pendleton, CA 432 4.1
Fort Polk, LA 428 4.1
NMC San Diego, CA 313 3.0
Okinawa, Japan 271 2.6
Fort Hood, TX 254 2.4
MCB Quantico, VA 239 2.3
Fort Stewart, GA 228 2.2
Fort Shafter, HI 172 1.6
NH Twentynine Palms, CA 168 1.6
Fort Leonard Wood, MO 166 1.6
JBSA-Lackland AFB, TX 166 1.6
Elgin AFB, FL 93 0.9
Fort Riley, KS 87 0.8
Fort Irwin, CA 85 0.8
All other locations 2,721 26.0
Total 10,458 100.0

aOne heat injury per person per year
MCB, Marine Corps Base; MCRD, Marine Corps 
Recruit Depot; NMC, Naval Medical Center; JBSA, 
Joint Base San Antonio; AFB, Air Force Base; NH, 
Naval Hospital
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or because of ambiguity in interpreting the 
criteria (e.g., the heat illness did not result 
in a change in duty status; for heat stroke, 
core body temperature measured during/
immediately after exertion or heat expo-
sure was not available). Underreporting 
is especially concerning for cases of heat 
stroke because it may reflect insufficient 
attentiveness to the need for prompt recog-
nition of cases of this dangerous illness and 
for timely intervention at the local level to 
prevent additional cases. 

In spite of its limitations, this report 
documents that heat illnesses are a sig-
nificant and persistent threat to both the 
health of U.S. military members and the 
effectiveness of military operations. Of all 
military members, the youngest and most 
inexperienced Marines and soldiers (par-
ticularly those training at installations in 
the southeastern U.S.) are at highest risk 
of heat illnesses—including heat stroke, 
exertional hyponatremia, and exertional 

rhabdomyolysis (see the other articles in 
this issue of the MSMR). 

Commanders, small unit leaders, 
training cadre, and supporting medical 
personnel—particularly at recruit training 
centers and installations with large combat 
troop populations—must ensure that mil-
itary members whom they supervise and 
support are informed regarding risks, pre-
ventive countermeasures (e.g., water con-
sumption), early signs and symptoms, and 
first-responder actions related to heat ill-
nesses.13–19 Leaders should be aware of the 
dangers of insufficient hydration on the 
one hand and excessive water intake on the 
other; they must have detailed knowledge 
of, and rigidly enforce countermeasures 
against, all types of heat illnesses. 

Policies, guidance, and other informa-
tion related to heat illness prevention and 
treatment among U.S. military members 
are available online here:    

https://phc.amedd.army.mil/topics/
discond/hipss/Pages/Heat-Related-Illness-
Prevention.aspx 

w w w. logcom.mar ines .mi l /C en-
ters/Special-Staff/I-E-and-Safety-Office/
Installations/Heat-Prevention/
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https://www.dir.ca.gov/oshsb/documents/Heat_illness_prevention_tbmed507.pdf
https://www.dir.ca.gov/oshsb/documents/Heat_illness_prevention_tbmed507.pdf
http://www.marines.mil/Portals/59/Publications/MCO%206200.1E%20W%20CH%201.pdf
http://www.marines.mil/Portals/59/Publications/MCO%206200.1E%20W%20CH%201.pdf
http://www.med.navy.mil/sites/nmcphc/Documents/nepmu-6/Environmental-Health/Disease-Prevention/Technical-Manual-NEHC-TM-OEM-6260-6A.pdf
http://www.med.navy.mil/sites/nmcphc/Documents/nepmu-6/Environmental-Health/Disease-Prevention/Technical-Manual-NEHC-TM-OEM-6260-6A.pdf
http://www.med.navy.mil/sites/nmcphc/Documents/nepmu-6/Environmental-Health/Disease-Prevention/Technical-Manual-NEHC-TM-OEM-6260-6A.pdf
http://www.med.navy.mil/sites/nmcphc/Documents/nepmu-6/Environmental-Health/Disease-Prevention/Technical-Manual-NEHC-TM-OEM-6260-6A.pdf
https://www.health.mil/Reference-Center/Publications/2017/03/01/Heat-Injuries
https://www.health.mil/Reference-Center/Publications/2017/03/01/Heat-Injuries
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Among active component service members in 2017, there were 492 incident 
diagnoses of rhabdomyolysis likely due to exertional rhabdomyolysis, for 
an unadjusted incidence rate of 40.2 cases per 100,000 person-years. Sub-
group-specific rates in 2017 were highest among males, those aged 19 years 
or younger, non-Hispanic black service members, Marine Corps or Army 
members, recruit trainees, and those in “other” or combat-specific occupa-
tions. During 2013–2017, crude rates of exertional rhabdomyolysis increased 
steadily from 2013 through 2016, after which rates declined slightly in 2017. 
Compared to service members in other race/ethnicity groups, the overall rate 
of exertional rhabdomyolysis was highest among non-Hispanic blacks. Over-
all and annual rates were highest among Marine Corps members, interme-
diate among those in the Army, and lowest among those in the Air Force 
and Navy. Most cases of exertional rhabdomyolysis were diagnosed at instal-
lations that support basic combat/recruit training or major ground combat 
units of the Army or the Marine Corps. Medical care providers should con-
sider exertional rhabdomyolysis in the differential diagnosis when service 
members (particularly recruits) present with muscular pain or swelling, lim-
ited range of motion, or the excretion of dark urine (possibly due to myoglo-
binuria) after strenuous physical activity, particularly in hot, humid weather.

Update: Exertional Rhabdomyolysis, Active Component, U.S. Armed Forces, 2013–2017

Rhabdomyolysis is a condition char-
acterized by the rapid breakdown 
of skeletal muscle cells and subse-

quent release of intracellular muscle con-
tents into the circulation. This process is 
most often recognized by markedly elevated 
creatinine kinase levels and the appearance 
of red to brown urine (due to myoglobin-
uria).1,2 In exertional rhabdomyolysis, dam-
age to skeletal muscle is generally caused 
by high-intensity, protracted, or repetitive 
physical activity, usually after engaging in 
unaccustomed strenuous exercise (espe-
cially with eccentric and/or muscle-length-
ening contractions).3 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.1-4

Risk factors for exertional rhabdomy-
olysis include younger age, male sex, lower 

level of physical fitness, a prior heat illness, 
lower level of education, and exertion dur-
ing the warmer months of the year.1,3,5-8 
Acute kidney injury is the most danger-
ous potential complication of exertional 
rhabdomyolysis and is thought to be due 
to an excessive concentration of free myo-
globin in the urine accompanied by vol-
ume depletion, resulting in renal tubular 
obstruction, direct tubular cell injury, and 
vasoconstriction.4,9  

In U.S. military members, rhabdo-
myolysis is a significant threat during 
physical exertion, particularly under heat 
stress.5,7,10,11 Each year, the MSMR summa-
rizes numbers, rates, trends, risk factors, 
and locations of occurrences of exertional 
heat injuries, including exertional rhabdo-
myolysis. This report includes the data for 
2013–2017. Additional information about 
the definition, causes, and prevention of 
exertional rhabdomyolysis can be found in 
previous issues of the MSMR.10–11

M E T H O D S

The surveillance period was 1 January 
2013 through 31 December 2017. 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) treatment facili-
ties worldwide. In-theater diagnoses of 
exertional rhabdomyolysis were identified 
from medical records of service members 
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 individ-
ual with 1) a hospitalization or outpatient 
medical encounter with a diagnosis in any 
position of either “rhabdomyolysis” (ICD-
9: 728.88; ICD-10: M62.82) or “myoglo-
binuria” (ICD-9: 791.3; ICD-10: R82.1) 
plus a diagnosis in any position of one of 
the following: “volume depletion (dehy-
dration)” (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 (deprivation of water)” 
(ICD-9: 994.3; ICD-10: T73.1), “exhaus-
tion 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).12 Each individual could 
be considered an incident case of exer-
tional rhabdomyolysis only once per cal-
endar year. 

To exclude cases of rhabdomyolysis 
that were secondary to traumatic injuries, 
intoxications, or adverse drug reactions, 
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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 indica-
tive of exertional rhabdomyolysis.12 

For surveillance purposes, a “recruit 
trainee” was defined as an active compo-
nent member in an enlisted grade (E1–E4) 
who was assigned to one 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 responsibility 
(AOR) (e.g., Iraq, Afghanistan) to a medi-
cal treatment facility outside the CENT-
COM AOR also were analyzed separately. 
Evacuations were considered case-defin-
ing 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 evacu-
ation dates. 

The new electronic health record for 
the Military Health System, MHS GENE-
SIS, was implemented at several military 
treatment facilities during 2017. Medical 
data from sites that are using MHS GEN-
ESIS are not available in DMSS. These 
sites include Naval Hospital Oak Har-
bor, Naval Hospital Bremerton, Air Force 
Medical Services Fairchild, and Madigan 
Army Medical Center. Therefore, medi-
cal encounter and person-time data for 
individuals seeking care at one of these 
facilities during 2017 were not included in 
this analysis.

R E S U L T S

In 2017, there were 492 incident diag-
noses of rhabdomyolysis likely associated 
with physical exertion and/or heat stress 
(exertional rhabdomyolysis) (Table 1). The 
crude (unadjusted) incidence rate was 40.2 
cases per 100,000 person-years (p-yrs). 
Subgroup-specific incidence rates of exer-
tional rhabdomyolysis were highest among 
males (43.5 cases per 100,000 p-yrs), those 
aged 19 years or younger (82.6 cases per 
100,000 p-yrs), non-Hispanic black service 
members (69.0 cases per 100,000 p-yrs), 
Marine Corps or Army members (87.4 
cases per 100,000 p-yrs and 53.8 cases per 
100,000 p-yrs, respectively), recruit train-
ees, and those in “other/unknown” or com-
bat-specific occupations (67.1 cases per 
100,000 p-yrs and 62.5 cases per 100,000 
p-yrs, respectively) (Table 1). Of note, inci-
dence rates among recruit trainees were 
seven times those among other enlisted 
members and officers, even though cases 
among this group accounted for only 15.4% 
of all cases in 2017. 

During 2013–2017, crude annual inci-
dence rates of incident diagnoses of exer-
tional rhabdomyolysis increased steadily 
from 27.9 cases per 100,000 p-yrs in 2013 
to 41.4 cases per 100,000 p-yrs in 2016, 
after which rates declined slightly to 40.2 
cases per 100,000 p-yrs in 2017 (Figure 1). 
During the surveillance period, the overall 
incidence rate of exertional rhabdomyoly-
sis was highest among non-Hispanic blacks 
in every year except 2013, when the highest 
rate occurred among Asian/Pacific Islanders 
(Table 1, data not shown). Overall and annual 
incidence rates of exertional rhabdomyolysis 
were highest among service members in the 
Marine Corps, intermediate among those 
in the Army, and lowest among those in the 
Air Force and Navy (Table 1, Figure 2). The 
most pronounced increases in annual inci-
dence rates were observed among Marine 
Corps members and Army members during 
2013–2016 (51.1% and 52.6%, respectively); 
however, rates among service members in 
the Air Force and Navy remained relatively 
stable (Figure 2). During the surveillance 
period, most cases (69.1%) occurred during 
May–September (Figure 3).

Rhabdomyolysis by location

During the 5-year surveillance period, 
the medical treatment facilities at 10 instal-
lations diagnosed at least 50 cases each and, 
together, more than half (51.1%) of all diag-
nosed cases (Table 2). Of these 10 installa-
tions, four provide support to recruit/
basic combat training centers (Marine 
Corps Recruit Depot Parris Island/Beau-
fort, SC; Fort Benning, GA; Joint Base San 
Antonio–Lackland, TX; and Fort Leonard 
Wood, MO). In addition, six installations 
support large combat troop populations 
(Fort Bragg, NC; Marine Corps Base 
[MCB] Camp Pendleton, CA; MCB Camp 
Lejeune/Cherry Point, NC; Fort Shafter, HI; 
Fort Hood, TX; and Fort Campbell, KY). 
The most cases overall, together accounting 
for more than one-fifth (22.2%) of all cases, 
were diagnosed at Fort Bragg, NC (n=265) 
and MCRD Parris Island/Beaufort, SC 
(n=238) (Table 2).

Rhabdomyolysis in Iraq and Afghanistan

There were five 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 rhabdomyolysis were 
non-Hispanic white or non-Hispanic black 
(n=3; 60.0% and n=2; 40.0%, respectively); 
male (n=5); aged 20–24 years (n=2; 40.0%) 
or 30–34 years (n=2; 40.0%); in the Army 
(n=5); enlisted (n=5); and in combat-spe-
cific occupations (n=3; 60.0%). One active 
component service member was medically 
evacuated from Iraq/Afghanistan for exer-
tional rhabdomyolysis; this medical evac-
uation 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 mem-
bers during 2013–2016 after which rates 
declined slightly in 2017. Exertional rhab-
domyolysis continued to occur most fre-
quently from late spring through early fall 
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T A B L E  1 .  Incident casesa and incidence ratesb of exertional rhabdomyolysis, active com-
ponent, U.S. Armed Forces, 2017

Hospitalized Ambulatory Total

No. Rateb No. Rateb No. Rateb

Total 236 19.3 256 20.9 492 40.2

Sex

Male 221 21.6 225 22.0 446 43.5

Female 15 7.6 31 15.7 46 23.2

Age group

<20 53 31.0 88 51.5 141 82.6

20–24 63 20.2 70 22.4 133 42.6

25–29 55 19.7 52 18.6 107 38.3

30–34 32 16.3 24 12.2 56 28.5

35–39 22 15.6 15 10.7 37 26.3

40+ 11 9.0 7 5.7 18 14.7

Race/ethnicity

Non-Hispanic white 118 16.9 134 19.2 252 36.2

Non-Hispanic black 64 31.8 75 37.2 139 69.0

Hispanic 31 16.4 28 14.8 59 31.3

Asian/Pacific Islander 8 16.4 12 24.6 20 41.0

Other/unknown 15 17.2 7 8.0 22 25.2

Service

Army 116 26.5 120 27.4 236 53.8

Navy 17 5.8 15 5.2 32 11.0

Air Force 28 9.0 36 11.6 64 20.6

Marine Corps 75 41.0 85 46.4 160 87.4

Military status

Enlisted 158 16.2 179 18.4 337 34.6

Officer 47 21.5 32 14.7 79 36.2

Recruit 31 103.9 45 150.9 76 254.8

Military occupation

Combat-specificc 42 26.3 58 36.3 100 62.5

Armor/motor transport 8 18.9 7 16.5 15 35.4

Pilot/air crew 6 13.4 4 8.9 10 22.4

Repair/engineering 34 9.7 37 10.5 71 20.2

Communications/intelligence 43 16.7 38 14.7 81 31.4

Health care 23 21.3 19 17.6 42 38.8

Other/unknown 80 31.0 93 36.1 173 67.1

Home of recordd

Midwest 38 17.2 48 21.7 86 38.9

Northeast 31 19.7 29 18.5 60 38.2

South 116 22.2 131 25.1 247 47.2

West 48 17.0 46 16.3 94 33.4

Other/unknown 3 7.5 2 5.0 5 12.5
aOne case per person per year
bNumber of cases per 100,000 person-years
dInfantry/artillery/combat engineering
dAs self-reported at time of entry into service

F I G U R E  1 .   Annual incident cases and inci-
dence rates of exertional rhabdomyolysis, 
by clinical setting, active component, U.S. 
Armed Forces, 2013–2017
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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.1,2,7 Soldiers 
and Marines in combat units often con-
duct rigorous unit physical training, per-
sonal 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 
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higher than the rates among members of 
other race/ethnicity groups in 2017 and in 
3 of the 4 previous years. This observation 
has been attributed, at least in part, to an 
increased risk of exertional rhabdomyolysis 
among individuals with sickle cell trait.13–16 
However, in 2013, the rate among Asian/
Pacific Islanders was the highest of all race/

ethnicity groups. Although the annual inci-
dence 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 

F I G U R E  2 .   Annual incidence rates of exertional rhabdomyolysis, by service, active component, 
U.S. Armed Forces, 2013–2017

F I G U R E  3 .   Cumulative numbers of incident cases of exertional rhabdomyolysis, by month,      
active component, U.S. Armed Forces, 2013–2017
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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 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 second-
ary to trauma, intoxication, or adverse 
drug reactions. 

T A B L E  2 .  Incident cases of exertional 
rhabdomyolysis, by installation (with at 
least 30 cases during the surveillance 
period), active component, U.S. Armed 
Forces,  2013–2017

Location of diagnosis No. % total

Fort Bragg, NC 265 11.7
MCRD Parris Island/ 
Beaufort, SC 238 10.5

MCB Camp Pendleton, CA 112 4.9

Fort Benning, GA 109 4.8
MCB Camp Lejeune/Cherry 
Point, NC 106 4.7

Fort Shafter, HI 86 3.8

Fort Hood, TX 70 3.1

JBSA-Lackland AFB, TX 65 2.9

Fort Campbell, KY 57 2.5

Fort Leonard Wood, MO 50 2.2

Fort Carson, CO 44 1.9

Fort Bliss, TX 37 1.6

Fort Gordon, GA 36 1.6

Fort Jackson, SC 35 1.5

NMC San Diego, CA 34 1.5

Fort Stewart, GA 34 1.5

Okinawa, Japan 34 1.5

Fort Belvoir, VA 33 1.5

Other locations 822 36.3

Total 2,267 100.0

MCRD, Marine Corps Recruit Depot; JBSA, Joint 
Base San Antonio; MCB, Marine Corps Base; 
NMC, Naval Medical Center
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The measures that are effective at pre-
venting exertional heat injuries in general 
apply to the prevention of exertional rhab-
domyolysis. In the military training setting, 
risk of exertional rhabdomyolysis can be 
reduced by emphasizing graded, individ-
ual preconditioning before starting a more 
strenuous exercise program and adhering 
to recommended work/rest and hydration 
schedules, especially in hot weather. The 
physical activities of overweight and/or 
previously sedentary new recruits should 
be closely monitored. Strenuous activi-
ties during relatively cool mornings fol-
lowing days of high heat stress should be 
particularly closely monitored; in the past, 
such situations have been associated with 
increased risk of exertional heat injuries 
(including rhabdomyolysis).6 

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.7,8,17 It is recommended 
that those who have had a clinically con-
firmed exertional rhabdomyolysis event 
be further evaluated and risk-stratified 
for recurrence before return to activity/
duty.8,17,18 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).17,18

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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From 2002 through 2017, there were 1,552 incident diagnoses of exertional 
hyponatremia among active component service members, for a crude over-
all incidence rate of 7.1 cases per 100,000 person-years (p-yrs). Compared to 
their respective counterparts, overall incidence rates of exertional hyponatre-
mia were higher among females, those aged 19 years or younger, and recruit 
trainees. The overall incidence rate during the 16-year period was highest in 
the Marine Corps, intermediate in the Army and Air Force, and lowest in 
the Navy. Overall rates during the surveillance period were highest among 
non-Hispanic white and Asian/Pacific Islander service members and lowest 
among non-Hispanic black service members. Between 2002 and 2017, crude 
annual incidence rates of exertional hyponatremia peaked in 2010 (12.7 per 
100,000 p-yrs) and then decreased to 5.3 cases per 100,000 p-yrs in 2013 
before increasing in 2014 and 2015. The crude annual rate in 2017 (6.2 per 
100,000 p-yrs) represented a decrease of 27.6% from 2015. Service mem-
bers and their supervisors must be knowledgeable of the dangers of excessive 
water consumption and the prescribed limits for water intake during pro-
longed physical activity (e.g., field training exercises, personal fitness train-
ing, recreational activities) in hot, humid weather.

Update: Exertional Hyponatremia, Active Component, U.S. Armed Forces, 2002–2017

Exertional, or exercise-associated, 
hyponatremia refers to a low serum, 
plasma or blood sodium concentra-

tion (below 135 milliequivalents/liter) that 
develops during or up to 24 hours following 
prolonged physical activity.1 Acute hypo-
natremia creates an osmotic imbalance 
between fluids outside and inside of cells. 
This osmotic gradient causes water to flow 
from outside to inside the cells of various 
organs, including the lungs (pulmonary 
edema) and brain (cerebral edema), pro-
ducing serious and sometimes fatal clini-
cal effects.1,2 Swelling of the brain increases 
intracranial pressure, which can decrease 
cerebral blood flow and disrupt brain func-
tion (e.g., hypotonic encephalopathy, sei-
zures, coma). Without rapid and definitive 
treatment to relieve increasing intracranial 
pressure, brain stem herniation can com-
promise the life-sustaining functions that 
are controlled by the cardiorespiratory cen-
ters of this portion of the brain.2-4

Serum sodium concentration is deter-
mined mainly by the total content of 
exchangeable body sodium and potassium 
relative to total body water. Thus, exer-
tional hyponatremia can result from loss of 

sodium and/or potassium, a relative excess 
of body water, or a combination of both.5,6 
However, overconsumption of fluids and 
the resultant excess of total body water are 
the primary driving factors in the develop-
ment of exertional hyponatremia.1,7,8 Other 
important factors include the persistent 
secretion of antidiuretic hormone (argi-
nine vasopressin), excessive sodium losses 
in sweat, and inadequate sodium intake 
during prolonged physical exertion, par-
ticularly during heat stress.2-4,9 The impor-
tance of sodium losses through sweat in the 
development of exertional hyponatremia is 
influenced by the fitness level of the indi-
vidual. Less fit individuals generally have 
a higher sweat sodium concentration, a 
higher rate of sweat production, and an ear-
lier onset of sweating during exercise.10-12

This report uses a surveillance case 
definition for exertional hyponatremia to 
estimate the frequencies, rates, trends, geo-
graphic locations, and demographic and 
military characteristics of exertional hypo-
natremia cases among U.S. military mem-
bers from 2002 through 2017.13

M E T H O D S

The surveillance period was 1 Janu-
ary 2002 through 31 December 2017. The 
surveillance population included all indi-
viduals who served in an 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 hyponatremia diagnoses 
were derived from records routinely main-
tained in the Defense Medical Surveillance 
System (DMSS). These records document 
both ambulatory encounters and hospital-
izations of active component members of 
the U.S. Armed Forces in fixed military and 
civilian (if reimbursed through the Military 
Health System) treatment facilities world-
wide. In-theater diagnoses of hyponatre-
mia were identified from medical records 
of service members deployed to Southwest 
Asia/Middle East and whose healthcare 
encounters were documented in the The-
ater Medical Data Store (TMDS). TMDS 
records are available only for the years 
2008–2017.

For this analysis, a case of exertional 
hyponatremia was defined as a hospital-
ization or ambulatory visit with a primary 
(first-listed) diagnosis of “hypo-osmolality 
and/or hyponatremia” (ICD-9: 276.1; ICD-
10: E87.1) and no other illness or injury-
specific diagnoses (ICD-9: 001–999) in 
any diagnostic position; or both a diag-
nosis of “hypo-osmolality and/or hypo-
natremia” (ICD-9: 276.1; ICD-10: E87.1) 
and at least one of the following within the 
first three diagnostic positions (dx1–dx3): 
“fluid overload” (ICD-9: 276.9; ICD-10: 
E87.70, E87.79), “alteration of conscious-
ness” (ICD-9: 780.0*; ICD-10: R40.*), “con-
vulsions” (ICD-9: 780.39; ICD-10: R56.9), 
“altered mental status” (ICD-9: 780.97; 
ICD-10: R41.82), “effects of heat/light” 
(ICD-9: 992.0–992.9; ICD-10: T67.0*–
T67.9*), or “rhabdomyolysis” (ICD-9: 
728.88; ICD-10: M62.82).13 

Medical encounters were not consid-
ered case-defining events if the associated 
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records included the following diagnoses in 
any diagnostic position: alcohol/illicit drug 
abuse; psychosis, depression, or other major 
mental disorders; endocrine (e.g., pituitary, 
adrenal) disorders; kidney diseases; intesti-
nal infectious diseases; cancers; major trau-
matic injuries; or complications of medical 
care. Each individual could be considered 
an incident case of exertional hyponatre-
mia only once per calendar year. 

For surveillance purposes, a “recruit 
trainee” was defined as an active compo-
nent member in an enlisted grade (E1–E4) 
who was assigned to one of the Services’ 
recruit training locations (per the individ-
ual’s initial military personnel record). For 
this report, each service member was con-
sidered a recruit trainee for the period of 
time corresponding to the usual length of 
recruit training in his/her service. Recruit 
trainees were considered a separate cate-
gory of enlisted service members in sum-
maries of exertional hyponatremia by 
military grade overall.

In-theater diagnoses of exertional 
rhabdomyolysis were analyzed separately 
using the same case-defining criteria and 
incidence rules were applied to identify 
incident cases. Records of medical evacu-
ations from the U.S. Central Command 
(CENTCOM) area of responsibility (AOR) 
(e.g., Iraq, Afghanistan) to a medical treat-
ment facility outside the CENTCOM AOR 
were analyzed separately. Evacuations were 
considered case-defining if the affected ser-
vice 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 evacuation dates.

The new electronic health record for 
the Military Health System, MHS GEN-
ESIS, was implemented at several military 
treatment facilities during 2017. Medical 
data from sites that are using MHS GEN-
ESIS are not available in DMSS. These sites 
include Naval Hospital Oak Harbor, Naval 
Hospital Bremerton, Air Force Medical Ser-
vices Fairchild, and Madigan Army Medi-
cal Center. Therefore, medical encounter 
and person-time data for individuals seek-
ing care at one of these facilities during 
2017 were not included in this analysis.

R E S U L T S

During 2002–2017, permanent medi-
cal facilities recorded 1,552 incident diag-
noses of exertional hyponatremia among 
active component service members, for a 
crude overall incidence rate of 7.1 cases 
per 100,000 person-years (p-yrs) (Table 
1). In 2017, there were 75 incident diag-
noses of exertional hyponatremia (inci-
dence rate: 6.2 per 100,000 p-yrs) among 
active component members. During this 
year, males represented 85.3% of exer-
tional hyponatremia cases (n=64); the 
annual incidence rate was slightly higher 
among males (6.3 per 100,000 p-yrs) than 
females (5.7 per 100,000 p-yrs) (Table 1). 
The highest age group–specific annual 
incidence rates were among the young-
est (19 years or younger) and the old-
est (40 years or older) service members. 
Although the Army had the most cases 
during 2017 (n=29), the highest incidence 
rate was among members of the Marine 
Corps (13.7 per 100,000 p-yrs). In 2017, 
there were only seven cases of exertional 
hyponatremia among recruit trainees, but 
their incidence rate was more than twice 
that of officers and five times that of other 
enlisted members (Table 1).

During the 16-year surveillance 
period, females had a higher overall inci-
dence rate of exertional hyponatremia 
than males (Table 1). The overall incidence 
rate was highest in the Marine Corps 
(14.9 per 100,000 p-yrs), intermediate in 
the Army and Air Force (6.7 and 6.0 per 
100,000 p-yrs, respectively), and lowest in 
the Navy (4.5 per 100,000 p-yrs). Over-
all rates during the surveillance period 
were highest among non-Hispanic white 
and Asian/Pacific Islander service mem-
bers and lowest among non-Hispanic 
black service members. Although recruit 
trainees accounted for less than one-tenth 
(8.9%) of all exertional hyponatremia 
cases, their overall crude incidence rate 
was five and three and one-half times the 
rates among other enlisted members and 
officers, respectively (Table 1). During the 
16-year period, 86.3% (n=1,339) of all 
cases were diagnosed and treated without 
having to be hospitalized (data not shown).

Between 2002 and 2017, crude annual 
incidence rates of exertional hyponatre-
mia peaked in 2010 (12.7 per 100,000 
p-yrs) and then decreased to 5.3 cases per 
100,000 p-yrs in 2013 before increasing 
in 2014 and 2015. The crude annual inci-
dence rate in 2017 (6.2 per 100,000 p-yrs) 
represented a decrease of 27.6% from 2015 
(Figure 1). During 2002–2017, annual inci-
dence rates of exertional hyponatremia 
were consistently higher among Marine 
Corps members, compared to those in the 
other Services (Figure 2). Between 2016 
and 2017, annual incidence rates increased 
among Marine Corps members, decreased 
among members of the Air Force and 
Navy and remained stable among mem-
bers of the Army (Figure 2). 

Exertional hyponatremia by location

During the 16-year surveillance 
period, exertional hyponatremia cases 
were diagnosed at the medical treat-
ment facilities at more than 200 U.S. 
military installations and geographic loca-
tions worldwide; however, 14 installa-
tions contributed 20 or more cases each 
and accounted for 47.0% of the total 
cases (Table 2). The installation with the 
most cases overall was the Marine Corps 
Recruit Depot (MCRD) Parris Island/
Beaufort, SC (n=199). 

Exertional hyponatremia in Iraq and 
Afghanistan

From 2008 through 2017, a total of 
13 cases of exertional hyponatremia were 
diagnosed and treated in Iraq and Afghan-
istan. Deployed service members who 
were affected by exertional hyponatremia 
were most frequently male (n=11; 84.6%), 
non-Hispanic white (n=10; 76.9%), aged 
20–24 years (n=5; 38.5%), in the Army 
(n=8; 61.5%), enlisted (n=11; 84.6%), and 
in combat-specific (n=6; 46.2%) and com-
munications/intelligence (n=3; 23.1%) 
occupations (data not shown). During the 
entire surveillance period, nine service 
members were medically evacuated from 
Iraq or Afghanistan for exertional hypo-
natremia (data not shown).
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E D I T O R I A L  C O M M E N T

This report documents that, after a 
2-year period (2014–2015) of increasing 
numbers and rates of exertional hypo-
natremia among active component U.S. 
military members, numbers and rates of 
diagnoses decreased slightly in 2016 and 
2017. Patterns of overall incidence rates of 
exertional hyponatremia in specific sub-
groups (e.g., sex, age, race/ethnicity, ser-
vice, and military status) were generally 
similar to those noted in previous MSMR 
updates. However, it is important to note 
that in previous MSMR analyses, in-theater 
cases were included if there was a diagno-
sis of hypoosmolality and/or hyponatremia 
in any diagnostic position. In the current 
report, the same case-defining criteria that 
were applied to inpatient and outpatient 
encounters were applied to the in-theater 
encounters. Therefore, the results of the in-
theater analysis are not comparable to those 
presented in previous MSMR updates. 

Several important limitations should 
be considered when interpreting the 
results of this analysis. For example, there 
is no diagnostic code specific for exertional 
hyponatremia. Thus, for surveillance pur-
poses, cases of presumed exertional hypo-
natremia were ascertained from records 
of medical encounters that included diag-
noses of hypo-osmolality and/or hypona-
tremia, but not of other conditions (e.g., 
metabolic, renal, psychiatric, or iatrogenic 
disorders) that increase the risk of hypo-
natremia in the absence of physical exer-
tion or heat stress. As such, exertional 
hyponatremia cases here likely include 
hyponatremia from both exercise and non-
exercise-related conditions. Consequently, 
the results of this analysis should be con-
sidered estimates of the actual incidence 
of symptomatic exertional hyponatremia 
from excessive water consumption among 
U.S. military members. The accuracy of 
estimated numbers, rates, trends, and cor-
relates of risk depends on the completeness 
and accuracy of diagnoses that are docu-
mented in standardized records of relevant 
medical encounters. As a result, an increase 
in recorded diagnoses indicative of exer-
tional hyponatremia may reflect, at least 
in part, increasing awareness of, concern 

T A B L E  1 .  Incident casesa and incidence ratesb of exertional hyponatremia, active compo-
nent, U.S. Armed Forces, 2002–2017

2017 Total
2002–2017

No. Rateb No. Rateb

Total 75 6.2 1,552 7.1

Sex

Male 64 6.3 1,288 6.9

Female 11 5.7 264 8.2

Age group

<20 11 11.7 199 13.1

20–24 25 6.6 492 6.9

25–29 11 4.0 278 5.6

30–34 7 3.6 165 5.0

35–39 8 5.7 183 7.0

40+ 13 10.7 235 10.2

Race/ethnicity

Non-Hispanic white 56 8.1 1,063 8.0

Non-Hispanic black 4 2.0 188 5.1

Hispanic 7 3.8 149 5.7

Asian/Pacific Islander 3 6.3 65 8.0

Other/unknown 5 5.9 87 6.1

Service

Army 29 6.6 544 6.7

Navy 10 3.7 241 4.5

Air Force 11 3.5 319 6.0

Marine Corps 25 13.7 448 14.9

Military status

Enlisted 44 4.6 1,089 6.1

Officer 24 11.1 325 8.9

Recruit 7 23.9 138 30.9

Military occupation

Combat-specificc 15 9.4 241 8.3

Armor/motor transport 2 4.8 45 5.4

Pilot/air crew 2 4.5 46 5.5

Repair/engineering 14 4.1 277 4.3

Communications/intelligence 10 3.9 270 5.5

Health care 6 5.6 126 6.7

Other/unknown 26 10.2 547 13.3

Home of recordd

Midwest 12 5.5 299 7.4

Northeast 19 12.3 231 8.1

South 28 5.4 647 7.2

West 13 4.7 291 6.1

Other/unknown 3 7.6 84 7.6
aOne case per person per year
bNumber of cases per 100,000 person-years
cInfantry/artillery/combat engineering
dAs self-reported at time of entry into service
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regarding, and aggressive management of, 
incipient cases by military supervisors and 
primary healthcare providers. 

In the past, concerns about hypo-
natremia resulting from excessive water 
consumption were focused at training—
particularly recruit training—installations. 

In this analysis, rates were relatively high 
among the youngest—hence, the most 
junior—service members, and the highest 
numbers of cases tended to be diagnosed at 
medical facilities that support large recruit 
training centers (e.g., MCRD Parris Island/
Beaufort, SC; Fort Benning, GA; and Joint 

Base San Antonio–Lackland Air Force 
Base, TX) and large Army and Marine 
Corps combat units (e.g., Fort Bragg, NC, 
and Marine Corps Base Camp Lejeune/
Cherry Point, NC). 

In response to previous cases of exer-
tional hyponatremia in the U.S. military, 
the guidelines for fluid replacement dur-
ing military training in hot weather were 
revised and implemented.14-16 The revised 
guidelines were designed to protect service 
members from not only heat injury, but 
also hyponatremia due to excessive water 
consumption. The guidelines limited fluid 
intake regardless of heat category or work 
level to no more than 1.5 quarts hourly and 
12 quarts daily.16 There were fewer hospital-
izations of soldiers for hyponatremia due 
to excessive water consumption during the 
year after (vs. the year before) implementa-
tion of the new guidelines.17 

During endurance events, a “drink-
to-thirst” or a programmed fluid intake 
plan of 400–800 mL per estimated hour 
of activity has been suggested to limit the 
risk of exertional hyponatremia, although 
this rate should be customized to the indi-
vidual’s tolerance and experience.4,8,18,19 
In addition to these guidelines, reducing 
the availability of fluids may help prevent 
exertional hyponatremia during endur-
ance events.18,19 Carrying a maximum fluid 
load of 1 quart of fluid per estimated hour 
of activity and encouraging a “drink-to-
thirst” approach to hydration may help 
prevent both severe exertional hyponatre-
mia and dehydration during military train-
ing exercises and recreational hikes that 
exceed 2–3 hours.4,8,18,19 

Women had relatively high rates of 
hyponatremia during the entire surveil-
lance period; women may be at greater risk 
because of lower fluid requirements and 
longer periods of exposure to risk during 
some training exercises (e.g., land navi-
gation courses, load-bearing marches).9 
Although the incidence of women expe-
riencing exertional hyponatremia was 
greater than that of men in this analysis 
and among samples of marathon runners 
in the general population, a large study 
of marathon runners suggested that the 
apparent sex difference did not remain 
after adjustment for body mass index and 
racing times.20-22 

F I G U R E  1 .   Annual incident cases and incidence rates of exertional hyponatremia, active com-
ponent, U.S. Armed Forces, 2002–2017

F I G U R E  2 .   Annual incidence rates of exertional hyponatremia, by service, active component, 
U.S. Armed Forces, 2002–2017

48 51
66 64

75
86 88

134
155

131

67 62
83

98

69 62

8 10

11 12
12

8 10

14

25

16

18
10

14

14

18
134.0 4.3

5.5 5.5

6.4
6.9 7.1

10.5

12.7

10.4

6.1
5.3

7.2

8.6

6.8
6.2

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

13.0

0

20

40

60

80

100

120

140

160

180

200
20

02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

In
ci

de
nc

e 
ra

te
 p

er
 1

00
,0

00
 p

-y
rs

 (l
in
e)

N
o.

 o
f m

ed
ic

al
 e

nc
ou

nt
er

s 
(b
ar
s)

Hospitalizations
Ambulatory visits
Rate

0.0

5.0

10.0

15.0

20.0

25.0

30.0

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

In
ci

de
nc

e
ra

te
pe

r1
00

,0
00

p-
yr

s

Marine Corps
Army
Navy
Air Force



 MSMR Vol. 25 No. 4 April 2018 Page  22

In many circumstances (e.g., recruit 
training, Ranger School), military train-
ees rigorously adhere to standardized 
training schedules—regardless of weather 
conditions. In hot and humid weather, 
commanders, supervisors, instructors, and 

medical support staff must be aware of and 
enforce guidelines for work–rest cycles 
and water consumption. The finding in 
this report that most cases of hyponatre-
mia were treated in outpatient settings sug-
gests that monitoring by supervisors and 
medical staff identified most cases during 
the early and less severe manifestations of 
hyponatremia. 

In general, service members and their 
supervisors must be knowledgeable of 
the dangers of excessive water consump-
tion and the prescribed limits for water 
intake during prolonged physical activity 
(e.g., field training exercises, personal fit-
ness training, recreational activities) in hot, 
humid weather. Military members (par-
ticularly recruit trainees and women) and 
their supervisors must be vigilant for early 
signs of heat-related illnesses and intervene 
immediately and appropriately (but not 
excessively) in such cases.
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T A B L E  2 .  Incident cases of exertional hy-
ponatremia, by installation (with at least 
20 cases during the period), active com-
ponent, U.S. Armed Forces,  2002–2017

Location of diagnosis No. %

MCRD Parris Island/ 
Beaufort, SC 199 12.8

Fort Benning, GA 96 6.2

JBSA-Lackland AFB, TX 63 4.1

Fort Bragg, NC 50 3.2

MCB Camp Lejeune/ 
Cherry Point, NC 49 3.2

Walter Reed NMMC, MDa 49 3.2

MCB Camp Pendleton, CA 35 2.3

MCB Quantico, VA 35 2.3

NMC Portsmouth, VA 32 2.1

NMC San Diego, CA 29 1.9

Fort Jackson, SC 25 1.6

Fort Shafter, HI 24 1.5

Fort Campbell, KY 22 1.4

Fort Leonard Wood, MO 21 1.4

Other locations 823 53.0

Total 1,552 100.0

aWalter Reed National Military Medical Center 
(NMMC) is a consolidation of National Naval Medi-
cal Center (Bethesda, MD) and Walter Reed Army 
Medical Center (Washington, DC). This number 
represents the sum of the two sites prior to the 
consolidation (November 2011) and the number 
reported at the consolidated location.

MCRD, Marine Corps Recruit Depot; JBSA, Joint 
Base San Antonio; MCB, Marine Corps Base; 
NMC, Naval Medical Center
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