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Update: Cold Injuries, Active and Reserve Components, U.S. Armed

Forces, July 2017-June 2022

What are the new findings?

For all active component service members,
the rate of cold injuries in 2021-2022 de-
creased slightly compared to the previous
cold year. Cold injury rates were much high-
er among members of the Army and Marine
Corps. The number of cold injuries associated
with deployment during 2021-2022 was simi-
lar to the two preceding cold years.

What is the impact on readiness
and force health protection?

Military training and combat operations will
require continued emphasis on effective cold
injury prevention strategies and adherence to
the policies and procedures in place to protect
service members against such injuries.

From July 2021 through June 2022, a total of 482 members of the active
(n=435) and reserve (n=47) components had at least 1 cold injury. The crude
overall incidence rate of cold injury for all active component service members
in 2021-2022 (33.1 per 100,000 person-years [p-yrs]) was slightly lower than
the rate for the 2020-2021 cold season (35.5 per 100,000 p-yrs). In 2021-2022,
frostbite was the most common type of cold injury among active component
service members in all 4 services. Among active component members during
the 2017-2022 cold seasons, overall rates of cold injuries were generally high-
est among male service members, non-Hispanic Black service members, the
youngest (less than 20 years old), and those who were enlisted. The number
of cold injuries associated with overseas deployments during the 2021-2022
cold season (n=13) was similar to the two previous cold seasons (10 in 2019-
2020 and 11 in 2020-2021). Frostbite accounted for more than half (n=9) of
the cold injuries identified in service members deployed outside of the U.S.

during the 2021-2022 cold season.

old injuries are of significant mili-
‘ tary concern because of their adverse

impact on operations and the high
financial costs of treatment and disability."?
In response, the US. Armed Forces have
developed and improved training, doctrine,
procedures, and protective equipment and
clothing to counter the threat from cold
environments.*® Although these measures
are highly effective, cold injuries have con-
tinued to affect hundreds of service mem-
bers each year because of exposure to cold
and wet environments.’

The term cold injuries is used to
describe injuries that have a central effect,
such as hypothermia, as well as injuries that
primarily affect the peripheries of the body,
such as frostbite and immersion injuries.
The human physiologic response to cold
exposure is to retard heat loss and preserve
core body temperature, but this response
may not be sufficient to prevent hypother-
mia if heat loss is prolonged.” Moreover,
the response includes constriction of the
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peripheral (superficial) vascular system,
which may result in non-freezing injuries or
hasten the onset of actual freezing of tissues
(frostbite).’

Hypothermia occurs when the core
temperature of the body falls below 95°F’
The most common mechanisms of acciden-
tal hypothermia are convective heat loss to
cold air and conductive heat loss to water."
Freezing temperatures are not required to
produce hypothermia.' In response to cold
stress, peripheral blood vessels constrict and
the hypothalamus stimulates heat produc-
tion through shivering and elevated thy-
roid, adrenal, and catecholamine activity.’
The sympathetic nervous system mediates
further vasoconstriction to minimize heat
loss by reducing blood flow to the extrem-
ities, where the most cooling occurs.'® As
the body’s basal metabolic rate decreases,
core temperature falls, body functions slow
down, and muscular and cerebral func-
tions are impaired."” Neurologic function-
ing begins declining even above a core body

temperature of 95°E!" Severe hypothermia
can lead to pulmonary edema, reduced heart
rate, coma, ventricular arrhythmias (includ-
ing ventricular fibrillation), and asystole.'*'?

Cold injuries affecting the body’s
peripheries can be classified as freezing or
non-freezing injuries.”® Freezing peripheral
injury is defined as the damage sustained by
tissues when exposed to temperatures below
freezing.”® The tissue damage of frostbite is
the result of both direct cold-induced cell
death and the secondary effects of micro-
vascular thrombosis and subsequent isch-
emia.'"* Rapid freezing generally results in
extra- and intracellular ice crystal forma-
tion.”” These crystals cause direct injury to
cell membranes that results in cellular dehy-
dration, lipid derangement, electrolyte fluxes
as well as membrane lysis, and cell death."*
'® An inflammatory process follows, result-
ing in tissue ischemia and additional cell
death.” The initial cellular damage and the
ensuing inflammatory processes are wors-
ened with thawing of the affected area.’>'
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With rewarming, edema from melting ice
crystals leads to epidermal blister formation,
and ischemia-reperfusion injury may be
initiated;'*'¢ vasoconstriction and platelet
aggregation caused by inflammatory medi-
ators, prostaglandins, and thromboxanes
exacerbate ischemia.'” The areas of the body
most frequently affected by frostbite include
the ears, nose, cheeks, chin, fingers, and
toes.'®!? A substantial proportion of patients
with peripheral frostbite experience per-
manent changes in their microcirculation
and disruption of local neurological func-
tions (e.g., reduced sensation in the affected
area).”” Although most frostbite damage is
minor, severe injury may lead to impaired
functioning and ability to work because of
cold hypersensitivity, chronic ulceration,
vasospasm, localized osteoarthritis, and/or
chronic pain.'*"

Non-freezing peripheral cold injury
includes a spectrum of localized injuries
to the soft tissues, nerves, and vasculature
of distal extremities that result from pro-
longed exposure (12 to 48 hours) to wet,
cold (generally 32 to 59 °F) conditions; the
injury process generally happens at a slower
rate in warmer water.* Although non-
freezing peripheral cold injuries most often
involve feet (immersion foot), any depen-
dent body part can be affected by the condi-
tion, including the hands.** Immersion foot
generally presents as waterlogging of the
feet, with the most marked effect occurring
in the soles.'” The foot becomes hyperemic
(increased blood flow), painful, and swollen
with continuous exposure; progression to
blistering, decreased blood flow, ulceration,
and gangrene is gradual”* Long-term
complications of non-freezing cold injury
such as immersion foot are similar to (e.g.,
hypersensitivity to cold, chronic pain) and as
debilitating as (e.g., severe pain provoked by
walking) those produced by frostbite.!*!¢172°

Factors that increase the risk of cold
injuries include outdoor exposure, inad-
equate and/or wet clothing, cold water
submersion, older age, exhaustion, dehy-
dration, inadequate caloric intake, alco-
hol use, smoking (frostbite), previous cold
injury (frostbite or immersion foot), chronic
disease (e.g., peripheral vascular disease,
diabetes), and medications that impair
compensatory responses (e.g., oral antihy-
perglycemics, beta-blockers, general anes-
thetic agents).’*'*""** Sjtuational factors
that increase risk of immersion foot include
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immobility, wet socks, and constricting
boots.'”*

Traditional measures to counter the
dangers associated with cold environments
include minimizing loss of body heat and
protecting superficial tissues through such
means as protective clothing, shelter, physi-
cal activity, and nutrition. However, mili-
tary training or mission requirements in
cold and wet weather may place service
members in situations where they may be
unable to be physically active, find warm
shelter, or change wet or damp clothing.*™*

For the military, continuous surveil-
lance of cold injuries is essential to inform
steps to reduce their impact as well as to
remind leaders of this predictable threat.
Since 2004, the MSMR has published an
annual update on the incidence of cold inju-
ries that have affected U.S. military mem-
bers during the 5 most recent cold seasons.”
This 2022 report addresses the occurrence
of such injuries during the cold seasons
from July 2017 through June 2022. The tim-
ing of the annual updates is intended to call
attention to the recurring risks of such inju-
ries as winter approaches in the Northern
Hemisphere, where most members of the
U.S. Armed Forces are assigned.

Methods

The surveillance period was 1 July
2017 through 30 June 2022. The surveil-
lance population included all individuals
who served in the active or reserve compo-
nent of the U.S. Armed Forces at any time
during the surveillance period. For analy-
sis purposes, “cold years” or “cold seasons”
were defined as 1 July through 30 June
intervals so that complete cold weather
seasons could be represented in year-to-
year summaries and comparisons.

Because cold injuries represent a threat
to the health of individual service members
and to military training and operations,
the U.S. Armed Forces require expeditious
reporting of these reportable medical events
(RMEs) via one of the service-specific elec-
tronic reporting systems; these reports are
routinely incorporated into the Defense
Medical Surveillance System (DMSS). For
this analysis, the DMSS and the Theater
Medical Data Store (which maintains elec-
tronic records of medical encounters of
deployed service members) were searched
for RMEs and inpatient and outpatient
care for the diagnoses of interest: frostbite,
immersion hand and foot, and hypother-
mia. A case was defined by the presence
of an RME or one of any qualifying Inter-
national Classification of Diseases, 9th or
10th revision (ICD-9 and ICD-10, respec-
tively) code in the first diagnostic position
of a record of a health care encounter (Table
1). The Department of Defense guidelines
for RMEs require the reporting of cases of
hypothermia, freezing peripheral injuries
(i.e., frostbite), and non-freezing periph-
eral injuries (i.e., immersion injuries, chil-
blains).?* Cases of chilblains are not included
in this report because the condition is com-
mon, infrequently diagnosed, usually mild
in severity, and thought to have minimal
medical, public health, or military impacts.
Because of an update to the Disease Report-
ing System internet (DRSi) medical event
reporting system in July 2017, the type of
RME:s for cold injury (i.e., frostbite, immer-
sion injury, hypothermia) could not be dis-
tinguished using RME records in DMSS
data. Instead, information on the types of
RME for cold injury between July 2017 and
June 2022 were extracted from DRSi and
then combined with DMSS data.

To estimate the number of unique indi-
viduals who suffered a cold injury each cold

TABLE 1. ICD-9/ICD-10 diagnostic codes for cold injuries

Case classification ICD-9 ICD-102
Frostbite 991.0, 991.1, 991.2, 991.3 T33.%, T34.*
Immersion hand and foot 991.4 T69.0*
Hypothermia 991.6 T68.*

2An asterisk (*) indicates that any subsequent digit/character is included.
ICD, International Classification of Diseases, 9th and 10th revisions
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season and to avoid counting follow-up
health care encounters after single episodes
of cold injury, only 1 cold injury per individ-
ual per cold season was included. A slightly
different approach was taken for summaries
of the incidence of the different types of cold
injury classifications, to include frostbite,
immersion hand and foot, and hypothermia
cases. To count these types of cold injuries,
1 of each type of cold injury per individual
per cold season was included. For example,
if an individual was diagnosed or reported
with immersion hand and foot at one point
during a cold season and then with frost-
bite later during the same cold season, each
of those different types of injury would be
counted in the tally of injuries. If a service
member had multiple medical encounters
for cold injuries on the same day, only 1
encounter was used for analysis (hospitaliza-
tions were prioritized over ambulatory vis-
its, which were prioritized over RMEs).

Annual incidence rates of cold injuries
among active component service members
were calculated as incident cold injury diag-
noses per 100,000 p-yrs of service. Annual
rates of cold injuries among reservists were
calculated as cases per 100,000 persons
using the total number of reserve compo-
nent service members for each year of the
surveillance period. Counts of persons in
the reserves were used as the denominator
in these calculations because information on
the start and end dates of active duty service
periods of reserve component members was
not available.

The numbers of cold injuries were sum-
marized by the locations at which service
members were treated for these injuries as
identified by the Defense Medical Informa-
tion System Identifier (DMIS ID) recorded
in the medical records of the cold injuries.
Because such injuries may be sustained dur-
ing field training exercises, temporary duty,

or other instances for which a service mem-
ber may not be located at his/her usual duty
station, DMIS ID was used as a proxy for the
location where the cold injury occurred.

Results

2021-2022 cold season

From July 2021 through June 2022 a
total of 482 members of the active (n=435)
and reserve (n=47) components had at
least 1 cold injury (Table 2). Among the
435 active component cold injuries, 143
(32.9%) were reported as RMEs (data not
shown). The Army contributed nearly
two-thirds (63.4%; n=276) of active com-
ponent service members affected by any
cold injury during the 2021-2022 cold sea-
son; across the services during this period,

TABLE 2. Annual incidence of service members affected by any cold injury (1 per person per year), by service and component, July

2017-June 2022

Active component No.
All years (2017-2022) 1,373
Jul 2017-Jun 2018 299
Jul 2018-Jun 2019 275
Jul 2019-Jun 2020 232
Jul 2020-Jun 2021 291
Jul 2021-Jun 2022 276
Reserve component

All years (2017-2022) 212
Jul 2017-Jun 2018 54
Jul 2018-Jun 2019 44
Jul 2019-Jun 2020 36
Jul 2020-Jun 2021 42
Jul 2021-Jun 2022 36

Overall, active and reserve
All years (2017-2022) 1,585

Jul 2017-Jun 2018 353
Jul 2018-Jun 2019 319
Jul 2019-Jun 2020 268
Jul 2020-Jun 2021 333
Jul 2021-Jun 2022 312

a For active component, rate is per 100,000 person-years. For reserve component, rate is per 100,000 persons.

No., number.
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Army Navy Air Force
Rate? No. Rate? No. Rate?
58.4 134 8.1 252 15.5
64.3 29 9.1 46 14.5
59.1 21 6.4 46 14.3
49.0 27 8.1 46 14.0
61.0 26 7.6 56 17.0
58.5 31 9.1 58 17.9
13 40
25.0 3 4.6 5 6.6
20.7 1 1.5 6 7.9
16.9 2 3.0 10 13.1
20.1 5 7.7 13 17.0
17.8 2 3.2 6 7.8
147 292
32 51
22 52
29 56
31 69
33 64

Marine Corps All services
No. Rate® No. Rate?
438 48.2 2,197 33.6
93 50.7 467 36.3
118 63.9 460 35.4
59 32.0 364 27.6
98 54.4 471 35.5
70 39.6 435 33.1
50 315
17 36.8 79 19.6
16 34.7 67 16.7
4 8.9 52 13.0
10 22.8 70 17.8
3 7.0 47 12.2
488 2,512
110 546
134 527
63 416
108 541
73 482
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active component Army members had the
highest rate of any cold injury (58.5 per
100,000 p-yrs). Active component Marine
Corps members had the second highest
cold injury rate during the 2021-2022 cold
season (39.6 per 100,000 p-yrs). Navy ser-
vice members (n=31) had the lowest ser-
vice-specific rate of any cold injury during
the 2021-2022 cold season (9.1 per 100,000
p-yrs) (Table 2, Figure 1).

Army personnel (n=36) accounted for
three-quarters (76.6%) of all reserve com-
ponent service members (n=47) affected
by cold injuries during 2021-2022 (Table 2).
Service-specific annual rates of cold inju-
ries among reserve component members
were highest among those in the Army
(17.8 per 100,000 persons) and lowest
among those in the Navy (3.2 per 100,000
persons) (Figure 2).

When the major types of cold injury
case classifications were considered, not
just the numbers of individuals affected,
frostbite was the most common type of cold
injury (n=277; 62.1% of all cold injuries)
among active component service mem-
bers in 2021-2022 (Tables 3a-3d). In the Air
Force during the 2021-2022 season, 83.1%
of all cold injuries were frostbite, whereas
the proportions in the Army (65.1%),
Marine Corps (44.4%), and Navy (35.5%)
were much lower. For all active compo-
nent service members during 2021-2022,
the proportions of total cold injuries that
were hypothermia and immersion injuries
were 15.2% and 22.6%, respectively (Tables
3a-3d). Among active component Air Force
members, the numbers and rates of frost-
bite and immersion hand and foot inju-
ries in the 2021-2022 cold season were the
highest of the past 5 years, while the num-
ber and rate of hypothermia cases were
the lowest during this period (Table 3c).
Among active component Army members,
the numbers and rates of hypothermia and
immersion foot injuries in the 2021-2022
cold season were the lowest of the 5-year
period (Table 3a).

Five cold seasons: July 2017—June 2022

The crude overall incidence rate of
cold injury for all active component service
members in 2021-2022 (33.1 per 100,000
p-yrs) was 7.3% lower than the rate for the
2020-2021 cold season (35.5 per 100,000
p-yrs) (Table 2, Figure 1). Throughout the
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FIGURE 1. Annual incidence rates of service members affected by any cold injury (1 per
person per year), by service, active component, U.S. Armed Forces, July 2017—June 2022
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FIGURE 2. Annual incidence rates of service members affected by any cold injury (1 per
person per year), by service, reserve component, U.S. Armed Forces, July 2017—June 2022
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surveillance period, the cold injury rates
were consistently higher among active
component members of the Army and the
Marine Corps than among those in the Air
Force and Navy (Figure 1). In 2021-2022,

Jul 2021-
Jun 2022

Jul 2020—
Jun 2021

Jul 2019—
Jun 2020

the service-specific incidence rate for active
component Army members (60.2 per
100,000 p-yrs) was similar to the 2020-2021
Army rate (61.4 per 100,000 p-yrs). For the
Marine Corps, the active component rate
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for 2021-2022 decreased 25.1% between
the 2020-2021 season and the 2021-2022
season. Service-specific annual rates of cold
injuries among reserve component mems-
bers were consistently higher among those
in the Army than among those in the Air

Force or the Navy (Figure 2). As was true for
active component Marine Corps members,
the 2021-2022 rate of cold injuries among
reserve component Marine Corps members
was lower (69.3%) than the rate for the pre-
vious season.

TABLE 3a. Annual incidence of frostbite, immersion hand and foot, and hypothermia
among all cold injuries (1 type per person per year), active component, U.S. Army, July

2017-June 2022

Frostbite
No. Rate?
Total 791 33.6
Sex
Male 668 33.5
Female 123 343
Race/ethnicity group
Non-Hispanic White 289 224
Non-Hispanic Black 367 755
Other/unknown 135 235
Age group (years)
<20 71 422
20-24 336 46.2
25-29 170 30.9
30-34 11 30.3
35-39 54 19.2
4044 25 16.3
45+ 24 224
Rank
Enlisted 696 36.8
Officer 95 20.5
Military occupation
Combat-specific® 294 501
Motor transport 28 37.9
Repair/engineering 124  25.6
Communications/intelligence 192  33.2
Health care 47  19.9
Other/unknown 106 26.9
Cold year (July-June)
2017-2018 172 37.0
2018-2019 143  30.7
2019-2020 115 243
2020-2021 176  36.9
2021-2022 185 39.2

2Rate per 100,000 person-years.
bInfantry/artillery/combat engineering/armor.
No., number.
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Immersion hand Hypothermia AII cpld

and foot injuries
No. Rate® No. Rate? No. Rate?
435 185 199 85 1,425 60.6
388 195 178 89 1234 619
47 1341 21 5.9 191  53.3
200 155 100 7.7 589 456
163 335 63 13.0 593 121.9
72 125 36 6.3 243 423
59  35.0 32 19.0 162 96.2
223 30.7 102 14.0 661 90.9
93 16.9 48 8.7 311 56.5
28 7.7 11 3.0 150 41.0
20 7.1 2 0.7 76 27.0
6 3.9 3 2.0 34 222
5.6 1 0.9 31 29.0
406 215 181 96 1,283 679
29 6.3 18 3.9 142 30.7
197 336 111 189 602 102.7
14 189 4 5.4 46 62.2
75 155 26 5.4 225 46.5
93 16.1 35 6.0 320 55.3
16 6.8 6 25 69 293
40 10.2 17 4.3 163 414
88 189 44 9.5 304 654
107  23.0 40 8.6 290 623
94 198 45 9.5 254 536
81 17.0 36 7.5 293 614
65 138 34 7.2 284 60.2

During the 5-year surveillance period,
the rates of cold injuries among mem-
bers of the active components of the Navy,
Air Force, and Marine Corps were higher
among male than female service mem-
bers (Tables 3a-3d). Among active compo-
nent members in the Navy, Air Force, and
Marine Corps, the overall rates among male
service members were 1.6 to 1.7 times the
rates among female service members. Dur-
ing 2017-2022, female service members
in the Army, Navy, and Marine Corps had
lower rates of immersion foot than did male
service members. With the exception of the
Army, female service members also had
lower rates of frostbite; with the exception
of the Marine Corps, female service mem-
bers had lower rates of hypothermia (Tables
3a-3d). For active component service mem-
bers in all 4 services combined, the overall
rate of cold injury was 50.0% higher among
male service members (36.6 per 100,000
p-yrs) than among female service members
(24.4 per 100,000 p-yrs) (data not shown).

In all of the services, overall rates of
cold injuries were higher among non-His-
panic Black service members than among
those of the other race/ethnicity groups. In
particular, within the Marine Corps and
Army and for all services combined, rates
of cold injuries were more than twice as
high among non-Hispanic Black service
members as rates among either non-His-
panic White service members or those in
the “other/unknown” race/ethnicity group
(Tables 3a-3d). The major underlying fac-
tor in these differences is that rates of frost-
bite among non-Hispanic Black members
from all services combined was more than
3 times that of the other race/ethnicity
groups, with the biggest differences appar-
ent in the Marine Corps (more than 5 times)
and the Army (more than 3 times) (data not
shown). Additionally, across the active com-
ponents of all services during 2017-2022,
non-Hispanic Black service members had
incidence rates of cold injuries greater than
the rates of other race/ethnicity groups in
nearly every military occupational category
(data not shown).

Across the services, rates of cold inju-
ries were highest among the youngest ser-
vice members and tended to decrease with
increasing age (Tables 3a-3d). Enlisted mem-
bers of all 4 services had higher rates than
officers. In the Army, Air Force, and Marine
Corps, rates of all cold injuries combined
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were highest among service members in
combat-specific occupations (infantry/
artillery/combat engineering/armor) (Tables
3a, 3c¢-3d). For active component Navy
members, rates of cold injuries during the

5-year period were highest among those in
motor transport occupations (Table 3b).
During the 5-year surveillance period,
the majority of cold injuries occurred
among active component service members

TABLE 3b. Annual incidence of frostbite, immersion hand and foot, and hypothermia
among all cold injuries (1 type per person per year), active component, U.S. Navy, July

2017—June 2022

All cold
injuries

Immersion hand
and foot

Hypothermia

Frostbite
No. Rate?
Total 65 3.9
Sex
Male 58 44
Female 7 21
Race/ethnicity group
Non-Hispanic White 30 3.6
Non-Hispanic Black 20 7.8
Other/unknown 15 2.6
Age group (years)
<20 3 3.1
20-24 17 34
25-29 27 6.6
30-34 8 2.8
35-39 5 24
4044 0 0.0
45+ 5 7.6
Rank
Enlisted 51 3.7
Officer 14 5.1
Military occupation
Combat-specific® 6 5.8
Motor transport 2 3.0
Repair/engineering 16 2.2
Communications/intelligence 8 3.0
Health care 17 9.5
Other/unknown 16 5.0
Cold year (July-June)
2017-2018 15 4.7
2018-2019 15 4.6
2019-2020 14 4.2
2020-2021 10 2.9
2021-2022 11 3.2

2Rate per 100,000 person-years.
®Infantry/artillery/combat engineering/armor.
No., number.
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No. Rate? No. Rate? No. Rate?
27 1.6 42 2.5 134 8.1
24 1.8 35 2.6 117 8.8
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1 1.3 20 24 61 7.3
6 2.3 7 2.7 33 128
10 1.8 15 2.6 40 7.0
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4 1.4 4 1.4 16 5.6
2 1.0 2 1.0 9 4.4
2 1.9 0 0.0 2 1.9
1 1.5 0 0.0 6 9.2

26 1.9 39 2.8 116 8.4
1 0.4 3 1.1 18 6.5
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FIGURE 3. Frequency of service members
affected by any cold injury (1 per person
per year), by service and cold season, July
2017-June 2022
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(n=2,197; 87.5%), with 315 cold injuries
(12.5%) occurring among the reserve com-
ponent. Of all reserve component cold inju-
ries, 67.3% (n=212) were members of the
Army (Table 2). Overall, soldiers accounted
for more than three-fifths (63.1%) of all
cold injuries affecting active and reserve
component service members (Table 2, Fig-
ure 3).

Of all active component cold injury
cases presented in this report over the
five-year surveillance period (n=2,197),
105 (4.8% of the total) were affected dur-
ing basic training. The Army (n=39) and
Marine Corps (n=61) accounted for 95.2%
of all basic trainees affected by cold inju-
ries (data not shown). Additionally, during
the surveillance period 64 service mem-
bers (2.9% of the total) were hospitalized,
and the vast majority (89.1%) of these hos-
pitalized cold injury cases were members of
either the Army (n=43) or Marine Corps
(n=14) (data not shown). The majority of
active component service members affected
by cold injury were identified from diag-
nostic codes; just 30.2% (n=664) were clas-
sified from RMEs (data not shown).
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Cold injuries during deployments

During the 5-year surveillance period,
a total of 75 cold injuries were identi-

fied in service members deployed outside

of the U.S. (data not shown). Of these, 39
(52.0%) were frostbite, 25 (33.3%) were
immersion injuries, and 11 (14.7%) were
hypothermia. Of these 75 cold injuries,
slightly more than one-sixth (17.3%)

TABLE 3c¢. Annual incidence of frostbite, immersion hand and foot, and hypothermia
among all cold injuries (1 type per person per year), active component, U.S. Air Force,

July 2017—June 2022

Frostbite
No. Rate?
Total 212 13.1
Sex
Male 182 14.2
Female 30 8.9
Race/ethnicity
Non-Hispanic White 125 12.9
Non-Hispanic Black 45 20.4
Other/unknown 42 9.8
Age group (years)
<20 17 216
20-24 113 245
25-29 38 94
30-34 20 6.6
35-39 13 5.7
40-44 4 4.0
45+ 7 14.8
Rank
Enlisted 191 14.6
Officer 21 6.7
Military occupation
Combat-specific® 7 58.4
Motor transport 2 16.4
Repair/engineering 89 17.6
Communications/intelligence 31 9.1
Health care 11 7.3
Other/unknown 72 12.0
Cold year (July-June)
2017-2018 39 12.3
2018-2019 40 12.4
2019-2020 38 11.6
2020-2021 46 14.0
2021-2022 49 15.1

2Rate per 100,000 person-years.
bInfantry/artillery/combat engineering/armor.
No., number.
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Immersion hand Hvoothermia All cold
and foot P injuries
No. Rate? No. Rate? No. Rate?

12 0.7 31 1.9 255 15.7

9 0.7 28 2.2 219 17.0
0.9 3 0.9 36 10.7

7 0.7 19 2.0 151 15.5
1.4 7 3.2 55 249

2 0.5 5 1.2 49 1.4
2 2.5 4 5.1 23 29.2
5 1.1 12 2.6 130 28.2
2 0.5 5 1.2 45 11.1
1 0.3 4 1.3 25 8.3
2 0.9 4 1.8 19 8.4
0 0.0 1 1.0 5 4.9
0 0.0 1 2.1 8 16.9

11 0.8 26 2.0 228 17.5

1 0.3 5 1.6 27 8.6
0 0.0 0 0.0 7 584
0 0.0 0 0.0 2 16.4
5 1.0 7 1.4 101 19.9
1 0.3 7 2.1 39 1.4
1 0.7 2 1.3 14 9.3
5 0.8 15 2.5 92 15.3
2 0.6 5 1.6 46 14.5
2 0.6 5 1.6 47 14.6
2 0.6 7 2.1 47 14.3
1 0.3 9 2.7 56 17.0
5 1.5 5 1.5 59 18.2

occurred in the most recent cold season
(n=13). There were 11 cold injuries dur-
ing the 2020-2021 cold season, 10 during
2019-2020, 24 during 2018-2019, and 17
during 2017-2018 (data not shown). Frost-
bite injuries accounted for more than two-
thirds (n=9; 69.2%) of the cold injuries
identified in service members deployed
outside of the U.S during the 2021-2022
cold season.

Cold injuries by location

During the 5-year surveillance period,
19 military locations had at least 25 inci-
dent cold injuries (1 per person per year)
among active and reserve component ser-
vice members (Figure 4). Among theseloca-
tions, those with the highest 5-year counts
of incident injuries were Fort Wainwright,
AK (n=208); Joint Base Elmendorf-Rich-
ardson, AK (n=203); Fort Campbell, KY
(n=104); Camp Lejeune, NC (n=101);
Fort Drum, NY (n=93); Naval Medical
Center San Diego, CA (n=_82); Fort Car-
son, CO (n=77); and Fort Benning, GA
(n=76) (data not shown). During the 2021-
2022 cold season, the numbers of incident
cases of cold injuries were higher than the
counts for the previous 2020-2021 cold
season at 6 of the 19 locations (data not
shown). The most noteworthy increase was
observed at the Army’s Fort Wainwright,
where there were 100 total cases identified
in 2021-2022, compared to 42 the year
before (data not shown). Figure 4 shows the
numbers of cold injuries during 2021-
2022 and the median numbers of cases for
the previous 4 years at those locations that
had at least 25 cases during the surveil-
lance period. For 13 of the 19 installations,
the numbers of cases in 2021-2022 were
less than the median counts for the previ-
ous 4 years (Figure 4).

Editorial Comment

The overall rate of cold injuries in
2021-2022 decreased slightly compared to
the previous cold year. As in previous years,
cold injury rates were much higher among
members of the Army and Marine Corps.

In 2021-2022, frostbite was the most
common type of cold injury among active
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component service members in all 4 of the
services. Factors associated with increased
risk of cold injury in previous years were
again noted during the most recent cold
season. Compared to their respective

counterparts, overall rates of cold injuries
were higher among male service members,
non-Hispanic Black service members, the
youngest (less than 20 years old), and those
who were enlisted. Increased rates of cold

TABLE 3d. Annual incidence of frostbite, immersion hand and foot, and hypothermia
among all cold injuries (1 type per person per year), active component, U.S. Marines,

July 2017—June 2022

Frostbite
No. Rate?
Total 205 225
Sex
Male 196 23.6
Female 9 11.2
Race/ethnicity
Non-Hispanic White 89 16.7
Non-Hispanic Black 73 81.2
Other/unknown 43 15.0
Age group (years)
<20 29 233
20-24 120 27.4
25-29 31 19.7
30-34 15 17.7
35-39 9 146
40-44 1 3.5
45+ 0 0.0
Rank
Enlisted 179 223
Officer 26 241
Military occupation
Combat-specific® 117 59.1
Motor transport ) 11.6
Repair/engineering 18 8.1
Communications/intelligence 29 13.5
Health care 0 0.0
Other/unknown 36 15.4
Cold year (July—June)
2017-2018 36 19.6
2018-2019 54 29.3
2019-2020 26 141
2020-2021 57 31.6
2021-2022 32 18.1

2Rate per 100,000 person-years.
®Infantry/artillery/combat engineering/armor.
No., number.
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Immersion hand Hvbothermia All cold

and foot P IES
No. Rate? No. Rate® No. Rate?
134 147 107 11.8 446 49.0
128 15.4 9% 11.6 420 50.7
6 7.5 11 13.7 26 324
88 16.5 48 9.0 225 42.2
8 8.9 22 245 103 114.6
38 13.3 37 129 118 41.2
65 52.1 36 28.9 130 104.3
57 13.0 56 12.8 233 53.3
10 6.4 12 7.6 53 33.7
2 2.4 3 3.5 20 23.6
0 0.0 0 0.0 9 14.6
0 0.0 0 0.0 1 3.5
0 0.0 0 0.0 0 0.0
126 156.7 103 129 408 50.9
8 7.4 4 3.7 38 35.2
19 9.6 46 232 182 91.9
2 4.6 5 116 12 27.9

14 6.3 3 1.4 35 15.8
1 5.1 7 3.3 47 22.0
0 0.0 0 0.0 0 0.0

88  37.7 46 197 170 72.9
36 19.6 25 136 97 52.9
36 19.5 30 16.3 120 65.0
15 8.1 18 9.8 59 32.0
24 13.3 17 9.4 98 54.4
23 13.0 17 9.6 72 40.7

injuries affected nearly all enlisted and offi-
cer occupations among non-Hispanic Black
service members. Of note, rates of frostbite
were markedly higher among non-Hispanic
Blacks compared to non-Hispanic Whites
and those in the other/unknown race/eth-
nicity group. These differences have been
noted in prior MSMR updates, and the
results of several studies suggest that other
factors such as physiologic differences are
possible explanations for increased suscep-
tibility.>'**-% The numbers of cold injuries
associated with deployments during 2020-
2021 and 2021-2022 were the lowest num-
bers during the 5-year surveillance period;
frostbite injuries accounted for the major-
ity of the cold injuries in service members
deployed outside of the U.S. during the
2021-2022 cold season.

It should be noted that this analysis
of cold injuries was unable to distinguish
between injuries sustained during official
military duties (training or operations) and
injuries associated with personal activities
not related to official duties. RMEs for non-
freezing peripheral injuries were excluded
if “chilblains” was listed in the case com-
ments; however, there may have been some
RMEs for chilblains that were misclassi-
fied as immersion injury if chilblains was
not listed in the case comments. To provide
for all circumstances that pose the threat
of cold injury, service members should
know the signs of cold injury well and how
to protect themselves against such injuries
whether they are training, operating, fight-
ing, or recreating under wet and freezing
conditions.

The most current cold injury preven-
tion materials are available at: https://phc.
amedd.army.mil/topics/discond/cip/Pages/
Cold-Weather-Casualties-and-Injuries.
aspx.
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FIGURE 4. Annual frequency (cold season 2021-2022) and median numbers (cold seasons 2017—2021) of cold injuries at locations with at
least 25 cold injuries during the surveillance period, active component, U.S. Armed Forces, July 2017—June 2022
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In-Theater Mental Health Disorders Among U.S. Soldiers Deployed
Between 2008 and 2013

Maegan M. Paxton Willing, PhD, MPH; Larissa L. Tate, PhD; Kevin G. O’Gallagher, BA; Daniel P. Evatt, PhD;
David S. Riggs, PhD

Deployed service members regularly undergo demanding and stressful expe-
riences that can contribute to mental health difficulties; however, there is
a scarcity of studies examining rates of mental health disorders in-theater.
The current study examined case rates of mental health disorders among
deployed U.S. Army Soldiers using diagnostic encounter data from the The-
ater Medical Data Store. Case rates were calculated across 12 categories of
mental health disorders. While in theater, soldiers’ highest rates were for
stress reactions and adjustment disorders, depression, anxiety, and sleep dis-
orders. The lowest rates in theater were for psychosis, bipolar, somatic, and
eating disorders. Notably, female soldiers had higher rates than their male
counterparts for disorders in each of the 12 diagnostic categories. Results
provide crucial information to aid in decision making about necessary inter-
ventions and provider competencies in deployed settings. Knowledge gained
from these data may improve force readiness, help lessen disease burden, and

inform military policy and prevention efforts.

ental health is a significant con-

cern within the U.S. military, and

service members are at substantial
risk for developing an array of mental health
conditions including anxiety, depression,
stress/adjustment issues, and sleep-related
disorders."* Approximately 20% of the active
duty population was diagnosed with at least
1 mental health disorder in 2016.> Impor-
tantly, these mental health issues affect not
only force health and readiness but also con-
tribute to the morbidity, hospitalization, and
overall attrition of military personnel.**

To date, most research examining rates
of mental health diagnoses in the military
has been conducted post-deployment (e.g.,
Hoge et al”). Despite high rates of mental
health disorders after deployment™ (e.g.,
7% depression and 11% posttraumatic stress
disorder [PTSD] estimated from the Post-
deployment Health Assessment®), few stud-
ies have examined the rates at which service
members are diagnosed with a mental
health disorder while deployed. Wojcik and
colleagues evaluated in-theater diagnoses

November 2022 Vol.29 No.11 MSMR

among soldiers deployed to an overseas con-
tingency operating area between September
2001 and December 2004.° The most fre-
quent diagnoses were mood, adjustment,
and substance-abuse disorders. White,
female, enlisted soldiers were among those
at highest risk for nearly all mental health
disorders examined in the Wojcik study.
However, these rates were assessed only as
they related to psychiatric hospitalizations,
thus providing insight only into the inci-
dence of diagnoses severe enough to warrant
inpatient care. Larson and colleagues also
examined in-theater diagnoses and found
the most frequently diagnosed disorders
were, in descending order, anxiety (includ-
ing acute stress disorder and PTSD), adjust-
ment, and mood disorders.”” Their results
were limited in that they examined diag-
noses across 1 year (January 2006 to Feb-
ruary 2007) in a single division (1* Marine
Division) deployed to 1 province in Iraq
(Al Anbar). However, both of these studies
further support the evidence that rates of
diagnosis of mental health disorders in the

What are the new findings?

The disorders with the highest case rates in-
theater included stress reactions/adjustment
disorders, depression, anxiety, and sleep dis-
orders, followed by PTSD and ADD/ADHD.
Of particular note, in each of the 12 diagnos-
tic categories examined, female soldiers had
consistently higher rates than their male coun-
terparts.

What is the impact on readiness

and force health protection?

These results emphasize the crucial need for
in-theater behavioral health providers to be
competent in the delivery of effective, short-
term treatments for stress, anxiety, depres-
sion, and sleep disruptions. Further, these
findings may contribute to the development of
new policies and interventions to better pre-
pare, support, and treat soldiers during de-
ployments.

U.S. military population differ by sex*!' and
racial/ethnic background of the patient.*

Deployed service members regularly
undergo demanding and stressful experi-
ences that can contribute to mental health
difficulties. Furthermore, service members
with previous deployments are more fre-
quently utilizing mental health care ser-
vices in-theater’ Using prevalence rates
after deployment as a proxy for the mental
health status of deployed personnel ignores
a wealth of important information about the
disease burden and resources necessary to
care for deployed service members. A thor-
ough evaluation of in-theater mental health
status is vital to understanding force readi-
ness, informing military medical planning,
developing prevention efforts, and reduc-
ing potential risk. Therefore, this study
examines the rates of mental health diag-
noses in deployed active duty U.S. soldiers
and examines related sociodemographic
characteristics.
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Methods

Participants

Data were drawn from the Army Ana-
Iytics Person-Event platform of military
personnel datasets, including the Defense
Manpower Data Center (DMDC) Con-
tingency Tracking System (CTS), Active
Duty Personnel Master files, and medical
records from both the Military Health Sys-
tem (MHS) Data Repository and the Theater
Medical Data Store (TMDS™). The eligible
study cohort consisted of 530,404 unique
active duty service members in the U.S.
Army who were deployed to an overseas
contingency operations area between calen-
dar years 2008 and 2013. This calendar time-
line was selected to capture years of elevated
deployments during contingency opera-
tions. This study assessed members of the
Army, as this branch has consistently had
the greatest number of personnel deployed
and the highest percentage of active duty
members diagnosed with a mental health
condition over the past several years.?

Procedures

A CTS deployment event is defined as
a service member who is physically located
within a designated combat zone/area
of operation or a member who has been

specifically identified by their service as
directly supporting the contingency opera-
tion’s mission. Overseas contingency oper-
ations are military operations designated
by the Secretary of Defense in which armed
forces are or may become involved in mil-
itary actions, operations, or hostilities. All
deployment event records are included
in this study without any restrictions to a
specific location and may involve com-
bat or non-combat activities. Deployment
records containing a begin date variable
and end date variable were used to identify
the date of the first deployment and peri-
ods of deployment from 1 January 2008
to 31 December 2013. Demographic vari-
ables, including military branch of service,
were selected from the DMDC Person-
nel Master file corresponding to the date
of first deployment. Encounter informa-
tion from theater-based medical treatment
facilities was retrieved from the TMDS for
deployed soldiers identified during the
study period. The International Classifi-
cation of Diseases, 9th Revision!? (ICD-
9) diagnosis codes found in the primary
or secondary diagnostic position of the
TMDS medical record were used to cre-
ate 12 different mental health categories
for each soldier (Table 1). These categories
were developed based on the grouping of
diagnoses in the Diagnostic and Statistical
Manual of Mental Disorders Fifth Edition
(DSM-5)* and then cross-referenced with

TABLE 1. ICD-9 diagnostic codes for classification of mental health disorders

Mental health disorder
Schizophrenic disorders, psychosis, and paranoia

295.00 - 295.95; 297.0 - 298.9

the extant literature on military mental
health to eliminate disorders with little rel-
evance (e.g., autism spectrum disorder). To
obtain counts of mental health disorders,
dichotomous indicators (0: not diagnosed;
1: diagnosed) were set for each calendar
year according to these mental health cat-
egorization definitions. A case was defined
as any documentation of a mental health
condition within the calendar year. There-
fore, a soldier may appear within multiple
diagnostic categories and multiple years.

Data analysis

Summary tables were generated,
which captured counts by calendar year for
deployment, demographic, and diagnostic
variables. The unique number of deployed
soldiers and person-years (p-yrs) spent
deployed were calculated by calendar year.
Due to limitations of the data, diagnos-
tic history could not be determined; thus,
the case rates in this report may reflect
incident, prevalent, or recurrent mental
health disorders based on in-theater diag-
nostic coding. Due to the low frequency of
some disorders, the rates are represented
per 10,000 p-yrs and suppressed for groups
with less than 20 observations to ensure
rate stability.'* Race/ethnicity data were
most affected by this requirement, neces-
sitating the exclusion of many rates due to
low counts.

ICD-9 codes

Bipolar and mania

Depressive disorders

Anxiety disorders

Post traumatic stress disorder (PTSD)
Stress reactions, adjustment disorders
Somatic system disorders

Personality disorders

Sleep disorders

Feeding and eating disorders

Attention deficit hyperactivity disorder/attention deficit disorder

Alcohol and drug related disorders

296.00 - 296.16; 296.40 - 296.81; 296.89; 301.13
296.20 - 296.36; 296.82; 300.4; 311
300.0 - 300.10; 300.20 - 300.3

309.81

308.3 - 309.0; 309.24 -309.28; 309.3 - 309.4; 309.82 - 309.9
300.11; 300.16 - 300.19; 300.7 - 300.89
301.0; 301.20; 301.22; 301.4 - 301.50; 301.6 - 301.83; 301.89 - 301.9

307.40 - 307.47; 307.48
307.1; 307.51

314.00 - 314.01

291.0 - 292.84; 292.9

ICD-9, International Classification of Diseases, 9th Revision.
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Results

Overall findings

There was a case rate of 1,116.6 per
10,000 p-yrs for any mental health disorder.
Rates were lowest in 2008 (801.8/10,000
p-yrs) and increased each year until peak-
ing in 2012 (1,427.3/10,000 p-yrs) before
decreasing in 2013 (1,014.9/10,000 p-yrs)
(Table 2).

Examination of annual rates for the 12
diagnostic categories revealed that 6-year
rates ranged from a low of 1.4/10,000 p-yrs
for eating/feeding disorders to a high of
332.6/10,000 p-yrs for stress/adjustment
disorders. Diagnostic categories could
be roughly divided into those with high
(>150/10,000 p-yrs; sleep, anxiety, depres-
sion, stress/adjustment), moderate (50-
149/10,000 p-yrs; PTSD, ADHD/ADD),
low (10-49/10,000 p-yrs; alcohol/drug, per-
sonality), and very low (<10/10,000 p-yrs;
schizophrenia, bipolar, somatic, eating/
feeding) rates. Rates of the 6 most com-
mon categories (high/moderate) tended to
increase each year from 2008, peaking in
2012, and decreasing slightly in 2013 (Fig-
ure 1). The less frequent disorders tended
to peak earlier (2009/2010) and have lower
rates in ensuing years (Table 2).

Sex and race patterns in diagnostic categories

In each diagnostic category, female
soldiers had a greater case rate than their
male counterparts (Figure 2). This pattern
was apparent in the 6-year rates and also
for every annual comparison in which
the count of diagnoses was 20 or more.
Females demonstrated rates of diagno-
ses at least twice those of males for anx-
iety disorders, bipolar/mania, depressive
disorders, personality disorders, somatic
disorders, and stress reactions. Although
some of these differences (e.g., depres-
sion, anxiety) reflect differences observed
in the broader population,'>'® some dif-
ferences stand in striking contrast to
relative prevalence rates in the general
population. For example, ADHD/ADD is
diagnosed more frequently among males
in the general population,' but the rate
among the deployed female soldiers in the

November 2022 Vol.29 No.11 MSMR

FIGURE 1. Annual case rates of the most common mental health disorders, deployed

soldiers, U.S. Army, 2008-2013
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FIGURE 2. Case rates of the most common mental health disorders by sex, deployed sol-

diers, U.S. Army, 2008-2013

800 T
700
600
500
400

300 +

Case rate (per 10,000 p-years

200 +

100 +

mMale
mFemale

'

O_

Stress,
Adjustment

Depressive

Anxiety Disorders Sleep Disorders PTSD

ADHD/ADD

ADHD/ADD, attention deficit hyperactivity disorder/attention deficit disorder; PTSD, post traumatic stress disorder

present study was almost 50% higher than
the rate among males. Similarly, although
sex is generally unrelated to the preva-
lence of personality disorders,® female
soldiers in this study demonstrated a rate
of personality disorder diagnoses almost
four times their male counterparts.

The 6-year annual case rate of nearly
all disorders was higher in non-Hispanic
White soldiers than soldiers in other race/
ethnicity groups. However, schizophrenic

disorders, psychosis, and paranoia had a
higher rate among Hispanic and Black/
African American soldiers. There were
no to negligible differences between the
rates of somatic and stress-related disor-
ders by race and ethnicity groups. Due
to the low rate of feeding and eating dis-
orders, comparative rate assessments by
race cannot be made. Additionally, com-
plete rates for individual race/ethnic-
ity groups were available for the most
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TABLE 2. Case rates of mental health disorders by sex and race/ethnicity, deployed soldiers, U.S. Army, 2008-2013

Alcohol and . . . .
Total drug related Anxnaty ADHD/ADD Blpolar.and Dgpresswe Fgedlqg and
. disorders mania disorders eating disorders
disorders
No. Rate? No. Rate2® No. Rate? No. Rate? No. Rate?® No. Rate? No. Rate?®
Total 60,295 1,116.6 837 155 10,253 189.9 3,503 64.9 413 77 11,480 2126 75 14
Sex
Male 48,216  989.7 737 15.1 8,019 164.6 3,028 62.2 307 6.3 8,673 178.0 NA NA
Female 12,079 2,287.5 100 18.9 2,234 423.1 475 90.0 106 20.1 2,807 531.6 64 12.1
Race/ethnicity group
Non-Hispanic White 41,782 1,207.4 611 17.7 7,294 210.8 2,881 83.3 305 8.8 7,902 228.4 58 1.7
Black or African
American (non- 9,436 958.6 123 12.5 1,396 141.8 239 24.3 60 6.1 1,858 188.8 7 -
Hispanic)
ﬁ:ﬁg‘)(”"”'H'S' 1,559 8019 20 103 240 1235 68  35.0 10 - 317 163.1 0 -
Hispanic 6,113  997.0 64 10.4 1,090 177.8 256  41.8 33 5.4 1,126 183.7 10 -
Other 1,405 954.2 NA NA 233 158.2 59 401 5 - 277 188.1 0 -
aCase rates are presented per 10,000 person-years.
®Rates with less than 20 cases were suppressed.
ADHD/ADD, attention deficit hyperactivity disorder/attention deficit disorder; PTSD, post traumatic stress disorder
TABLE 2 (cont.) Case rates of mental health disorders by sex and race/ethnicity, deployed soldiers, U.S. Army, 2008-2013
Schizophrenic Stress
Total Personality PTSD disorders, Sleep Somatic system reactions,
disorders psychosis, and disorders disorders adjustment
paranoia disorders
No. Rate? No. Rate*®  No. Rate® No. Rate*®  No. Rate® No. Rate*® No. Rate®
Total 60,295 1,116.6 1,201 222 4,207 779 411 76 9,788 1813 170 3.2 17,957 3326
Sex
Male 48,216 989.7 850 17.5 3,632 74.6 358 74 8,181 1679 131 27 14,289 293.3
Female 12,079 2,287.5 351 66.5 575 108.9 53 10.0 1,607 304.3 39 7.4 3,668 694.7
Race/ethnicity group
Non-Hispanic White 41,782 1,207.4 838 24.2 2,890 83.5 231 6.7 6,741 194.8 111 3.2 11,920 3445
Black or African
American (non- 9,436 958.6 195 19.8 644 654 101 10.3 1,545 157.0 30 3.1 3,238 328.9
Hispanic)
QZ:]"’;Q)(”O”'H'S' 1559 8019 20 103 80 412 19 - 261 1343 4 - 520 2675
Hispanic 6,113 997.0 125 204 473 771 51 8.3 957  156.1 20 &3 1,908 311.2
Other 1,405 954.2 23 15.6 120 81.5 9 - 284 1929 5 - 371 251.0

aCase rates are presented per 10,000 person-years.
b Rates with less than 20 cases were suppressed.

ADHD/ADD, attention deficit hyperactivity disorder/attention deficit disorder; PTSD, post traumatic stress disorder

common diagnoses. Rates for all disor-
ders (i.e., anxiety disorders, ADHD/ADD,
PTSD, depressive disorders, stress reac-
tions/adjustment disorders) were highest
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among non-Hispanic White soldiers.
Black/African American soldiers had the
lowest rates of ADHD/ADD; Asian sol-
diers had the lowest rates of PTSD and

anxiety, depressive, and sleep disorders;
and patients with “other” race/ethnicity
had the lowest rates of stress reactions/
adjustment disorders.
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Editorial Comment

The present study reports case rates
of psychiatric disorders among U.S. Army
personnel deployed to an overseas contin-
gency operation area from 2008 through
2013. These rates were based on in-the-
ater diagnostic codes, and thus represent
incident, prevalent, or recurrent disease.
Results highlight several important aspects
regarding psychiatric disorders among mil-
itary personnel. The most common dis-
orders (>180/10,000 p-yrs) were stress/
adjustment, depression, anxiety, and sleep.
In contrast, the study found very low
case rates (<10/10,000 p-yrs) of psycho-
sis, bipolar, somatic, and eating disorders.
These findings provide vital information
in regards to the training and deployment
of mental health providers and support
assets into theater. Specifically, deploy-
ing mental health clinicians need to be
trained and competent in the delivery of
effective, short-term treatments for stress,
anxiety, depression, and sleep disruptions.
Future studies may examine the incidence
of in-theater diagnoses, as well as the men-
tal health and career trajectories of service
members who receive in-theater diagnoses.

Consistent with the current findings,
a previous study found rates of adjustment
disorders, PTSD, anxiety, depression, and
personality disorders to be higher among
female recruits attending basic training;"
however, there were no noted differences
between males and females in rates of alco-
hol abuse/dependence, schizophrenia, or
other psychoses in this earlier study.” The
authors noted that the lack of difference in
substance disorders may have been due to
the stringent requirements against alcohol
use during basic training." Among active
duty service members receiving care from
or reimbursed by the Military Health Sys-
tem between 2000 and 2011, female service
members were diagnosed with adjust-
ment, personality, depressive, and anxiety
disorders at a higher rate than their male
counterparts.”® In contrast to the current
study’s findings, these researchers found
that males were diagnosed more frequently
with PTSD and alcohol/substance abuse.
As in the current study, adjustment and
depressive disorders were among the two
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most frequently diagnosed mental health
disorders® and reasons for mental health
hospitalizations” among service mem-
bers in the active component of the U.S.
Armed Forces. As noted above, some esti-
mates suggest 7% of service members have
depression and 11% experience PTSD fol-
lowing deployments.® The observed rates of
PTSD (0.8%) and depression (2.1%) in the
present study were much lower.

As in prior studies of military medical
records,” adjustment disorders were diag-
nosed at a greater rate than other disorders.
The case rate of stress/adjustment disorders
(332.56/10,000 p-yrs or 3.3%) in the pres-
ent sample is strikingly high given that esti-
mates of adjustment disorder in the general
population tend to be around 1%.% 1t is
likely that these rates reflect the high stress
conditions inherent in deployments. How-
ever, it is possible some of these diagnoses
may be given as a proxy for other diagnoses
such as PTSD.” However, an adjustment
disorder diagnosis may be given prior to
these diagnoses® to reflect the acute period
of stress experienced during a deployment,
as adjustment disorder diagnoses are only
appropriate for the 6-month period follow-
ing the stressor. In addition to the potential
stress of combat operations, it is likely some
of these cases reflect difficulties in adjust-
ing to deployment away from family and
support systems as well as stress associated
with problems “on the home front” Addi-
tional research into the nature and reac-
tions to different stressors while deployed
is warranted. Further, better understand-
ing of the stressors leading to significant
adjustment problems could provide insight
into the potential challenges of providing
care to these service members when they
return from deployment.

The present finding that female sol-
diers had 2.3 times the rate of diagnoses
compared to male soldiers, considering
all diagnostic groups and years, necessi-
tates further study. Previous studies have
found higher rates of psychiatric diagno-
sis among female service members,*'" but
the present results are notably different. For
example, research indicates that male ser-
vice members utilized more mental health
services in proportion to their total out-
patient and inpatient encounters for the
middle (17.0%) and last 6 months (35.6%)

of service compared to females (15.1%
and 32.4%, respectively).”* Also, previous
research found female service members
were hospitalized for adjustment disorder,
PTSD, depression, and bipolar disorder
at higher rates, but male service members
were hospitalized at greater rates for alco-
hol and substance use/abuse disorders.”
In the present study female soldiers had
a 25% greater rate of diagnosis with alco-
hol/substance use disorders than male
soldiers. Similarly, when considering the
general population, the DSM-5 suggests
that ADHD is 1.6 times more likely to be
diagnosed in male adults than in female
adults,” but the observed rates of ADHD/
ADD were nearly 45% times higher among
female soldiers than their male counter-
parts. The findings from this study are
consistent with those of Williams and col-
leagues® who found female service mem-
bers were medically evacuated from theater
for a mental health reason at a rate 64%
greater than that of their male counter-
parts. Understanding the reasons for the
variability in rates in the deployed setting is
critical to enhancing support for important
sections of the DOD workforce, as close
to 17% of the active duty DOD workforce
identify as female.?

The nature of the present data suggest
several possibilities for this difference that
should be explored. First, deployed female
soldiers may actually experience more men-
tal health problems than their male peers.
Among female service members, combat
stress, military sexual trauma, family sepa-
ration, and reintegration post-deployment
are significant stressors” that contribute
to MH disorders.®** Second, female sol-
diers may be more likely than their male
counterparts to seek help for mental health
issues, an idea consistent with findings that
female service members are more likely to
receive MH care.” Similarly, among active
duty combat veterans screening positive for
PTSD, major depressive disorder (MDD),
or generalized anxiety disorder (GAD),
women and veterans of color, compared to
men and White veterans, were more inter-
ested in receiving care.” Finally, health
care providers may be more likely to psy-
chiatrically diagnose deployed female sol-
diers compared to male soldiers due to
sex-based biases. Implicit biases among
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primary care physicians resulted in female
patients receiving less accurate diagnoses,
made with less confidence, and less appro-
priate treatment recommendations than
male patients.”® Addressing these possibili-
ties would require unique policy, training,
and clinical interventions.

Due to small case counts for some dis-
orders, it was not possible to examine rates
for individual race/ethnicity groups; rates
were presented for the 6 most frequently
diagnosed disorders for which the data
permitted computation of all race/ethnicity
groups. Non-Hispanic White soldiers were
consistently diagnosed at greater rates than
all other race/ethnicity groups, consistent
with previous studies of military medical
records.?3

Though the ability to analyze data
from all Army personnel deployed to con-
tingency operation areas during a 6-year
period represents a notable strength of the
current study, the reliance on medical record
data from theater-based military treatment
clinics and hospitals also creates some chal-
lenges. First, because the rates used in the
present study require that a soldier seek
treatment and have a mental health diag-
nosis coded into TMDS to be considered a
case, it is inevitable that the case rate identi-
fied in the present study underestimates the
actual rate of psychiatric illness. Although
clinical diagnoses provide benefits relative
to self-reported symptoms, the data offer
no means to assess the validity of the diag-
noses made or that diagnoses were reliably
entered into the system and therefore avail-
able for analysis. Second, the diagnostic cat-
egories used in the present study are based
on the ICD-9, which was in use within the
military health care system at the time the
data were collected. Results may differ with
other diagnostic frameworks (e.g., DSM-
5, ICD-10/11). Finally, the use of archived
medical record data limits our ability to
examine factors that may contribute to the
reported results. This examination of rates
defines a case as any documentation of a
mental health condition within the calen-
dar year in the primary or secondary diag-
nostic position, consistent with Hepner and
colleagues.® This definition was selected so
that these rates may be as inclusive as pos-
sible. However, future studies may con-
sider using other definitions with a more
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stringent criteria to increase confidence in
the accuracy of the diagnosis (e.g., one pri-
mary inpatient diagnosis or two primary
outpatient diagnoses documented within
30 days of each other).

Despite the limitations inherent in
working with archived medical records and
unvalidated diagnoses, the present results
provide vital insight into the mental health
issues that arise and require treatment dur-
ing deployments—conditions that provid-
ers should be prepared to diagnose and treat
in the context of ongoing contingency oper-
ations. These rates provide a general frame-
work for understanding case rates of mental
health disorders among soldiers deployed
into combat. Future studies should consider
important demographic, psychological
health, and calendar factors such as opera-
tions tempo that may influence rates of dis-
orders. Additionally, future studies would
be strengthened by consideration of pre-
existing diagnostic status, which the pres-
ent study was unable to examine. A more
comprehensive understanding of the causes
of the apparent differences across demo-
graphic groups will contribute to the devel-
opment of new approaches and policies to
better prepare, support, and treat soldiers
during overseas deployments.
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Brief Report: Pediatric Vaccine Completion and Compliance Among
Infants Born to Female Active Duty Service Members, 2006-2016
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otavirus gastroenteritis is the leading
Rcause of diarrhea-associated mor-

bidity and mortality among children
under age 5 worldwide.! RotaTeq vaccine
was approved in 2006 for the prevention of
rotavirus gastroenteritis in infants 6 to 32
weeks of age, followed by Rotarix in 2008.
However, vaccination coverage for chil-
dren aged 19-35 months remained well
below 50% in the United States (U.S.) in
2009 and rose to only 73% in 2017.> In con-
trast, vaccination coverage for inactivated
polio virus (IPV) and diphtheria, tetanus,
and acellular pertussis (DTaP), two long-
standing and highly trusted pediatric vac-
cines, averaged 93% and 84%, respectively,
between 2009 and 2017.> Even when vac-
cine acceptance is high, degree of delay is
of concern: A national study of children
born between 2004 and 2008 reported that
49% were undervaccinated for at least 1 day
before age 24 months.?

There is a paucity of published research
on recent pediatric vaccine coverage among
military beneficiaries. A 2015 study identi-
fied military children as potentially at risk
for lower vaccination rates than their civil-
ian counterparts: 28% of military depen-
dents vs 21% of all other children aged
19-35 months had not completed the rec-
ommended immunization series.* Notably,
this study relied on data reported by pri-
mary care providers. As military beneficia-
ries are more likely to move and may access
care at both military and civilian facilities,
the information provided by a single pro-
vider may be incomplete. No prior study of
military beneficiaries has examined timeli-
ness of pediatric vaccinations relative to the
recommended age of vaccination.

The present study used the Military
Health System (MHS) immunization regis-
try and medical encounter data to assess: 1)
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rotavirus vaccine coverage relative to IPV
and DTaP vaccines and 2) trends in pedi-
atric undervaccination among a population
of infants born to female active duty service
members.

Methods

Department of Defense Birth and
Infant Health Research (BIHR) program
data were used to identify infants born to
female active duty service members from
2006 through 2016.° The BIHR program is
an ongoing population-based surveillance
and research effort that identifies and fol-
lows infants born to military families (i.e.,
TRICARE beneficiaries). BIHR data con-
sist of military demographic and person-
nel data from the Defense Manpower Data
Center and the Defense Enrollment Eligi-
bility Reporting System, and administra-
tive medical encounter data from the MHS
Data Repository. Same-sex multiple births
are excluded from BIHR data due to diffi-
culty distinguishing their neonatal medi-
cal records. Infants included in the present
study were required to be enrolled in TRI-
CARE within the first 12 months of life and
then continuously enrolled until 24 months
of age.

Immunization status was principally
assessed using the MHS immunization
database, which is populated with immu-
nizations given at military clinics. These
data were supplemented with immuniza-
tions identified using Current Procedural
Terminology codes (90680, 90681, 90713,
90696, 90697, 90698, 90723, 90700) in out-
patient health care records from military
clinics and civilian facilities. Completion
of rotavirus (2 doses), IPV (3 doses), and
DTaP (4 doses) vaccination was assessed

by 24 months of age. Vaccine compliance
was assessed by additionally applying the
Advisory Committee on Immunization
Practices childhood immunization sched-
ule (Table 1).° Doses received early were
not considered, while those received after
the recommended vaccination window
were recorded as delayed and not compli-
ant. Due to limited information on vaccine
product in the MHS database, the 2 dose
Rotarix requirement (vs the 3 dose RotaTeq
requirement) was applied for rotavirus vac-
cine completion and compliance.

Service member (sponsor) factors of
interest included age at delivery (18-24,
25-29, 30-34, or 35+ years), race and eth-
nicity (American Indian or Alaska Native,
Asian or Pacific Islander, Hispanic, non-
Hispanic Black, non-Hispanic White, or
other/unknown), marital status (mar-
ried or unmarried/unknown), military
rank (enlisted or officer), service branch
(Air Force, Army, Coast Guard, Marine
Corps, or Navy), and deployment within
24 months postpartum (yes or no). Health
care factors of interest included birth loca-
tion (civilian facility or military clinic), pri-
mary well-child care location (according to
the location of the majority of care, either at
civilian facilities or military clinics), change
of well-child care location (by catchment
area) before age 24 months (yes or no), and
infant enrollment type (TRICARE Prime
or other).

Completion and compliance were cal-
culated annually (2006-2016), overall, and
by sponsor and health care characteristics.
For calculations by sponsor and health
care characteristics, rotavirus vaccine was
required among infants born after 2008.
All data management and descriptive sta-
tistical analyses were conducted using SAS,
Version 9.4 (SAS Institute, Inc.).
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TABLE 1. Criteria used to evaluate compliance with childhood vaccination schedule
and calculate days undervaccinated?

- Recommended Minimum acce;';/thant:rlzl';rr::erval Age }Nhgn under-
Vaccination dose  age per ACIP acceptable age vaccination count
(months) (days) between doses  jiatade (days)
(days)

Rotavirus®

Dose 1 2 38 93

Dose 2 4 66 24 154

Dose 3 6 94 24 215
IPV

Dose 1 2 38 93

Dose 2 4 66 24 154

Dose 3 6-18 94 24 580
DTaP

Dose 1 2 38 93

Dose 2 4 66 24 154

Dose 3 6 94 24 215

Dose 4 15-18 361 179 580

aCriteria based on Glanz, 2016°

"The latest age a child can receive the first dose of Rotavirus, IPV, and DTaP vaccines on time per the ACIP
schedule is 92 days.

°Rotavirus vaccine should not be administered past age 252 days.

ACIP, Advisory Committee on Immunization Practices

Results

Overall, 103,522 infants were identi-
fied for vaccination assessment. Rotavirus
vaccine completion increased from 2007
(the first full year after vaccine approval)
to 2016 (2007: 65.0%, 2016: 92.4%; Figure);

however, the rate of uptake slowed after
2009 and completion never achieved levels
of IPV, which remained consistently high
throughout the study time frame (2006:
87.0%, 2016: 95.2%). After 2007, vaccine
completion was lowest for DTaP (2008:
76.5%, 2016: 85.5%), and DTaP compliance

only reached 62.3% in 2016. Low DTaP
compliance was due in large part to 14.5%
of infants not receiving the fourth dose
of the vaccine and another 8.6% with no
previous delays in vaccination receiving
the fourth dose after age 15-18 months.
For infants born between 2014 and 2016,
approximately 40% remained underva-
ccinated for at least 1 day before age 24
months, and 12.5% were undervaccinated
for more than 6 months.

Vaccination coverage varied by select
sponsor and health care characteristics,
particularly for incomplete vaccination sta-
tus (Table 2). Infants born to older service
members, service members of officer rank,
and service members who did not deploy
within 24 months postpartum were more
likely to be completely vaccinated with-
out delays (35+ vs 18-24 years: 58.1% vs
46.7%; officer vs enlisted: 62.3% vs 49.8%;
not deployed vs deployed: 53.2% vs 45.0%).
Asian or Pacific Islander service members
had the highest rate of infant non-delayed
vaccine completion (54.7%), followed by
non-Hispanic White and Hispanic ser-
vice members (52.7% and 52.5%, respec-
tively). Non-Hispanic Black and American
Indian or Alaska Native service members
had the lowest rates of non-delayed vac-
cine completion (49.8% and 46.4%, respec-
tively). Infants born to service members in
the Army were more likely to complete all

FIGURE. Percentage of infants born to active duty service members who complete and are compliant with pediatric vaccine recommenda-
tions, by vaccine series, and overall, Department of Defense Birth and Infant Health Research program data, 2006-2016 (n=103,522)
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TABLE 2. Frequency and percentage of infants with complete, non-delayed; complete, delayed; and incomplete vaccination status
at 24 months of age, by sponsor and health care characteristics, Department of Defense Birth and Infant Health Research program
data, 2006—2016

Vaccination status®

Characteristic Totale Complete, .non.-delayed Completg, dglayed Incomplgte
vaccination vaccination vaccination
No. % No. % No. % No. %
Total 103,522 100.0 53,653 51.8 27,005 26.1 22,864 221
Age at infant birth
18-24 years 39,897 38.5 18,617 46.7 10,736 26.9 10,544 26.4
25-29 years 32,684 31.6 17,339 53.1 8,522 26.1 6,823 20.9
30-34 years 20,687 20.0 11,742 56.8 5,172 25.0 3,773 18.2
35+ years 10,254 9.9 5,955 58.1 2,575 251 1,724 16.8
Race and ethnicity
American Indian or Alaska Native 2,191 2.1 1,016 46.4 573 26.2 602 27.5
Asian or Pacific Islander 6,988 6.8 3,820 54.7 1,772 254 1,396 20.0
Hispanic 15,932 15.4 8,362 52.5 4,313 271 3,257 20.4
Non-Hispanic Black 27,685 26.7 13,785 49.8 7,762 28.0 6,138 22.2
Non-Hispanic White 47,032 454 24,783 52.7 11,679 24.8 10,570 22.5
Other/Unknown 3,694 3.6 1,887 51.1 906 24.5 901 244
Marital status
Married 79,095 76.4 41,650 52.7 20,411 25.8 17,034 21.5
Unmarried/Unknown 24,427 23.6 12,003 49.1 6,594 27.0 5,830 23.9
Military rank
Enlisted 86,469 83.5 43,036 49.8 23,264 26.9 20,169 23.3
Officer 17,053 16.5 10,617 62.3 3,741 21.9 2,695 15.8
Service branch
Air Force 33,655 32.5 16,931 50.3 9,111 271 7,613 22.6
Army 35,152 34.0 19,377 55.1 9,301 26.5 6,474 18.4
Coast Guard 2,619 2.5 1,076 411 545 20.8 998 38.1
Marine Corps 6,910 6.7 3,600 52.1 1,627 23.5 1,683 24 .4
Navy 25,186 243 12,669 50.3 6,421 25.5 6,096 24.2
Deployment within 24 months postpartum
No 86,120 83.2 45,820 53.2 21,906 254 18,394 21.4
Yes 17,402 16.8 7,833 45.0 5,099 29.3 4,470 25.7
Infant birth location
Civilian facility 31,903 30.8 15,900 49.8 8,196 25.7 7,807 24.5
Military clinic 71,619 69.2 37,753 52.7 18,809 26.3 15,057 21.0
Primary well-child care location
Civilian facilities 18,156 17.5 8,934 49.2 3,773 20.8 5,449 30.0
Military clinics 85,366 82.5 44,719 52.4 23,232 27.2 17,415 20.4
Change of well-child care location
No 40,250 38.9 21,082 52.4 9,753 24.2 9,415 23.4
Yes 63,272 61.1 32,571 51.5 17,252 27.3 13,449 213
Infant enrollment type
TRICARE Prime 102,476 99.0 53,285 52.0 26,857 26.2 22,334 21.8
Other 1,046 1.0 368 35.2 148 14.1 530 50.7
2 Results presented as a column percentage.
® Results presented as a row percentage.
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vaccinations on time relative to other ser-
vice branches (55.1%), while infants born
to Coast Guard branch members were the
least likely to have complete, non-delayed
vaccination (41.1%). Infants who primarily
received care at military clinics versus civil-
ian facilities were more likely to experience
delays in vaccination (27.2% vs 20.8%), but
less likely to be incomplete with their vac-
cinations at 24 months (20.4% vs 30.0%).
Vaccination coverage was similar by mari-
tal status, infant birth location, and change
of well-child care location. Although sam-
ple size was small, incomplete vaccina-
tion appeared more likely among infants
enrolled in other types of TRICARE versus
those enrolled in TRICARE Prime.

Editorial Comment

Rotavirus vaccination of infants born
to active duty service members commenced
in 2006, following RotaTeq approval. By
2009, rotavirus vaccine completion among
these military dependents had surpassed
that observed nationally for children aged
19-35 months (83.5% vs 43.9%). Although
the gap had narrowed by 2016, the infants
in this study continued to exhibit higher
vaccine completion (92.4% vs 74.1%).? IPV
and DTaP vaccine series completion began
below national rates but achieved compara-
ble levels by 2012, with coverage exceeding
national rates after 2013.! Despite overall
improvements in vaccine series comple-
tion, incomplete and delayed vaccination
remained prevalent for DTaP and varied
by select characteristics: some differences
paralleled national findings (e.g., by mater-
nal age and race and ethnicity);**” others
were distinct to the active duty population
(e.g., by military rank, service branch, and
deployment status).

The present work adds to the literature
on childhood vaccination among military
dependents. Findings corroborate prior
vaccine completion estimates of 84.0-
85.7% for 24-month-old military depen-
dents;** however, there were also stark gaps
between vaccine completion and compli-
ance. Differences by demographic char-
acteristics indicate the need for improved
communication between providers and

November 2022 Vol.29 No.11 MSMR

parents, while those by primary care loca-
tion underscore the need for improved
data and information flow between civilian
and military health care providers.'® Rela-
tively low vaccine completion rates among
infants born to Coast Guard and deployed
sponsors may be related to unique barri-
ers to coordinated care for these infants,
including fragmented care and childcare
challenges associated with living in remote
or geographically isolated areas.!®'? Recent
evidence suggests vaccine hesitancy may be
increasing in the U.S.,” including within
the MHS: parental hepatitis B vaccina-
tion refusal rates for infants born in the
MHS increased from 2014 to 2018, despite
a concurrent increase in vaccination cov-
erage." Provider-parent communication
about vaccine significance and safety, and
provider attention to access-related barri-
ers are therefore increasingly important for
vaccine series compliance.

In this study, detailed infant vaccina-
tion records and continuous TRICARE
enrollment enabled ascertainment of tim-
ing and type of vaccination. Although
capture of vaccination status is therefore
presumed close to comprehensive, it is pos-
sible that some vaccinations, e.g., those
received at civilian inpatient facilities, were
not documented in the immunization
record. This may in part explain higher
incompletion rates among infants whose
well-child care visits were predominantly
at civilian facilities. As rotavirus measure-
ment did not account for the fact that the
RotaTeq vaccine requires a third dose,
true coverage (i.e., receipt of all rotavirus
doses in the series) may also be lower than
reported here.

Military providers should continue to
promote rotavirus vaccination alongside
vaccination for IPV and DTaP, and ensure
infants return for a care visit during the 15-
to 18-month age window in order to remain
compliant with the DTaP series. Additional
work is needed to understand the causes of
delayed vaccination and identify opportu-
nities for delay prevention.
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Recommended Child and Adolescent Immunization Schedule for ages 18 years or younger, United States, 2022

These recommendations must be read with the notes that follow. For those who fall behind or start late, provide catch-up vaccination at the earliest opportunity as indicated by the green bars.
To determine minimum intervals between doses, see the catch-up schedule (Table 2).

7-10yrs |11-12yrs|13-15yrs

Hepatitis B (HepB) 1"dose  «—-- 2" dose - -3 do:
(RV): RV1 (2-do: ies), 3 o A
RV5 (3-dose series) lidoss) [ankioel peetiotes

Dij i i . : :

(©TaP <7 yrs) RO i) T - i - S
I " " i 34or 4™ dose,,

Haemophilus influenzae type b (Hib) 1*dose 2dose SeeNotes '_SeeN m-?

Pneumococcal conjugate (PCV13) 1*dose  2™dose 37 dose - 44" dose —» _

Inactivated poliovirus : = =

e S S S—

Influenza (IIV4) Annual vaccination 1 or 2 doses Annual vaccination 1 dose only

Annual vaccination

Influenza (LAIV4) 1 or2 doses Annual vaccination 1 dose only

Tetanus, diphtheria, acellular pertussis - .
(o273 —
Human papillomavirus (HPV) -: Nietis _

Meningococcal (MenACWY-D 29 mos,
MenACWY-CRM =2 mos, MenACWY-TT 1* dose
>2years)

Meningococcal B (MenB-4C, MenB-

§

FHbp)
Pneumococcal polysaccharide
(PP5V23)
Dengue (DEN4CYD; 9-16 yrs) Ser'opositiwksi:':m;c areas only
Range of recommended Range of recommended ages Range of recommended ages 1757 Recommended vaccination Recommended vaccination based No recommendation/
ages for all children for catch-up vaccination for certain high-risk groups .4 can begin in this age group on shared clinical decision-making not applicable
https://www.cdc.gov/vaccines/schedules/downloads/child/0-18yrs-child-combined-schedule.pdf
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