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the growth in the use of remotely 
piloted aircraft  (RPA), also referred 
to as unmanned aerial vehicles or 

“drones”, has had a signifi cant impact on 
overseas contingency operations. As noted 
by Drs. Otto and Webber in this issue of the 
Medical Surveillance Monthly Report, RPA 
operations began in earnest aft er the 9/11 
terrorist attacks on the World Trade Center. 
At that time, very little was known about 
the stressors of, or the requirements for, 
these operations. Demand for RPA pilots 
has been increasing and currently, the Air 
Force is training more RPA pilots than 
fi ghter and bomber pilots combined.

Although RPA are oft en referred to as 
being unmanned, these systems require the 
support of teams of highly trained and expe-
rienced service members on the ground, 
including the RPA pilot. As advances in 
technology have enabled pilots to control 
aircraft  without physically accompanying 
them, distinct challenges have emerged as a 
result of removing pilots from the physical 
battlespace. Traditionally, military opera-
tions have been expeditionary in nature, 
with large numbers of service members 
deployed overseas. Th is deployment para-
digm oft en fosters the development of orga-
nizational identity and unit cohesion, both 
of which have been demonstrated to help 
service members cope with the stresses of 
combat. However, these elements are lack-
ing in RPA pilots. In addition, RPA pilots 
face unique stressors related to the impact 
of fi ghting a war at the offi  ce and going 
home to a family at night. Last, the contin-
ually increasing demand for RPA support 
has lead to manning issues; RPA pilots are 
faced with rotating shift s and long hours 
which contribute to stress, sleep issues, and 
other negative consequences.

In 2008, stories began to emerge in the 
lay press about “war stress” among RPA 
pilots in the Air National Guard and media 
reports have continued to appear regard-
ing mental health issues in this commu-
nity.1,2 Th ese reports cited research by the 

U.S. Air Force School of Aerospace Medi-
cine (USAFSAM) and the Performance 
Enhancement Directorate. In 2006, Dr. 
Anthony Tvaryanas and colleagues con-
ducted the fi rst comprehensive analysis 
of the human stressors involved in RPA 
operations.3,4 Continued surveillance and 
research into the health and well-being 
of RPA pilots have off ered fl ight surgeons 
and line leaders improved insight into their 
mental health needs. Th is information has 
also informed policy changes such as the 
dedication of additional mental health 
resources to this community.

Against this backdrop, Drs. Otto and 
Webber have objectively quantifi ed the 
state of RPA pilots with regard to mental 
health (MH) endpoints (as represented by 
ICD-9-CM diagnoses assigned by medical 
providers). Th eir results demonstrate that 
Air Force RPA pilots are receiving mental 
health diagnoses at rates equivalent to other 
Air Force pilots who have deployed and at 
lower rates than other Air Force personnel.

Th e fi ndings of this study validate sev-
eral key principles of human performance 
developed and applied by aerospace med-
icine since its inception in the early 20th 
century. For example, the rigorous selec-
tion process aviators undergo and the 

ongoing operational medical support they 
receive are two factors (of several) which 
likely impact their health and operational 
performance; sustained vigilance and 
application of these principles will continue 
to be the cornerstone of maintaining health 
and optimal performance of the “human 
weapon system” involved in aerial com-
bat, no matter how combat is prosecuted. 
Volanti subvenimus.

Author affi  liation: Aerospace Medicine Divi-
sion, Air Education and Training Com-
mand, Randolph AFB, TX.
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Mental Health Diagnoses and Counseling Among Pilots of Remotely Piloted Aircraft 
in the United States Air Force  
Jean L. Otto, DrPH, MPH; Bryant J. Webber, MD (Capt, USAF)

remotely piloted aircraft  (RPA), 
denoted previously in the U.S. 
Air Force (USAF) as unmanned 

aerial vehicles, and known colloquially as 
drones, joined the aircraft  inventory of the 
U.S. military in the 1960s. RPA pilots in the 
USAF were designated with a unique spe-
cialty code in October 2003, correspond-
ing to the expanding role of these aircraft  
in Operations Enduring Freedom (OEF) 
and Iraqi Freedom/New Dawn (OIF/
OND). Flight hours for the MQ-1 Pred-
ator—the premier intelligence, surveil-
lance, and reconnaissance RPA platform 
in the USAF—increased tenfold from 2003 
to 2009.1 Th e psychological impact of this 
new “telewarfare” on RPA crew members 
has been the subject of reports in the pop-
ular press,2,3 with some reports claiming 
higher rates of post-traumatic stress disor-
der (PTSD) among RPA crew members as 
compared to their counterparts deployed to 
the combat theater.4

Although a USAF white paper dis-
missed this claim as “sensational,”5 the 
psychological health of RPA crew mem-
bers remains a topic of military public 
health and operational concern. Research 
by Chappelle and colleagues at the USAF 
School of Aerospace Medicine, Department 
of Neuropsychiatry, has demonstrated high 
levels of stress and fatigue among the pilots, 
sensor operators, and image analysts who 
comprise the RPA crews. Among 600 crew 
members of the weapon-deploying Preda-
tor and Reaper RPAs who completed a vol-
untary survey, 15.3 percent reported feeling 
very or extremely stressed and 19.5 per-
cent reported high emotional exhaustion. 
Among 264 crew members of the RQ-4 
Global Hawk, a non-weapon-deploying 
RPA, these proportions rose to 19.4 per-
cent and 33.0 percent, respectively.6 At the 
Brookings Institution in 2012, Chappelle 
noted that 4 percent of active duty RPA 
pilots were at “high risk for PTSD” based 

on this survey. Although this represents a 
substantial number of service members, it 
is lower than the 12-17 percent of soldiers 
returning from OEF or OIF/OND who are 
placed in this high-risk category based on 
post-deployment questionnaires.7

Along with witnessing traumatic 
experiences, such as those associated with 
PTSD in traditional combat, RPA crew 
members may face several additional chal-
lenges, some of which may be unique to 
telewarfare: lack of deployment rhythm 
and of combat compartmentalization (i.e., 
a clear demarcation between combat and 
personal/family life);5 fatigue and sleep dis-
turbances secondary to shift  work;8 austere 
geographic locations of military installa-
tions supporting RPA missions;6 social iso-
lation during work, which could diminish 
unit cohesion and thereby increase suscep-
tibility to PTSD;9 and sedentary behavior 
with prolonged screen time, implicated as 
psychological challenges in the adult video 
gaming community.10 

Th is retrospective cohort study is the 
fi rst to document the frequencies, inci-
dence rates, and trends of mental health 
(MH) outcomes among RPA pilots within 
the active component of the USAF, and 
how these rates compare to those among 
manned aircraft  (MA) pilots (fi xed wing 
and rotary wing) and among airmen in 
other USAF occupations during the same 
time period. For the purposes of this study, 
“combat” is defi ned broadly as actual or 
remote deployment to a combat zone, 
and not necessarily as engagement with 
enemy combatants.

M E T H O D S

Th e surveillance period was 1 October 
2003—the date at which an airman could 
fi rst be identifi ed as an RPA pilot by Air 
Force Specialty Code (AFSC)—through 
31 December 2011. Th e surveillance 

Remotely piloted aircraft  (RPA), also known as drones, have been used exten-
sively in the recent confl icts in Iraq and Afghanistan. Although RPA pilots in 
the U.S. Air Force (USAF) have reported high levels of stress and fatigue, rates of 
mental health (MH) diagnoses and counseling in this population are unknown. 
We calculated incidence rates of 12 specifi c MH outcomes among all active com-
ponent USAF RPA pilots between 1 October 2003 and 31 December 2011, and 
by various demographic and military variables. We compared these rates to 
those among all active component USAF manned aircraft  (MA) pilots deployed 
to Iraq/Afghanistan during the same period. Th e unadjusted incidence rates of 
all MH outcomes among RPA pilots (n=709) and MA pilots (n=5,256) were 25.0 
per 1,000 person-years and 15.9 per 1,000 person-years, respectively (adjusted 
incidence rate ratio=1.1, 95% confi dence interval=0.9-1.5; adjusted for age, num-
ber of deployments, time in service, and history of any MH outcome). Th ere was 
no signifi cant diff erence in the rates of MH diagnoses, including post-traumatic 
stress disorder, depressive disorders, and anxiety disorders between RPA and 
MA pilots. Military policymakers and clinicians should recognize that RPA and 
MA pilots have similar MH risk profi les.
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T A B L E  1 .   Mental health outcomes and case-defi ning diagnostic codes, V- codes 
and E- codes (ICD-9-CM)

population included service members who 
had served at any time in the active compo-
nent of the USAF. 

RPA pilots were defi ned by the follow-
ing AFSCs: 11U (RPA pilot); 18A (attack 
RPA pilot); 18G (generalist RPA pilot); 18R 
(reconnaissance RPA pilot); and 18S (spe-
cial operations RPA pilot). MA pilots were 
defi ned as airmen deployed to OEF or OIF/
OND for greater than 30 days and who had 
one of the following AFSCs: 11B (bomber 
pilot); 11F (fi ghter pilot); 11G (generalist 
pilot); 11H (rescue pilot); 11M (mobility 
pilot); 11R (reconnaissance/surveillance/
electronic warfare pilot); and 11S (special 
operations pilot). A pilot could appear in 
only one cohort during the surveillance 
period; pilots who met criteria for both 
RPA and MA were classifi ed as RPA pilots. 

RPA pilots were eligible to receive a 
MH outcome during a window beginning 
30 days aft er designation as an RPA pilot 
(to allow for development and diagnosis 
of the outcome) and ending at separation 
from active service or the conclusion of the 
surveillance period. MA pilots were eligible 
to receive a MH outcome during a window 
beginning 30 days aft er the start of their 
fi rst OEF or OIF/OND deployment and 
also ending at separation from active ser-
vice or the conclusion of the surveillance 
period. Pilots with a MH outcome recorded 
prior to the start of this window were con-
sidered prevalent cases and therefore were 
ineligible to become incident cases for that 
specifi c MH outcome. Th ose diagnosed 
with more than one MH outcome during 

the surveillance period were considered 
incident cases in each category for which 
they met case-defi ning criteria, but they 
were considered an incident case only once 
for any specifi c MH outcome. Time-sen-
sitive covariates, such as age, were deter-
mined at the start of the surveillance period 
or, for those who entered aft er this time, at 
entry to active military service.

MH outcomes were categoried into 
two groups: actual mental health diagnoses 
defi ned by ICD-9-CM codes (e.g., adjust-
ment disorders, alcohol abuse/dependence, 
anxiety disorders) and mental health coun-
seling defi ned by V-codes and E-codes (e.g., 
suicide ideation/attempt, partner relation-
ship problems, family circumstance prob-
lems). For all MH outcomes other than 
suicide attempt or ideation, cases were 
defi ned by at least one hospitalization record 
with the relevant diagnosis in the fi rst or 
second diagnostic position, or two records 
of ambulatory encounters within 180 days 
with the relevant diagnosis in the fi rst or 
second diagnostic position, or one ambu-
latory encounter in a psychiatric or MH 
care specialty setting with the relevant diag-
nosis in any diagnostic position (Table 1). 
Cases of “suicide attempt” and “suicide ide-
ation” were defi ned by just one ambulatory 
encounter or hospitalization with that diag-
nosis. As implied by the name, the category 
“all” outcomes refers to the total number of 
times that pilots satisfi ed a case defi nition 
for the outcome of interest, whereas “any” 
refers to the number of unique individuals 
who satisfi ed the case defi nition for at least 

one of the outcomes. All outcomes were 
obtained from the electronic health care 
records maintained in the Defense Medical 
Surveillance System (DMSS) and the Th e-
ater Medical Data Store (TMDS).

We calculated incidence rates (IR) 
per 1,000 person-years and incidence rate 
ratios (IRR) with 95% confi dence intervals 
(CI). In multivariate analysis, IRRs were 
adjusted for age, number of deployments, 
time in service, and history of any MH 
outcome. Time in service was determined 
based on the time from entry into military 
service to fi rst record as an RPA pilot or a 
fi xed wing or rotary wing pilot. All analy-
ses were performed with STATA/IC version 
11.2 (STATACorp). P-values less than .05 
were considered statistically signifi cant; all 
P-values were based on 2-sided tests. 

R E S U L T S

A total of 709 USAF service members 
were identifi ed as RPA pilots and 5,256 as 
MA pilots (including 4,786 fi xed-wing and 
470 rotary-wing) during the surveillance 
period (Table 2). Th e two cohorts were 
relatively similar in terms of demograph-
ics and military characteristics. RPA pilots 
were predominantly male (94.6%) with an 
average (standard deviation) age of 32.3 
(5.5) years. Nearly 86 percent were white, 
non-Hispanic, 74 percent were married, 
and 70 percent were company grade offi  -
cers (i.e., lieutenants and captains). Com-
pared to MA pilots, a greater percentage 
of RPA pilots had been deployed three or 
more times in any occupational capacity 
(48% versus 31%; p<0.001), had prior MH 
diagnoses (27% versus 16%; p<0.001) and 
had six or more years in service (75% ver-
sus 60%; p<0.001).

Of the 709 USAF service members 
who met criteria for an RPA pilot, only 82 
were RPA pilots exclusively and had never 
been deployed. Th e majority of RPA pilots 
had been previously deployed as MA pilots. 
(While use of mutually exclusive cohorts is 
ideal, restricting the RPA cohort to those 
82 pilots would have resulted in insuffi  cient 
statistical power to conduct our analysis.)

Approximately 8.2 percent (n=58) 
of RPA pilots and 6.0 percent (n=313) of 
MA pilots had at least one MH outcome 

Outcome ICD-9-CM codes
Adjustment disorder 309.0x-309.9x (exclude 309.81)
Alcohol abuse and dependence 303.xx, 305.0x
Anxiety disorder 300.00-300.09, 300.20-300.29, 300.3
Depressive disorder 296.20-296.35, 296.50-296.55, 296.9x, 300.4, 311
Post-traumatic stress disorder 309.81
Substance abuse/dependence 304.xx, 305.2x-305.9x
Suicide ideation/attempt V62.84, E950.xx-E958.x
Partner relationship problems V61.0x, V61.1, V61.10 (exclude V61.11, V61.12)
Family circumstance problems V61.2, V61.23, V61.24, V61.25, V61.29, V61.8, V61.9
Maltreatment related V61.11, V61.12, V61.21, V61.22, V62.83, 995.80-995.85
Life circumstance problems V62.xx (exclude V62.6, V62.83)
Mental, behavioral problems 
and substance abuse counseling

V40xx (exclude V40.0, V40.1), V65.42
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markedly diff ered from the trend among 
MA pilots. For example, annual rates of 
MH outcomes among MA pilots slowly 
increased throughout OEF and OIF/OND 
and were highest (29 per 1,000 person-
years) in 2011. In contrast, among RPA 
pilots, annual rates remained relatively 
stable from 2005 through 2008, increased 
markedly in 2009 and 2010, and then nearly 
returned to baseline in 2011. Of note, each 
year from 2005 through 2011 (and particu-
larly in 2009 and 2010), rates (unadjusted) 
of MH outcomes were higher among RPA 
than MA pilots (Figure 2). 

Finally, incidence rates (unadjusted) 
of any mental health outcomes were lower 
among RPA and MA pilots than USAF 
members in health care, administrative/
supply, combat-specifi c, and “other” occu-
pations, as well as among USAF members 
overall (Figure 3).

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

Th is report documents the frequen-
cies, incidence rates, and trends of MH 
outcomes among RPA pilots within the 
active component of the USAF compared 
to those among USAF MA pilots during 
the same time period. Between October 
2003 and December 2011, approximately 
one of every 12 RPA pilots and one of every 
17 MA pilots received at least one inci-
dent MH outcome (i.e., fi rst diagnosis of 
the outcome during their military careers). 
Aft er adjusting for the eff ects of several fac-
tors that diff ered between the RPA and MA 
pilots, incidence rates among the cohorts 
did not signifi cantly diff er. Despite self-
reports of high levels of stress and fatigue 
among RPA pilots, this study did not fi nd 
higher adjusted rates of MH outcomes 
among this cohort compared to MA pilots. 

RPA and MA pilots had lower unad-
justed incidence rates of any MH outcome 
as compared to USAF members overall and 
to specifi c occupational groups within the 
USAF. Several factors may explain this fi nd-
ing. First, as a highly screened and selected 
group, USAF pilots are likely less prone 
to MH outcomes as compared to airmen 
in other occupations. All USAF pilots are 
college graduates who have passed strin-
gent physical requirements, psychological 

T A B L E  2 .   Demographic and military characteristics of USAF RPA and MA pilots, 
1 October 2003-31 December 2011

(Table 3). Th e incidence rates of all MH 
outcomes among RPA pilots was 25.0 per 
1,000 person-years and among MA pilots 
was 15.9 per 1,000 person-years (adjusted 
IRR=1.1, 95% CI=0.9-1.5). Aft er adjust-
ment, RPA pilots and MA pilots had sta-
tistically equivalent incidence rates of total 
and individual MH outcomes evaluated 

RPA pilots MA pilots
No. % No. %

Total 709 100 5,256 100
Sex

Female 38 5.4 142 2.7
Male 671 94.6 5,114 97.3

Age 
20-24 1 0.1 401 7.6
25-29 271 38.2 2,194 41.7
30-34 243 34.3 936 17.8
35-39 108 15.2 870 16.6
40+ 86 12.1 855 16.3

Race/ethnicity
White, non-Hispanic 606 85.5 4,792 91.2
Black, non-Hispanic 21 3.0 100 1.9
Hispanic 34 4.8 100 1.9
Asian/Pacifi c Islander 19 2.7 65 1.2
Other 29 4.1 199 3.8

Marital status
Single 152 21.4 1,374 26.1
Married 526 74.2 3,752 71.4
Other 31 4.4 130 2.5

Education level
College 500 70.5 3,308 62.9
Advanced degree 175 24.7 1,793 34.1
Other 34 4.8 155 2.9

No. of deployments
0 82 11.6 0 0.0
1 148 20.9 2,001 38.1
2 138 19.5 1,627 31.0
3+ 341 48.1 1,628 31.0

Total time deployed
<6 months 283 39.9 1,978 37.6
6-12 months 239 33.7 1,959 37.3
13-18 months 140 19.7 935 17.8
18+ months 47 6.6 384 7.3

Military rank
2LT-CPT 494 69.7 3,297 62.7
MAJ-COL 215 30.3 1,959 37.3

Time in USAF prior to AFSC
<6 years 178 25.1 2,126 40.4
6-10 years 253 35.7 1,129 21.5
11-15 years 187 26.4 1,487 28.3
16+ years 91 12.8 514 9.8

Prior MH outcome 191 26.9 852 16.2

Abbreviations: AFSC, Air Force Specialty Code; MA, manned aircraft; MH, mental health; RPA, remotely 
piloted aircraft; USAF, United States Air Force

(Table 3, Figure 1). Adjustment disorder 
and depressive disorder were the two most 
common diagnoses in both RPA and MA 
pilots, while partner relationship and life 
circumstance problems were the two most 
common counseling codes. 

Th e trend of annual rates (unad-
justed) of MH outcomes among RPA pilots 
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diagnosis, for example, cannot return to 
fl ying status until completion of alcohol 
rehabilitation, which includes abstinence 
training and 90 days in a post-treatment 
aft ercare program.13 Some MH diagnoses 
may require a medical evaluation board for 
the individual to remain in the USAF.14 

Several important factors distin-
guish these fi ndings from those reported 

status. An aeromedical waiver to resume 
fl ight duty cannot be submitted until the 
individual has been appropriately treated 
and has been asymptomatic and without 
medications for a specifi ed time period. 
Although this time period varies by diag-
nosis and fl ight surgeon discretion, it typi-
cally ranges from six months to one year. A 
pilot with an alcohol abuse or dependence 

standards, legal and behavioral background 
checks, and rigorous operational training 
programs.11 Flight surgeons evaluate all 
pilot candidates for occupational suitability, 
which includes emotional and behavioral 
screening. Discovery of psychoses, neuro-
ses, or personality disorders, for example, 
may result in disqualifi cation.12 Second, 
these fi ndings may refl ect the eff ects of 
special preventive measures for pilots. As 
compared to airmen in other occupations, 
pilots undergo more robust periodic health 
assessments and may have better access to 
care given the relatively low ratio of pilots 
to fl ight surgeons. 

Conversely, the relatively low rates of 
mental disorder diagnoses among Air Force 
pilots compared to their counterparts may 
refl ect artifi cial underreporting of the con-
cerns of pilots due to detrimental career 
ramifi cations from incurring MH diagnoses 
(but not counseling); the career-threatening 
eff ects of MH diagnoses include removal 
from fl ying status, loss of fl ight pay, and 
diminished competitiveness for promotion. 
Current USAF aeromedical policy requires 
that pilots with a MH diagnosis be imme-
diately “grounded,” or removed from fl ying 

RPA pilots MA pilots Unadjusted IRR
(95% CI)

Adjusted IRRb

(95% CI)Mental health outcomes No. IRa (95% CI) No. IRa (95% CI)
                  Adjustment disorders 22 6.6 (4.4-10.1) 104 3.6 (2.9-4.3) 1.9 (1.2-2.9) 1.4 (0.9-2.3)
                  Alcohol abuse/dependence 3 0.9 (0.3-2.7) 25 0.9 (0.6-1.3) 1.0 (0.3-3.4) 1.0 (0.4-2.7)
                  Anxiety disorder 9 2.7 (1.4-5.1) 36 1.2 (0.9-1.7) 2.2 (1.0-4.5) 1.3 (0.6-2.9)
                  Depressive disorder 11 3.3 (1.8-5.9) 46 1.6 (1.2-2.1) 2.1 (1.1-4.0) 1.4 (0.7-2.9)
                  Post-traumatic stress disorder 3 0.9 (0.3-2.7) 20 0.7 (0.4-1.0) 1.3 (0.4-4.3) 0.6 (0.2-2.2)
                  Substance abuse/dependence 1 0.3 (0.0-2.1) 1 0.0 (0.0-0.2) 8.6 (0.5-138) ---
                  Any mental health diagnosis 37 10.9 (7.9-15.0) 176 6.0 (5.2-7.0) 1.8 (1.3-2.6) 1.3 (0.9-1.9)
                  Suicide ideation/attempt 0 0.0 1 0.0 (0.0-0.2) --- ---
                  Partner relationship problems 14 4.2 (2.5-7.1) 101 3.5 (2.9-4.2) 1.2 (0.7-2.1) 1.0 (0.5-1.7)
                  Family circumstance problems 2 0.6 (0.1-2.4) 7 0.2 (0.1-0.5) 2.5 (0.5-11.8) 1.9 (0.4-9.6)
                  Maltreatment related 0 0.0 4 0.1 (0.1-0.4) --- ---
                  Life circumstance problems 16 4.8 (2.9-7.8) 85 2.9 (2.4-3.6) 1.6 (1.0-2.8) 1.3 (0.7-2.2)
                  Mental, behavioral problems, substance abuse 4 1.2 (0.4-3.1) 34 1.2 (0.8-1.6) 1.0 (0.4-2.9) 0.7 (0.2-1.9)
                  Any mental health counseling 30 8.8 (6.2-12.6) 205 7.0 (6.1-8.0) 1.3 (0.9-1.8) 1.0 (0.6-1.4)
Any mental health outcome 58 17.1 (13.2-22.1) 313 10.7 (9.6-12.0) 1.6 (1.2-2.1) 1.2 (0.9-1.6)
All mental health outcomes 85 25.0 (20.2-30.9) 464 15.9 (14.5-17.4) 1.6 (1.3-2.0) 1.1 (0.9-1.5)

T A B L E  3 .  Incidence rates and rate ratios of mental health outcomes by pilot type, 1 October 2003-31 December 2011

Incidence rates per 1,000 person-years
Abbreviations: CI, confi dence interval; IR, incidence rate; IRR, incidence rate ratio; MA, manned aircraft; RPA, remotely piloted aircraft
aUnadjusted incidence rates
bAdjusted for age, number of deployments, time in service, and history of any mental health outcome

F I G U R E  1 .  Adjusted incidence ratesa of MH outcomes, by pilot type, U.S. Air Force, 1 
October 2003-31 December 2011

aIncidence rates per 1,000 person-years with 95% confi dence intervals
Abbreviations: MH, mental health; RPA, remotely piloted aircraft
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F I G U R E  2 .  Unadjusted incidence ratesa of 
MH outcomes,b by pilot type, U.S. Air Force, 
1 October 2003-31 December 2011

F I G U R E  3 .  Unadjusted incidence ratesa of MH outcomes by USAF occupation, 1 October 
2003-31 December 2011

in case series and the lay press. Th e results 
presented here refl ect healthcare provider-
assigned clinical diagnostic codes entered 
into the electronic medical records of 
service members. In contrast, other 
published studies have relied upon self-
reported data from anonymous question-
naires, which refl ect symptoms rather than 
formal diagnoses.  

Th e fi ndings of this report should be 
interpreted within the context of at least 
four limitations. First, capture of incident 
MH outcomes may be incomplete. Incident 
cases were ascertained from ICD-9-CM 
diagnostic codes recorded on standardized 
administrative records of medical encoun-
ters. As such, the fi ndings only refl ect out-
comes that were clinically detected. To 
the extent that pilots received care from 
sources not captured by DMSS (e.g., pri-
vate practitioner), or did not seek care (e.g., 
due to career concerns outlined above, 
social stigmas, or the unavailability of MH 
providers), the numbers reported here are 
underestimates. Moreover, diagnoses used 
to identify cases for this report were not 
confi rmed by medical record review. In 
addition, while TMDS captures most MH 
outcomes diagnosed in deployed medical 
facilities, this data source may be incom-
plete. However, since the percentage of 

total person-time deployed was small and 
comparable—6 percent among MA pilots 
and 5 percent among RPA pilots—this is 
unlikely to introduce bias.

Second, analyses for this report were 
limited to the medical encounters of active 
component members of the USAF only. 
Th is report does not contain data for the 
Air Force Reserves or Air National Guard, 
nor does it include data on other services 
within the active component (i.e., Army, 
Navy, and Marine Corps). Its fi ndings, 
therefore, may not be generalizable to other 
military components and services.

Th ird, this study utilized AFSCs as 
surrogates for exposure (i.e., remote com-
bat or traditional combat). In reality, both 
RPA and MA pilots likely experienced dif-
ferential levels of exposure. An ideal anal-
ysis would incorporate hours exposed to 
remote combat in the RPA cohort and 
the hours exposed to traditional combat 
in the MA cohort, but such granular data 
were unavailable. Instead, deployment and 
demographic records were employed to 
determine exposure time, and multivari-
ate analysis was used to control for deploy-
ment duration. Even if hours engaged in 
combat were identical in the two cohorts, 
combat experiences may diverge. Both 
RPA and MA pilots conduct diff erent 

types of missions with diff erent objectives 
(e.g., conducting surveillance or deploy-
ing munitions). Given the lack of evidence 
linking type of aerial mission with likeli-
hood of mental health outcomes, we did 
not stratify within each cohort. In addition, 
airmen were classifi ed as RPA pilots even 
if they also met criteria as MA pilots dur-
ing the surveillance period; without mutual 
exclusivity of the cohorts, there may be bias 
toward the null. 

Fourth, the fi ndings are based on 
incident, dichotomous MH outcomes. 
Recurrent outcomes were not assessed, 
and the diagnostic codes used to determine 
cases do not refl ect the clinical severity 
of the outcome. 

In summary, the fi ndings of this report 
suggest that remote combat does not 
increase the risk of MH outcomes beyond 
that seen in traditional combat. Military 
policymakers and clinicians should recog-
nize that RPA pilots have a similar MH risk 
profi le as MA pilots. Although unadjusted 
rates of MH outcomes among both cohorts 
of pilots were much lower than rates among 
those in other USAF occupations, further 
research is needed to evaluate the impact of 
aeromedical policy on these rates, as well as 
the eff ect of remote combat on other RPA 
crew members.
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population included all individuals 
who served in the active component of 
the U.S. military any time during the 
surveillance period. 

For surveillance purposes, TBI cases 
were defi ned by records of hospitalizations 
or ambulatory visits of active component 
members that included an ICD-9-CM 
diagnosis code indicative of a traumatic 
brain injury (per the Department of 
Defense standard case defi nition)6 in the 
primary (fi rst-listed) diagnostic position; 
or a TBI indicator diagnosis in any non-
primary diagnostic position, if the primary 
(fi rst-listed) diagnosis during the same 
encounter was indicative of an injury (to 
the brain or any other anatomical entity). 
Of note, individuals whose only TBI-
related diagnoses during the surveillance 
period were for injuries that occurred in 
the past, i.e., “post-concussion syndrome” 
(ICD-9-CM: 310.2), “personal history of 
TBI” (ICD-9:V15.5), were not considered 
cases for this analysis.

Only one TBI-related medical encoun-
ter per individual was included for analy-
sis. If individuals had more than one TBI 
case-defi ning medical encounter during 
the period, the record used for analysis was 
the earliest that included both a TBI case-
defi ning diagnosis and an external-cause-
of-injury code. If cause-of-injury codes 
were absent from all records of TBI-related 
medical encounters of cases, the record 
from the earliest TBI-related encounter of 
each case was used for analysis.

External causes of TBIs were ascer-
tained from external cause of injury codes 
(ICD-9-CM E-codes) reported on records 
of TBI-related inpatient and outpatient 
encounters in military and civilian treat-
ment facilities; and from cause of injury 
codes (STANAG codes) reported on records 
of TBI-related hospitalizations in mili-
tary hospitals in signatory nations of the 
North Atlantic Treaty Organization’s Stan-
dard Agreement on cause-of-injury coding 
(STANAG 2050). Th e ICD-9-CM E-code 
and STANAG cause-of-injury classifi cation 
systems have been described, compared, 
and contrasted elsewhere.7 If TBI-related 

traumatic brain injury (TBI) is 
damage to and functional impair-
ment of the brain caused by a sud-

den external force. Surveillance of TBIs 
among U.S. military members is conducted 
by monitoring numbers and rates of TBI-
related diagnoses in routinely reported 
records of medical encounters. “Con-
cussion” and “head injury, unspecifi ed” 
account for approximately two-thirds of all 
incident TBI-related diagnoses recorded 
during hospitalizations and ambulatory 
visits of U.S. service members.1

TBI has long been an important source 
of morbidity among U.S. service members. 
Although TBI has been referred to as the 
“signature injury” of the wars in Iraq and 
Afghanistan, rates of TBI-related  hospi-
talizations have not signifi cantly increased 
from before to during those confl icts.1,2 
A previous MSMR report indicated that, 
since the beginning of the wars in Iraq/
Afghanistan, fewer than fi ve percent of 
all TBI-related hospitalizations of active 
component service members were related 

External Causes of Traumatic Brain Injury, 2000-2011

Th is report summarizes frequencies, distributions, and trends of external causes 
of traumatic brain injuries (TBIs) that are recorded on standardized records of 
medical encounters of U.S. military members. Causes of TBI were reported for 
100 percent of cases hospitalized in military facilities, but were relatively infre-
quently reported in other treatment settings (i.e., military outpatient facilities, 
combat theater and civilian medical facilities). During 2008 to 2011 in all clin-
ical settings combined, 24,115 service members had TBI case-defi ning medi-
cal encounters with recorded injury causes. Accidents represented 74 percent of 
recorded causes; the most frequently reported specifi c causes were motor vehi-
cle traffi  c accidents (20%), falls (20%), and being struck by or struck against an 
object (15%). Similar proportions of TBIs were reportedly due to intentional 
“assaults” unrelated to war (11%) and “battle injuries” (11%). Assaults were sec-
ond only to motor vehicle accidents as reported causes of TBIs treated in civil-
ian hospitals. Some TBIs reportedly due to accidents with guns/explosives were 
likely combat injuries that were miscoded in military hospitals. Th e doubling of 
the number of combat-related TBIs reported from Iraq/Afghanistan between 
2010 and 2011 undoubtedly refl ects the U.S. military’s increased focus on iden-
tifying and treating TBIs among deployed military members.

to “battle casualties” (per causes of inju-
ries documented in standardized medi-
cal records).3 In general, the most frequent 
causes of TBIs among both military mem-
bers and same-aged civilians have been 
accidents (e.g., motor vehicle crashes, falls, 
strikes by/against objects) and intentional 
assaults (e.g., fi ghts, brawls).4,5

Th is report summarizes the frequen-
cies, distributions, and trends of external 
causes of TBIs that are recorded on stan-
dardized records of medical encounters of 
U.S. military members, including records 
of treatment provided in combat theaters. 
It assesses the completeness of recording of 
external causes of TBIs in various clinical 
settings and describes the distribution of 
causes of TBIs by gender and in relation to 
clinical severity.

M E T H O D S

Th e surveillance period was 1 January 
2000 to 31 December 2011. Th e surveillance 
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of TBI-related injuries were reported for 
100 percent (7,982/7,983) of hospitalized 
but only 40 percent (29,282/72,405) of out-
patient treated cases. 

Because codes indicative of causes of 
TBIs were infrequently reported in records 
of medical encounters in combat theater 
deployed and civilian medical facilities, 
especially prior to 2008 (Figure 2), analyses 
of causes of TBIs diagnosed in deployed and 
civilian medical facilities were restricted to 
the period 2008 through 2011. During this 
period, the proportions of records of TBI 
case-defi ning encounters that included 
cause-of-injury codes, by clinical setting, 
were 39 percent of 2,118 hospitalizations 
in civilian facilities; 23 percent of 24,733 
encounters in civilian ambulatory clinics; 
and 15 percent of 6,950 encounters in med-
ical facilities in combat theaters.

Causes of injuries

During 2008 to 2011 in all clinical set-
tings combined, 24,115 service members 
had TBI case-defi ning medical encounters 
with recorded injury causes. Accidents 
represented 74 percent of recorded causes; 
the most frequently reported specifi c 
causes were motor vehicle traffi  c accidents 
(20%), falls (20%), and being struck by or 
struck against an object (15%). Among 
TBI case-defi ning medical encounters 

R E S U L T S

      During the 12 years between 2000 and 
2011, 175,290 active component service 
members had at least one TBI diagnosis (in 
any diagnostic position) that was associated 
with a contemporaneous injury. Th ese indi-
viduals had 155,486 TBI case-defi ning med-
ical encounters with primary (fi rst-listed) 
diagnoses of TBI or other injuries; of these 
TBI case-defi ning medical encounters, 85 
percent were ambulatory visits, and 42 per-
cent were in non-military facilities (Figure 1).

Completeness of external cause recording

During the 12-year period, more than 
two-thirds of all records of TBI case-defi n-
ing medical encounters did not include 
cause-of-injury codes. Th e completeness of 
reporting of external causes of TBIs sharply 
varied across clinical settings (Figure 2). For 
example, of TBIs treated in non-deployed 
military treatment facilities (MTFs), causes 

hospitalization records included both E- 
codes and STANAG codes, the STANAG 
code was considered indicative of the cause 
of the respective TBI.

External causes of TBIs were classi-
fi ed into nine categories based on whether 
the injuries were intentionally infl icted or 
accidental and based on the circum-
stances or activities associated with the 
injuries (Table 1). An “all other causes” 
category combined non-specifi c or infre-
quent causes of TBI, including “intention-
ally self-infl icted,” which accounted for less 
than one percent of TBI-related encounters 
with recorded causes. TBIs for which the 
only causal information was E849 (“place 
of occurrence”) were considered to have 
missing causes. 

External causes of TBI were evaluated 
in three treatment settings: military treat-
ment facilities in the U.S., Europe, Korea 
and Japan; civilian facilities (contracted/
reimbursed care) in U.S. and overseas loca-
tions; and deployed medical facilities in the 
combat theaters of Iraq and Afghanistan.
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External cause category STANAG codesa E-code (ICD-9-CM)

Battle injury 
STANAG 300-479 (except 
with Trauma 4). Trauma 0 or 
1 plus STANAG 500-999

E990-E999, E979

Assault (non-battle), legal 
intervention

Trauma 2 or 3 plus STANAG 
500-999 E960-E978

Gun/explosive accident STANAG 480-599 (except 
with Trauma 4) E922, E923, E928.7

Fall Trauma 5-9 plus STANAG 
900-929

E833-E835, E888, E880-E885, 
E886.9, E929.3

Struck by/machinery Trauma 5-9 plus STANAG 
660-699

E916, E917.1-E917.4, E917.6-
E917.9, E918-E921, E836, 
E837

Motor vehicle traffi c STANAG 100-149 E810-819, E929.0

Other transportation ac-
cident STANAG 000-059, 150-199 E800-E807, E820-E832, E838-

E848

Sports/athletics STANAG 200-249 E006-E010, E917.0, E917.5, 
E886.0

All other causes
Trauma 4 plus STANAG 
300-999, all other STANAG 
codes not listed above

All other E codes except E849

No cause recorded No STANAG code No E code or E849 only

T A B L E  1 .    Cause of injury categories as defi ned by external cause of injury codes 
(E- codes) and STANAG codesa

aPer United Nations Standard Agreement (STANAG) 2050. “Trauma” indicates the “general class of trauma” 
per the fi rst digit of each 4 digit-STANAG code. STANAG codes were available from records of military hospi-
talizations only. STANAG codes were prioritized over E codes when both were present in the same medical 
record. Self-infl icted injuries are included in “all other causes”.

F I G U R E  1 .  Number of TBI case-defi ning 
medical encountersa (n=155,486), by clinical 
setting of treatment, active component, 
U.S. Armed Forces, 2000-2011
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with recorded causes, similar numbers of 
injuries were reportedly due to intentional 
“assaults” unrelated to war (n=2,526, 11%) 
and “battle injuries” (n=2,711, 11%) (data 
not shown).

Military treatment facilities (non-
deployed): During 2000 to 2011, of the 
nearly 8,000 TBIs that were treated in 
fi xed (e.g., not deployed or at sea) mili-
tary hospitals, 81 percent were reportedly 
due to accidental injuries (Figure 3). Th e 
most frequently reported cause-of-injury 
codes were motor vehicle traffi  c accidents 
(32%), gun/explosive accidents (24%) and 
falls (13%). Six percent of TBI-related inju-
ries treated in fi xed military hospitals were 
attributed to battle injuries. Notably, of the 
eight percent of TBI-related hospitalizations 
with “other” causes of injury, approximately 
one-quarter (n=192, 26%) were reported as 
unintentional injuries due to “fi ghting, not 
elsewhere classifi ed, including horseplay” 
(data not shown).

A majority (60%) of the records of 
TBI case-defi ning ambulatory visits in 
fi xed military medical facilities had no 
cause-of-injury codes (Figure 3). Accidents 
were the most frequently reported causes 
of injuries (76%) on records of TBI case-
defi ning ambulatory visits with cause-of-
injury codes (n=29,282) (data not shown). 
In comparison to the percentage distri-
bution of causes of TBIs that were treated 
in military hospitals, TBIs treated during 
ambulatory visits with reported causes 
were relatively less frequently due to motor 
vehicle accidents (15%) and gun/explosive 
accidents (1%) and more frequently due 
to falls (22%), accidental strikes by or 
against objects (19%) and assaults (11%) 
(data not shown).

Among service members treated in 
military medical facilities during 2000 to 
2011, the numbers of fi rst-time TBIs due 
to motor vehicle traffi  c accidents declined 
steadily in hospitals but remained relatively 
stable in ambulatory settings (Figures 4a, 
4b). Notable increases in numbers of TBIs 
due to combat injuries and gun/explosive 
accidents began in 2003 and 2006 in hos-
pitalized and ambulatory settings, respec-
tively. In contrast, annual numbers of TBIs 
due to falls and accidental strikes by or 
against objects were relatively stable during 
the period (data not shown). 

F I G U R E  3 .  Percentage of TBI case-defi ning medical encounters with a specifi c causea or 
with no cause recorded, by clinical setting of treatment, military treatment facilities, active 
component, U.S. Armed Forces, 2000-2011

of all records of TBI case-defi ning encoun-
ters treated in non-military facilities (Fig-
ure 5). Accidents were the most frequently 
reported causes of injuries (78%) on records 
with causes of injuries that documented 
TBI case-defi ning inpatient (n=823) and 
outpatient (n=5,692) encounters in civil-
ian facilities (data not shown). Motor vehi-
cle traffi  c accidents were by far the leading 
specifi c cause of TBI case-defi ning encoun-
ters in civilian inpatient (45%) and out-
patient (35%) settings. Assaults were the 
second and third leading causes of TBI 
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F I G U R E  2 .  Percentage of TBI case-defi ning medical encounters with any cause of injury 
code, by clinical setting, active component, U.S. Armed Forces, 2000-2011

Over the entire period, nearly all 
(96%) TBI case-defi ning hospitalizations 
due to gun/explosive accidents were treated 
at Landstuhl Regional Medical Center 
(LRMC) in Germany; LRMC is the princi-
pal hospital to which war-wounded service 
members are evacuated. By comparison, 
only 12 percent of TBI case-defi ning hospi-
talizations due to falls were treated at Land-
stuhl (data not shown).

Civilian treatment facilities: During 
2008 to 2011, cause of injury codes were not 
recorded on approximately three-quarters 
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10 percent of all TBI case-defi ning medi-
cal encounters overall but 34 percent of all 
case-defi ning TBIs reportedly due to “battle 
injuries”. Of the records that documented 
6,950 TBI case-defi ning medical encoun-
ters in combat theaters, only 15 percent 
(n=1,051) included cause-of-injury codes; 
of causes of injuries that were reported, 
nearly all were attributed to combat inju-
ries (88%) or gun/explosive accidents (7%) 
(Figure 6). Between 2010 and 2011, num-
bers of TBI-related encounters due to 
combat injures more than doubled while 
numbers due to gun/explosive accidents 
increased only slightly.

Severity

Of case-defi ning TBIs treated in fi xed 
military hospitals during 2000 to 2011, 
those reported as “severe” or “penetrating” 
brain injuries (per ICD-9-CM diagnosis 
codes) were relatively frequently caused 
by gun/explosive accidents (43%), while 
those reported as “moderate” (15%) or 
“mild” (26%) brain injuries were relatively 
frequently due to motor vehicle accidents 
and falls (Figure 7). In other clinical 
settings, such relationships were diffi  cult to 
assess because the causes of injuries were so 
frequently unreported.

accidents,” those treated in civilian facilities 
were primarily due to off -road vehicles and 
bicycles, while the majority of those treated 
in military facilities were caused by military 
parachuting accidents.

Combat theater: During 2008-2011, 
medical encounters in the combat the-
aters of Iraq/Afghanistan accounted for 

case-defi ning hospitalizations (19%) and 
ambulatory visits (16%), respectively. In 
comparison to the experience in military 
facilities, the proportions of case-defi ning 
TBIs treated in civilian facilities that were 
reportedly due to battle injuries and gun/
explosive accidents were small. Of case-
defi ning TBIs due to “other transportation 

F I G U R E  5 .  Percentage of TBI case-defi ning medical encounters in civilian treatment 
facilities a specifi c causea or with no cause recorded, by clinical setting of treatment, active 
component, U.S. Armed Forces, 2008-2011
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injury coding system achieves greater spec-
ifi city than ICD-9-CM E-codes because the 
STANAG system requires separate coding 
of the intent (e.g., accident) and the cause 
(e.g., explosive). However, the STANAG 
system increases the possibility of error.7 
Of specifi c interest in this regard, there 
are hundreds of permutations of STANAG 
codes that can indicate that guns, explosives 
and other instrumentalities of war were 
causes of related injuries. Also, compared 
to the reported causes of TBIs among mili-
tary hospitalized cases, gun/explosive acci-
dents were relatively much less frequently 
reported on records of TBIs that were 
treated in military combat theaters (using 
E- rather than STANAG cause of injury 
codes). Finally, the distinction between bat-
tle casualties and accidents could in some 
cases be obscured by the unconventional 
nature of combat during the recent wars 
in Iraq/Afghanistan. In summary, if some 
TBIs from battle injuries were miscoded as 
due to accidents, the overall numbers and 
proportions of TBIs due to battle injuries 
that are reported here are underestimates.

In analyses of administrative data, 
morbidity trends oft en refl ect changes in 
policies and practices, e.g., introductions 
of new screening programs, mandatory 
medical tests. Th e doubling of the num-
ber of combat-related TBIs reported from 
Iraq/Afghanistan between 2010 and 2011 
undoubtedly refl ects, at least in part, the 
sharp increase in the focus of the U.S. mili-
tary on identifying and treating traumatic 
brain injuries among deployed military 
members.  In July 2010, the Department 
of Defense issued “Policy Guidance for the 
Management of Concussion/Mild Trau-
matic Brain Injury in the Deployed Set-
ting.”9,10 [DTM 09-033 and DoDI 6490.1] 
Th e policy mandates TBI screening for 
deployed service members exposed to 
“potentially concussive events” and medi-
cal evaluation for those who sustained 
physical injury, endorsed TBI symptoms 
(e.g., headache, ear ringing), or were less 
than 50 meters from a blast. A July 2012 
report to Congress on the implementation 
of the policy states that of service members 
reported with potentially concussive events 
during August 2010 through August 2011, 
15 percent received a subsequent medical 
diagnosis of concussion.11 Th e report also 

primary diagnoses during assault-related 
hospitalizations of military members.8 In 
this report, assaults accounted for 19 per-
cent of all TBI-related hospitalizations 
(with documented TBI causes) of military 
members in civilian hospitals. Assaults were 
second only to motor vehicle accidents as 
reported causes of TBIs that required civil-
ian hospital care. 

Th e fi ndings of this report should be 
assessed with consideration of its limita-
tions. For example, in this report, gun/
explosive accidents accounted for rela-
tively more of the TBIs that received inpa-
tient treatment in military hospitals (24%) 
than those treated in other clinical settings. 
It is likely, however, that at least some TBIs 
reportedly due to “accidental injuries” were 
in fact combat injuries that were miscoded. 
Of note in this regard, nearly all hospital-
ized TBI cases reportedly due to gun/explo-
sive accidents received care at Landstuhl 
Regional Medical Center in Germany. For 
a majority of such cases, the causes of the 
injuries are reported as “guns, explosives 
and related agents, except when used as 
instrumentalities of war in wartime” (per 
STANAG 2050). Amoroso and colleagues 
have observed that the STANAG cause-of 

Causes of injuries, by gender

Of all case-defi ning TBIs treated in 
all clinical settings and with documented 
causes, those among men compared to 
women were relatively more oft en inten-
tionally infl icted (i.e., assaults, battle inju-
ries) (data not shown). Of note, of all 
case-defi ning TBIs with reported causes, 
relatively more were due to gun/explosive 
accidents among males (12%) than females 
(2%) and to motor vehicle traffi  c accidents 
among females (30%) than males (21%) 
(data not shown).

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

Th is report documents that, since 
2000, accidents — and in particular, motor 
vehicle accidents, falls, and strikes by or 
against objects — are the most frequent 
causes of the fi rst traumatic brain injuries 
that require medical care of military service 
members while in active service. 

Assaults are another leading cause of 
TBIs among military members. Previous 
MSMR reports have documented that trau-
matic brain injuries are the most frequent 

F I G U R E  7 .  External causes of traumatic brain injury (TBI), by severity of TBI diagnosis,a 
among TBI-related hospitalizations in fi xed military treatment facilities, active component, 
U.S. Armed Forces, 2000-2011
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records of more than 1,500 TBI case-defi n-
ing encounters indicated that the sub-
ject injuries were due to “unspecifi ed” or 
“other” accidents. Th e impending imple-
mentation of ICD-10 has the potential to 
improve the usefulness of coding of causes 
of injuries in general – and TBIs in particu-
lar. In the meantime, more complete, pre-
cise, and accurate reporting of the causes 
of TBI-related events is indicated to inform 
TBI prevention priorities, policies, prac-
tices, and research initiatives.
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notes that between July 2010 and December 
2011, the proportion of concussions due to 
vehicle-related events increased, while the 
proportion due to blast events decreased.11

Another important limitation of this 
report is that only one TBI-related encoun-
ter per individual was included in analy-
sis. Th e restriction was used because of the 
diffi  culty, while using administrative data, 
in distinguishing new TBI events from fol-
low-up treatments and rehabilitation of 
prior TBIs. Because many military mem-
bers sustain multiple TBIs while in service, 
the numbers of TBIs documented here 
underestimate the total numbers of TBIs 
among military members. Also, because 
the causes of TBIs undoubtedly vary across 
military service careers, the distribution of 
external causes of TBIs documented here 
likely varies from the distribution of causes 
of TBIs overall.

Finally, TBIs treated in military hos-
pitals are assigned an external cause code 
of injury nearly 100 percent of the time. 
Th e high compliance with cause of injury 
coding on records of injury-related hos-
pitalizations in U.S. military hospitals has 
been previously noted.7 However, in 2011, 
a majority of records of TBI case-defi ning 
encounters in U.S. military outpatient clin-
ics lacked cause-of-injury codes. In addi-
tion, many of the cause of injury codes that 
were included on records had little useful 
information. For example, in this analysis, 
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Assessment of VE was performed by 
three case-control approaches in which 
cases were individuals with positive labo-
ratory tests for infl uenza. First, the AFHSC 
used the Defense Medical Surveillance Sys-
tem (DMSS) to identify all active compo-
nent, non-recruit service members during 
1 September 2012 to 14 February 2013. 
Health Level 7 data in the DMSS was used 
to identify infl uenza cases that were lab-
oratory confi rmed by a rapid infl uenza 
test, reverse transcriptase polymerase 
chain reaction (RT-PCR), or viral culture. 
Controls were active component service 
members with health care encounters for 

Mid-Season Influenza Vaccine Effectiveness for the 2012-2013 Influenza Season
Angelia A. Eick-Cost, PhD, ScM; Zheng Hu, MS; Michael J. Cooper, PhD (CDR, USPHS); Jose L. Sanchez, MD, MPH (COL, USA, Ret.); 
Jennifer M. Radin, MPH; Anthony W. Hawksworth; Gary T. Brice, PhD (CDR, USN); Laurel V. Lloyd, MPH; Katie J. Tastad, MPH; Shauna 
C. Zorich, MD, MPH (Maj, USAF); Victor H. MacIntosh, MD, MPH (Lt Col, USAF)

the Armed Forces Health 
Surveillance Center (AFHSC), 
Naval Health Research Center 

(NHRC) and United States Air Force 
School of Aerospace Medicine (USAFSAM) 
conduct annual mid-season infl uenza 
vaccine eff ectiveness (VE) analyses for 
the Department of Defense (DoD). As 
each organization conducts infl uenza 
surveillance on diff erent populations, their 
analyses provide a unique opportunity 
to assess infl uenza VE among service 
members, dependents and civilians. Th is 
report describes the fi ndings for the middle 
of the 2012-2013 infl uenza season.

musculoskeletal conditions (without respi-
ratory diagnoses) and were matched to 
cases by sex, age, date of diagnosis (+/-3 
days) and treatment facility. Most cases and 
controls were treated at military or civil-
ian medical facilities in the U.S.; however 
the population did include service mem-
bers who sought care at military medical 
facilities in Europe, Korea, and Japan. Vac-
cination status was determined by immu-
nization records documented in the DMSS.

Second, NHRC’s analysis relied 
on infl uenza-like illness (ILI) surveil-
lance among DoD dependent and other 
civilian populations living in southern 

aAFHSC used healthy controls (matched to cases by sex, age, and date [+/- 3 days] and treatment facility) and NHRC and USAFSAM used unmatched infl uenza test 
negative controls.
bAdjusted for (1) AFHSC: prior vaccination status, (2) NHRC: age group, hospitalization status (i.e., inpatient, outpatient), days with symptoms upon presentation, and 
surveillance population/location, or (3) USAFSAM: age group, week of collection (and geographic region for analysis of infl uenza A [H1] only)

Abbreviations: AFHSC=Armed Forces Health Surveillance Center; NHRC=Naval Health Research Center; USAFSAM=United States Air Force School of Aerospace Medi-
cine; TIV = trivalent inactivated vaccine; LAIV = live, attenuated infl uenza vaccine

Population Viral subtype Vaccine type 
Cases

No. 
(% vaccinated)

Controlsa

No. 
(% vaccinated)

Crude VE
(95% CI) 

Adjusted VEb

(95% CI)

Active component service members
(AFHSC)

Overall Any type 744 (87)  2,916 (91) 38 (18-53) 35 (14-51) 
TIV 332 (71)  1,259 (78) 39 (18-55) 35 (12-53) 
LAIV 504 (81)  1,907 (86) 37 (15-53) 34 (12-51) 

Civilians and dependents
(NHRC)

Overall Any type 139 (16)  290 (45) 77 (62, 86) 72 (52, 84)
Infl uenza A (H3) Any type 90 (11)  290 (45) 82 (62, 91) 85 (69, 92)
Infl uenza B Any type 40 (28)  290 (45) 54 (4, 78) 41 (-30, 74)

Service members and dependents
(USAFSAM)

Overall Any type 628 (52)  1,008 (59) 25 (8,38) 44 (28, 56)
LAIV 469 (35)  708 (41) 22 (1, 39) 40 (18, 56)
TIV 462 (34)  716 (42) 27 (7, 43) 47 (29, 60)

Infl uenza A (H3) Any type 502 (52)  1,008 (59) 24 (6, 39) 48 (32, 60)
LAIV 370 (35)  708 (41) 24 (1, 41) 44 (23, 60)
TIV 373 (35)  716 (42) 24 (2, 42) 49 (31, 62)

Infl uenza A (H1) Any type 37 (70)  111 (63) -38 (-209, 38) -10 (-182, 57)
Infl uenza B Any type 87 (43)  261 (64) 58 (32, 75) 39 (-9, 65)

T A B L E .  Mid-season infl uenza vaccine effectiveness (VE) among different populations for the 2012-2013 infl uenza season

Brief Report                
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LAIV conferred similar levels of protection 
in all analyses. Vaccination coverage varied 
among the study populations; the highest 
coverage was among active component ser-
vice members (AFHSC) and lowest among 
civilians and dependents (NHRC). Highly 
immunized populations (active compo-
nent service members) appeared to have 
lower VE than less immunized populations 
(civilians and dependents); however, fur-
ther studies would be required to properly 
assess this hypothesis. Models for infl u-
enza A (subtype H1) and B resulted in non-
statistically signifi cant fi ndings; this result 
could be due in part to limited numbers of 
laboratory-confi rmed infl uenza infections 
during the periods of study.

Author affi  liations: Armed Forces Health 
Surveillance Center (Drs. Eick-Cost and 
Sanchez, Ms. Hu, CDR Cooper); Naval 
Health Research Center (Ms. Radin, Mr. 
Hawksworth, CDR Brice); and the United 
States Air Force School of Aerospace Medi-
cine (Mss. Lloyd and Tastad, Maj Zorich, Lt 
Col MacIntosh).

odds ratios. VE was defi ned as one minus 
the odds ratio times 100. For example, if 
10 percent of 50 cases were vaccinated and 
40 percent of 50 controls were vaccinated, 
the odds of having been vaccinated would 
be 5/45=0.11 among cases and 20/30=0.67 
among controls. Th e odds ratio is then 
the odds among cases divided by the odds 
among controls (0.11/0.67 = .16) and the 
VE would be calculated as 1.0 - 0.16 x 100 
or 84 percent. When possible, analyses 
were stratifi ed by infl uenza type, subtype 
and vaccine type (trivalent inactivated vac-
cine [TIV] and live attenuated infl uenza 
vaccine [LAIV]). Models were adjusted 
for (1) AFHSC: prior vaccination status; 
(2) NHRC: age group, hospitalization sta-
tus (i.e., inpatient or outpatient), days with 
symptoms upon presentation, and surveil-
lance population/location; and (3) USAF-
SAM: age group, week of collection (and 
geographic region for analysis of infl uenza 
A subtype H1 only).

Statistically signifi cant fi ndings of 
infl uenza VE ranged from 34 to 85 percent 
depending on the population, infl uenza 
subtype, and vaccine type (Table). TIV and 

California and Illinois during 9 Decem-
ber 2012 to 26 January 2013. Infl uenza 
cases were individuals who had positive 
laboratory tests for infl uenza by RT-PCR. 
Controls were individuals with ILI who 
tested negative for infl uenza. Vaccination 
status was determined by medical chart 
review. Individuals were considered vacci-
nated if their ILI diagnosis occurred more 
than 14 and less than 180 days since infl u-
enza vaccination. 

Th ird, the USAFSAM assessment was 
conducted using global, laboratory-based 
infl uenza surveillance of service members 
and dependents with ILI symptoms dur-
ing 30 September 2012 to 26 January 2013. 
Infl uenza cases were individuals who had 
positive laboratory tests for infl uenza by 
RT-PCR or viral culture. Controls were 
selected from ILI patients whose laboratory 
tests were negative for infl uenza. Vaccina-
tion status was obtained from Air Force 
electronic immunization records or the 
program’s surveillance questionnaire. 

All organizations calculated crude 
odds ratios and used logistic or conditional 
logistic regression to calculate adjusted 
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Update: Heat Injuries, Active Component, U.S. Armed Forces, 2012

In 2012, there were more active component service members treated for 
heat stroke (n=365) than in 2011 but fewer than in 2008 or 2009. Compared 
to their respective counterparts, incidence rates of heat stroke were higher 
among males, those younger than 20 years of age, Marine Corps and Army 
members, recruit trainees, and service members in combat-specifi c occupa-
tions. Fewer service members were treated for “other heat injuries” in 2012 
(n=2,257) than in 2010 or 2011; also, there were fewer hospitalizations for 
“other heat injuries” in 2012 than in any of the prior four years. Th e incidence 
rate of “other heat injuries” was higher among females than males, more than 
8 times higher among recruit trainees than other enlisted members, and 20 
times higher among recruit trainees than offi  cers. From 2008 to 2012, 1,060 
heat injury events occurred in Iraq/Afghanistan; 6.5 percent (n=69) were due 
to heat stroke.

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 eff ective countermea-
sures are available, physical exertion in hot 
environments still causes many hundreds 
of injuries – some life threatening – among 
U.S. military members.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 
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 
active component members during 2012 
and compares them to experiences during 
recent prior years. Episodes of heat stroke 
and “other heat injuries” are summarized 
separately; for this analysis, “other heat 
injuries” 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 January 
2008 through 31 December 2012. Th e sur-
veillance population included all individu-
als who served in the active components of 

the Army, Navy, Air Force, Marine Corps, 
or Coast Guard at any time during the 
surveillance period. Th e Defense Medi-
cal Surveillance System (DMSS) maintains 
electronic records of all actively serving 
U.S. military members’ hospitalizations and 
ambulatory visits in U.S. military and civil-
ian (contracted/purchased care through 
the Military Health System) medical facil-
ities worldwide; the DMSS also maintains 
records of medical encounters of service 
members deployed to southwest Asia/
Middle East (as documented in the Th e-
ater Medical Data Store [TMDS]). Because 
heat injuries represent a threat to the health 
of individual service members and to mili-
tary training and operations, the Armed 
Forces require that such injuries be expe-
ditiously reported as reportable medical 
events through one of the service specifi c 
electronic reporting systems; these reports 
are routinely transmitted and incorporated 
into the DMSS.

For this analysis, DMSS was searched 
to identify all records of medical encoun-
ters 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 summarizes numbers of 
individuals aff ected by documented heat 
injuries (“incident cases”) and “heat injury 
events” during each calendar year. To esti-
mate 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 
respective year. To classify the severity of 
incident cases per year, those that were asso-
ciated with any “heat stroke” diagnosis were 
classifi ed as “heat stroke” cases; all others 
were classifi ed as “other heat injury” cases. 

To estimate total numbers of heat 
injury events per year, aff ected individuals 
could account for multiple events during 
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categorize the clinical management of heat 
injury events, those that were documented 
with hospitalization records were classifi ed 
as hospitalization cases; among the others, 
those documented with reportable event 
records were prioritized over those docu-
mented by ambulatory records only.

a year. To distinguish follow-up encoun-
ters from new heat injury events, aff ected 
service members were not considered at 
risk of “new” heat injury events within 
60 days of prior events. Annual numbers 
of heat stroke and “other heat injury”-
related events were estimated separately. To 

T A B L E  1 .  Incident casesa and incidence ratesb of heat injury, active component, U.S. 
Armed Forces, 2012

aOne per person per year
bRate per 1,000 person-years
cHome of record self-reported at entry into service

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

Total 365 0.25 2,257 1.57
Sex

Male 334 0.27 1,765 1.44
Female 31 0.15 492 2.35

Age group
<20 47 0.56 535 6.42
20-24 157 0.35 957 2.11
25-29 81 0.23 392 1.09
30-34 43 0.19 195 0.86
35-39 21 0.13 109 0.67
40+ 16 0.11 69 0.46

Race/ethnicity
White, non-Hispanic 236 0.26 1,389 1.55
Black, non-Hispanic 65 0.29 442 1.95
Hispanic 36 0.22 255 1.57
Asian/Pacifi c Islander 15 0.27 96 1.70
Other/unknown 13 0.14 75 0.78

Service
Army 220 0.40 1,395 2.54
Navy 15 0.05 132 0.42
Air Force 18 0.05 219 0.66
Marine Corps 112 0.57 492 2.49
Coast Guard 0 0.00 19 0.45

Rank
Recruit 16 0.58 352 12.80
Enlisted 294 0.25 1752 1.51
Offi cer 55 0.22 153 0.62

Military occupation
Infantry/artillery/combat engineer 136 0.67 541 2.68
Armor/motor transport 6 0.11 73 1.33
Pilot/aircrew 1 0.02 8 0.15
Repair/engineer 38 0.09 426 1.04
Communications/intelligence 50 0.16 461 1.47
Healthcare 27 0.22 148 1.21
Other 107 0.38 600 2.14

Home of recordc

Northeast 51 0.29 268 1.50
Midwest 70 0.28 409 1.61
South 151 0.26 1,042 1.80
West 80 0.26 454 1.45
Other/unknown 13 0.12 84 0.75

For surveillance purposes, a “recruit 
trainee” was defi ned as an active compo-
nent member in an enlisted grade of E1 
to E4 who was assigned to one of the ser-
vices’ ten recruit training locations (per 
the individual’s initial military personnel 
record). For this report, each service mem-
ber was considered 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 sepa-
rate category of enlisted service members 
in summaries of heat injuries 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 facil-
ity outside the CENTCOM AOR were 
analyzed separately. Evacuations were con-
sidered case-defi ning if aff ected service 
members had at least one inpatient or out-
patient heat injury medical encounter in a 
permanent military medical facility in the 
U.S. or Europe from fi ve days before to ten 
days aft er their evacuation dates.

R E S U L T S

In 2012, there were 365 incident cases 
of heat stroke and 2,257 incident cases of 
“other heat injury” among active compo-
nent members. Th e overall crude incidence 
rates of heat stroke and “other heat injury” 
were 0.25 and 1.57 per 1,000 person-years 
(p-yrs), respectively (Table 1). 

Th e annual incidence rate (unadjusted) 
of heat stroke in 2012 was slightly higher 
than in 2011 but lower than in 2008 and 
2009. Th ere were more heat stroke-related 
reportable events and hospitalizations in 
2012 than in 2010 or 2011; however, there 
were fewer ambulatory visits for heat stroke 
in 2012 than in any other year of the period 
(Figure 1). 

Th e annual incidence rate (unadjusted) 
of “other heat injury” was lower in 2012 
than in the previous two years. In 2012 
compared to 2011, there were markedly 
fewer ambulatory visits (-26%) and 
hospitalizations (-41%), but six percent 
more reportable events for “other heat 
injuries” (Figure 2).
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In 2012, subgroup-specifi c incidence 
rates of heat stroke were highest among 
service members in those younger than 
20 years of age, Marine Corps members, 
recruit trainees, and combat-specifi c occu-
pations (e.g., infantry, artillery, combat 
engineering) (Table 1). Heat stroke rates in 
the Marine Corps and Army were more 
than seven-fold those in the other services; 
the rate among males was nearly twice that 
of females; and the rate among recruit train-
ees was more than twice those among other 
enlisted members and offi  cers (Table 1). 

In contrast to the heat stroke experi-
ence, the crude incidence rate of “other heat 
injuries” was higher among females than 
males. Also of note, the rate of “other heat 
injuries” among recruit trainees was over 
8 times that among other enlisted mem-
bers and 20 times that among offi  cers (Table 
1). In 2012, subgroup-specifi c incidence 
rates of “other heat injuries” were highest 
by far among recruit trainees and service 
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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, U.S. 
Armed Forces, 2008-2012

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, U.S. Armed Forces, 2008-2012

members younger than 20 years of age; 
rates were also relatively high among Army 
and Marine Corps members and those in 
combat-specifi c occupations (Table 1). 

In 2012, 438 heat stroke events aff ected 
365 individuals (average number of heat 
stroke events per aff ected individual: 1.2); 
62 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 2012 was 
lower than the average per year (n=87) 
during the prior years of the period. Also, 
in 2012, 2,485 “other heat injury” events 
aff ected 2,434 individuals; this number 
included some individuals who were also 
diagnosed with heat stroke during 2012. 
Th e average number of “other heat injury” 
events per aff ected individual was 1.0; 50 
individuals experienced more than one 
“other heat injury” event during the year. 
Th e number of service members aff ected 
by more than one “other heat injury” event 

in 2012 was lower than the average per year 
(n=71) during the prior years of the period 
(data not shown).

Heat injuries by location

During the fi ve-year surveillance 
period, heat-related injuries were diag-
nosed at more than 100 military instal-
lations/geographic locations worldwide. 
Th ree Army installations accounted 
for nearly 30 percent of all heat injury 
events during the period (Fort Bragg, NC 
[n=1,399], Fort Benning, GA [n=1,256], 
and Fort Jackson, SC [n=1,178]); four other 
installations accounted for an additional 
16 percent of heat injury events (Marine 
Corp Recruit Training Depot [MCRD] 
Parris Island/Beaufort, SC [n=618], Marine 
Corps Base [MCB] Camp Lejeune/Cherry 
Point, NC [n=577], Fort Polk, LA [n=447], 
and Fort Campbell, KY [n=397]). Of the 
ten installations with the most heat injury 
events, eight are in the southeastern United 
States (Table 2).

Heat injuries in Iraq and Afghanistan

During the fi ve-year surveillance 
period, 1,060 heat injuries were diagnosed 
and treated in Iraq and Afghanistan (Fig-
ure 3). Of these, 6.5 percent (n= 69) were 
heat stroke. Deployed service members 
who were aff ected by heat injuries were 
most frequently male (n=856; 80.8%), 
white, non-Hispanic (n=665: 62.7%), aged 
20-24 years (n=554; 52.3%), in the Army 
(n=659; 62.2%), enlisted (n=1,011; 95.4%), 
and in combat–specifi c (e.g., infantry, artil-
lery, combat engineering) (n=264; 24.9%) 
or communications/intelligence (n=255; 
24.1%) occupations (data not shown). Dur-
ing the surveillance period, 29 service 
members were medically evacuated for 
heat injuries from Iraq or Afghanistan; 
more than half of the evacuations (59%; 
n=17) took place in July and August (data 
not shown).

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

In 2012, there were more hospitaliza-
tions and reportable events for heat stroke, 
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F I G U R E  3 .  Numbers of heat injury eventsa 
reported from Iraq/Afghanistan, by year and 
type of heat injury, 2008-2012

and the incidence rate of heat stroke was 
higher, than in 2011. Rates of other clini-
cally signifi cant heat-related injuries 
increased from 2008 through 2011 but 
declined in 2012. 

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 was 
a necessary criterion for a heat casualty 
to be considered a case of “heat stroke.” 
Prior to 2009, the surveillance case defi ni-
tion of “heat stroke” did not require cen-
tral nervous system dysfunction; as such, 
heat stroke cases may have had laboratory 
evidence of injury to the liver, muscles, or 
kidneys without clinical manifestations of 
central nervous system eff ects. Th e change 
likely aff ected the numbers and natures of 
heat injury-related notifi able medical event 
reports in 2009 through 2012. 

T A B L E  2 .  Heat injury eventsa by 
location of diagnosis/report, active 
component, U.S. Armed Forces, 
2008-2012

Location of diagnosis No. % total
Fort Bragg, NC 1,399 10.7
Fort Benning, GA 1,256 9.7
Fort Jackson, SC 1,178 9.1

MCRD Parris Island/ 
Beaufort, SC 618 4.7

MCB Camp Lejeune/ 
Cherry Pt, NC 577 4.4

Fort Polk, LA 447 3.4
Fort Campbell, KY 397 3.1
MCB Camp 
Pendleton, CA 259 2.0

MCB Quantico, VA 255 2.0
Fort Hood, TX 253 1.9
Fort Sill, OK 248 1.9
Fort Stewart, GA 247 1.9
Lackland AFB, TX 247 1.9
NMC San Diego, CA 196 1.5
Okinawa, Japan 177 1.4
All other locations 5,260 40.4
Total 13,014 100.0

aOne heat injury per person per year
aOne per person per 60 days

In addition, similar heat-related clini-
cal illnesses are likely managed diff erently 
and reported with diff erent diagnostic 
codes at diff erent locations and in diff erent 
clinical settings. Such diff erences under-
mine the validity of direct comparisons of 
rates of nominal “heat stroke” and “other 
heat injury” events across locations and 
settings. Also, heat injuries during training 
exercises and deployments that are treated 
in fi eld medical facilities are not completely 
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 hyponatre-
mia, 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 informa-
tion related to heat injury prevention and 
treatment among U.S. military members 
are available on-line at: http://phc.amedd.
army.mil/topics/discond/hipss/Pages/
HeatinjuryPrevention.aspx and http://
www.marines.mil/Portals/59/Publications/
MCO%206200.1E%20W%20CH%201.pdf.
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Update: Exertional Rhabdomyolysis, Active Component, U.S. Armed Forces 
2008-2012

In 2012, there were 402 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 increased 30 
percent from 2008 to 2012. Th e highest incidence rates occurred in males, 
black, non-Hispanic service members, service members younger than 20 
years of age, members of the Army and Marine Corps, recruit trainees, and 
those in combat-specifi c occupations. Incidence rates were higher among ser-
vice members with homes of record from the Northeast compared to other 
regions of the U.S. Most cases were diagnosed at installations that support 
basic combat/recruit training or major Army or Marine Corps ground com-
bat units. Medical care providers should consider exertional rhabdomyolysis 
in the diff erential diagnosis when service members – particularly recruits – 
present with muscular pain and swelling, limited range of motion, and/or the 
excretion of dark urine (e.g., myoglobinuria) aft er strenuous physical activity, 
particularly in hot, humid weather.

rhabdomyolysis is the breakdown 
of striated muscle cells with release 
into the bloodstream of their 

potentially toxic contents. In U.S. military 
members, rhabdomyolysis is a signifi cant 
threat during physical exertion, particularly 
under heat stress. Each year, the Medical 
Surveillance Monthly Report (MSMR) sum-
marizes numbers, rates, trends, risk factors, 
and locations of occurrences of exertional 
heat injuries, including exertional rhabdo-
myolysis. Th is update covers calendar year 
2012. Information regarding the defi nition, 
causes and prevention of exertional rhab-
domyolysis can be found in previous issues 
of the MSMR.1 

M E T H O D S

Th e surveillance period was 1 January 
2008 to 31 December 2012. Th e surveil-
lance population included all individu-
als who served in an active component of 
the U.S. Armed Forces at any time during 
the surveillance period. Th e Defense Medi-
cal Surveillance System (DMSS) maintains 

electronic records of all actively serving 
U.S. military members’ hospitalizations and 
ambulatory visits in U.S. military and civil-
ian (contracted/purchased care through 
the Military Health System) medical facil-
ities worldwide; the DMSS also maintains 
records of medical encounters of service 
members deployed to southwest Asia/Mid-
dle East (as documented in the Th eater 
Medical Data Store [TMDS]).

For this analysis, the DMSS was 
searched for records of health care encoun-
ters (inpatient or outpatient) associated 
with diagnoses related to the occurrence 
of exertional rhabdomyolysis. For sur-
veillance purposes, a case of “exertional 
rhabdomyolysis” was defi ned as a hospital-
ization or ambulatory visit with a discharge 
diagnosis in any position of: “rhabdomy-
olysis” (ICD-9-CM: 728.88) and/or “myo-
globinuria” (ICD-9-CM: 791.3); plus a 
diagnosis in any position of “volume deple-
tion (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),” “exhaustion 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 calendar year.

To exclude cases of rhabdomyolysis 
that were secondary to traumatic injuries, 
intoxications, or adverse drug reactions, 
medical encounters with diagnoses in any 
position of “injury, poisoning, toxic 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 not considered indicative of 
“exertional rhabdomyolysis”.

For surveillance purposes, a “recruit 
trainee” was defi ned as an active compo-
nent member in an enlisted grade of E1 
to E4 who was assigned to one of the ser-
vices’ ten recruit training locations (per 
the individual’s initial military personnel 
record). For this report, each service mem-
ber was considered 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 sepa-
rate category of enlisted service members 
in summaries of heat injuries by military 
grade overall.

Records of medical evacuations from 
the U.S. Central Command (CENTCOM) 
area of responsibility (AOR) (e.g., Iraq, 
Afghanistan) to a medical treatment facil-
ity outside the CENTCOM AOR were 
analyzed separately. Evacuations were con-
sidered case-defi ning if aff ected service 
members met the above criteria in a per-
manent military medical facility in the U.S. 
or Europe from fi ve days before to ten days 
aft er their evacuation dates.

R E S U L T S

In 2012, there were 402 incident epi-
sodes of rhabdomyolysis likely due to phys-
ical exertion and/or heat stress (“exertional 
rhabdomyolysis”) (Table 1). Th e crude inci-
dence rate was 27.8 per 100,000 person-
years (p-yrs). 
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service members who were aff ected by 
exertional rhabdomyolysis were most fre-
quently male (n=95.2%), black, non-His-
panic (n=10; 47.6%), aged 20-24 years 
(n=9; 42.9%), in the Army (n=15; 71.4%), 
enlisted (n=19; 90.5%), and in combat-spe-
cifi c occupations (n=9; 42.9%). Nine active 
component service members were medi-
cally evacuated from Iraq/Afghanistan for 

(n=275) and MCRD Parris Island/Beau-
fort, SC (n=194) (Table 2).

Rhabdomyolysis in Iraq and Afghanistan

During the fi ve year surveillance 
period, there were 21 incident cases of 
exertional rhabdomyolysis diagnosed and 
treated in Iraq/Afghanistan. Deployed 

In 2012, relative to their respective 
counterparts, the highest incidence rates of 
exertional rhabdomyolysis aff ected service 
members who were male, younger than 20 
years of age, and black, non-Hispanic. Sub-
group-specifi c incidence rates were high-
est among service members in the Marine 
Corps and Army, in combat-specifi c occu-
pations (e.g., infantry, artillery, combat 
engineering), and with homes of record 
from the Northeast region of the United 
States. Of note, rates among recruit trainees 
were fi ve times those among other enlisted 
members and offi  cers (Table 1). 

Th e annual rates of exertional rhabdo-
myolysis increased over 30 percent from 
2008 to 2012 (20.7 and 27.6 per 100,000 
p-yrs, respectively). However, from 2011 
to 2012, incident diagnoses of exertional 
rhabdomyolysis decreased 8 percent (Fig-
ure 1). In 2011 and 2012, the numbers of 
hospitalizations and ambulatory visits were 
higher than in any of the previous three 
years (Figure 1). 

In 2012, 77 percent of all service mem-
bers hospitalized for exertional rhabdomy-
olysis were in the Army (n=92) or Marine 
Corps (n=56) (Table 1). Hospitalization 
rates were higher in the Marine Corps than 
the other Services during every year of the 
surveillance period (Figure 2). In all services 
except the Coast Guard, incidence rates of 
hospitalizations decreased in 2012 com-
pared to 2011. In 2012, as in the past, most 
cases occurred from May through Septem-
ber (% of cases overall, May-September: 
70%) (data not shown).

Rhabdomyolysis by location

During the fi ve-year surveillance 
period, the medical treatment facilities 
at fi ve installations accounted for at least 
50 cases each and nearly 40 percent of all 
diagnosed cases. Of these installations, 
two provide support to recruit/basic com-
bat training centers (Marine Corps Recruit 
Depot [MCRD] Parris Island/Beaufort, 
SC; and Fort Jackson, SC) and three sup-
port large combat troop populations (Fort 
Bragg, NC; Marine Corps Base [MCB] 
Camp Pendleton, CA; and MCB Camp 
Lejeune/Cherry Pt, NC) (Table 2). Th e most 
cases overall (accounting for 28% of all 
cases) were diagnosed at Fort Bragg, NC 

T A B L E  1 .   Incident cases and incidence ratesa of exertional rhabdomyolysis, active 
component, U.S Armed Forces, 2012

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

Total 192 13.2 210 14.6 402 27.8
Sex

Male 182 14.6 191 15.6 373 30.2
Female 10 4.7 19 9.1 29 13.8

Age group
<20 20 18.9 33 31.3 53 50.2
20-24 72 14.9 72 15.5 144 30.4
25-29 47 13.4 63 18.1 110 31.5
30-34 28 12.9 25 11.3 53 24.3
35-39 18 11.1 10 6.3 28 17.4
40+ 7 5.1 7 5.1 14 10.1

Race/ethnicity
White, non-Hispanic 118 12.9 127 14.2 245 27.1
Black, non-Hispanic 36 15.6 54 23.9 90 39.5
Hispanic 26 15.9 16 9.8 42 25.8
Asian/Pacifi c Islander 7 12.3 9 15.9 16 28.2
Other/Unknown 5 5.3 4 4.2 9 9.4

Service
Army 92 16.3 110 20.0 202 36.3
Navy 18 5.6 16 5.1 34 10.7
Air Force 23 7.0 27 8.2 50 15.2
Marine Corps 56 27.9 55 27.8 111 55.7
Coast Guard 3 7.2 2 4.8 5 11.9

Rank
Recruit 10 37.3 28 101.6 38 139.0
Enlisted 147 12.4 159 13.7 306 26.1
Offi cer 35 14.3 23 9.3 58 23.6

Military occupation
Infantry/artillery/combat engineer 52 25.3 50 24.7 102 50.0
Armor/motor transport 4 6.8 2 3.6 6 10.4
Pilot/aircrew 2 3.8 2 3.8 4 7.6
Repair/engineer 35 8.3 40 9.8 75 18.1
Communications/ intelligence 32 10.1 40 12.7 72 22.8
Healthcare 14 11.7 10 8.2 24 19.9
Other 53 18.7 66 23.6 119 42.2

Home of recordb

Northeast 28 15.7 32 17.9 60 33.6
South 69 11.9 98 16.9 167 28.9
West 51 16.5 37 11.9 88 28.4
Midwest 35 13.8 37 14.6 72 28.4
Other/unknown 9 8.0 6 5.3 15 12.0

aRate per 100,000 person-years
bHome of record self-reported at entry into service
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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 diag-
nostic codes related to rhabdomyoly-
sis with additional codes indicative of the 
eff ects of exertion, heat, or dehydration. 
Further, other ICD-9 codes were used to 
exclude cases of rhabdomyolysis that were 
secondary to trauma, intoxication, or 
adverse drug reactions. 

Th e measures that are eff ective at pre-
venting exertional heat injuries in general 
apply to the prevention of exertional rhab-
domyolysis. In the military training setting, 
the intensity and duration of exercise and 
adherence to prescribed work-rest cycles 
during strenuous physical activities should 
be adapted not only to ambient weather 
conditions but also to the fi tness levels of 
participants in strenuous activities. Th e 
physical activities of overweight and/or 

and Marines in combat units oft en con-
duct rigorous unit physical training, per-
sonal fi tness training, and fi eld training 
exercises regardless of weather conditions. 
It is not surprising, therefore, that rates are 
highest among recruit trainees and service 
members from northeastern states and that 
recruit camps and installations with large 
ground combat units account for most 
exertional rhabdomyolysis cases.

Th e higher rate in black, non-Hispanic 
service members compared to other racial/
ethnic subgroup members may refl ect, at 
least in part, an 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 fi ndings of this report should be 
interpreted with consideration of its limi-
tations. A diagnosis of “rhabdomyolysis” 

exertional rhabdomyolysis; all but one of 
these cases occurred from May through 
September (data not shown).

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

Th is report documents an increase 
in the rate of exertional rhabdomyolysis 
among active component members of the 
U.S. military in the last two years. Exer-
tional rhabdomyolysis continues to occur 
most frequently from late spring through 
early fall at installations that support basic 
combat/recruit training or major Army or 
Marine Corps combat units. 

Th e risks of heat injuries, including 
exertional rhabdomyolysis, are increased 
among individuals 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 climates who may not be accli-
mated to the high heat and humidity at 
training camps in the summer.2,3 Soldiers 
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F I G U R E  1 .  Incident diagnoses of 
exertional rhabdomyolysis, by clinical setting 
and year, active component, U.S. Armed 
Forces, 2008-2012

F I G U R E  2 .  Incidence rates  of 
hospitalizations for exertional rhabdomyolysis, 
by service, active component, U.S. Armed 
Forces, 2008-2012

T A B L E  2 .  Incident cases of exertional 
rhabdomyolysis by installation (with 
at least 20 cases during the period), 
active component, U.S. Armed Forces,  
2008-2012

Location of diagnosis No. % total
Fort Bragg, NC 275 16.2

MCRD Parris Island/ 
Beaufort, SC 197 11.6

MCB Camp 
Pendleton, CA 74 4.4

Fort Jackson, SC 68 4.0

MCB Camp Lejeune/ 
Cherry Pt, NC 63 3.7

Fort Benning, GA 49 2.9
Lackland AFB, TX 49 2.9
Fort Hood, TX 46 2.7
NMC San Diego, CA 40 2.4
MCB Quantico, VA 37 2.2
Fort Belvoir, VA 31 1.8
Fort Stewart, GA 29 1.7
NMC Portsmouth, VA 29 1.7
Fort Shafter, HI 28 1.6
Fort Campbell, KY 26 1.5
Fort Bliss, TX 26 1.5
Fort Carson, CO 21 1.2
Other locations 613 36.0
Total 1,701 100.0
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7. Kark JA, Burr PQ, Wenger CB, Gastaldo E, 
Gardner JW. Exertional heat illness in Marine Corps 
recruit training. Aviat Space Environ Med.1996 
Apr;67(4):354-360.

Finally, medical care providers should 
consider exertional rhabdomyolysis in the 
diff erential diagnosis when service mem-
bers – particularly recruits – present with 
muscular pain or 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.

R E F E R E N C E S
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previously sedentary new recruits should 
increase gradually and be closely moni-
tored. Water intake should comply with 
current guidelines and be closely super-
vised. Strenuous activities during relatively 
cool mornings following days of high heat 
stress should be particularly closely mon-
itored; in the past, such situations have 
been associated with increased risk of exer-
tional heat injuries (including rhabdomy-
olysis).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 dan-
gerous conditions, activities, or suspicious 
illnesses are detected. 
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Update: Exertional Hyponatremia, Active Component, U.S. Armed Forces, 1999-2012

From 1999 through 2012, there were 1,333 incident diagnoses of exer-
tional hyponatremia among active component members of the U.S. Armed 
Forces. Annual incidence rates rose sharply from 2008 to 2010 but have since 
decreased by 50 percent from 2010 to 2012. In 2012, there were fewer inci-
dent cases (n=84) than in any of the previous six years. Th e recent decrease 
in rates overall refl ects sharply declining rates in the Marine Corps and slight 
decreases in the other services. Relative to their respective counterparts, 
crude incidence rates of exertional hyponatremia for the entire 14 year sur-
veillance period were higher among females, those in the youngest age group, 
Marines, recruit trainees, and “other” military occupations. Service members 
(particularly recruit trainees) and their supervisors must be vigilant for early 
signs of heat-related illnesses and must be knowledgeable of the dangers of 
excessive water consumption and the prescribed limits for water intake dur-
ing prolonged physical activity – e.g., fi eld training exercises, personal fi tness 
training, recreational activities – in hot, humid weather.

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

sodium concentration <135 mEq/L), can 
have serious 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, excessive sodium losses 
in sweat, and inadequate sodium intake 
during prolonged physical exertion 
(“exertional hyponatremia”), particularly 
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.6 

Th is report uses a surveillance case 
defi nition for “exertional hyponatremia” 
to estimate frequencies, rates, trends, 

geographic locations, and demographic 
and military characteristics of exertional 
hyponatremia cases among U.S. military 
members from 1999 through 2012. 

M E T H O D S

Th e surveillance period was 1 January 
1999 to 31 December 2012. Th e surveil-
lance population included all individu-
als who served in an active component of 
the U.S. Armed Forces at any time during 
the surveillance period. Th e Defense Medi-
cal Surveillance System (DMSS) maintains 
electronic records of all actively serving 
U.S. military members’ hospitalizations and 
ambulatory visits in U.S. military and civil-
ian (contracted/purchased care through 
the Military Health System) medical facil-
ities worldwide; the DMSS also maintains 
records of medical encounters of service 
members deployed to southwest Asia/Mid-
dle East (as documented in the Th eater 
Medical Data Store [TMDS]).

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; endo-
crine (e.g., pituitary, adrenal) disorders; 
kidney diseases; intestinal infectious dis-
eases; cancers; major traumatic injuries; 
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Records of medical evacuations from 
the U.S. Central Command (CENTCOM) 
area of responsibility (AOR) (e.g., Iraq, 
Afghanistan) to a medical treatment facil-
ity outside the CENTCOM AOR were 
analyzed separately. Evacuations were con-
sidered case-defi ning if the aff ected service 
members met the above criteria in a per-
manent military medical facility in the U.S. 
or Europe from fi ve days before to ten days 
aft er their evacuation dates.

R E S U L T S

From 1999 through 2012, perma-
nent medical facilities reported 1,333 inci-
dent diagnoses of exertional hyponatremia 
among active component members (inci-
dence rate: 6.7 per 100,000 person-years 
[p-yrs]) (Table 1). In 2012, there were 84 
incident diagnoses of exertional hypona-
tremia (incidence rate: 5.9 per 100,000 
p-yrs) among active component members 
(Table 1). 

From 2008 to 2010, incident cases 
and incidence rates increased by 75 per-
cent (Figure 1). However, since the peak in 
2010 (12.6 per 100,000 p-yrs) incidence 
rates have decreased by 50 percent; of note, 
there were fewer incident cases in 2012 
(n=84) than in any of the previous six years 
(Figure 1).

In 2012, among the Services, the most 
cases were in the Army (n=30), but the high-
est overall incidence rate was in the Marine 
Corps (10.6 per 100,000 p-yrs) (Table 1). 
During the 14-year surveillance period, the 
overall crude incidence rate was highest in 
the Marine Corps (14.4 per 100,000 p-yrs), 
intermediate in the Army and Air Force (6.6 
and 5.9 per 100,000 p-yrs, respectively), and 
lowest in the Navy and Coast Guard (3.9 and 
3.8 per 100,000 p-yrs, respectively) (Table 1, 
Figure 2). In the Marine Corps, the annual 
crude rate increased by more than 3-fold 
between 2002 and 2010, then decreased 
markedly in 2011 and 2012. In each ser-
vice, incidence rates decreased from 2011 to 
2012 (Figure 2).

In 2012, 92 percent of exertional hypo-
natremia cases (n=77) aff ected males, and 
the rate during the year was nearly twice as 
high among males (6.3 per 100,000 p-yrs) 
as females (3.3 per 100,000 p-yrs). However, 

the individual’s initial military personnel 
record). For this report, each service mem-
ber was considered 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 
category of enlisted service members in 
summaries of exertional hyponatremia by 
military grade overall.

or complications of medical care in any 
diagnostic position. Each individual 
could be included as a case only once per 
calendar year.

For surveillance purposes, a “recruit 
trainee” was defi ned as an active compo-
nent member in an enlisted grade of E1 
to E4 who was assigned to one of the ser-
vices’ ten recruit training locations (per 

T A B L E  1 .   Incident diagnoses and incidence ratesa of exertional hyponatremia, 
active component, U.S. Armed Forces, 1999-2012

2012 Total 1999-2012

No. Ratea No. Ratea

Total 84 5.9 1,333 6.7
Sex

Male 77 6.3 1,106 6.5
Female 7 3.3 227 7.9

Age
<20 7 8.4 195 13.4
20-24 23 5.1 415 6.3
25-29 22 6.1 246 5.6
30-34 6 2.6 130 4.4
35-39 12 7.4 152 6.0
40+ 14 9.2 195 9.3

Race/ethnicity
White, non-hispanic 61 6.8 921 7.3
Black, non-hispanic 8 3.5 159 4.6
Hispanic 9 5.5 132 6.5
Asian/Pacifi c Islander 4 7.1 51 6.6
Other/unknown 2 2.1 70 5.9

Service
Army 30 5.5 468 6.6
Navy 10 3.2 188 3.9
Air Force 22 6.7 285 5.9
Marine Corps 21 10.6 371 14.4
Coast Guard 1 2.4 21 3.8

Rank
Recruit 5 18.2 119 29.6
Enlisted 63 5.4 985 6.0
Offi cer 16 6.5 229 7.0

Military occupation
Infantry/artillery/ combat engineer 12 5.9 194 7.8
Armor/motor transport 2 3.6 49 5.6
Pilot/aircrew 1 1.9 39 5.2
Repair/engineer 15 3.7 246 4.2
Communications/ intelligence 12 3.8 220 4.9
Health care 7 5.7 109 6.7
Other 35 12.5 476 12.4

Home of recordb

Northeast 10 5.6 168 7.2
South 36 6.2 509 7.0
Midwest 20 7.9 207 6.6
West 11 3.5 217 5.8
Other/unknown 7 6.2 232 6.8

aRate per 100,000 person-years
bHome of record self-reported at entry into service
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in 2012 (n=6) than in 2009 (n=32, the most 
cases reported in one year from any loca-
tion) (data not shown).

Exertional hyponatremia in Iraq and Afghanistan

From 2005 to 2012, 98 cases of exer-
tional hyponatremia were diagnosed and 
treated in Iraq and Afghanistan. Deployed 
service members who were aff ected by 
exertional hyponatremia were most fre-
quently male (n=71; 72.4%), white, non-
Hispanic (n=58; 59.2%), aged 20-24 years 
(n=38; 38.8%), in the Army (n=67; 68.4%), 
enlisted (n=85; 86.7%), and in communica-
tions/intelligence (n=23; 23.5%) and repair/
engineering (n=21; 21.4%) occupations 

were not consistent relationships between 
exertional hyponatremia rates and home of 
record (Table 1).

Exertional hyponatremia by location

During the 14-year surveillance 
period, exertional hyponatremia cases were 
diagnosed at U.S. military medical facilities 
at more than 200 locations; however, fi ve 
locations were aff ected by 40 or more cases 
each and accounted for nearly one-third of 
all cases (Table 2). Th e location with the most 
cases overall was the Marine Corps Recruit 
Depot (MCRD) Parris Island/Beaufort, SC 
(n=174). Of note, at MCRD Parris Island/
Beaufort, there were 81 percent fewer cases 

over the entire surveillance period, the inci-
dence rate was higher among females than 
males (Table 1).

In 2012 and during the surveillance 
period overall, the highest age group-spe-
cifi c incidence rates aff ected the youngest 
(<20 years) and oldest (>39 years) service 
members. Also, during the period over-
all, rates were higher among white, non-
Hispanic than other racial/ethnic groups 
of service members (Table 1). Rates among 
recruit trainees were more than double 
in 2012 and quadruple overall the rates 
among other enlisted members and offi  -
cers. Among categories of military occu-
pations, service members in “other” 
occupations had the highest rates. Th ere 
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F I G U R E  1 .  Incident diagnoses and incidence rates of exertional hyponatremia, active 
component, U.S. service members, 1999-2012

F I G U R E  2 .  Incidence rates of exertional hyponatremia by service, active component, U.S. 
service members, 1999-2012 

T A B L E  2 .  Incident cases of exertional 
hyponatremia by installation (with 
at least 20 cases during the period), 
active component, U.S. Armed Forces,  
1999-2012

Location of diagnosis No. %

MCRD Parris Island/ 
Beaufort, SC 174 13.1

Fort Benning, GA 85 6.4

Lackland AFB, TX 46 3.5

MCB Camp Lejeune/ 
Cherry Pt, NC 45 3.4

Walter Reed NMMC, 
MDa 42 3.2

Fort Bragg, NC 37 2.8
NMC Portsmouth, VA 34 2.6

MCB Camp
Pendleton, CA 33 2.5

NMC San Diego, CA 33 2.5
Fort Jackson, SC 30 2.3
MCB Quantico, VA 25 1.9

Fort Leonard
Wood, MO 23 1.7

Other locations 726 54.5
Total 1,333 100.0

aWalter Reed National Military Medical Center 
(NMMC) is a consolidation of National Naval 
Medical Center (Bethesda, MD) and Walter 
Reed Army Medical Center (Washington, DC). 
This number represents the sum of the two sites 
prior to the consolidation (Nov 2011) and the 
number reported at the consolidated location.
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current U.S. Military fl uid replacement 
guidelines can be found at: http://hprc-
online.org/nutrition/hprc-articles/files/
current-u-s-military-fl uid-replacement.

Women had relatively high rates over 
the entire period, but not in 2012; women 
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-bear-
ing marches).4 Service members (particu-
larly recruit trainees and women) and their 
supervisors must be vigilant for early signs 
of heat-related illnesses – and immediately 
and appropriately (but not excessively) 
intervene in such cases.
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of diagnoses that are reported on standard-
ized records of relevant medical encoun-
ters. As a result, an increase in reporting of 
diagnoses indicative of exertional hypona-
tremia may refl ect, at least in part, increas-
ing awareness of, concern regarding, and 
aggressive management of incipient cases 
by military 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 – service 
members, and the most cases were diag-
nosed at medical facilities that support 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 circumstances (e.g., 
recruit training, Ranger School), military 
trainees rigorously adhere to standardized 
training schedules – regardless of weather 
conditions. In hot, humid weather, com-
manders, 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. Th e 

(data not shown). During the entire period, 
only fi ve service members were medically 
evacuated from Iraq or Afghanistan for 
exertional hyponatremia (data not shown).

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

Th is report documents that, aft er a 
long period of increasing numbers and 
rates of exertional hyponatremia diagno-
ses among active component U.S. military 
members, numbers and rates of diagnoses 
have sharply declined since 2010. In the 
last two years, rates have declined in all 
of the Services, but particularly in the 
Marine Corps.

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 diag-
noses of “hyposmolality and/or hypona-
tremia,” but not of other conditions (e.g., 
metabolic, renal, psychiatric, or iatrogenic 
disorders) that increase the risk of hypona-
tremia in the absence of physical exertion 
or heat stress. As such, the results of this 
analysis should be considered estimates of 
the actual incidence of symptomatic exer-
tional hyponatremia from excessive water 
consumption among U.S. military mem-
bers. Th e accuracy of estimated num-
bers, rates, trends, and correlates of risk 
depends on the completeness and accuracy 
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Motorcycle accident-related deaths 
Other MVA-related deaths 
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Motorcycle accident-related hospitalizations 
Other MVA-related hospitalizations 

Deaths following motor vehicle accidents occurring in non-military vehicles and outside of the operational theater (per the DoD Medical 
Mortality Registry)a

aData pertaining to deaths that occurred since the fall of 2012 is incomplete. 
Reference: Armed Forces Health Surveillance Center. Motor vehicle-related deaths, U.S. Armed Forces, 2010. Medical Surveillance Monthly Report (MSMR). Mar 11;17(3):2-6.
Note: Death while deployed to/within 90 days of returning from OEF/OIF/OND. Excludes accidents involving military-owned/special use motor vehicles. Excludes individuals 
medically evacuated from CENTCOM and/or hospitalized in Landstuhl, Germany within 10 days prior to death. 

Note: Hospitalization (one per individual) while deployed to/within 90 days of returning from OEF/OIF/OND. Excludes accidents involving military-owned/special use motor vehicles. 
Excludes individuals medically evacuated from CENTCOM and/or hospitalized in Landstuhl, Germany within 10 days of another motor vehicle accident-related hospitalization.

Hospitalizations outside of the operational theater for motor vehicle accidents occurring in non-military vehicles (ICD-9-CM: E810-E825; 
NATO Standard Agreement 2050 (STANAG): 100-106, 107-109, 120-126, 127-129)

Deployment-Related Conditions of Special Surveillance Interest, U.S. Armed Forces, 
by Month and Service, January 2003-February 2013 (data as of 18 March 2013)

5.7/mo 6.7/mo 5.8/mo 5.9/mo 4.8/mo 6.5/mo 6.3mo 6.6/mo 5.2/mo 4.3/mo

1.8/mo 1.1/mo 2.8/mo 2.6/mo 1.6/mo 1.8/mo 0.9/mo 1.7/mo 0.8/mo 0.5/mo
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Deployment-Related Conditions of Special Surveillance Interest, U.S. Armed Forces, 
by Month and Service, January 2003-February 2013 (data as of 18 March 2013)

Traumatic brain injury (ICD-9: 310.2, 800-801, 803-804, 850-854, 907.0, 950.1-950.3, 959.01, V15.5_1-9, V15.5_A-F, V15.52_0-9, 
V15.52_A-F, V15.59_1-9, V15.59_A-F)a
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Reference: Armed Forces Health Surveillance Center. Deriving case counts from medical encounter data: considerations when interpreting health surveillance reports. MSMR. 
Dec 2009; 16(12):2-8.
aIndicator diagnosis (one per individual) during a hospitalization or ambulatory visit while deployed to/within 30 days of returning from OEF/OIF. (Includes in-theater medical 
encounters from the Theater Medical Data Store [TMDS] and excludes 4,060 deployers who had at least one TBI-related medical encounter any time prior to OEF/OIF).

Reference: Isenbarger DW, Atwood JE, Scott PT, et al. Venous thromboembolism among United States soldiers deployed to Southwest Asia. Thromb Res. 2006;117(4):379-83.
bOne diagnosis during a hospitalization or two or more ambulatory visits at least 7 days apart (one case per individual) while deployed to/within 90 days of returning from 
OEF/OIF.

Deep vein thrombophlebitis/pulmonary embolus (ICD-9: 415.1, 451.1, 451.81, 451.83, 451.89, 453.2, 453.40 - 453.42 and 453.8)b

52.3/mo 69.3/mo 130.7/mo 242.9/mo 505.8/mo 567.9/mo 451.4/mo 577.9/mo 636.7/mo 410.0/mo

8.7/mo 11.4/mo 12.0/mo 15.6/mo 19.9/mo 15.4/mo 16.7/mo 18.3/mo 20.2/mo 13.4/mo
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Amputations (ICD-9-CM: 887, 896, 897, V49.6 except V49.61-V49.62, V49.7 except V49.71-V49.72, PR 84.0-PR 84.1, except PR 84.01-PR 
84.02 and PR 84.11)a

Deployment-Related Conditions of Special Surveillance Interest, U.S. Armed Forces, 
by Month and Service, January 2003-February 2013 (data as of 18 March 2013)

Reference: Army Medical Surveillance Activity. Deployment-related condition of special surveillance interest: amputations. Amputations of lower and upper extremities, U.S. Armed 
Forces, 1990-2004. MSMR. Jan 2005;11(1):2-6.
aIndicator diagnosis (one per individual) during a hospitalization while deployed to/within 365 days of returning from OEF/OIF/OND.

Reference: Army Medical Surveillance Activity. Heterotopic ossifi cation, active components, U.S. Armed Forces, 2002-2007. MSMR. Aug 2007; 14(5):7-9.
bOne diagnosis during a hospitalization or two or more ambulatory visits at least 7 days apart (one case per individual) while deployed to/within 365 days of returning from OEF/
OIF/OND.

Heterotopic ossifi cation (ICD-9: 728.12, 728.13, 728.19)b     
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Reference: Army Medical Surveillance Activity. Deployment-related condition of special surveillance interest: amputations. Amputations of lower and upper extremities, U.S. Armed 
Forces, 1990-2004. MSMR. Jan 2005;11(1):2-6.
aIndicator diagnosis (one per individual) during a hospitalization while deployed to/within 365 days of returning from OEF/OIF/OND.
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