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Initial Assessment of Impact of Adenovirus Type 4 and Type 7 Vaccine on Febrile 
Respiratory Illness and Virus Transmission in Military Basic Trainees, March 2012

Aft er a 12-year hiatus, military recruit training centers resumed administra-
tion of adenovirus type 4 and type 7 vaccine, live, oral (adenovirus vaccine) to 
trainees beginning in October of 2011. Subsequently, rates of febrile respira-
tory illnesses (FRI) and adenovirus isolations markedly declined. Th ese fi nd-
ings are consistent with those of a placebo-controlled effi  cacy trial conducted 
prior to the vaccine’s licensure by the U.S. Food and Drug Administration. 
Continued surveillance will clarify the longer term impact of vaccine use.

Charles H. Hoke, Jr, MD, Anthony Hawksworth, Cliff ord E. Snyder, Jr, JD, PhD

a cute respiratory infections caused 
by strains of adenovirus have long 
been recognized as common ill-

nesses among military recruits during basic 
training.1 First identifi ed in military per-
sonnel in 1954, adenoviruses were found 
to be responsible for 60-80 percent of cases 
of acute respiratory disease among recruit 
trainees.2 Th e introduction in 1971 of oral 
vaccines against adenovirus types 4 and 7 
for use among military trainees dramati-
cally reduced the incidence of adenovi-
rus disease and febrile respiratory illnesses 
(FRI) in that population.1,3-5 In 1996 the 
manufacturer of the vaccine ceased pro-
duction, and the last doses of the vaccine 
were administered to trainees in 1999. In 
subsequent years, the incidence of FRI 
increased markedly at basic training cen-
ters.2,6-9 Outbreaks of FRI due to adenovi-
ruses were identifi ed, and deaths associated 
with adenovirus infections have been 
reported.10,11

Following the exhaustion of the ade-
novirus vaccine supply in 1999, military 
medical leaders explored options by which 
a replacement vaccine could be acquired. 
Meetings with regulatory agencies and 
prospective manufacturers were held, and 
funding sources sought. Civilian advisory 
bodies strongly endorsed an eff ort to restore 
the vaccine.12 Funding was provided by the 
Army Surgeon General in 2000 and subse-
quently by the Defense Health Program. 

Th e Directorate of Combat Doctrine and 
Development at the Army Medical Depart-
ment Center and School draft ed, and the 
Army approved, a requirements document 
describing the performance characteris-
tics of a replacement vaccine. Th e Army 
Medical Research and Materiel Command 
implemented a formal oversight process 
to govern all medical product acquistion 
eff orts and chartered an Integrated Prod-
uct Team of subject matter experts charged 
with fi elding a replacement vaccine to meet 
the specifi ed requirements.13 

In 2001, the U.S. Army Medical 
Research Acquisition Agency awarded 
Barr Pharmaceuticals a contract to restore 
the vaccine capability. Th e company con-
structed a manufacturing facility, obtained 
subcontractors, manufactured pilot lots of 
vaccine, fi led an Investigational New Drug 
application with the U.S. Food and Drug 
Administration (FDA), and organized 
clinical trials. Army and Navy investigators 
conducted studies of the vaccine’s safety, 
immunogenicity and effi  cacy at Fort Sam 
Houston, Texas, Fort Jackson, South Car-
olina, and the the Naval Recruit Training 
Command Great Lakes, Illinois. Data from 
these trials demonstrated that the vaccine 
was safe, effi  cacious, and immunogenic.14,15  

To speed vaccine availability, the 
Army awarded an initial production con-
tract while the company sought FDA 
approval for the vaccine. In March 2011, 

the FDA approved the company’s applica-
tion to market Adenovirus Type 4 and Type 
7 Vaccine, Live, Oral (adenovirus vaccine).16 
Th e two-tablet adenovirus vaccine was 
introduced to incoming trainees at recruit 
training centers (RTCs) in the last week of 
October and fi rst weeks of November 2011. 

Since the mid 1990s, the Naval Health 
Research Center has conducted population-
based respiratory illness surveillance at the 
RTCs. Th ese ongoing disease surveillance 
eff orts were used to estimate the impact of 
the newly reintroduced adenovirus vac-
cine on both FRI rates and the numbers of 
viruses identifi ed in ill trainees. Th is pre-
liminary report describes early indicators of 
FRI incidence at the training installations as 
well as numbers of clinical isolates of type 
4 adenovirus since the reintroduction of the 
vaccine.

M E T H O D S

Aft er extensive logistical preparation 
including cold chain testing, the new adeno-
virus vaccine was deployed in October 2011 
to the basic training posts of all of the mili-
tary services. Personnel from the Military 
Vaccine Agency traveled to each training 
facility to assure that appropriate vaccine 
information was available and that other 
preparations for vaccine administration had 
been completed.

Th e Naval Health Research Center 
(NHRC) conducted surveillance for rates 
of FRI and for types of pathogens in upper 
respiratory swabs obtained from personnel 
with FRI on 8 of the 9 basic training instal-
lations. Dedicated surveillance personnel 
identifi ed trainees meeting a FRI case defi ni-
tion of fever of 101.5oF or higher and upper 
respiratory illness symptoms and collected 
case data and specimens on a convenience 
sample of up to 20 cases per week. FRI rates 
were reported as numbers of cases per 100 
trainees per week. 



March 2012    Vol. 19  No. 3    M S M R  Page  3

Respiratory specimens were received 
at NHRC every 1-2 weeks and tested for 
adenovirus and infl uenza viruses. From 
1997-2005, viral cell culture was per-
formed. In 2005 PCR testing became the 
primary testing mode with cell culture per-
formed on all negative and a subset of ade-
novirus-positive specimens.

R E S U L T S

Vaccine shipments began on 18 Octo-
ber 2011, or week 43 of 2011, and have 
continued without interruption. By mid-
November, all incoming (i.e., newly arriv-
ing) basic trainees were receiving vaccine. 
As of 12 March 2012, approximately 63,000 
doses had been administered (Figure 1). 

Detailed temperature monitoring indi-
cated that the temperatures in all vaccine 
shipping containers have remained within 
the allowed range of 2 to 8oC. With minor 
exceptions, vaccine administration has 
proceeded smoothly. One trainee chewed a 
tablet, but no ill eff ects were noted. Th ree 
tablets had minor defects related to imper-
fect coating and were returned to the man-
ufacturer who implemented a 100 percent 
inspection program.

Febrile respiratory illness rates 

Since vaccine introduction in Octo-
ber/November 2011, combined data from 
all installations under surveillance demon-
strate a sustained downward trend in rates 

F I G U R E  1 .  Febrile respiratory illness (FRI) rates in 2011-2012, average FRI rates druing 2006-2010 (lines), and cumulative adenovirus 
vaccine doses administered in 2011-2012 (bars), by week, U.S. military basic trainees

of febrile respiratory illness (FRI rates), 
with overall rates declining 75 percent from 
about 0.6 cases/100 trainees/week to about 
0.15 cases/100 trainees/week (Figure 1).

Laboratory fi ndings  

Prior to resumption of the adenovi-
rus vaccine, approximately two-thirds of 
recruit samples were adenovirus-positive 
and the majority, typically over 80 per-
cent, were characterized as adenovirus type 
4 (Th e remainder of adenovirus positives 
were a variable combination of adenovirus 
types 7, 3, C, 14, and 21, each detected spo-
radically). Aft er the vaccine was resumed, 
the proportion of cases from which adeno-
viruses in general and type 4 in particular 
were identifi ed markedly decreased. Spe-
cifi cally, monthly proportions positive for 
adenovirus between October 2011 and Jan-
uary 2012 were 75 percent, 76 percent, 26 
percent, and 1 percent, respectively, and 
the proportions positive for type 4 were 71 
percent, 68 percent, 18 percent and 0 per-
cent, respectively (data not shown). Vac-
cine-type adenovirus type 4p was identifi ed 
in swabs from three trainees since resump-
tion of vaccination.

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

It is unusual for a new vaccine to be 
deployed virtually simultaneously to an 
entire population at risk (all basic train-
ees) at a time when the population is under 

detailed surveillance for the disease against 
which the vaccine is designed to protect. 
Th e respiratory virus and FRI surveil-
lance of basic trainees being conducted at 
the same time as the adenovirus vaccine 
deployment allowed an assessment of the 
vaccines’ impact on adenovirus-caused 
FRI.

Th us far, data suggest that the ade-
novirus vaccine is highly eff ective in pre-
venting FRI due to adenovirus type 4. Th e 
surveillance fi ndings of an initial 75 per-
cent reduction in FRI and a substantial 
reduction in numbers of adenovirus type 
4 in respiratory swabs are consistent with 
fi ndings from a controlled, randomized, 
blinded trial conducted in volunteers at 
two basic training facilities, in which there 
was a 99.3 percent reduction in FRI due to 
adenovirus type 4.16

Another adenovirus serotype, ade-
novirus type 14, is not contained in the 
adenovirus vaccine and has become a con-
cern.17 During 2007-2009, adenovirus 14 
caused multiple short lived, but notable, 
outbreaks.18,19 More recently, type 14 asso-
ciated cases were detected at the Marine 
Corps training centers in San Diego, Cal-
ifornia (from January through August of 
2011) and Parris Island, South Carolina 
(from August 2010 until present). Ongo-
ing surveillance will ascertain whether this 
serotype, or any other, emerges as a sub-
stantial cause of FRI.

Th e identifi cation of three specimens 
containing vaccine-type adenovirus type 
4p was not unexpected at this point in the 
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immunization program, since one such 
isolate had been obtained in the phase 3 tri-
als conducted in support of licensure. Sur-
veillance for such isolates, mandated by the 
Food and Drug Administration as a con-
dition of licensure, will reveal the isolates’ 
extent and importance.

Assuming that the adenovirus vac-
cine continues to successfully control the 
impact of adenovirus types 4 and 7 in basic 
trainees, and that FRI rates remain low, a 
challenge in the future will be to sustain the 
committment to immunization. Experi-
ence with the adenovirus vaccine demon-
strates that a highly eff ective vaccine can 
be lost if it is so good that the need for the 
vaccine becomes inapparent. Th e return 
of epidemic adenovirus disease in 1999, 
following decades of successful control, 
should serve as a reminder that epidemic 
activity may return if the vaccine is with-
drawn in the future. Restoring a vaccine 
capability can be costly and require many 
years to complete. 

Th e Department of Defense (DoD) 
has a pressing obligation to protect all ser-
vice members against illnesses that may be 
acquired specifi cally because of their mili-
tary service.20 Although sporadic outbreaks 
of adenovirus-associated disease have been 
noted in other populations, the combina-
tion of sustained transmission and rela-
tively high and predictable attack rates of 
adenovirus-associated disease appears to 
be unique to U.S. military basic trainees. 
Th  e earlier loss of the vaccine, whatever 
the cause, should not be repeated. In 1999, 
the Armed Forces Epidemiological Board 
recommended that the DoD consider the 
concept of a “vaccine and immunobiolog-
ics oversight board.”21 Such a board might 
facilitate the sustainment of the adenovi-
rus vaccine and other vaccines of military 
importance.

Th e initial reduction in FRI and ade-
novirus type 4 isolates described in this 
report refl ect a preliminary assessment of 
the vaccine’s impact. Longer term obser-
vations will be necessary to 1) confi rm the 
initial assessment of the benefi ts of the vac-
cine and 2) assess the emergence, or lack 
of emergence, of non-4,7 adenoviruses 
among recruits as time passes.
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In 1996, the sole manufacturer of the adenovirus vaccine permanently ceased production. Stocks of vaccine were exhausted in 
1999. During the 12 years in which trainees were not vaccinated, the proportion of febrile respiratory illness (FRI) that was due to 
adenovirus was 68 percent (range: 63-76% per year). Type 4 adenovirus was predominant throughout this period, but re-emergence 
of group B adenoviruses (e.g., serotype 14) was seen in 2006 and persisted at varying levels through 2011.

Reported by: Anthony Hawksworth, Naval Health Research Center, San Diego, California
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a Estimates of the proportion of FRI due to adenovirus are based on samples of up to 20 upper respiratory swabs sent weekly from each of 8 recruit training 
installations. FRI rates not available for 1997. Only one case of adenovirus (Ad14) has been detected to date in 2012.
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Case Report: Chest Pain in Service Members Following Smallpox Vaccination
Jay R. Montgomery, MD; COL Renata Engler, MD, Frances Allan-Martinez, FNP, Ann Morse, FNP, Laurie Duran, ANP

vaccines are extremely safe, but 
rare serious adverse reactions can 
and do occur in susceptible indi-

viduals. A few serious adverse events are 
predictable and thus avoidable, but the 
majority occur unexpectedly.

Post-vaccination myopericarditis is 
one such unexpected adverse event. It 
is associated most oft en with the small-
pox vaccine, but has also been reported 
in temporal association with other ACIP-
recommended vaccines as well. Th e 
immunopathology of vaccine-associated 
myocarditis/pericarditis (myopericardi-
tis) is distinctly diff erent from that of viral 
myocarditis.

Vaccinia-associated myopericarditis 
occurs predominantly in Caucasian male 
primary vaccinees. While the majority of 
cases appear to recover clinically within a 
few weeks, the long-term natural history is 
unknown. For individuals presenting with 
unexpected chest pain, shortness of breath, 
and/or palpitations, a complete evalua-
tion, including a vaccination history, and 
a heightened index of suspicion will aid in 
correctly diagnosing, reporting, and man-
aging post-vaccination myopericarditis.

C A S E  1

A 21-year-old Caucasian male in good 
health noted left -sided jaw, neck, shoul-
der, and chest pain radiating to mid-ster-
num, and mild shortness of breath while 
working out (Figure 1).1 Th e symptoms 
became worse with deep inspiration and 
lying down, but improved when sitting 
up. Naproxen resolved his symptoms. By 
the next morning, the jaw, neck, shoulder 
and chest pain (4/10 severity on the visual 
analogue scale) returned. He presented for 
medical evaluation and was prescribed ibu-
profen for musculoskeletal pain. Later he 
noted shortness of breath, diaphoresis, and 

increased chest pain with climbing ladders. 
He returned to the medical clinic the next 
day with increasing chest pain (7/10) and 
continued dyspnea. He was prescribed tra-
madol and released with the diagnosis of 
costochondritis. Th e patient returned for 
further evaluation 8 hours later with severe 
(10/10) chest pain. 

On the third visit, the physical exam-
ination revealed a soft  mid-systolic rub. 
Electrocardiogram (ECG) showed nor-
mal sinus rhythm with ST segment eleva-
tion and T wave inversion in leads V5 and 
V6. Serum troponin I level was signifi -
cantly elevated with serial testing increases. 
Clinically relevant elevations in creatine 
kinase (CK), MB fraction (CK-MB), and 
the infl ammatory marker C-Reactive Pro-
tein (CRP) were also noted. Echocardio-
gram showed a normal ejection fraction 
(EF=55%), a dilated right ventricle, but 
no wall motion abnormalities. Chest x-ray 
(CXR) was normal. Cardiac MRI showed 
patchy areas of infl ammation within the 
myocardium consistent with myocarditis 
(Figure 2). Patient had received smallpox 
vaccination 10 days before symptom onset.

C A S E  2

A 26-year-old Caucasian male awoke 
noting constant retrosternal pressure. 
Within 12 hours, the pain intensifi ed to 
7/10. At the local emergency department, 
aft er an exam, ECG and CXR, he was diag-
nosed with musculoskeletal pain. Ketoro-
lac resolved the pain and he was released 
to duty. When he awoke the next morn-
ing, the chest pain was more intense (8/10) 
and radiating to his left  shoulder. He also 
noted an increase in his heart rate and 
the sensation of his heart beating harder. 
He returned to the emergency depart-
ment and was again treated with ketoro-
lac along with ranitidine and naproxen. 
An ECG was repeated and the patient was 
again diagnosed with musculoskeletal pain 
and released. Nine hours later he returned 
to the emergency department with severe 
(10/10) chest pain.

On the third visit, although earlier 
ECGs showed “nonspecifi c ST elevation”, 
the ECG now showed pan-ST elevations 
with PR interval shortening. Cardiac 

F I G U R E  1 .  Chest pain and dyspnea after 
exercise

F I G U R E  2 .  Gadolinium enhanced cardiac 
MRI
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enzymes (CK, CK-MB, Troponin-I) were 
signifi cantly elevated. Th e patient had 
received smallpox and infl uenza vaccina-
tions 7 days before symptom onset.

C A S E  3

A 22-year-old Caucasian male devel-
oped 3/10 upper chest discomfort, chills, 
and body aches 2 hours aft er eating. Th is 
pain worsened overnight, awakening him 
twice. Th e next morning he was noted to be 
pale and was sent for medical evaluation. 
His chest pain was worse lying on his back. 
Sitting up, the pain was associated with a 
“weight on chest” sensation and increased 
dyspnea. Exertion worsened his chest pain 
and shortness of breath. He was evaluated, 
diagnosed with atypical chest pain, given 
ibuprofen and acetaminophen/oxycodone, 
and released. Approximately 18 hours 
later, he awoke with 7/10 sharp subster-
nal chest pain. He returned for evaluation 
appearing pale and clammy with increas-
ing chest pain and dyspnea that worsened 
with leaning forward.

On the second visit, the ECG showed 
ST elevation in all leads with AVR inver-
sion. CXR was normal. Laboratory stud-
ies revealed elevated white blood cell count 
(WBC) and cardiac enzymes (shipboard 
screening dipstick troponin/CK-MB). 
Twelve hours later, the WBC had fur-
ther increased while the screening cardiac 
enzymes were negative. Ashore, the more 
sensitive cardiac enzyme assays showed 
elevated levels. Th e patient had received a 
smallpox vaccination 18 days before symp-
tom onset.

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

Each of these young, healthy, Cauca-
sian, male service members with neither 
cardiac risk factors nor preceding viral ill-
ness and who presented with the acute 
onset of chest pain required multiple med-
ical evaluations before post-vaccination 
myopericarditis was correctly diagnosed. 

While the diff erential diagnosis of 
chest pain is broad, healthcare providers 
must have a heightened index of suspi-
cion for vaccine-associated myopericardi-
tis in healthy young patients even if cardiac 
disease would generally not be suspected. 
Whenever such patients present with acute 
chest pain, dyspnea, and/or palpitations, 
post-vaccination myopericarditis is pos-
sible and can only be ruled out with serial 
cardiac enzyme measurements. A history 
of vaccination within 30 days of symptom 
onset is suffi  cient to include myopericardi-
tis in the diff erential diagnosis. 

Prior to March 2003, myopericardi-
tis aft er smallpox vaccination was seldom 
reported in the United States, although a 
1983 study of Finnish recruits estimated 
the incidence of post-smallpox vaccina-
tion myocarditis to be 1:10,000.2 In 2004, 
the DoD reported a statistically signifi cant 
association between developing myoperi-
carditis and being a white male primary 
vaccinee.3 Th e observed incidence of myo-
pericarditis within 30 days aft er smallpox 
vaccination is reportedly between 1:6,200 
and 1:1,900 but is higher in prospective 
studies if asymptomatic measures of car-
diac injury are included.4,5 Re-vaccinees 
show no increased risk of myopericarditis.3 

Vaccine-associated myopericardi-
tis, unlike viral myocarditis, represents an 
immune hypersensitivity reaction rather 
than direct infection of the myocardium.6,7

While the vast majority of vac-
cine-related myopericarditis is associ-
ated with vaccinia, myocarditis has also 
been reported in temporal association 
with Infl uenza, Meningococcal, Hepati-
tis B, DPT, and other vaccines.6,7,8 Symp-
tom onset occurs between 7-14 days aft er 
immunization in the majority of cases.9

Patients usually resolve their clinical 
symptoms within a few weeks, but some 
have persistent altered functional capac-
ity and/or clinical symptoms, particularly 
fatigue. Accurate and timely diagnosis is 
critical to assure optimum clinical manage-
ment and follow-up for possible delayed 
complications such as arrhythmias. 

Approximately 175,000 U.S. service 
members are vaccinated against smallpox 
annually.10 It is incumbent upon provid-
ers caring for military service members to 
be skilled in the recognition and treatment 
of vaccine-associated myopericarditis. A 
diagnosis and treatment algorithm can be 
found on the Vaccine Healthcare Centers 
Network website: www.vhcinfo.org and 
consultative services are available 24/7 
to assist in the management of vaccinees 
developing adverse events following any 
vaccination (866-210-6469).

Author affi  liations: Walter Reed Vaccine 
Healthcare Center, Bethesda, MD (Drs 
Montgomery, Engler, Ms Duran); Shope Vac-
cine Healthcare Center, Portsmouth, VA (Dr 
Montgomery, Mss Allan-Martinez, Morse)
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Predictive Value of Surveillance Case Definitions of Guillain-Barré Syndrome in 
Vaccine Safety Assessment

guillain-Barré Syndrome (GBS) is 
the most common cause of acute 
neuromuscular paralysis in the 

world. It is characterized clinically by acute, 
progressive, and generally ascending mus-
cle weakness, loss of deep tendon refl exes, 
and paralysis. A recent systematic review 
estimated baseline incidence rates to be 
1.2 cases per 100,000 person-years; rates 
increased with increasing age and male 
gender.1 Th e etiology of GBS is not com-
pletely understood. It is hypothesized to be 
autoimmune in nature because many cases 
are preceded by acute respiratory or gastro-
intestinal infections.2 Th ere has been sig-
nifi cant debate about associations between 
infl uenza-like illness, infl uenza vaccination 
and risk of developing GBS.3

Since the 1976 swine infl uenza vaccine 
campaign, surveillance for GBS aft er infl u-
enza vaccination has been a focal point of 
fl u vaccine safety monitoring. During that 
campaign, a seven-fold increase in the inci-
dence rate of GBS was observed among 
recipients of the swine origin infl uenza A 
(H1N1) subtype A/NJ/76 vaccine.4 Sub-
sequent studies evaluating a possible GBS 
association with seasonal fl u vaccination 
have demonstrated little or no elevated risk 
of GBS aft er vaccination and no conclusive 
evidence with regard to causality. 

Surveillance for GBS was heightened 
during the 2009-2010 pandemic infl uenza 
A/H1N1 vaccination campaign. Immuni-
zation against both seasonal and pandemic 
H1N1 infl uenza strains is mandatory for 
uniformed members of the U.S. military. 
Safety monitoring of this program, includ-
ing the monitoring of adverse events aft er 
vaccination, has been coordinated through 
the Armed Forces Health Surveillance Cen-
ter (AFHSC) and the Military Vaccine 
Agency (MILVAX).5 

Population-level surveillance for 
adverse events aft er vaccination oft en relies 
on administrative data bases for initial 
identifi cation of possible cases through the 
use of ICD-9-CM diagnosis codes. How-
ever, the positive predictive value (PPV) of 
unverifi ed diagnosis codes can vary greatly. 
For example, in a study evaluating seizure 

events aft er receipt of a pneumococcal vac-
cine, the PPV was 97 percent if the seizure-
related ICD-9-CM diagnostic code was 
assigned in an emergency department visit, 
but only 64 percent if the code was assigned 
during a hospitalization.6 Recently, Jones et 
al. reported on the poor specifi city of hos-
pital discharge diagnoses of GBS in a state 
health department hospital discharge data-
set and reported that the PPV of a GBS 
diagnostic code (ICD-9-CM: 357.0) in a 
hospital record was only 30 percent.7 GBS 
was one of several outcomes that MILVAX 
monitored as part of its pandemic infl uenza 
A/H1N1 vaccine safety assessment. Th is 
report summarizes the results of the MIL-
VAX chart confi rmation of possible GBS 
cases (identifi ed by AFHSC) and based on 
these fi ndings, estimates the sensitivity, 
specifi city, and PPV of diff erent surveil-
lance case defi nitions of GBS. 

M E T H O D S

Th e study conducted by MILVAX 
included two cohorts in the study popula-
tion. Th e H1N1 cohort included all indi-
viduals who served in an active component 
of the Army, Navy, Air Force or Marine 
Corps who were vaccinated against the 
pandemic infl uenza A/H1N1 strain during 
the 2009-2010 vaccination season (Novem-
ber 1, 2009-April 30, 2010). Th e historical 
cohort included all individuals who served 
in an active component of the Army, Navy, 
Air Forces, or Marine Corps who received a 
seasonal infl uenza vaccine during Novem-
ber 1, 2008-April 30, 2009. Individuals who 
did not receive a seasonal infl uenza vaccine 
in the previous season or the monovalent 
pandemic infl uenza A/H1N1 vaccine dur-
ing the 2009-2010 vaccination season were 
excluded to avoid selection bias due to vac-
cine contraindication.

Relevant medical encounter records 
were obtained from data routinely main-
tained in the Defense Medical Surveillance 
System (DMSS). Any medical encounter 
which included an ICD-9-CM code of 357.0 
in any diagnostic position was selected as 

a possible GBS case. Th e medical records 
of possible cases were reviewed by MIL-
VAX (using a standardized medical chart 
abstraction form based on the Brighton 
Collaboration case defi nition)to determine 
which of the possible cases were confi rmed 
(“true”) cases.8 

Th e sensitivity, specifi city, and PPV of 
three diff erent case defi nitions were calcu-
lated (Table 1). “Disease” status was consid-
ered positive if the MILVAX chart review 
classifi ed the GBS case as confi rmed. “Test” 
status was considered positive if the case 
was identifi ed as a potential case through 
DMSS. “Sensitivity” represents the percent-
age of true cases identifi ed by the test. In this 
case, DMSS identifi cation of a GBS diagno-
sis represents the test. Specifi city represents 
the percentage of individuals without the 
disease whose test is negative. PPV repre-
sents the percentage of people with a posi-
tive test who truly have the disease; in this 
case, it represents the proportion of all those 
individuals identifi ed through an adminis-
trative case defi nition applied to data in the 
DMSS who were confi rmed to have GBS 
during the chart reviews. 

R E S U L T S

Sixty-one service members were iden-
tifi ed as possible GBS cases. Aft er detailed 
reviews of the medical records of the pos-
sible cases by MILVAX, 25 (41%) of the pos-
sible cases were confi rmed as true cases. Of 
the confi rmed GBS cases, all had at least one 
hospitalization with a GBS diagnostic code. 

A surveillance case defi nition of GBS 
which required a hospitalization with a 
GBS-specifi c diagnostic code in any diag-
nostic position correctly identifi ed all MIL-
VAX confi rmed cases of GBS. Th e sensitivity 
of this surveillance case defi nition was 100 
percent, while the specifi city was 81 percent 
and the PPV was 78 percent (Table 1a).

Requiring inclusion of at least one 
outpatient encounter with a GBS-specifi c 
code in any diagnostic position in addition 
to a GBS-related hospitalization increased 
specifi city slightly (88%) and also increased 
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PPV to 86 percent. Th e sensitivity (100%) 
remained unchanged (Table 1b).

When the case defi nition included 
both a GBS-related hospitalization and 
one outpatient encounter, both with GBS-
specifi c diagnostic codes in the primary 
(fi rst-listed) diagnostic position, sensitivity 
decreased to 92 percent, but sensitivity and 
PPV both increased, to 92 and 88 percent 
respectively (Table 1c).

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

Th is report estimates the sensitivity, 
specifi city, and positive predictive value of 

Disease status
+ -

Screening
test

+ a b

- c d

a. One inpatient encounter
Chart review

+ -

DMSS 
defi nition a

+ 25 7 32

- 0 29 29

25 36 61

Chart review
+ -

DMSS
defi nition b

+ 25 4 29

- 0 32 32

25 36 61

Chart review
+ -

DMSS
defi nition c

+ 23 3 26

- 2 33 35

25 36 61

Sensitivity a/(a+c)
Specifi city d/(b+d)
PPV a/(a+b)

Sensitivity 100%
Specifi city 81%
PPV 78%

Sensitivity 100%
Specifi city 88%
PPV 86%

Sensitivity 92%
Specifi city 92%
PPV 88%

b. One inpatient and one outpatient encounter

c. One inpatient and one outpatient encounter with GBS diagnosis in 
the primary position

T A B L E  1 .  Sensitivity, specifi city, and PPV by case defi nition for GBS although unlikely, that some “true” cases 
of GBS never received a diagnosis code 
of 357.0 in the electronic medical record. 
Th is means that the values of sensitivity 
reported in this study may be higher than 
the true sensitivity (i.e., the sensitivity if 
all true cases of disease were included). All 
three defi nitions appear to have suffi  ciently 
good sensitivity and specifi city to provide 
reliable and accurate identifi cation of “true” 
cases of GBS. In public health surveillance 
scenarios where the need for case ascer-
tainment is urgent (e.g., safety assessment 
of the pandemic infl uenza A/H1N1 vac-
cine), or when time-consuming and costly 
reviews of medical records to confi rm diag-
noses are not feasible, this methodology 
can be used to provide fast and accurate 
ascertainment of cases. 

Acknowledgements: Military Vaccine (MIL-
VAX) Agency, Alexandria, VA: LTC Patrick 
Garman, PhD, PharmD, Marianne Rigo, 
RN, BSN. 
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three diff erent surveillance case defi nitions 
for GBS. Each of the case defi nitions had 
relatively high sensitivity, specifi city, and 
PPV; for example, the observed sensitivities 
of two of the case defi nitions were 100 per-
cent, while the PPV of the three defi nitions 
ranged from 78-88 percent. A single hos-
pitalization with a GBS-specifi c ICD-9-CM 
diagnostic code in any diagnostic position 
had a PPV of 78 percent which is notably 
greater than the PPV of a similar defi nition 
applied to a state hospital discharge data-
base.7 Th e design of this study used cases 
identifi ed in DMSS as the starting point for 
the pool of cases upon which chart con-
fi rmation was performed. It is possible, 
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Mental Health Diagnoses During the Year Prior to Schizophrenia, U.S. Armed Forces, 
2001-2010

schizophrenia is a chronic, disabling 
disease of unknown etiology. Th e 
disease is signifi cant to the military 

partly due to demographics – young adults 
are at highest risk to develop the illness – 
and partly due to its devastating nature. A 
service member who is developing schizo-
phrenia may manifest prodromal symp-
toms, including agitation, insomnia, lack of 
motivation, and decreased interaction, for 
months or years before an acute psychotic 
episode leads to a diagnosis.1 Family and 
friends may attribute these symptoms to 
any number of causes, from stress to combat 
to drug abuse, or just bad behavior – until 
the fi rst psychotic break. A service mem-
ber in the prodromal phase of schizophre-
nia may be disruptive to the unit and divert 
resources from leadership and colleagues. 
Early identifi cation of this prodrome may 
not only lead to earlier treatment for the 
patient, but also allow non-urgent transi-
tion away from military duties.

Although many genetic and envi-
ronmental associations with schizophre-
nia risk have been identifi ed, no defi nitive 
causal factor has been isolated. Th e disease 
is thought to aff ect about one percent of the 
US population over the age of 18.2 Symptom 
onset is insidious, oft en beginning in ado-
lescence and progressing until symptoms 

Identifi cation of military members in the prodromal phase of schizophrenia 
may lead to earlier treatment and allow non-urgent transition away from mili-
tary duties. Th is report documents the incidence of schizophrenia in the U.S. 
military and summarizes mental health diagnoses during the year prior to ini-
tial clinical diagnoses schizophrenia. During 2001-2010, 3,000 service members 
met the case defi nition of schizophrenia (incidence rate: 21 per 100,000 person-
years). Rates declined with increasing age. Of those diagnosed with schizophre-
nia, 71% had at least one mental health-related medical encounter during the 
preceding 12 months; 51% received at least one antecedent diagnosis of para-
noia. Th e fi ndings may inform a model to predict the likelihood and timing of 
clinical manifestations of schizophrenia among U.S. military members.

Maj Amy Costello, MD

become severe enough to mandate medi-
cal attention, typically during a patient’s 
late teens or early twenties. Estimates of the 
male to female rate ratio for schizophrenia 
incidence range from 1.0 to 1.4.3,4 In one 
study, schizophrenia patients (at the time of 
diagnosis) were 15 times more likely than 
their peers to be unmarried. Th e World 
Health Organization estimates that schizo-
phrenia is the eighth leading cause of dis-
ability-adjusted life years (DALYs) and the 
seventh leading cause of years of life lived 
with disability in people aged 15-44.4

During the prodromal phase of the 
disease, increasingly bizarre thoughts, 
social isolation, and decreased function 
at school or work may eventually lead the 
patient or his/her family to seek medical 
care.5,6 However, prodromal symptoms of 
schizophrenia are similar to those of many 
other psychiatric disorders and thus diffi  -
cult to identify as a clinical syndrome. Clin-
ical models have been developed to identify 
which patients with symptoms consistent 
with schizophrenia prodrome will progress 
to a diagnosis of schizophrenia.6,7 Validated 
scales, such as the Structured Interview for 
Prodromal Syndromes, in combination 
with a family history of schizophrenia, had 
positive predictive values of 65-80 percent 
in some academic psychiatric centers.8,9 

Eff orts to delineate the prodromal syn-
drome and to develop a diagnostic tool have 
been successful enough that the prodromal 
phase is now being considered for inclu-
sion in the Diagnostic and Statistic Manual 
V as a distinct diagnostic entity, “attenuated 
psychosis syndrome,” with anticipated pub-
lication in May 2013.10 Diagnostic criteria 
for this syndrome include hallucinations, 
delusions, or disordered thought processes 
with intact reality testing. Th e criteria spec-
ify that the symptoms must be increasing 
in frequency and severity, and must be dis-
tressing enough that those aff ected seek 
help for them.

Th e concept of an identifi able pro-
drome raises the prospect that secondary 
prevention of schizophrenia might one day 
be possible. Early interventions are emerg-
ing and patients who are treated earlier in 
the course of their fi rst psychotic episode 
have been shown to have better response 
to treatment, both in terms of reduction of 
symptoms and improved function.11-12 

In light of the potential value of iden-
tifying patients in the prodromal phase 
of schizophrenia, this report documents 
the incidence of schizophrenia diagno-
ses among military members and summa-
rizes mental health diagnoses during the 
year prior to initial clinical diagnoses of 
schizophrenia. 

M E T H O D S

Th e surveillance period was 1 Janu-
ary 2001 through 31 December 2010. Th e 
surveillance population included all indi-
viduals who served in the active compo-
nent of the Army, Navy, Air Force, Marine 
Corps, or Coast Guard at any time during 
the surveillance period. Data were derived 
from diagnoses recorded during hospital-
izations or ambulatory visits in U.S. mili-
tary and civilian (reimbursed care) medical 
treatment facilities and maintained in the 
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T A B L E  1 .  Incidence rates of schizophrenia and number/precentage of mental health 
diagnoses in the 12 months preceding an incident schizophrenia diagnosis, active 
component, U.S. Armed Forces, 2001-2010. 

No. %
Rate per 
100,000 

p-yrs

Incidence 
rate ratio

No. with 
antecedent mental 

health dx

% with 
antecedent 

mental health dx

  Total 3,000 100 21 - 2,135 71
  Sex
   Males 2,578 86 21 Ref 1,808 70
   Females 422 14 20 0.96 327 77
  Age at diagnosis
   17-24 1,788 60 32 Ref 1,196 67
   25-29 713 24 22 0.66 547 77
   30-34 288 10 14 0.41 224 78
   35+ 211 7 6 0.18 168 80
  Race/ethnicity 
   Black, non-Hispanic 776 26 31 Ref 545 70
   White, non-Hispanic 1,602 53 18 0.57 1,164 73
   Hispanic 309 10 21 0.69 222 72
   Asian-Pacifi c Islander 181 6 28 0.89 118 65
   American Indian 52 2 22 0.70 35 67
  Marital status
   Single 2,218 74 37 Ref 1,492 67
   Married 709 24 9 0.25 538 76
   Other 66 2 12 0.32 55 83
  Education level
   Less than high school 27 1 28 Ref 15 56
   High school 2,531 84 25 0.88 1,795 71
   Some college 183 6 17 0.58 138 75
   College 139 5 9 0.31 106 76
   Graduate 36 1 4 0.15 28 78
  Service branch
   Army 1,462 49 29 Ref 1,102 75
   Navy 692 23 20 0.68 438 63
   Air Force 411 14 12 0.41 316 77
   Marine Corps 402 13 22 0.76 253 63
   Coast Guard 33 1 8 0.29 26 79
  Pay grade
   E1-E4 2,538 85 41 Ref 1,745 69
   E5-E9 375 13 7 0.16 318 85
   O1-O5 84 3 4 0.10 70 83

Defense Medical Surveillance System. A 
case of schizophrenia was defi ned as an 
active component service member with 
at least one hospitalization or four outpa-
tient encounters that were documented 
with schizophrenia-specifi c diagnoses 
(ICD-9-CM: 295). Schizophrenia cases that 
remained in active service for more than 
two years aft er meeting the surveillance 
case defi nition were assumed to have been 
misdiagnosed and removed from analysis. 
For purposes of characterizing prodromal 
clinical manifestations of schizophrenia, 
all mental health diagnoses (ICD-9-CM: 

290-316, excluding 295) recorded dur-
ing inpatient and outpatient encounters 
within 12 months preceding fi rst diagnoses 
of schizophrenia were identifi ed. Individu-
als who were considered incident cases of 
schizophrenia in 2001 were excluded from 
analyses if they received any schizophrenia 
diagnoses during the year 2000.

R E S U L T S

From 2001 through 2010, 3,000 ser-
vice members met the case defi nition of 

schizophrenia; the overall incidence rate 
was 21 per 100,000 person-years (p-yrs) 
(Table 1). 

Incidence rates declined with increas-
ing age, educational attainment, and mili-
tary grade. For example, the incidence rate 
was more than four-fold higher among the 
youngest than oldest age group of service 
members (age group, incidence rate: 17-24 
years, 32 per 100,000 p-yrs; >35 years, 6 per 
100,000 p-yrs); approximately fi ve times 
higher among junior than senior enlisted 
members; and approximately nine times 
higher among junior enlisted members 
than offi  cers (Table 1). 

Also of note, the crude incidence rate 
was more than three times higher among 
single (never married) than married ser-
vice members; rates were higher among 
service members who were black, non-His-
panic and Asian-Pacifi c Islander than other 
racial/ethnic identities; and rates were sim-
ilar among males and females (Table 1).

Time in service prior to diagnosis with 
schizophrenia ranged from 1 day to 26 
years (data not shown). At the times of ini-
tial diagnoses with schizophrenia, approxi-
mately one of six (16%) cases were in their 
fi rst 6 months, slightly more than one-half 
(56%) had between 6 months and 4 years, 
and the remainder (28%) had more than 4 
years of active military service. 

Of all active component members 
diagnosed with schizophrenia during the 
surveillance period, 71 percent had at least 
one mental health-related medical encoun-
ter during the 12 months preceding their 
fi rst schizophrenia diagnosis (Table 1). Of 
all demographic and military subgroups of 
service members diagnosed with schizo-
phrenia, senior enlisted members (85%), 
offi  cers (83%) and those whose marital sta-
tus was divorced, separated or widowed 
(83%) were the most likely to have docu-
mented antecedent mental health diag-
noses; cases who had not completed high 
school (56%) were the least likely to have 
documented antecedent mental health 
diagnoses; and females and older cases 
were more likely than their respective coun-
terparts to have documented antecedent 
mental health diagnoses. Among schizo-
phrenia-diagnosed cases overall, airmen 
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F I G U R E  1 .  Percentages of service members with common mental health diagnoses in 
the 12 months preceding an initial schizophrenia diagnosis (some patients may have been 
diagnosed with more than one condition), active component, U.S. Armed Forces, 2001-2010

and Coast Guard members were the most 
likely, and sailors and Marines were the 
least likely, to have a mental health-related 
medical encounter within the year prior to 
their schizophrenia diagnoses.

Relatively frequent mental disorder-
related diagnoses within the year prior to 
schizophrenia diagnoses included psy-
chotic, depressive, and adjustment disor-
ders (Figure 1). In the year prior to their 
schizophrenia diagnoses, the majority of 
cases (51%) received at least one diagnosis 
of paranoia and approximately 40 percent 
received diagnoses of neurotic disorders 
and acute stress reaction/adjustment dis-
orders. Eleven percent were diagnosed at 
least once with PTSD.

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

Schizophrenia is a disabling illness with 
enormous personal, societal, and fi nancial 
costs. Patients with schizophrenia suff er 
from anosognosia (unawareness that they 
are ill) and paranoia. Such clinical expres-
sions of schizophrenia make those aff ected 
unwilling to seek care; in turn, incidence 
rates are diffi  cult to measure. However, U.S. 

military members with frank psychosis are 
unlikely to escape detection and contact 
with the medical system. Service members 
experiencing prodromal symptoms who 
do not seek mental health care eventually 
will be referred to care by their supervi-
sors. Once a diagnosis of schizophrenia is 
confi rmed, the diagnosing physician must 
initiate a “Medical Evaluation Board” pro-
cess to determine the patient’s fi tness to 
continue military service. Th is, combined 
with access to “free” medical care and stan-
dardized electronic documentation of all 
medical encounters, results in a unique 
opportunity to document the incidence of 
schizophrenia in a young population.

Th is analysis found that incidence 
rates of schizophrenia among active com-
ponent service members decreased with 
age; the fi nding is consistent with those 
of studies in other populations. Also, this 
report documented that incidence rates 
declined with increasing formal educa-
tional attainment and military grade; also, 
the incidence rate was three times higher 
among never married than currently or 
previously married service members. How-
ever, all of these characteristics are related 
to age; and in this analysis, there were not 

adjustments to account for the eff ects of age 
diff erences. Also, rates were very similar 
among males and females; however, these 
unadjusted rates do not account for dif-
ferences between male and female service 
members in age, educational attainment, 
service branch, or other potentially con-
founding factors. 

Of all service members diagnosed with 
schizophrenia, 71 percent had at least one 
mental health diagnosis, and more than 
one-half had a documented diagnosis of a 
psychosis, within the preceding 12 months. 
Th e percentages of individuals with ante-
cedent mental health diagnoses increased 
with age; they were highest in older, higher 
ranking, previously married service mem-
bers and lowest among service members 
who did not complete high school. Th e 
fi nding should be interpreted cautiously; 
for example, service members who were 
diagnosed with schizophrenia soon aft er 
entering military service would have had 
less time to clinically manifest, seek care 
for, and be clinically diagnosed with a men-
tal disorder antecedent to schizophrenia.

Th is study was designed to measure 
the incidence of schizophrenia in the active 
component of the U.S. military. Generaliz-
ability of the fi ndings to the general pop-
ulation of the U.S. is limited. For example, 
the risk of developing schizophrenia begins 
in adolescence; U.S. military members are 
at least 17 years old when they enter ser-
vice. In addition, all military members pass 
physical and cognitive military entrance 
examinations before beginning service; 
hence, military members who are diag-
nosed with schizophrenia may have higher 
pre-morbid functioning than their civil-
ian counterparts. Also, unlike civilians, 
military members have universal access to 
mental health services. 

Th ere are other limitations to this 
analysis that should be considered when 
interpreting the results. For example, many 
service members with prodromal symp-
toms may leave service (possibly due to 
disciplinary problems or poor job perfor-
mance) prior to manifesting or being diag-
nosed with schizophrenia. Such individuals 
would not be identifi ed as cases. Also, this 
analysis relied on ICD-9-CM diagnostic 
codes documented in administrative medi-
cal records. ICD-9-CM codes documented 

aNeurotic disorders included anxiety, hysteria, panic attacks, phobias, OCD, dysthymia, somatiza-
tion and neurosis, NOS.       

a
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in administrative records have been shown 
to reliably identify schizophrenia cases; still, 
it is worth noting that the diagnoses used to 
identify cases for this report were not con-
fi rmed by medical record reviews. 13 Finally, 
patients may have obtained mental health 
care using a spouse’s insurance or Military 
One Source – a telephonic and electronic 
referral system which links patients to and 
pays for civilian mental health care. Such 
encounters would not have been captured in 
this analysis. Th ese concerns are mitigated 
by the fi nding of higher rates of prodromal 
encounters in married service members, 
and by the fact that Military One Source 
policy requires service members with seri-
ous mental health problems to be referred 
to the military health system for care.

Th is summary of the incidence of 
schizophrenia and its prodromal symp-
toms among U.S. military members pro-
vides direction for further areas of study. 
For example, multivariate analyses would 
be useful to estimate the independent 
eff ects of various demographic and mili-
tary characteristics on schizophrenia risk. 
Also, the data used for this analysis could 
be combined with relevant and potentially 
informative data not available in electronic 
medical records; such data include family 
histories and genetic risk factors, clinical 

descriptions of symptomatology, and mea-
sures of pre-morbid functioning (e.g., as 
defi ned by objective universal cognitive 
tests such as the Armed Services Vocational 
Battery ([ASVAB]). Such a comprehensive 
data set might be u seful in developing a 
model to predict the likelihood and timing 
of clinical manifestations of schizophrenia 
among active component members of the 
U.S. military.

Author affi  liation: Uniformed Services Uni-
versity of the Health Sciences, Bethesda, MD.
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Heat Injuries, Active Component, U.S. Armed Forces, 2011

heat-related injuries are signifi cant 
threats to the health and opera-
tional eff ectiveness of military 

members and their units.1,2 Operational 
lessons learned and fi ndings of numer-
ous research studies have resulted in doc-
trine, equipment, and preventive measures 
that can signifi cantly reduce the adverse 
health eff ects of military activities in heat.1-3 
Although numerous and eff ective counter-
measures are available, physical exertion in 
hot environments still causes many hun-
dreds of injuries - some life threatening - 
among U.S. military members each year.4,5 

In the U.S. Military Health System, 
the most serious of heat-related injuries 
are considered notifi able medical events. 
Since 31 July 2009, a notifi able case of 
“heat stroke” (ICD-9-CM: 992.0) has been 
defi ned as a “severe heat stress injury, spe-
cifi cally including injury to the central 
nervous system, characterized by cen-
tral nervous system dysfunction and oft en 
accompanied by heat injury to other organs 
and tissue.”6 Notifi able cases of heat injuries 
other than heat stroke (“unspecifi ed eff ects 
of heat” [ICD-9-CM: 992.9]) include “mod-
erate to severe heat injuries associated with 
strenuous exercise and environmental heat 
stress” … “that require medical intervention 
or result in lost duty time.” All heat injuries 
that require medical intervention or result 
in lost duty are reportable. Cases of “heat 
exhaustion” (ICD-9-CM: 992.3-992.5) that 

In 2011, the number of service members treated for heat stroke (n=362) was 
higher than the number in 2010, but lower than the numbers in 2007-2009. 
Incidence rates of heat stroke were highest among males, service members 
in combat-specifi c occupations, in the Marine Corps and Army, and among 
those younger than 20 years of age. Th e number of service members treated 
for “other heat injury” was higher in 2011 (n=2,652) than in any of the four 
prior years; however, there were fewer hospitalizations for “other heat inju-
ries” in 2011 than in recent prior years. In contrast to heat stroke, the inci-
dence rate of “other heat injuries” was higher among females than males and 
the rate among enlisted members was more than twice that of offi  cers.

do not require medical intervention or 
result in lost duty time are not reportable.6 

Th is report summarizes heat injury-
related hospitalizations, ambulatory vis-
its, and reportable medical events among 
members of the active component dur-
ing 2011 and compares them to recent 
prior years. Episodes of heat stroke and 
“other heat injuries” are summarized sep-
arately; for this analysis, “other heat inju-
ries” includes “heat exhaustion” (which 
was reportable prior to 31 July 2009) and 
“unspecifi ed eff ects of heat” (reportable 
since 31 July 2009).

M E T H O D S

Th e surveillance period was 1 Janu-
ary 2007 through 31 December 2011. Th e 
surveillance population included all indi-
viduals who served in the active compo-
nent of the Army, Navy, Air Force, Marine 
Corps, or Coast Guard at any time dur-
ing the surveillance period. Th e Defense 
Medical Surveillance System (DMSS) was 
searched to identify all records of medical 
encounters and notifi able medical event 
reports that included primary (fi rst-listed) 
or secondary (second-listed) diagnoses of 
“heat stroke” (ICD-9-CM:992.0) or “other 
heat injury” (“heat exhaustion” [ICD-
9-CM:992.3-992.5] and “unspecifi ed eff ects 
of heat” [ICD-9-CM:992.9]). 

Th is report estimates numbers of indi-
viduals aff ected by heat injuries (“incident 
cases”) and “heat injury events” during 
each calendar year. To estimate numbers 
of incident cases per year, each individual 
who was aff ected by a heat injury event 
(one or more) during a year accounted 
for one incident case during the respec-
tive year. To classify the severity of incident 
cases per year, those that were associated 
with any “heat stroke” diagnosis were clas-
sifi ed as “heat stroke” cases; all others were 
classifi ed as “other heat injury” cases. 

To estimate numbers of heat injury 
events per year, aff ected individuals could 
account for multiple events during years. 
To discriminate follow-up encounters from 
new heat injury events, aff ected service 
members were not considered at risk of a 
“new” heat injury event within 60 days of a 
prior event. Annual numbers of heat stroke 
and “other heat injury”-related events were 
estimated separately. To categorize the 
clinical management of heat injury events, 
those that were documented with hospi-
talization records were classifi ed as hospi-
talization cases; among the others, those 
documented with reportable event records 
were prioritized over those documented by 
ambulatory records only.

R E S U L T S

In 2011, there were 362 incident cases 
of heat stroke and 2,652 incident cases of 
“other heat injury” among active compo-
nent members. Overall crude incidence 
rates of heat stroke and “other heat injury” 
were 0.25 and 1.82 per 1,000 person-years 
(p-yrs), respectively (Table 1). 

In 2011, the incidence rate (unad-
justed) of heat stroke was higher than the 
rate in 2010, but lower than the rates in 
2007-2009; there were fewer heat stroke-
related ambulatory visits in 2011 than any 
other year in the period, but more report-
able events and hospitalizations than in 
2010 (Figure 1). 
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T A B L E  1 .  Incident casesa and incidence ratesb of heat injury, active component, 
U.S. Armed Forces, 2011

Th e overall incidence rates (unad-
justed) of “other heat injury” were the same 
in 2010 and 2011 (1.82 per 1,000 p-yrs) 
but both were higher than in 2007-2009; 
of particular note, the rate was over 50 per-
cent higher in 2010 and 2011 than 2008. 
Th e combined totals of ambulatory visits 
and notifi able medical event reports for 
“other heat injury” were higher in 2010 and 
2011 than in any prior year; however, there 
were fewer hospitalizations for “other heat 
injuries” in 2010 and 2011 than in 2009 
(Figure 2).

In 2011, subgroup-specifi c incidence 
rates of heat stroke were highest among 
males (0.27 per 1,000 p-yrs), service mem-
bers in combat-specifi c occupations (0.50 
per 1,000 p-yrs), in the Marine Corps 
(0.52 per 1,000 p-yrs) and Army (0.41 per 
1,000 p-yrs), and among those younger 
than 20 years of age (0.62 per 1,000 p-yrs). 
Heat stroke rates in the Marine Corps and 
Army were more than fi ve-fold those of the 

other services, and nearly two times higher 
among males compared to females. Of note, 
rates of heat stroke were similar among offi  -
cers and enlisted members and across race/
ethnicity-defi ned subgroups (Table 1). 

In 2011, subgroup-specifi c incidence 
rates of “other heat injuries” were highest 
among service members younger than 20 
years of age (6.90 per 1,000 p-yrs), in the 
Army and Marine Corps (2.92 and 2.50 per 
1,000 p-yrs, respectively), and in combat-
specifi c occupations (2.15 per 1,000 p-yrs). 
In contrast to heat stroke experience, the 
crude incidence rate of “other heat injuries” 
was higher among females than males and 
the rate among enlisted members was more 
than twice that of offi  cers (Table 1).

In 2011, 442 heat stroke events aff ected 
362 individuals (average number of heat 
stroke events per aff ected individual: 1.22); 
68 individuals experienced more than one 
heat stroke event during the year. Th e num-
ber of service members aff ected by more 

than one heat stroke event in 2011 was 
lower than the average per year (n=97) 
during the prior years of the period. Also, 
in 2011, 2,904 “other heat injury” events 
aff ected 2,861 individuals (average num-
ber of other heat injury events per aff ected 
individual: 1.02); 42 individuals experi-
enced more than one “other heat injury” 
event during the year. Th e number of ser-
vice members aff ected by more than one 
“other heat injury” event in 2011 was lower 
than the average per year (n=76) during the 
prior years of the period (data not shown).

During the fi ve-year surveillance 
period, heat-related injuries were diag-
nosed at more than 200 military instal-
lations/geographic locations worldwide. 
However, three Army installations 
accounted for more than one-third of all 
heat injury events during the period (Fort 
Bragg, NC [n=2,363], Fort Benning, GA 
[n=1,560], Fort Jackson, SC [n=920]); and 
four other installations accounted for an 
additional one-fi ft h of heat injury events 
(Parris Island/Beaufort, SC [n=899], MCB 
Camp Lejeune/Cherry Point, NC [n=659], 
Fort Polk, LA [n=555], Fort Cambell, KY 
[n=508]). Of the ten installations with the 
most heat injury events, eight are in the 
southeastern United States (Table 2).
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F I G U R E  1 .  Incident cases and incidence 
rates of “heat stroke,” by source of report 
and year of diagnosis, active component, 
2007-2011

aOne per person per year
bRate per 1,000 p-yrs

Heat stroke “Other heat injury”
No. Rateb No. Rateb

Total 362 0.25 2,652 1.82
Sex

Male 341 0.27 2,099 1.68
Female 21 0.10 553 2.63

Age group
< 20 51 0.62 568 6.90
20-24 148 0.31 1,108 2.35
25-29 88 0.24 520 1.44
30-34 43 0.19 229 1.03
35-39 22 0.13 141 0.85
40+ 10 0.07 86 0.56

Race/ethnicity
White, non-Hispanic 236 0.25 1,681 1.78
Black, non-Hispanic 60 0.26 516 2.20
Other 66 0.24 455 1.64

Service
Army 230 0.41 1,643 2.92
Navy 15 0.05 178 0.55
Air Force 10 0.03 317 0.96
Marine Corps 104 0.52 502 2.50
Coast Guard 3 0.07 12 0.29

Military status
Enlisted 300 0.25 2,427 2.00
Offi cer 62 0.25 225 0.92

Military occupation
Combat 145 0.50 624 2.15
Health care 40 0.33 164 1.37
Other 177 0.17 1,864 1.78
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E D I T O R I A L  C O M M E N T

From 2008 through 2010, rates of 
heat stroke among U.S. service members 
declined, but the rate increased slightly 
in 2011. Rates of other clinically signifi -
cant heat-related injuries increased during 
2008 through 2010 and stabilized in 2011. 
In 2011, there were more hospitalizations 
for heat stroke than 2010 and more report-
able events for “other heat injuries” than in 
recent prior years. 

Th e results of this update should be 
interpreted with consideration of its limi-
tations. For example, clinical criteria for 
mandatory reporting of heat-related inju-
ries as “heat stroke” or “other heat injury” 
cases changed in 2009. Since that time, 
central nervous system dysfunction had 
to be present for a heat casualty to qual-
ify as a case of “heat stroke.” Prior to the 
2009 change, cases of “heat stroke” need 
not have exhibited nervous system dys-
function and the diagnosis could have been 
be applied to patients with just laboratory 
evidence of injury to the liver, muscles, 
or kidneys. Th e change likely aff ected the 
numbers and natures of heat injury-related 
notifi able medical event reports in 2009 
-2011. In addition, similar heat-related 

F I G U R E  2 .  Incident cases and incidence 
rates of “other heat injury,” by source 
of report and year of diagnosis, active 
component, 2007-2011
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clinical illnesses are likely managed dif-
ferently and reported with diff erent diag-
nostic codes at diff erent locations and in 
diff erent clinical settings. Such diff erences 
undermine the validity of direct compari-
sons of rates of nominal “heat stroke” and 
“other heat injury” events across locations 
and settings. Also, this update is based on 
records of medical encounters at fi xed (e.g., 
not deployed or at sea) medical facilities. 
As a result, heat injuries during training 
exercises and deployments that are treated 
in fi eld/deployed medical facilities are not 
ascertained as cases for this report. 

In spite of its limitations, this report 
documents that heat injuries are still a sig-
nifi cant threat to the health of U.S. military 
members and the eff ectiveness of military 
operations. Of all military members, the 
youngest and most inexperienced Marines 
and soldiers (particularly those training 
at installations in the southeastern United 
States) are at highest risk of heat injuries 
- including heat stroke, exertional hypo-
natremia, 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 com-
bat troop populations, must ensure that 
military members whom they supervise 
and support are informed regarding risks, 
preventive countermeasures (e.g., water 
consumption), early signs and symptoms, 
and fi rst responder actions related to heat 
injuries.1-3 Leaders should be aware of the 
dangers of insuffi  cient 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 injuries.

Policies, guidance, and other infor-
mation related to heat injury prevention 
and treatment among U.S. military mem-
bers are available on-line at: http://chppm-
www.apgea.army.mil/heat/#PM and http://
www.marines.mil/news/publications/
Documents/MCO%206200.1E%20W%20
CH%201.pdf .
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T A B L E  2 .  Heat injury eventsa by 
location of diagnosis/report, active 
component, U.S. Armed Forces, 2007-
2011

aOne heat injury per person per 60 days

Location of diagnosis No. %
Fort Bragg, NC 2,363 16.2
Fort Benning, GA 1,560 13.4
Fort Jackson, SC 920 7.9
Parris Island/Beaufort, SC 899 7.7
MCB Camp Lejuene/
Cherry Hill, NC 659 5.7

Fort Polk, LA 555 4.8
Fort Cambell, KY 508 4.4
Camp Pendleton, CA 336 2.9
Fort Hood, TX 330 2.8
Fort Stewart, GA 300 2.6
MCB Quantico, VA 290 2.5
Fort Sill, OK 289 2.5
NMC San Diego, CA 231 2.0
Okinawa, Japan 229 2.0
All other locations 5,108 35.0
Total 14,577 100.0
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r habdomyolysis is the breakdown 
of striated muscle cells with release 
into the bloodstream of their 

potentially toxic contents. In U.S. mili-
tary members, rhabdomyolysis is a sig-
nifi cant threat during physical exertion, 
particularly under heat stress. Each year, 
the MSMR summarizes numbers, rates, 
trends, risk factors and locations of occur-
rences of exertional heat injuries, includ-
ing exertional rhabdomyolysis. Th is update 
covers calendar year 2011. Information 
regarding the defi nition, causes and pre-
vention of exertional rhabdomyolysis can 
be found in previous issues of the MSMR.1 

M E T H O D S

Th e surveillance period was 1 January 
2007 to 31 December 2011. Th e surveil-
lance population included all individu-
als who served in an active component of 
the U.S. Armed Forces any time during the 
surveillance period. Th e Defense Medi-
cal Surveillance System was searched for 
records of health care encounters (inpa-
tient or outpatient) associated with diagno-
ses related to the occurrence of exertional 
rhabdomyolysis. For surveillance purposes, 
a case of “exertional rhabdomyolysis” was 
defi ned as a hospitalization or ambulatory 

Update: Exertional Rhabdomyolysis, Active Component, U.S. Armed Forces, 2011

In 2011, there were 435 incident episodes of rhabdomyolysis likely due to 
physical exertion and/or heat stress (“exertional rhabdomyolysis”) among 
U.S. service members. Th e annual rates of exertional rhabdomyolysis nearly 
doubled from 2007 to 2011. Th e highest incidence rates occurred in males, 
black, non-Hispanics, service members younger than 20 years of age and in 
the Marine Corps and Army. Most cases were diagnosed at installations that 
support basic combat/recruit training centers or major Army and Marine 
Corps combat units. Medical care providers should consider exertional rhab-
domyolysis in the diff erential diagnosis when service members – particularly 
recruits – present with muscular pain, swelling, limited range of motion, or 
the excretion of dark urine possibly due to myoglobinuria aft er strenuous 
physical activity, particularly in hot, humid weather.

visit with a discharge diagnosis in any posi-
tion of: “rhabdomyolysis” (ICD-9-CM: 
728.88) and/or “myoglobinuria” (ICD-
9-CM: 791.3); plus a diagnosis in any posi-
tion of “volume depletion (dehydration)” 
(ICD-9-CM: 276.5) and/or “eff ects of heat” 
(ICD-9-CM: 992.0-992.9) and/or “eff ects 
of thirst (deprivation of water),” “exhaus-
tion due to exposure,” and “exhaustion due 
to excessive exertion (overexertion)” (ICD-
9-CM: 994.3-994.5). Each individual could 
be included as a case only once per calen-
dar 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 eff ects” 
(ICD-9-CM: 800-999, except “sprains and 
strains of joints and adjacent muscles” 
ICD-9-CM: 992.0-992.9, 994.3-994.5, and 
840-848) were excluded from consider-
ation as “exertional rhabdomyolysis” case 
defi ning encounters.

R E S U L T S

In 2011, there were 435 incident epi-
sodes of rhabdomyolysis likely due to phys-
ical exertion and/or heat stress (“exertional 
rhabdomyolysis”) (Table 1). Th e crude 

incidence rate was 29.9 per 100,000 person-
years (p-yrs). 

In 2011, relative to their respective 
counterparts, the highest incidence rates of 
exertional rhabdomyolysis aff ected service 
members who were male (33.3 per 100,000 
p-yrs), younger than 20 years of age (60.4 
per 100,000 p-yrs), black, non-Hispanic 
(42.6 per 100,000 p-yrs), and in the Marine 
Corps (71.6 per 100,000 p-yrs) or Army 
(33.7 per 100,000 p-yrs). Th e lowest inci-
dence rates aff ected service members in the 
Coast Guard (7.2 per 100,000 p-yrs) and 
those older than 40 years (8.7 per 100,000 
p-yrs) (Table 1). 

Th ere were more incident diagnoses of 
exertional rhabdomyolysis in 2011 than in 
any previous year of the period (Figure 1). 
Th e annual rates of exertional rhabdomyo-
lysis increased during the fi ve-year period, 
nearly doubling from 2007 to 2011 (16.5 
and 29.9 per 100,000 p-yrs, respectively). 
From 2008 to 2010, the annual number of 
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F I G U R E  1 .  Incident diagnoses of 
exertional rhabdomyolysis by type of 
medical encounter, active component, U.S. 
Armed Forces, 2007-2011
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T A B L E  1 .  Incident cases and incidence ratesa of exertional rhabdomyolysis, active 
component, U.S. Armed Forces, 2011

fi ve installations accounted for at least 49 
cases each and more than 40 percent of 
all cases. Of these installations, two pro-
vide support to recruit/basic combat train-
ing centers (Marine Corps Recruit Depot 
[MCRD] Parris Island/Beaufort, SC; and 
Fort Jackson, SC;) and three support large 
combat troop populations (Fort Bragg, NC; 
Camp Pendleton, CA; and Camp Lejeune/
Cherry Pt, NC) (Table 2). Th e most cases 
overall (accounting for 29% of all cases) 
were reported from Fort Bragg, NC 
(n=254) and MCRD Parris Island/Beau-
fort, SC (n=202) (Table 2).

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

Th is report documents a continuing 
increase in incident diagnoses of presum-
ably exertional rhabdomyolysis among 
active component members of the U.S. 
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F I G U R E  2 .  Incidence rates of hospital-
ization for exertional rhabdomyolysis, by 
service active component, U.S. Armed 
Forces, 2007-2011

military. Most cases were diagnosed at 
installations that support basic combat/
recruit training centers or major Army 
and Marine Corps combat units. Th e risks 
of heat injuries, including exertional rhab-
domyolysis, are increased among individ-
uals who suddenly increase overall levels 
of physical activity, recruits who are not 
physically fi t when they begin training, and 
recruits from relatively cool and dry cli-
mates who may not be acclimated to the 
high heat and humidity at training camps 
in the summer.2,3 Soldiers and Marines in 
combat units oft en conduct rigorous unit 
physical training, personal fi tness train-
ing, and fi eld training exercises regardless 
of weather conditions. It is not surprising, 
therefore, that recruit camps and installa-
tions with large combat units account for 
most exertional rhabdomyolysis cases.

Th e fi ndings 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 probable cases of exertional 
rhabdomyolysis was attempted by using 

aRate per 100,000 p-yrs

aCoast Guard not shown due to small annual case counts

Hospitalized Ambulatory Total
No. Ratea No. Ratea No. Ratea

  Total 207 14.5 228 15.7 435 29.9
  Sex
   Male 200 16.4 215 17.3 415 33.3
   Female 6 2.9 13 6.2 19 9.0
  Age
   <20 25 24.2 39 36.8 64 60.4
   20-24 77 16.1 98 20.3 175 36.2
   25-29 55 16.3 45 12.8 100 28.5
   30-34 29 14.0 23 10.6 52 24.0
   35-39 14 8.6 18 11.1 32 19.7
   40+ 7 5.1 5 3.6 12 8.7
  Service
   Army 93 17.1 97 17.2 190 33.7
   Navy 18 5.7 22 6.8 40 12.5
   Air Force 31 9.5 27 8.2 58 17.6
   Marine Corps 64 32.4 80 39.8 144 71.6
   Coast Guard 1 2.4 2 4.8 3 7.2
  Race/ethnicity
   White, non-Hispanic 124 12.5 140 14.8 264 27.9
   Black, non-Hispanic 45 19.1 55 23.4 100 42.6
   Other 38 19.2 33 11.9 71 25.6
  Rank
   Enlisted 175 14.8 199 16.4 374 30.9
   Offi cer 32 13.2 28 11.4 60 24.4
  Military occupation
   Combat 61 21.5 48 16.5 109 37.5
   Health care 17 14.3 18 15.0 35 29.2
   Other 129 12.6 162 15.5 291 27.8

hospitalized cases declined slightly while 
the number of cases diagnosed in outpa-
tient settings increased; however, in 2011, 
the numbers of hospitalizations and outpa-
tient visits were higher than in any of the 
previous four years (Figure 1). 

In 2011, 76 percent of all service mem-
bers hospitalized for exertional rhabdomy-
olysis were in the Army (n=93) and Marine 
Corps (n=64) (Table 1). Hospitalization 
rates increased in each service from 2010 to 
2011 and remained highest in the Marine 
Corps (Figure 2). Among Marines, the 
rate of hospitalized cases declined in 2009 
and 2010 to rates similar to the Army, but 
nearly tripled from 2010 to 2011. As in the 
past, in 2011 most cases occurred during 
the months of June to August (51% of the 
total) and May to September (72%) (data 
not shown).

During the fi ve-year surveillance 
period, the medical treatment facilities at 



March 2012    Vol. 19  No. 3    M S M R  Page  19

T A B L E  2 .  Incident cases of exertional 
rhabdomyolysis (among installations 
with at least 25 cases during the period), 
active component, U.S. Armed Forces, 
2007-2011

a combination of ICD-9 diagnostic codes 
related to rhabdomyolysis with additional 
codes indicative of the eff ects of exertion, 
heat, or dehydration. Further, other ICD-9 
codes were used to exclude cases of rhab-
domyolysis that were secondary to trauma, 
intoxication, or adverse drug reactions. 

Th e higher rate in black, non-Hispanic 
service members compared to other racial/
ethnic subgroup members may refl ect, at 
least in part, increased risk of exertional 

rhabdomyolysis among individuals with 
sickle cell trait.4-6 Supervisors at all levels 
should assure that guidelines to prevent 
heat injuries are enforced for all service 
members. Th ey should be vigilant for early 
signs of exertional heat injuries including 
rhabdomyolysis among all (particularly, 
black, non-Hispanic) service members.

Th e measures that are eff ective at pre-
venting exertional heat injuries in general 
are indicated for preventing exertional 
rhabdomyolysis. In the military training 
setting, the intensity and duration of exer-
cise and adherence to prescribed work-rest 
cycles during strenuous physical activi-
ties should be adapted not only to ambient 
weather conditions but also to the fi tness 
levels of participants in strenuous activi-
ties. Th e physical activities of overweight 
and/or previously sedentary new recruits 
should increase gradually and be closely 
monitored. Water intake should com-
ply with current guidelines and be closely 
supervised. Strenuous activities during 
relatively cool mornings following days 
of high heat stress should be particularly 
closely monitored; in the past, such situa-
tions have been associated with increased 
risk of exertional heat injuries (includ-
ing rhabdomyolysis).7 Commanders and 
supervisors at all levels should be aware of 
and alert for early signs of exertional heat 
injuries and should aggressively intervene 
when dangerous conditions, activities, or 
suspicious illnesses are detected. 

Finally, medical care providers should 
consider exertional rhabdomyolysis in the 
diff erential diagnosis when service mem-
bers – particularly recruits – present with 
muscular pain, swelling, limited range of 
motion, or the excretion of dark urine pos-
sibly due to myoglobinuria aft er strenuous 
physical activity, particularly in hot, humid 
weather.
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 Location of diagnosis No. %
 Fort Bragg, NC 254 15.9
 MCRD Parris Is/Beaufort, SC 202 12.6
 Camp Pendleton, CA 77 4.8
 Fort Jackson, SC 58 3.6
 Camp Lejeune/Cherry Pt, NC 49 3.1
 Fort Benning, GA 45 2.8
 San Diego, CA 38 2.4
 Lackland AFB, TX 38 2.4
 Fort Hood, TX 32 2.0
 Portsmouth, VA 29 1.8
 Washington, DC 28 1.8
 Fort Stewart, GA 28 1.8
 Fort Campbell, KY 28 1.8
 Other locations 692 43.3
Total 1,598 100.0
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From 1999 through 2011, there were 1,329 incident diagnoses of exertional 
hyponatremia among active component members. In 2011, there were more inci-
dent cases (n=183) than in any other year of the period and more than three-times 
as many cases as in 1999 (n=57). Crude incidence rates of exertional hyponatre-
mia were highest among females, Marines, and those in the youngest and oldest age 
groups. Th e increased incidence in the U.S. military overall refl ects sharply increas-
ing rates in the Marine Corps and slight increases in the other services, particularly 
since 2005. Service members (particularly trainees and women) and their supervi-
sors must be vigilant for early signs of heat-related illnesses and must be knowledge-
able of the dangers of excessive water consumption and the prescribed limits for 
water intake during prolonged physical activity – e.g., fi eld training exercises, per-
sonal fi tness training, recreational activities – in hot, humid weather. 

Update: Exertional Hyponatremia, Active Component, U.S. Armed Forces, 1999-2011

hyponatremia, which is defi ned as 
a low concentration of sodium 
in the blood (i.e., serum sodium 

concentration <135 mEq/L), can have seri-
ous and sometimes fatal clinical eff ects.1,2 In 
otherwise healthy, physically active young 
adults (e.g., long distance runners, military 
recruits), hyponatremia is oft en associated 
with excessive water consumption, exces-
sive sodium losses in sweat, and inadequate 
sodium intake during prolonged physical 
exertion (“exertional hyponatremia”), par-
ticularly during heat stress.1-4

Acute hyponatremia creates an 
osmotic imbalance between fl uids out-
side and inside of cells. Th e osmotic gra-
dient causes water to fl ow from outside to 
inside the cells of various organs, including 
the lungs (“pulmonary edema”) and brain 
(“cerebral edema”). Swelling of the brain 
increases intracranial pressure which can 
decrease cerebral blood fl ow and disrupt 
brain function (e.g., hypotonic encepha-
lopathy, seizures, coma). Without rapid 
and defi nitive treatment to relieve increas-
ing intracranial pressure, the brain stem 
can herniate through the base of the skull, 
and life sustaining functions that are con-
trolled by the cardio-respiratory centers of 
the brain stem can be compromised.1-3

In the summer of 1997, Army train-
ing centers reported fi ve hospitalizations 
of soldiers for hyponatremia secondary to 

excessive water consumption during mili-
tary training in hot weather – one case was 
fatal and several others required intensive 
medical care.5 In April 1998, the U.S. Army 
Research Institute of Environmental Medi-
cine (USARIEM), Natick, Massachusetts, 
revised the guidelines for fl uid replacement 
during military training in heat. Th e new 
guidelines were designed to protect service 
members not only from heat injury but also 
from hyponatremia due to excessive water 
consumption. Th e guidelines limited fl uid 
intake regardless of heat category or work 
level to no more than 1½ quarts hourly and 
12 quarts daily.6 Th ere were fewer hospital-
izations of soldiers for hyponatremia due 
to excessive water consumption during the 
year aft er compared to before implementa-
tion of the new guidelines.7 

Th is report uses a surveillance case 
defi nition for “exertional hyponatremia” 
to estimate frequencies, rates, trends, geo-
graphic locations, and demographic and 
military characteristics of exertional hypo-
natremia cases among U.S. military mem-
bers from 1999 through 2011. 

M E T H O D S

Th e surveillance period was 1 Jan-
uary 1999 to 31 December 2011. Th e 

surveillance population included all indi-
viduals who served in an active component 
of the U.S. Armed Forces any time during 
the surveillance period. 

For surveillance purposes, a case 
of exertional hyponatremia was defi ned 
as a hospitalization or ambulatory visit 
with a primary (fi rst-listed) diagnosis of 
“hyposmolality and/or hyponatremia” 
(ICD-9-CM: 276.1) and no other illness or 
injury-specifi c diagnoses (ICD-9-CM: 001-
999) in any diagnostic position; or both a 
diagnosis of “ hyposmolality and/or hypo-
natremia” (ICD-9-CM: 276.1) and at least 
one of the following within the fi rst three 
diagnostic positions (dx1-dx3): “fl uid over-
load” (ICD-9-CM: 276.6), “alteration of 
consciousness” (ICD-9-CM: 780.0x), “con-
vulsions” (ICD-9-CM: 780.39), “altered 
mental status” (ICD-9-CM: 780.97), “eff ects 
of heat/light” (ICD-9-CM: 992.0-992.9), or 
“rhabdomyolysis” (ICD-9-CM: 728.88). 

Medical encounters were not consid-
ered case defi ning events if they included 
complicating diagnoses such as alcohol/
illicit drug abuse; psychosis, depression, or 
other major mental disorders; endocrine 
(e.g., pituitary, adrenal) disorders; kidney 
diseases; intestinal infectious diseases; can-
cers; major traumatic injuries; or compli-
cations of medical care in any diagnostic 
position. Each individual could be included 
as a case only once per calendar year.

R E S U L T S

From 1999 through 2011, there were 
1,329 incident diagnoses of exertional 
hyponatremia among active component 
members (Table 1). In 2011, there were 183 
incident diagnoses of exertional hypona-
tremia (incidence rate: 12.6 per 100,000 
person-years [p-yrs]) among active com-
ponent members (Table 1). 

During the 13-year period, the average 
number of incident cases per year was 102. 
In 2011, there were more incident cases 
than in any other year of the period and 
more than three-times as many cases as in 
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F I G U R E  1 .  Incident diagnoses of exertional hyponatremia, active component, U.S. Armed 
Forces, 1999-2011

T A B L E  1 .  Incident cases and incidence ratesa of exertional hyponatremia, active 
component, U.S. Armed Forces, 1999-2011

the year with the fewest cases (1999, n=57). 
Of note, there were only slightly more cases 
in 2011 than 2010, and the rates during 
those years were nearly identical (Table 1, 
Figure 1).

In 2011 among the Services, the most 
cases were in the Army (n=72), but the 
highest overall incidence rate was in the 
Marine Corps (20.9 per 100,000 p-yrs) 
(Table 1). In the Marine Corps, the annual 
crude rate increased 3-fold during the sur-
veillance period overall and by more than 
2-fold between 2003 and 2010 (Figure 2). 
During the 13-year surveillance period 
overall, the crude incidence rate was high-
est in the Marine Corps (14.4 per 100,000 
p-yrs), intermediate in the Army and 
Air Force (7.3 and 6.8 per 100,000 p-yrs, 
respectively), and lowest in the Coast 
Guard and Navy (4.2 and 4.0 per 100,000 
p-yrs, respectively) (Table 1, Figure 2). 

females (17.6 per 100,000 p-yrs) was the 
highest annual rate among males or females 
during the entire surveillance period. Dur-
ing ten years of the surveillance period, the 
annual rate was higher among females than 
males; also, during the surveillance period 
overall, the rate was approximately 50 per-
cent higher among females than males 
(Table 1).

In 2011, the annual incidence rate was 
higher among white, non-Hispanic than 
black, non-Hispanic or “other” racial/eth-
nic subgroup members; however, during 
the surveillance period overall, the rate was 
higher among service members with “other” 
racial-ethnic identities (e.g., Hispanic, 
Asian, Pacifi c Islander, Native American) 
compared to their white non-Hispanic and 
black non-Hispanic counterparts (Table 1). 
In 2011 and during the surveillance period 
overall, the highest age group-specifi c inci-
dence rates aff ected the oldest (>39 years) 
and youngest (<20 years) service members. 
During the surveillance period, there were 
not consistent relationships between exer-
tional hyponatremia rates and military 
occupational group (Table 1).

During the 13-year surveillance 
period, exertional hyponatremia cases were 
diagnosed at U.S. military medical facilities 
at more than 200 locations; however, six 
locations were aff ected by 30 or more cases 
each and accounted for one-third of all 
cases (Table 2). Th e location with the most 
cases overall was the Marine Corps Recruit 

aRate per 100,000 p-yrs
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In 2011, 80 percent of exertional hypo-
natremia cases (n=146) aff ected males; 
however, the annual rate in 2011 among 

2011 Total 1999-2011
No. Ratea No. Ratea

 Total 183 12.6 1,329 7.2
 Service
 Army 72 12.8 482 7.3
 Navy 26 8.1 182 4.0
 Air Force 40 12.2 301 6.8
 Marine Corps 42 20.9 343 14.4
 Coast Guard 3 7.2 21 4.2
 Sex
 Male 146 11.7 1,063 6.7
 Female 37 17.6 266 10.0
 Race/ethnicity
 White, non-Hispanic 129 13.7 925 7.4
 Black, non-Hispanic 22 9.4 172 5.2
 Other 32 11.5 232 8.9
 Age
 <20 20 24.3 186 13.6
 20-24 45 9.5 387 6.4
 25-29 36 10.0 225 5.6
 30-34 17 7.6 129 4.8
 35-39 11 6.7 140 5.9
 40+ 54 35.4 262 13.6
 Military occupation
 Combat 22 7.6 280 7.3
 Health care 18 15.0 132 8.8
 Other 143 13.7 917 7.0
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Depot (MCRD) Parris Island/Beaufort, SC 
(n=167); at MCRD Parris Island/Beaufort, 
there were 28 percent fewer cases in 2011 
(n=23, 12.5% of the total) than 2009 (n=32, 
the peak of annual cases at any location 
overall) (data not shown).

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

Th is report documents increases, in 
general, in the numbers and rates of exer-
tional hyponatremia diagnoses among 
active component U.S. military members 
over the past 13 years. Th e increased inci-
dence in the U.S. military overall refl ects 
sharply increasing rates in the Marine 
Corps and slight increases in the other ser-
vices, particularly since 2005. 

Th e results of this report should be 
interpreted with consideration of sev-
eral limitations. For example, there is not 
a diagnostic code specifi c for “exertional 
hyponatremia.” Th us, for surveillance pur-
poses, cases of presumed exertional hypo-
natremia were ascertained from records of 
medical encounters that included diagno-
ses of “hyposmolality and/or hyponatre-
mia,” but not other conditions that increase 
risk of hyponatremia in the absence of 
physical exertion or heat stress (e.g., met-
abolic, renal, psychiatric, iatrogenic). As 
such, the results of this analysis should be 

F I G U R E  2 .  Incidence rates of exertional hyponatremia by service, active component, U.S. 
Armed Forces, 1999-2011

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

In
ci

de
nc

e 
ra

te
s 

pe
r 1

00
,0

00
 p

-y
rs

 

Marine Corps 
Army 
Air Force 
Navy 
Coast Guard 

T A B L E  2 .  Incident cases of exertional 
hyponatremia by installation, active 
component, U.S. Armed Forces, 1999-
2011

 Location of diagnosis No. %
MCRD Parris Is/Beaufort, SC 167 14.6
Fort Benning, GA 79 6.9
MCB Camp Lejeune/
Cherry Pt, NC 43 3.8

Fort Bragg, NC 35 3.1
MCB Camp Pendleton, CA 33 2.9
Fort Eustis, VA 32 2.8
NMC San Diego, CA 29 2.5
NMC Portsmouth, VA 28 2.4
Walter Reed AMC, DC 28 2.4
Fort Jackson, SC 27 2.4
MCB Quantico, VA 25 2.2
Lackland AFB, TX 24 2.1
NNMC Bethesda, MD 23 2.0
Fort Leonard Wood, MO 20 1.7
Fort Sam Houston, TX 20 1.7
Fort Shafter, HI 14 1.2
All other locations 519 45.3
Total 1,146 100.0

considered estimates of the actual inci-
dence of symptomatic exertional hypona-
tremia from excessive water consumption 
among U.S. military members. Th e accu-
racy of estimated numbers, rates, trends, 
and correlates of risk depends on the 

completeness and accuracy of diagnoses 
that are reported on standardized records 
of relevant medical encounters. As a result, 
an increase in reporting of diagnoses 
indicative of exertional hyponatremia may 
refl ect at least in part increasing aware-
ness of, concern regarding, and aggressive 
management of incipient cases among mil-
itary supervisors and primary health care 
providers. 

In the past, concerns regarding hypo-
natremia from excessive water consump-
tion were focused at training – particularly 
recruit training – installations. In this anal-
ysis, rates were relatively high among the 
youngest – hence, the most junior – ser-
vice members, and the most cases were 
diagnosed at medical facilities that sup-
port large recruit training centers and large 
Army and Marine Corps combat units 
(e.g., MCRD Parris Island Beaufort, SC; 
Fort Benning, GA; Camp Lejeune/Cherry 
Point, NC; Fort Bragg, NC). In many cir-
cumstances (e.g., recruit training, Ranger 
School), military trainees rigorously 
adhere to standardized training schedules 
– regardless of weather conditions. In hot, 
humid weather, commanders, supervisors, 
instructors, and medical support staff  must 
be aware of and enforce guidelines for 
work-rest cycles and water consumption. 

In regard to hyponatremia, service 
members and their supervisors must be 
knowledgeable of the dangers of exces-
sive water consumption and the prescribed 
limits for water intake during prolonged 
physical activity – e.g., fi eld training exer-
cises, personal fi tness training, recreational 
activities – in hot, humid weather (Figure 
3). Additional information can be found at: 
http://www.usariem.army.mil/pages/down 
load/tbmed507.pdf 

Women, who have higher rates of 
exertional hyponatremia in this report, 
may be at greater risk because of lower fl uid 
requirements and longer periods of expo-
sure to risk during some training exercises 
(e.g., land navigation courses, load-bearing 
marches).4 Service members (particularly 
trainees and women) and their supervisors 
must be vigilant for early signs of heat-
related illnesses – and immediately and 
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F I G U R E  3 .  Fluid replacement guidelines for warm weather training (applies to average 
acclimated soldier wearing BDU, hot weather)

Heat 
category

WBGT 
Index, F

Easy work Moderate work Hard work
Work/
rest

Water intake, 
qt/hr

Work/
rest

Water intake, 
qt/hr

Work/
rest

Water intake, 
qt/hr

1 78-81.9 NL ½ NL ¾ 40/20 min ¾
2 (green) 82-84.9 NL ½ 50/10 min ¾ 30/30 min 1
3 (yellow) 85-87.9 NL ¾ 40/20 min ¾ 30/30 min 1
4 (red) 88-89.9 NL ¾ 30/30 min ¾ 20/40 min 1
5 (black) >90 50/10 min 1 20/40 min 1 10/50 min 1

• The work/rest times and fl uid replacement volumes will sustain performance and hydration for at 
least 4 hours of work in the specifi ed heat category. Individual water needs will vary ±¼ qt/hr, and 
depending upon exposure to full sun or full shade, ±¼ qt/hr.

• NL= no limit to work time per hour.
• Rest means minimal physical activity (sitting or standing), accomplished in shade if possible.
• CAUTION: hourly fl uid intake should not exceed 1½ quarts.
• Daily fl uid intake should not exceed 12 quarts.
• Wearing body armor add 5 F to WBGT Index.
• Wearing MOPP over garment add 10 F to WBGT Index.

Easy work Moderate work Hard Work
Walking hard suface at 2.5 mph, 
<30lb load

Walking hard suface at 3.5 mph, 
<40lb load

Walking hard suface at 3.5 mph, 
≥40lb load

Weapon maintenance Walking loose sand at 2.5 mph, 
no load

Walking loose sand at 2.5 mph, 
with load

Manual of arms Calisthenics Field assaults
Marksmanship training Patrolling

Drill and ceremony Individual movement techniques, 
i.e., low crawl, high crawl
Defensive position construction

appropriately (but not excessively) inter-
vene in such cases.
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