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The Association of Deployment-related Probable Traumatic Brain Injury

with Subsequent Medical Readiness Status
Andrew ]. MacGregor, PhD; Amber L. Dougherty, MPH; James M. Zouris, MS; Sarah M. Jurick, PhD

Traumatic brain injury (TBI) has been a major source of morbidity within
military forces during the last 2 decades, but research on the relationship
between TBI and medical readiness is limited. This study population
included 41,442 service members from the U.S. Navy and Marine Corps who
completed a Post-Deployment Health Assessment (PDHA) and a Periodic
Health Assessment (PHA). Presence of TBI was ascertained from a screening
instrument on the PDHA, and provider determination of medical readiness
was abstracted from the PHA. Multivariable logistic regression assessed
the association between probable TBI and ‘not medically ready’ (NMR)
service member disposition while adjusting for covariates. Overall, 1.8% of
the study population screened positive for TBI, and individuals with TBI
had a significantly higher prevalence of NMR disposition (7.8%) than those
without (3.7%). After adjusting for all covariates, TBI was associated with
higher odds of post-deployment NMR disposition (odds ratio 1.5; 95%
confidence interval, 1.2-2.0). Deployment-related TBI is associated with
medical readiness. Future studies are needed to elucidate the TBI sequelae

that may lead to NMR disposition as well as the impact of repeated TBIs.

raumatic brain injury (TBI) is a
I prevalent condition in the U.S. mili-
tary. It is estimated that as many as
1 in 5 service members experienced pos-
sible TBI during combat deployment in
Iraq and Afghanistan.! This estimate was
primarily attributed to the widespread use
of blast weaponry by the enemy, which
caused more than 70% of combat casual-
ties.? New research suggests that the risk of
TBI among military personnel may be even
higher in conflicts with “near peer” adver-
saries and more advanced weapons.’
Besides combat operations, TBI can
also occur in military personnel as a result
of training, accidents, sports activities,
and occupational exposure (e.g., low-level
blasts).*” The TBI Center of Excellence
reported 485,553 TBI incidents between
2000 and the second quarter of 2023.% TBI
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is an important medical condition for mili-
tary leadership to consider during times of
war and peace.

Sequelae of TBI include neurological,
physical, sensory, and psychological com-
plaints that can often co-occur, sometimes
leading to multimorbidity.>'® This includes
a strong association with post-traumatic
stress disorder (PTSD), an anxiety disor-
der resulting from exposure to a traumatic
event, which can complicate TBI treat-
ment."! TBI among military personnel may
have an extended symptom course com-
pared to the anticipated recovery trajec-
tory,'? even showing a deleterious effect on
quality of life several years after the injury.”

Health care costs associated with TBI
are also significant. A recent study esti-
mated that the median cost of combat-
related TBI during the first year after injury

What are the new findings?

This study identified 54% increased odds of
‘not medically ready’ disposition for military
personnel with probable traumatic brain injury
(TBI) following deployment, after adjusting for
post-traumatic stress disorder and other co-
variates.

What is the impact on readiness
and force health protection?

This analysis measures the association of TBI
with medical readiness, which could inform
future TBI screening, referral, and patient
management protocols. Awareness of this
association is particularly important in times
of high operational tempo, during which
maintaining force readiness through multiple
deployment cycles is imperative.

was $129,655 for moderate-to-severe TBI
and $74,810 for mild TBL* although this
did not account for the financial impact of
TBI on readiness (i.e., ability of military
personnel to deploy in support of opera-
tions). With an all-volunteer force and
recent lags in recruiting,”” maintaining
medical readiness among current military
service members is essential.

There is a gap in the literature on
the association between TBI and medi-
cal readiness, and quantifying this issue
is essential for advising medical plan-
ners, clinicians, and policy-makers. The
objective of this study was to examine the
association between deployment-related
TBI and post-injury not medically ready
(NMR) disposition. Two standardized
health questionnaires, the Post-Deploy-
ment Health Assessment (PDHA) and the
Periodic Health Assessment (PHA), were
used to identify TBI and NMR disposition,
respectively.
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Methods

Data were abstracted from the PDHA
and PHA for service members in the Navy
and Marine Corps. The PDHA is a screen-
ing questionnaire given to personnel at the
conclusion of deployment, with questions
on a variety of deployment-related health
issues including TBI and PTSD.!* The PHA
is an annual health questionnaire for all
service members that features a provider
determination of medical readiness status."”

For personnel with at least 1 com-
pleted PDHA (DD FORM 2796, Oct. 2015)
between January 1, 2016 and Decem-
ber 31, 2019, the most recent PDHA was
selected. These data were linked to the first
PHA (DD FORM 3024, Apr. 2016) that
was completed and certified by a health
care provider within 18 months after the
completion of the selected PDHA. This
methodology resulted in an initial study
population of 42,914. A total of 1,472 per-
sonnel were excluded from analysis due to
missing data for independent or dependent
variables, leaving a final study population
of 41,442.

Presence of TBI was measured using
a PDHA screening instrument that is
based on the Brief Traumatic Brain Injury
Screen.’® This screening instrument asks
respondents if they experienced an injury
event (e.g., blast or explosion, vehicu-
lar accident or crash, fragment or bullet
wound, or other injury) and whether that
injury event resulted in a loss or alteration
of consciousness. Those endorsing both an
injury event and a loss or alteration of con-
sciousness were classified as “TBI screen
positive’, i.e., probable TBI. PTSD was also
measured on the PDHA using the Primary
Care PTSD Screen, on which endorsement
of 2 of the 4 PTSD questions indicated a
PTSD screen positive."

NMR disposition and all other covari-
ates were abstracted from the PHA. Pres-
ence of NMR disposition was obtained
from the Individual Medical Readiness
Disposition Determination section on
the PHA completed by a health care pro-
vider. NMR is defined on the PHA as “Ser-
vice members with a chronic or prolonged
deployment-limiting medical or mental
condition as described in DoDI 6490.07”
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Time between each PDHA and PHA
was calculated in days and entered as a con-
tinuous variable for analysis. Age was cat-
egorized in years, as 18-24, 25-29, 30-34,
35-39, and 40 and older, sex was catego-
rized as male or female, service as Navy or
Marine Corps, military rank as enlisted or
officer, and service component as active or
reserve/national guard.

Univariate analysis examined NMR
disposition and all covariates for those
with and without probable TBI, using
Chi-square and t-tests for categorical and
continuous variables, respectively. Mul-
tivariable logistic regression assessed the
relationship between probable TBI and
NMR disposition while adjusting for all
covariates. Odds ratios (ORs) and 95%
confidence intervals (CIs) were reported.
The Hosmer-Lemeshow test was used to
evaluate model fit with an alpha level of 0.1.
All analyses were conducted in SAS version
9.4 (Cary, NC).

Results

Descriptive statistics are presented in
Table 1. The study population was primar-
ily younger than 30 years old (61.4%), male
(90.2%), in the Marine Corps (58.8%),
enlisted (83.2%), and active duty (79.7%) at
time of PHA. The prevalence of PTSD posi-
tive screenings and NMR disposition was
4.6% and 3.7%, respectively; on average,
the PHA was completed 239 days (SD 150)
after the PDHA.

Overall, the prevalence of screening
positive for TBI was 1.8% (760/41,442). All
variables, except rank and time between
PDHA and PHA, differed significantly by
probable TBI. Individuals with probable
TBI were more likely than those without to
be older, female, in the Navy, and reserve
or national guard. Most notably, those
with probable TBI (27.6%) had a signifi-
cantly higher prevalence of probable PTSD
than those without TBI (4.1%). NMR dis-
position was significantly higher (7.8%)
in military personnel with probable TBI
compared with those without TBI (3.7%;
p<0.001).

Results from the multivariable logis-
tic regression are shown in Table 2. Service

members who screened positive for TBI on
the PDHA, compared with those who did
not, were significantly more likely to have
a post-injury NMR disposition on the PHA
(OR 1.5; 95% CI, 1.2-2.0). The strongest
associations with NMR disposition were a
positive screening for PTSD (OR 2.5; 95%
CI, 2.1-2.9), female sex (OR 1.9; 95% CI,
1.6 -2.2), and reserve or national guard sta-
tus (OR 2.0; 95% CI, 1.8-2.2). The Hosmer-
Lemeshow test indicated the model as a
good fit (p>0.10).

Discussion

In this analysis, probable deploy-
ment-related TBI was associated with 54%
increased odds of post-injury NMR dispo-
sition among Navy and Marine Corps per-
sonnel. This finding has implications for
military medical and operational planning,
and future research is needed to determine
the effects of specific TBI sequelae on this
relationship. We identified associations
between a positive screen for PTSD and
both probable TBI and NMR disposition,
which emphasizes the need to account for
PTSD when studying TBI and related out-
comes among military personnel.

The prevalence of TBI in the pres-
ent study was only 1.8%, which is lower
than in earlier studies from the conflicts
in Iraq and Afghanistan in which TBI
screen positive rates ranged from 15% to
23%.22* This difference may be attrib-
utable to operational tempo during the
study period, whereby the present analy-
sis excluded earlier years of the post-9/11
overseas contingency operations that were
characterized by high operational tempo
and injury rates.”* All deployments were
also included in this study, rather than only
those to a combat zone, as in the previous
research. Altogether, this suggests the effect
of probable deployment-related TBI on
medical readiness may be greater at times
of high operational tempo, when there may
be an increased risk of injury, which could
be exacerbated by protracted operations in
which military personnel are expected to
deploy multiple times to a combat zone.
Epstein et al. (2023)* posited that TBI
may occur at a greater incidence in future
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conflicts against ‘near peer’ adversaries,
which makes the study of TBI and medical
readiness even more critical.

It is important to determine the spe-
cific symptoms of TBI that may drive the
relationship between deployment-related
TBI and post-deployment NMR disposi-
tion, as this information could be used to
refine screening and referral protocols, as
well as patient management guidelines,
to maximize medical readiness. Previous
research identified associations between
specific TBI symptoms and health-related
outcomes. For example, post-TBI dizzi-
ness and memory problems were associ-
ated with declines in self-rated health.”
Further research is needed to examine the

TABLE 1. Characteristics of the Study Population by Traumatic Brain Injury Screening Status

independent effect of deployment-related
TBI symptoms on readiness. The 2008 form
of the PDHA included questions on the
TBI screening instrument that queried ser-
vice members on current symptoms related
to a TBI, but this section was removed on
the 2012 form revision and has not been
included in subsequent revisions. Never-
theless, the PDHA contains a generalized
checklist of symptoms that could be used
for this analysis, and data reduction tech-
niques such as latent class or cluster analy-
sis could be employed to identify symptom
profiles following deployment-related TBI
associated with decreased readiness."
PTSD was the strongest predictor of
NMR status in this study. Not surprisingly,

Characteristic Total TBI Positive Screen
(n=41,442) (n=760)
No. % No. %

Age,y

18-24 15,568 37.6 179 23.6

25-29 9,885 23.9 191 251

30-34 6,904 16.7 132 17.4

35-39 4,655 11.2 117 15.4

40+ 4,430 10.7 141 18.6
Sex

Male 37,393 90.2 647 85.1

Female 4,049 9.8 113 14.9
Service branch

Navy 17,060 41.2 374 49.2

Marine Corps 24,382 58.8 386 50.8
Rank

Enlisted 34,482 83.2 633 83.3

Officer 6,960 16.8 127 16.7
Component

Active duty 33,017 79.7 530 69.7

Reserve, National Guard 8,425 20.3 230 30.3
PTSD positive screen

No 39,548 95.4 550 72.4

Yes 1,894 4.6 210 27.6

NMR
No 39,895 96.3 701 92.2
Yes 1,547 3.7 59 7.8
Time between PDHA and PHA, d mean (SD) mean (SD)
239 150 231 154

PTSD was also associated with TBI, which
is consistent with previous literature.” It is
important to note that many TBI symptoms
overlap with PTSD,?! and prior research has
shown that, after accounting for PTSD, the
relationship between TBI and several self-
reported TBI symptoms is attenuated. For
example, in one study of military personnel,
Hoge et al. (2008)* found that only head-
ache was independently associated with
TBI after adjusting for PTSD, and other
studies have yielded similar findings.*»* As
such, it is important to account for PTSD
and potential symptom overlap with TBI
while examining the short- and long-term
impacts of TBI in military populations.
Furthermore, clinicians should consider

TBI Negative Screen

(n=40,682) P-value
No. %
<0.001
15,389 37.8
9,694 23.8
6,772 16.7
4,538 11.2
4,289 10.5
<0.001
36,746 90.3
3,936 9.7
<0.001
16,686 41
23,996 59
0.950
33,849 83.2
6,833 16.8
<0.001
32,487 79.9
8,195 20.1
<0.001
38,998 95.9
1,684 4.1
<0.001
39,194 96.3
1,488 3.7
mean (SD)
240 150 0.119

Abbreviations: TBI, traumatic brain injury; n,No., number; y, years; PTSD, post-traumatic stress disorder; NMR, not medically ready; PDHA, Post-Deployment Health As-
sessment; PHA, Periodic Health Assessment; SD, standard deviation; d, days.
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TABLE 2. Multivariable Logistic Regression Examining Not Medically Ready Disposition
with Traumatic Brain Injury and Other Covariates

Characteristic
TBI positive screen
No
Yes
Age, y
18-24
25-29
30-34
35-39
40+
Sex
Male
Female
Service
Navy
Marine Corps
Rank
Enlisted
Officer
Component
Active duty
Reserve, National Guard
PTSD positive screen
No
Yes
Time between PDHA and PHA

OR 95% ClI P-value
0.003
Reference = =
1.5 1.2-2.0
0.002
Reference - -
0.9 0.8-1.0
0.9 0.8-1.1
0.8 0.6-0.9
1.1 0.9-14
<0.001
Reference - -
1.9 1.6-2.2
0.268
Reference = =
0.9 0.8-1.1
<0.001
Reference - -
0.7 0.6-0.8
<0.001
Reference - -
2.0 1.8-2.2
<0.001
Reference - -
25 21-2.9
1.0 1.0-1.0 <0.001

Abbreviations: OR, odds ratio; Cl, confidence interval; TBI, traumatic brain injury; y, years; PTSD, post-
traumatic brain injury; PDHA, Post-Deployment Health Assessment; PHA, Periodic Health Assessment.

PTSD when treating military patients with
TBI and incorporate multidisciplinary care
if necessary to ensure a whole health treat-
ment approach.

The primary strength of this study was
the ability to link PDHA with PHA data,
which allowed for a direct assessment of
medical readiness in a post-deployment
population. Using all available data for
the Navy and Marine Corps resulted in a
robust sample size and ability to detect
statistically significant associations when
examining NMR disposition, a relatively
infrequent event. There were also sev-
eral limitations. The study population
was restricted to only those who deployed
and completed both a PDHA and PHA,
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which may affect the generalizability of
the results, as non-deployed service mem-
bers were not included. These results may
also not be generalizable to conflicts during
times of high operational tempo. In addi-
tion, compliance with the questionnaires
can vary. Furthermore, both TBI and PTSD
were assessed with a screening instrument,
which is not the ‘gold standard’ approach
and cannot parse TBI severity (e.g., mild
versus moderate).

The medical readiness disposition
determination section on the PHA does
not collect information on specific condi-
tions leading to an NMR designation, so
it was impossible to determine whether
NMR disposition was assigned because

of deployment-related TBI. Finally, this
study did not assess the effects of multi-
ple deployments, repeated TBI events, or
pre- and post-deployment medical condi-
tions, and additional research is needed to
account for these factors.

Medical readiness is an important,
ongoing issue for the military, and this study
indicates that deployment-related TBI is
associated with adverse readiness out-
comes. Future studies should focus on the
relationship between specific TBI sequelae
and medical readiness while accounting
for co-occurring conditions, such as PTSD,
with similar symptomologies. As TBI con-
tinues to burden the U.S. military, further
research is needed to improve the identifi-
cation and management of these injuries to
ensure individual and force readiness.
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Use of Positive Predictive Value to Evaluate the Armed Forces
Health Surveillance Division Brain Cancer Incidence Rules,

Active Component Department of the Air Force Pediatric Dependent
Population, January 1, 2010-December 31, 2020

Sarah Fryman-Wynkoop, MPH, CPH; Crystal Tacke, MPH, CPH

The Armed Forces Health Surveillance Division (AFHSD) uses a surveillance
case definition to identify malignant brain tumors among U.S. active service
members. This case definition was applied to the dependent pediatric
population of the active component of the Department of the Air Force,
which identified 179 malignant brain cancer cases. Those identified pediatric
cases were reviewed using multiple data sources. The positive predictive
value (PPV) of the AFHSD case definition was found to be 64.5% (95%
confidence interval [CI], 55.9-72.5%). In 2019, Webber et al. reported a
PPV of 84.3% for brain and other nervous system cancers among U.S. active
component officers. The current pediatric study’s lower PPV suggests the case
definition may be less effective for pediatric populations, indicating a need
for refining surveillance methods for dependent populations. The AFHSD
case definition was less effective at identifying malignant brain tumors in the
active component Air Force pediatric dependent population, with a lower
PPV compared to previous studies of the active component Air Force adult

population. In addition, several cases were missed by the AFHSD rules.

tandard surveillance case definitions
Sand incidence rules by the Armed

Forces Health Surveillance Divi-
sion (AFHSD) are used for routine sur-
veillance and descriptive epidemiological
reporting of invasive cancers among active
component service members (ACSMs). A
malignant brain tumor case definition was
developed in 2010 by AFHSD, the Office
of the Assistant Secretary of Defense for
Health Affairs, the U.S. Army Public Health
Command, and the U.S. Military Cancer
Institute.! The case definition is based on
ICD-9 and ICD-10 (International Classifi-
cation of Diseases, 9th Revision and 10th
Revision) codes, scientific literature, and
previous AFHSD analysis. These case defi-
nitions can be applied to patient encounter
data by utilizing diagnostic and treatment
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codes occurring within specified time peri-
ods to identify incident malignant brain
tumor cases. Benign brain tumors are not
included in this case definition and there-
fore should not be captured using this
methodology.

In 2019, Webber et al. completed a
review of multiple cancers in active com-
ponent U.S. Navy, Air Force, and Marine
Corps officers who entered service as com-
pany grade officers between January 1, 1986
and December 31, 2006.> Of the 121 cases
of brain cancer identified by the AFHSD
incidence rules, 91 were confirmed brain
cancer after chart review, yielding a posi-
tive predictive value (PPV) of 84.3%. Cases
that were unable to be reviewed (n=13),
due to absence of medical records, were
not included in the calculation.? Validating

What are the new findings?

The PPV of the AFHSD case definition was
lower when applied to the Air Force pediatric
dependent population (64.5%; 95% CI, 55.9-
72.5%) compared to the previously published
PPV in the adult population (84.3%). There
were an additional 16 cases of malignant brain
tumors missed by initial screening utilizing
AFHSD incidence rules.

What is the impact on readiness
and force health protection?

Chronic disease surveillance within the U.S.
Department of Defense often relies on the
Defense Medical Surveillance System for
case identification. Accurate case definitions
are essential to accurately identify cases.
Further examination of the AFHSD malignant
brain tumor case definition is recommended,
to more effectively capture cases within the
Department of Defense dependent population.

these case definitions in other populations,
such as dependents and retirees, is impor-
tant for epidemiological studies that use
AFHSD case definitions to identify cases
among all Military Health System (MHS)
beneficiaries.

The current study was prompted by
a review of pediatric brain cancer cases
among an Air Force base population con-
ducted by the U.S. Air Force School of
Aerospace Medicine’s Epidemiology Con-
sult Service* The review utilized the
AFHSD surveillance case definition to
identify cases of malignant brain tumors.
The pediatric brain cancer case review
included a detailed chart review, which
discovered that a proportion of the cases
identified by the AFHSD case defini-
tion were not malignant brain tumors,
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raising concerns about the PPV of the
case definition. The objective of the cur-
rent study is to determine the accuracy
of the AFHSD case definition for identi-
fying malignant brain tumors among the
active component Department of Air Force
(DAF) pediatric dependent population.

Methods

The population of interest was the
DAF pediatric dependent population, diag-
nosed with brain cancer between January 1,
2010 and December 31, 2020 (n=583,244).
The cohort, defined as ages 0-19 years, fol-
lows the pediatric age grouping established
by the Central Brain Tumor Registry of the
United States.* Potential brain cancer cases
were identified utilizing the 3 case-finding
methodologies outlined in the AFHSD case
definition for malignant brain cancer: 1)
hospitalization with malignant diagnosis in
first position, 2) hospitalization with a Z’ or
‘V’ code for anti-neoplastic treatment in first
position and malignant diagnosis code in
second position, or 3) ambulatory encoun-
ters (within 90 days) with malignant diagno-
sis in first or second encounters.”

The DMSS dataset includes both inpa-
tient and outpatient encounters from mili-
tary hospitals and clinics (i.e., direct care)
as well as care provided at civilian facilities
billed to TRICARE (i.e., purchased care).
Each identified case was then reviewed
by a team comprised of a physician and
3 epidemiologists who examined medi-
cal records from multiple systems includ-
ing the Armed Forces Health Longitudinal
Technology Application (AHLTA), Health
Artifact and Image Management Solution
(HAIMS), Military Health System GEN-
ESIS (MHS GENESIS), and Joint Legacy
Viewer (JLV). This review extracted clinical
notes, pathology reports, imaging results,
and other relevant medical documenta-
tion to assess whether each individual had
a clinician-confirmed diagnosis of primary
malignant brain cancer.

Cases were stratified by type of care,
either inpatient or outpatient, and direct
or purchased, to determine where the larg-
est portion of misclassification occurred.
The PPV was calculated as the number of
confirmed primary malignant brain cancer
cases (i.e., true positives) divided by the sum
of cases that were either primary malignant
brain cancer cases (true positives) or con-
firmed as not primary malignant brain

cancer cases (i.e., false positives). Cases that
were unable to be reviewed, due to absence
of medical records in AHLTA, JLV, or MHS
GENESIS, were not included in the calcu-
lation. The Clopper-Pearson method was
used to provide the 95% confidence inter-
val (CI) based on the cumulative probabili-
ties of the binomial distribution.

To identify potentially missed cases, all
encounters were scanned for the presence
of at least 1 malignant brain cancer ICD-9
or ICD-10 code in any of the first 10 diag-
nostic positions. Individuals flagged by this
filter were further investigated through a
detailed electronic health record (EHR)
chart review. The same team (1 physician
and 3 epidemiologists) completed this
additional review, following the same chart
review methodology.

Results

The AFHSD case definition identi-
fied 179 potential cases of malignant brain
tumors within the pediatric dependent
population of the U.S. Air Force over an
11-year period of observation. Of those
potential cases, 89 were confirmed as true

TABLE. Chart-Confirmed True Positives, False Positives, and Unknown Cases Among All Cases Identified by AFHSD Malignant Brain
Tumor Case Definition, Air Force Pediatric Dependent Population, Ages 0-19 Years, January 1, 2010-December 31, 2020

Total Cases
Encounter type
Inpatient

Direct care

Purchased care
Outpatient

Direct care

Purchased care

True Positives

No. %3 No.
89 64.5° 49
75 54.3 20
43 31.2 11
32 23.2 9
14 10.1 29

9 6.5 11
5 3.6 18

Abbreviations: AFHSD, Armed Forces Health Surveillance Division; No., number.

2|ndicates row percentage of confirmed cases.

°Positive Predictive Value 64.5% (95% confidence interval, 55.9-72.5%)
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False Positives

Case Classification

Confirmed  Unknown Total Cases
%? No. No. No.
35.5 138 41 179
14.5 95 18 113
8.0 54 11 65
6.5 41 7 48
21.0 43 23 66
8.0 20 1 21
13.0 23 22 45
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positives, 49 as false positives, and 41 cases
were not found or were unknown due to
a lack of information in EHRs (excluded
from PPV calculation). The overall PPV
was calculated as 64.5% (95% CI, 55.9-
72.4%) (Table).

Inpatient encounters had a higher true
positive rate (66.4%) compared to outpa-
tient encounters (21.2%). Within inpatient
care, both direct care and purchased care
had similar true positive rates (66.2% and
66.6%, respectively). Outpatient encoun-
ters showed a notably higher false posi-
tive rate (43.9%) compared to inpatient
encounters (17.7%). Of the 46 cases iden-
tified from outpatient purchased care, 22
were classified as unknown due to insuf-
ficient information, 18 were determined
to be false positives, and only 5 were con-
firmed as true positives.

The additional review, which scanned
the remaining cohort (n=583,065 depen-
dents) for at least 1 relevant ICD code
within the first 10 diagnostic positions,
identified 203 potential additional cases.
Subsequent chart reviews of these cases
confirmed 16 primary malignant brain
tumors missed by the AFHSD rules. All 16
missed cases were from outpatient encoun-
ters. The reasons for these missed cases var-
ied: 9 cases had a brain cancer ICD code in
the first or second diagnostic position but
did not have enough of these encounters; 3
cases had 3 outpatient encounters but were
spaced 93 to 151 days apart; and 4 cases had
the correct ICD codes but not in the first or
second diagnostic position.

Discussion

Several factors may explain the lower
PPV observed in the current study com-
pared to Webber et al. One notable differ-
ence is the higher percentage of potential
cases in the current study that could not
be reviewed due to missing data (22.3%
compared to 14% in Webber et al.). This
discrepancy is likely due to unique limita-
tions associated with pediatric populations,
which are more likely to be referred to spe-
cialized oncology centers, where claims
may be processed through alternate sys-
tems, potentially bypassing standard DOD
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medical claims datasets. These referrals
often result in cancer-related claim pro-
cessing outside standard DOD medical
claims datasets, contributing to the higher
percentage of ‘unknowns’ in this analysis.
Additionally, the ‘unknowns’ in this study
were predominantly identified from out-
patient encounters, which are subject to
a high false positive rate. While Webber
et al. acknowledged that the inclusion of
these ‘unknowns’ could either increase or
decrease PPV estimates, the current anal-
ysis suggests their inclusion likely con-
tributed to the lower PPV observed in this
study. These findings underscore the need
to address gaps in data capture and vari-
ability in coding practices to improve the
accuracy of surveillance case definitions,
particularly for pediatric cancer cases.

The challenges in data capture and
variability are further compounded by dif-
ferences in the incidence and presentation
of brain tumors in pediatric populations.
Brain tumors are less common in chil-
dren, with an incidence of 5.7 per 100,000
persons in children compared to 29.9 per
100,000 persons in adults.’> While brain
tumors are the most frequent solid can-
cers observed in children, they often pres-
ent with non-specific symptoms that may
mimic more common childhood illnesses,
increasing the likelihood of misdiagnosis
or delayed diagnosis.®”

An important limitation of the AFHSD
surveillance definitions is reliance on ICD
coding practices. Those definitions assume
that cancer-related codes will appear in
the first or second diagnostic fields, which
may not always correlate with actual cod-
ing variability. This study demonstrates
the limitation of that assumption, particu-
larly in pediatric populations, where vari-
ability in provider coding practices and
referral patterns may result in cancer diag-
nosis coding in less prominent diagnostic
positions.

The additional descriptive analyses of
this study examined whether chart review
alone could have effectively identified pri-
mary malignant brain tumors. While chart
review was essential for confirming diag-
noses, it was the combination of system-
atic scanning of ICD-9 and ICD-10 codes
within the first 10 diagnostic positions with
chart reviews that enabled the identification

of 16 additional cases of primary malignant
brain tumors. This dual approach proved
to be both efficient and feasible, especially
compared to the impracticality of review-
ing hundreds of thousands of charts manu-
ally (without utilizing any surveillance case
definition).

All 16 missed cases were identified
through outpatient encounters, however,
which reveals specific limitations of the
AFHSD surveillance case definition. Nine
of those missed cases had a brain cancer
ICD code in the first or second diagnos-
tic position but failed to meet the required
encounter frequency; 3 cases met the
encounter frequency criterion but were too
far apart (93 to 151 days); and 4 cases had
the correct ICD codes, but not in the first or
second diagnostic position. These findings
highlight the rigidity of current criteria,
which do not adequately account for vari-
ability in provider practices, particularly
for pediatric populations.

This study evaluates only the PPV of
the AFHSD surveillance case definition
and does not include other metrics such as
negative predictive value (NPV), sensitiv-
ity, specificity, or likelihood ratios. While
these measures are important for a compre-
hensive understanding of case definition
accuracy, calculating NPV was not feasi-
ble due to time and resource constraints.
Conducting a sufficiently powered analy-
sis would have required the chart review of
over 2,000 cases to achieve approximately
80% power, which was beyond the scope of
this study.

The findings from this study empha-
size the need for continued refinement of
surveillance case definitions for unique
populations such as children. Potential
solutions may include refining surveillance
methods and modifying case definitions to
incorporate greater flexibility for encoun-
ter timing and better account for variability
in coding practices, as well as integrating
data from specialized oncology centers and
improving coordination of outpatient data.
Future studies should explore these mecha-
nisms to improve the accuracy and utility
of surveillance case definitions in diverse
populations and settings.
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Ovarian Dysfunction and Polycystic Ovary Syndrome in the U.S. Military

Active Component, 2014-2023
William Douthitt, MD, MPH; Jessica H. Murray, MPH; Shauna L. Stahlman, PhD, MPH

This retrospective cohort study examined ovarian dysfunction diagnosis
incidence among female active component service members in the U.S.
military from 2014 to 2023 using medical encounter data from the Defense
Medical Surveillance System. Ovarian dysfunction diagnosis incidence
gradually increased during this period, driven almost entirely by polycystic
ovary syndrome (PCOS), of which the incidence increased from 32.0 cases
per 10,000 person-years in 2014 to 60.3 cases per 10,000 person-years in 2023.
Increases occurred among all demographic subcategories. This study also
assessed independent association between ovarian dysfunction and socio-
demographic and medical covariates, including COVID-19 infection and
vaccination status. History of obesity had the strongest association with
PCOS incidence, with an adjusted incident rate ratio (aIRR) of 2.5 and
95% confidence interval (CI) of 2.3-2.6. COVID-19 infection was modestly
associated with PCOS incidence (aIRR 1.2; 95% CI, 1.1-1.3). COVID-19
vaccination status was not independently associated with increased PCOS
incidence. A potential contributing factor of increased PCOS diagnosis
incidence is that recent updates to the diagnostic criteria enabled more
clinical and telehealth diagnoses. The increased incidence may also reflect the
increasing rate of obesity and other related health burdens in the U.S. military.

varian dysfunction is not a specific

condition, but instead refers to a

diagnostic code that may cover a
range of conditions in which ovaries fail
to function properly, often leading to hor-
monal imbalances, reduced ovulation, and
associated physiological complications.
These conditions include excess estro-
gen and androgen levels, primary ovarian
insufficiency, and polycystic ovary syn-
drome (PCOS), among others.

PCOS is one of the most common
endocrine and metabolic disorders affect-
ing women of reproductive age, with an
estimated worldwide prevalence ranging
from 8% to 20%."? The 3 cardinal signs
and symptoms of PCOS are 1) oligo-/
amenorrhea, 2) hyperandrogenism, and
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3) polycystic ovary morphology. The
pathophysiology of PCOS is complex and
remains incompletely understood, but
environmental, genetic, and metabolic fac-
tors are assumed to be involved."** Associ-
ations have been found between PCOS and
reproductive hormone dysregulation, obe-
sity, insulin resistance, high calorie diets,
smoking, suboptimal exercise, and genet-
ics.! PCOS is a disqualifying condition
for military recruitment,® and its sequelae
make it difficult to maintain readiness stan-
dards for retention.

Ovarian dysfunction conditions, in
particular PCOS, can cause a range of issues
for the U.S. military, as these conditions
can be associated excess weight gain, men-
strual dysregulation, decreased fertility,

What are the new findings?

Incidence of diagnosis of ovarian dysfunction,
driven almost entirely by polycystic ovary
syndrome, increased steadily among female
active component service members from
2014 to 2023. This increase in incidence was
observed in all demographic subgroups and
had the strongest independent association
with pre-existing obesity.

What is the impact on readiness
and force health protection?

Health conditions due to ovarian dysfunction
cause significant morbidity for female service
members and contribute to reduced readiness
and increased military health care spending.
Increases in polycystic ovary syndrome in
recent years could manifest in negative career
impacts, including disqualification from certain
military occupations and fewer service women
able to meet retention standards.

cognitive and mood disturbances, and
immune and endocrine dysfunction."*®
Excess weight gain can further place per-
sonnel at increased risk for musculoskel-
etal injuries, diabetes, heart disease, and
sleep impairment.”® These outcomes can
directly affect fitness test and body com-
position pass rates, deployability, and
personnel recruitment and retention.>”*
Female active component service members
(ACSMs) with PCOS have reported nega-
tive career impacts, particularly disqualifi-
cation from career tracks such as aviation,
submarines, diving, nuclear, and missile
operation.’ There are still gaps, however, in
understanding of PCOS’s full impacts on
female ACSMs’ careers and health. A 2022
meta-analysis estimated the financial bur-
den of PCOS to the overall U.S. health care
system at $8 billion a year,'® which suggests
that the condition may also present a sig-
nificant cost burden to the Military Health
System (MHS).
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To further determine ovarian dys-
function trends in the U.S. military, this
study’s primary objective was to describe
the incidence of ovarian dysfunction diag-
noses among female ACSMs over a 10-year
period, from 2014 to 2023. The study’s sec-
ondary objective was to identify whether
certain socio-demographic or medical
variables, including COVID-19 infection
history and vaccination status, had an inde-
pendent association with ovarian dysfunc-
tion diagnosis incidence, after adjustment
for covariates and potential confounders.

COVID-19 infection history and vac-
cination status were included in the anal-
ysis for several reasons. A sharp increase
in the PCOS diagnosis incidence rate was
observed from 2020 to 2021, coincident
with the onset of the COVID-19 pan-
demic. Subsequently, several members of
Congress expressed concern about a pos-
sible relationship between COVID-19 vac-
cination status and ovarian dysfunction in
the U.S. military."" Existing literature sug-
gests that people with existing PCOS may
be more susceptible to severe COVID-19
infection, though studies to date do not
identify either COVID-19 infection or vac-
cination as risk factors for ovarian dysfunc-
tion conditions.'>**

TABLE 1. Ovarian Dysfunction ICD Codes

ICD-9
256.0. Hyper-estrongenism
256.1. Ovarian hyperfunction
256.2. Post-ablative ovarian failure
256.31. Premature menopause
256.39. Other ovarian failure
256.4. Polycystic ovaries
256.8. Other ovarian dysfunction

256.9. Unspecified ovarian dysfunction

Methods

This study used a retrospective cohort
study design to examine the incidence of
ovarian dysfunction during the surveil-
lance period of January 1, 2014 to Decem-
ber 31, 2023. The study population included
all female service members from the active
component of the US. Armed Forces
including the Army, Navy, Marine Corps,
Air Force, and Space Force. Individuals
serving in the reserves, reservists on active
duty, National Guard, and Coast Guard
were not included. All data were drawn
from the Defense Medical Surveillance
System (DMSS), the central repository of
medical data for service members. DMSS
collects medical encounter data from both
the MHS and civilian health care purchased
through TRICARE.

Ovarian dysfunction cases were
defined using International Classification
of Diseases (ICD), 9th and 10th revisions,
diagnostic codes. The selected ICD codes
included estrogen excess, androgen excess,
polycystic ovary syndrome, premature
menopause, ovarian failure, and unspeci-
fied ovarian dysfunction (Table 1). An indi-
vidual was counted as a case if that person
either 1) had at least 1 inpatient encounter
with an ovarian dysfunction ICD code in

ICD-10
E28.0. Estrogen excess

E28.1. Androgen excess

the first or second diagnostic position or 2)
had at least 2 outpatient encounters on sep-
arate dates with the same ovarian dysfunc-
tion code in any diagnostic position.
Socio-demographic and  medical
covariates examined in relation to ovar-
ian dysfunction included age, race, rank
or pay grade, occupation within the mili-
tary, branch of service, prior COVID-19
infection, COVID-19 vaccination status,
and obesity. COVID-19 cases were defined
by either a medical encounter with ICD-
10-CM code (U07.1) included in any diag-
nostic position, a positive PCR or antigen
test, or a confirmed or probable reportable
medical event for COVID-19 infection.
COVID-19 vaccination status was defined
as having received any dose of the COVID-
19 vaccine. To measure both short- and any
long-term risks, person-time was divided
into 3 categories for COVID-19 infection:
1) never infected, 2) within 180 days after
first infection, and 3) more than 180 days
after first infection. COVID-19 vaccination
status was stratified to the same 3 tiers. Obe-
sity was defined as body mass index (BMI)
of 30 or higher with height and weight mea-
surements taken from an annual Periodic
Health Assessment (PHA). In addition,
individuals were classified as obese if they
had a medical encounter with an obesity
diagnosis in any diagnostic position.

E28.2. Polycystic ovary syndrome

E28.310. Symptomatic premature menopause

E28.319. Asymptomatic premature menopause

E28.39. Other primary ovarian failure

E.28.8. Other ovarian dysfunction

E28.9. Ovarian dysfunction, unspecified

Abbreviations: ICD, International Classification of Diseases; ICD-9, International Classification of Diseases, 9th Revision; ICD-10, International Classification of Diseases,

10th Revision.
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Person-time was collected from all
female ACSMs each year, expressed as per-
son-years (p-yrs). Individuals began con-
tributing person-time on January 1, 2014
or when they entered military service,
whichever occurred later. Person-time was
censored upon an individual’s first ovarian
dysfunction diagnosis. Person-time was
also censored upon an individual’s depar-
ture from active component service or after
December 31, 2023.

Statistical analysis for this study
included descriptive statistics and calcu-
lation of incidence rates. Incidence rates
were expressed as number of cases per

10,000 p-yrs and were calculated for each
type of ovarian dysfunction, by year and
by covariate. A Poisson regression model
was used to identify independent associa-
tions of socio-demographic and medical
covariates, including COVID-19 infection
history and COVID-19 vaccination status,
with incident ovarian dysfunction diag-
nosis, after adjusting for age, race, service
branch, rank, occupation, and obesity. For
the Poisson regression, the study popula-
tion was restricted to 2021-2023, as this
was the time during which the COVID-19
vaccine was available to service members.

Results

A gradual increase in ovarian dysfunc-
tion incidence was observed from 2014 to
2023, but PCOS was the only ovarian dys-
function condition that increased (Figure).
All other conditions did not demonstrate
consistent significant change during that
period of time. The PCOS incidence rate
increased from 32.0 cases per 10,000 p-yrs
in 2014 to 62.9 cases per 10,000 p-yrs in
2022. Notably, a sharp incidence increase
occurred in the early 2020s, from 39.5
cases per 10,000 p-yrs in 2020 to 54.8 cases

FIGURE. Ovarian Dysfunction Diagnosis Incidence Rates Among Female Active-Component Service Members, U.S. Armed Forces, 2014-2023
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per 10,000 p-yrs in 2021, and then to 62.9
cases per 10,000 p-yrs in 2022. The over-
all PCOS incidence in the active compo-
nent from 2014 to 2023 was 43.6 cases per
10,000 p-yrs. Because PCOS incidence was
responsible for the increase in ovarian dys-
function incidence during the surveillance
period, the remainder of this study focuses
on PCOS.

From 2014 through 2023, PCOS inci-
dence increased in nearly all demographic
subcategories (data not shown). The 25-29-
year age group bore the highest inci-
dence burden increase (from 47.3 cases
per 10,000 p-yrs in 2014 to 82.8 cases per
10,000 p-yrs in 2023). A steady increase in
incidence over 10 years was observed in all
race categories, with no significant varia-
tion observed between categories. Gradual
incidence increases were also observed for
all branches of service, with the Air Force
and Space Force experiencing the high-
est incidence burden increase (from 37.1
cases to 74.0 cases per 10,000 p-yrs over
10 years). All enlisted and junior officer
pay grades demonstrated a steady increase
over 10 years, with no significant varia-
tion observed between them. All military
occupations also demonstrated a gradual
increase, but with health care workers expe-
riencing the highest incidence burden over
10 years (39.1 cases to 74.5 cases per 10,000
p-yrs). Table 2 summarizes the total PCOS
case count and incidence rate from 2014 to
2023 for all socio-demographic groups.

Results from the Poisson regression
analysis (Table 3) indicate that history of
obesity had the strongest association with
PCOS, with an adjusted incidence rate
ratio (aIRR) of 2.5 and 95% confidence
interval (CI) of 2.3-2.6. Age categories of
25-29 years (aIRR 1.9; 95% CI, 1.6-2.3),
20-24 years (aIRR 1.9; 95% CI, 1.6-2.2),
and 30-34 years (aIRR 1.3;95% CI, 1.1-1.6)
demonstrated the next highest PCOS asso-
ciations. Service in the Air Force and Space
Force (aIRR 1.3; 95% CI, 1.2-1.4), working
in health care (aIRR 1.2; 95% CI, 1.1-1.4),
and prior COVID-19 infection (aIRR 1.2;
95% CI, 1.1-1.3) all had modest though
significant associations with increased
PCOS incidence. No significant differences
in PCOS incidence were observed based
on race, rank, or COVID-19 vaccination
status.
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TABLE 2. Polycystic Ovarian Syndrome Case Count and Incidence Rates

by Demographic Categories, 2014—-2023

Total
Race and ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Other
Unknown
Age,y
<20
20-24
25-29
30-34
35-39
40-44
45-49
50+
Service branch
Army
Navy
Air Force/Space Force
Marine Corps
Rank
Junior enlisted (E1-E4)
Senior enlisted (E5-E9)
Junior officer (01-03)
Senior officer (04-010)
Warrant officer (W)
Occupation
Combat-specific
Armor/motor transport
Pilot/ air crew
Repair/engineering
Communications/intelligence
Health care

Other

Abbreviations: y, years; p-yrs, person-years.
2Rate per 10,000 p-yrs.

Total Case Count Rate?
9,224 43.6
3,781 42.3
2,425 46.4
1,826 45.8
1,015 39.0

177 44.7
334 19.8
3,521 50.2
3,120 60.1
1,499 45.2
607 27.4
117 11.0
22 5.0

4 1.8
2,784 40.0
2,705 429
3,338 52.6
397 25.7
4,462 46.9
3,390 45.2
1,149 43.0
196 15.3
27 16.1
212 38.2
233 35.1
114 34.8
1,832 43.4
3,035 45.1
2,066 52.6
1,732 36.8

Note: The most significant PCOS diagnosis incidence increases from 2014-2023 were observed among ages
20-39 years, Air Force/Space Force, enlisted and junior officer pay grades, and health care occupations. All
race and ethnicity subcategories experienced increased incidence with no significant variation.
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TABLE 3. Comparison of Ovarian Dysfunction Diagnosis Incidence by Socio-Demographic and Medical Factors

alRR 95% LL 95% UL P-value
Race and ethnicity
White, non-Hispanic Reference - - =
Black, non-Hispanic 1.0 0.9 1.1 0.8501
Hispanic 1.0 0.9 1.1 0.7782
Other 0.9 0.8 1.0 0.0342
Unknown 1.1 0.8 1.4 0.5893
Age,y
<20 Reference - - =
20-24 1.9 1.6 2.2 <0.0001
25-29 1.9 1.6 23 <0.0001
30-34 1.3 1.1 1.6 0.0041
35-39 0.8 0.6 1.0 0.0197
40+ 0.3 0.2 0.4 <0.0001
Service branch
Army Reference - - =
Navy 1.0 1.0 1.1 0.3740
Air Force/Space Force 1.3 1.2 1.4 <0.0001
Marine Corps 0.8 0.6 0.9 0.0007
Rank
Enlisted Reference - - =
Officer 0.9 0.9 1.0 0.2148
Occupation
Combat-specific 0.8 0.7 1.0 0.0866
Armor/motor transport 0.8 0.6 1.0 0.0187
Pilot/air crew 0.8 0.6 1.1 0.1367
Repair/engineering 0.9 0.8 1.0 0.0107
Communications/intelligence Reference - - -
Health care 1.2 1.1 1.4 <0.0001
Other 0.8 0.8 0.9 <0.0001
Prior diagnosis of COVID-19 infection
Yes 1.2 1.1 1.3 <0.0001
No Reference - - =
Prior COVID-19 vaccination
Yes, within past 180 days 0.9 0.8 1.0 0.1578
Yes, not within past 180 days 1.0 1.0 1.1 0.3886
No, never Reference - - =
Prior obesity diagnosis, BMI
Yes 25 2.3 2.6 <0.0001
No Reference - - =

Abbreviations: alRR, adjusted incidence rate ratio; LL, lower limit; UL, upper limit; y, years; COVID-19, coronavirus disease 2019; BMI, body mass index.
Note: Results of the Poisson regression model expressed as adjusted incident rate ratios with 95% confidence intervals. The model adjusted for race and ethnicity, age,
service branch, rank or pay grade, occupation within the military, prior COVID-19 diagnosis, COVID-19 vaccination status, and history of obesity.
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Discussion

PCOS incidence is not commonly cal-
culated nor tracked annually within the
U.S. population, which makes comparisons
with the military population difficult. A
2023 retrospective cohort study conducted
in the Kaiser Permanente Washington
health care system that examined popu-
lation-level PCOS incidence from 2006 to
2019, however, found an incidence rate of
42.5 cases per 10,000 p-yrs, which was sim-
ilar to the 43.6 cases per 10,000 p-yrs inci-
dence rate in female ACSMs.> Additionally,
the Kaiser study found a gradual upward
trend in PCOS incidence among younger
patients that was proportionally similar to
the upward trend observed in this study,
over a similar time frame. PCOS preva-
lence is a more common metric in litera-
ture, but estimates vary greatly, commonly
ranging from 7% to 20% of the reproduc-
tive age population.’>'*

Multiple explanations for the increase
in PCOS diagnoses among female ACSMs
from 2014 to 2023 are possible. First, the
2018 International Evidence-based Guide-
line for the Assessment and Management
of Polycystic Ovary Syndrome upheld and
refined the 2003 Rotterdam diagnostic cri-
teria for PCOS. Under the 2018 guideline,
a PCOS diagnosis could potentially require
minimal laboratory testing and no imag-
ing.”® A diagnosis could be made if a patient
had irregular menstrual cycles or clinical
evidence of androgen excess (acne, hirsut-
ism, alopecia),or if other disorders affecting
ovulation and hyperandrogenism had been
excluded.'®"” Irregular cycles are defined
as an individual more than 3 years from
menarche experiencing cycles less than 21
or more than 35 days apart, or less than 8
cycles per year. The 2018 guideline recom-
mends testing for thyroid-stimulating hor-
mone, prolactin, and follicle-stimulating
hormone, at a minimum, to exclude other
causes. A patient’s clinical presentation may
indicate a need to exclude additional condi-
tions that could present with similar symp-
toms to PCOS, such as Cushing syndrome,
congenital adrenal hyperplasia, or adrenal
tumors.”” While the 2018 guideline may
have resulted in more clinical diagnoses, it
does not necessarily explain the relatively
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sharp increase in PCOS diagnoses start-
ing in 2020, as clinicians are not required
to follow it before assigning a PCOS ICD
code.

Another, potentially more plausible,
explanation is that the COVID-19 pan-
demic saw an increased use of telehealth
encounters during quarantine, less than 2
years after the 2018 guideline was released.
This guideline update was more conducive
to utilizing virtual health encounters as
part of the PCOS diagnostic and manage-
ment process, given the reduced emphasis
on biochemical testing and imaging.'”""
Future chart review studies could explore
whether telehealth and a more clinical
diagnostic approach played a role in the
increased incidence of PCOS diagnoses
among female ACSMs in the early 2020s.
Such studies could help assess the clini-
cal decision-making that led to a PCOS
diagnosis code assignment for individual
patients.

This study found a modest though sig-
nificant association with COVID-19 infec-
tion and increased PCOS incidence (aIRR
1.2; 95% CI, 1.1-1.3). No significant asso-
ciation, however, was found between PCOS
incidence and COVID-19 vaccination.
Given the risk of severe COVID-19 infec-
tion among individuals with PCOS,'»"
another hypothesis for the increase in
PCOS cases among active component per-
sonnel in the early 2020s is that COVID-
19 infections may have revealed previously
subclinical cases of PCOS by placing those
individuals under greater diagnostic scru-
tiny when they sought medical care.”*?

History of obesity had the stron-
gest significant association with increased
PCOS incidence after adjustment (aIRR
2.5;95% CI, 2.3-2.6). Obese individuals are
an established high-risk group for PCOS
development. It has also been demonstrated
that clinicians are significantly more likely
to diagnose PCOS in overweight and obese
patients, compared to their normal weight
and underweight counterparts who may
also meet criteria.”® Existing PCOS cases
are also aggravated by obesity, through
worsening insulin resistance and increased
androgen production.! Obesity prevalence
has gradually risen in both the active duty
military and U.S. civilian populations. The
proportion of the active duty population

that qualifies as obese more than doubled
over 10 years, from 10.4% in 2012 to 21.6%
in 2022, similar to the time frame of this
study.® From 2018 to 2021, obesity preva-
lence among female active component per-
sonnel increased at twice the rate of their
male counterparts.”? Within this context,
increasing PCOS incidence within the mil-
itary may be more emblematic of the U.S.
military’s shifting health burdens, rather
than the result of any one extrinsic cause.
Factors such as sedentary occupations and
lifestyle as well as high caloric diets have
been implicated in the etiology of PCOS.!
These factors are prevalent in the military
and contribute to the increasing burden of
obesity and related complications.®*

One of this study’s prominent limita-
tions was that the outcome was operation-
alized through ICD codes, which may be
subject to misclassification bias. For exam-
ple, the 2023 Kaiser retrospective cohort
study determined that 21% of PCOS ICD
codes were either assigned without an ade-
quate work-up, or to cases that were not
PCOS.? Another hospital-based cohort
study conducted over a 12-year period
found that PCOS ICD code diagnoses
gradually increased each year while the
number of patients who potentially quali-
fied for a PCOS diagnosis based on clini-
cal presentation remained steady from year
to year.® Our study did not have a paral-
lel chart review component, so know-
ing whether PCOS diagnosis codes were
assigned to female ACSMs in error or with-
out an adequate work-up was beyond its
scope. Another limitation was that there
are a range of PCOS risk factors this study
was unable to examine due to data unavail-
ability, including sedentary lifestyle, high
caloric diet, smoking, and family history of
PCOS. Finally, the COVID-19 case burden
is likely underestimated because data for at-
home rapid antigen tests were not available.

Ovarian dysfunction trends among
female active component personnel have
increased over the past decade, driven
almost entirely by increased incidence of
PCOS. This study found minimal associa-
tion between PCOS and COVID-19 infec-
tion history and no association between
PCOS and COVID-19 vaccination. PCOS
incidence was most strongly associated
with a history of obesity, which may reflect
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the changing health burdens in the U.S.
military. Additional research is recom-
mended to assess the proportion of PCOS
ICD codes that are assigned accurately
within the MHS, as this will help further
characterize the PCOS burden among the
female ACSM population. Further research
could then explore the influence of differ-
ent diagnostic approaches on PCOS inci-
dence, the distribution of PCOS risk factors
within the active component population,
and the impact of increased PCOS inci-
dence on military readiness.
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Reportable Medical Events at Military Health System Facilities
Through Week 48, Ending November 30, 2024

Idalia Aguirre, MPH; Matthew W. R. Allman, MPH; Anthony R. Marquez, MPH; Katherine S. Kotas, MPH

TOP 5 REPORTABLE MEDICAL EVENTS BY CALENDAR WEEK,
ACTIVE COMPONENT (OCTOBER 1, 2023 - NOVEMBER 30, 2024)
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Abbreviation: RMEs, reportable medical events.

aCases are shown on a logarithmic scale.

Note: There were 0 heat illness cases in the following weeks: 51-52 in 2023 and weeks 1 and 3 in 2024. Markers added to represent instances of heat illnesses that were not
visible on the logarithmic scale graph.

Reportable Medical Events (RMEs) are documented in the Disease Reporting System internet (DRSi) by health care providers and
public health officials throughout the Military Health System (MHS) for monitoring, controlling, and preventing the occurrence and
spread of diseases of public health interest or readiness importance. These reports are reviewed by each service’s public health surveil-
lance hub. The DRS:i collects reports on over 70 different RMEs, including infectious and non-infectious conditions, outbreak reports,
STI risk surveys, and tuberculosis contact investigation reports. A complete list of RMEs is available in the 2022 Armed Forces Report-
able Medical Events Guidelines and Case Definitions.! Data reported in these tables are considered provisional and do not represent con-
clusive evidence until case reports are fully validated.

Total active component cases reported per week are displayed for the top 5 RME:s for the previous year. Each month, the graph is
updated with the top 5 RMEs, and is presented with the current month’s (November 2024) top 5 RMEs, which may differ from previous
months. COVID-19 is excluded from these graphs due to changes in reporting and case definition updates in 2023.

For questions about this report, please contact the Disease Epidemiology Branch at the Defense Centers for Public Health-Aber-
deen. Email: dha.apg.pub-health-a.mbx.disease-epidemiologyprogram13@health.mil

Authors’ Affiliation: Defense Health Agency, Disease Epidemiology Branch, Defense Centers for Public Health-Aberdeen
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TABLE. Reportable Medical Events, Military Health System Facilities, Week Ending November 30, 2024 (Week 48)?

Reportable Medical Event®

Amebiasis

Arboviral diseases, neuroinvasive and non-neuroinvasive
Brucellosis
COVID-19-associated hospitalization and death®
Campylobacteriosis
Chikungunya virus disease
Chlamydia trachomatis
Cholera

Coccidioidomycosis

Cold weather injuryf
Cryptosporidiosis
Cyclosporiasis

Dengue virus infection

E. coli, Shiga toxin-producing
Ehrlichiosis/anaplasmosis
Giardiasis

Gonorrhea

Haemophilus influenzae, invasive
Hantavirus disease

Heat illness'

Hepatitis A

Hepatitis B, acute and chronic
Hepatitis C, acute and chronic
Influenza-associated hospitalization?
Lead poisoning, pediatric”
Legionellosis

Leishmaniasis

Leprosy

Leptospirosis

Lyme disease

Malaria

Meningococcal disease

Mpox

Norovirus

Pertussis

Post-exposure prophylaxis against Rabies
Q fever

Rubella

Salmonellosis
Schistosomiasis

Shigellosis

Spotted Fever Rickettsiosis
Syphilis (all)’

Toxic shock syndrome
Trypanosomiasis
Tuberculosis

Tularemia

Typhoid fever

Typhus fever

Varicella

Zika virus infection

Total case counts

October
2024

Active Component®

November
2024

No.
2

0

0

1
20

0
840

0
1
7
1
0
1
8
0
4
153
0

0
27
0
5
0
0

N

=

A

10

4

1

0
0
0
0
7
0
0
1
7
2
0
0
0
5
1
1
0
35
0
1
0
0
0
1
1
0
2

1,29

YTD
2024

No.
13
3
1
40
294

Abbreviations: MHS, Military Health System; YTD, year-to-date; no., number; E., Escherichia; N/A, not applicable.
aRMEs reported through the DRSi as of Dec. 4, 2024 are included in this report. RMEs were classified by date of diagnosis or, where unavailable, date of onset. Monthly

comparisons are displayed for the period of Oct. 1, 2024—Oct. 31, 2024 and Nov. 1, 2024—Nov. 30, 2024. YTD comparison is displayed for the period of Jan. 1, 2024—-Nov. 30,
2024 for MHS facilities. Previous year counts are provided as the following: previous YTD, Jan. 1, 2023-Nov. 30, 2023; total 2023, Jan. 1, 2023-Dec. 31, 2023.
®RME categories with 0 reported cases among active component service members and MHS beneficiaries for the time periods covered were not included in this report.

¢Services included in this report include the Army, Navy, Air Force, Marine Corps, Coast Guard, and Space Force, including personnel classified as Active Duty, Cadet,

Midshipman, or Recruit in DRSi.
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MHS Beneficiaries®
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4Beneficiaries included the following: individuals classified as Retired and Family Members (including Spouse, Child, Other, Unknown). National Guard, Reservists, civilians,

contractors, and foreign nationals were excluded from these counts.

¢Only cases reported after case definition update on May 4, 2023. Includes only cases resulting in hospitalization or death. Does not include cases of hospitalization or death

reported under the previous COVID-19 case definition.
fOnly reportable for service members.

9Influenza-associated hospitalization is reportable only for individuals under 65 years of age.
"Pediatric lead poisoning is reportable only for children aged 6 years or younger.
iThe observed drop in syphilis cases from 2023 to 2024 may be due, in part, to an updated case validation process that began Jan. 2024.
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From the Editor’s Desk

MSMR 2024 Successes and Plans for 2025

zations this year, it is our readers whom we consider foremost while assembling each issue of MSMR. As part of the Armed Forces Health

Surveillance Division (AFHSD), within the Public Health Directorate (PHD) of the Defense Health Agency (DHA), MSMR offers a forum
for peer-reviewed public health reports that are disseminated on a variety of digital platforms: published online at health.mil, the official website
of the Military Health System (MHS), in addition to indexing on PubMed and full text archiving on PubMed Central (PMC). I would like to take
this opportunity to enumerate some of our successes in 2024 and preview our plans for 2025.

Page views for MSMR articles on the health.mil webpage more than doubled in 2024. MSMR significantly increased readership and down-
loads of full length articles on a variety of military health-related topics. The most widely read articles in 2024 on our webpage included topics his-
torically under-represented in MSMR, namely surveillance of pharmacy prescription practices and service member mortality statistics. Three full
reports published in 2024 garnered over 11,000 page views in total: an article describing weight loss medication prescription prevalence, a report
on U.S. Army mortality surveillance, and a review of ivermectin prescription fill rates among service members during the COVID-19 pandemic.

In January, MSMR began archiving full text versions of published reports on PMC, the companion database to PubMed that enables read-
ers to view, read, as well as download full text of articles indexed in PubMed. At the time of writing, nearly 7,500 total full text articles or PDFs of
MSMR articles published in 2024 had been viewed or downloaded on PMC. We anticipate that this additional archival process of our content will
continue to expand our readership to a broader public health community in 2025 and the years to come. The total webpage views from health.
mil in 2024 exceeded these PMC views by 3 times, indicating that the majority of MSMR readership still originates from readers directly access-
ing the MHS webpage, or via PubMed.

PubMed allows its users to click on a link to the MSMR health.mil webpage, and PubMed 2014 statistics show that “linkouts” or clicks
from PubMed to health.mil increased as well, significantly: by 26%, within the last year alone. MSMR content has been indexed on PubMed, the
National Center for Biotechnology Information website, since 2011.

Our reach and readership are expanding as the appetite for high quality, evidenced-based military health-specific topics continues to grow.
The Department of Defense public health community is focused on collecting, publishing, and applying the increasing knowledge base to posi-
tively influence health awareness and outcomes. In 2025, MSMR will continue its mission to publish descriptive epidemiologic articles using rel-
evant data on topics that are vital to the health and safety of the U.S. Armed Forces.

Our plans for 2025 are robust. We will celebrate the 30th anniversary of MSMR in April 2025. We are coordinating with authors who are well-
versed in the long history of U.S. military public health as well as the more recent past, namely the 30 years MSMR has been reporting on public
health topics. Our April issue will feature articles that offer a comprehensive review of the long and storied military public health experience in
the U.S. and articulate the supporting role MSMR has played in this domain over the past 30 years.

We are also collecting and continuing to solicit manuscripts for a special issue focusing on the unique and important concerns related to
military women’ health. This women’s health issue is planned for May 2025, to coincide with National Women’s Health Week, observed this May
12th through 16th. Our September 2024 issue featured a call for papers on military women's heath that has received a substantial number of page
views on health.mil, a harbinger of the interest this topic deserves and receives.

In my first From the Editor’s Desk letter, published in January 2024, I articulated the MSMR mission, to which our dedication remains firm
and unchanged: “In the most recent Armed Forces Health Surveillance Division (AFHSD) Annual Report, MSMR is referred to as the ‘premier
medical peer-reviewed journal published by the AFHSD and DHA, which provides evidence-based estimates of the incidence, distribution,
impact and trends of illness and injury among U.S. military service members and associated populations.” As we enter our 31st year of publish-
ing, the MSMR staft is honored to pick up and carry MSMR’s distinguished legacy of excellence and professional rigor even further.

Our increased readership and article downloads in 2024 resulted not only from the hard work of MSMR staft but, of course, because of the
excellent manuscripts we received from investigators and researchers, not only from DHA organizations but civilian and international contribu-
tors as well. MSMR has enlarged its outreach to areas outside DHA PHD by collaborating with DHA Medical Affairs, Communications, and
Public Affairs in a sustained effort to share the insights provided by the substantial medical data available and enhance the reach of dissemination
more broadly. We have complied a list of all our contributing authors for 2024 in a concluding feature in this month’s issue that recognizes this
critical resource, with our sincerest gratitude.

MSMR’s role, within and supporting the overall mission of AFHSD, PHD, and DHA, remains vital. The need for appropriate database utiliza-
tion, information review, and methodologically valid analysis remains the ‘gold standard’ of epidemiological surveillance and medical knowledge
development. At MSMR, we continue to strive for timeliness with careful deliberation, relevance with objectivity, and scientific validity focused
on readiness and force health protection. MSMR continues to be vigilant and undaunted by the continued high stakes role of public health, but
the successes of 2024 positions us well to continue to serve “those who serve” in 2025.

Thank you for being one of our many MSMR readers. While we are grateful for invaluable contributions by individuals and affiliated organi-

Very Respectfully,

Robert Johnson, MD, MPH, MBA
Col (ret) USAF

Editor-in-Chief

Medical Surveillance Monthly Report
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Thank You to Our 2024 Authors and Contributors

The Editor-in-Chief of MSMR, its contributing editors, and production staff would each like to extend appreciation and
gratitude to the authors who submitted manuscripts to MSMR during 2024. The resultant published articles represent
dozens or more of hours of diligent research, exacting analysis, and meticulous organization by these authors, who then
worked collaboratively with MSMR’s editors to refine each manuscript for publishing. Without their dedication and sacri-
fice of time and effort, MSMR could not provide important monthly, evidence-based reports of the incidence, distribution,
impact, and trends of health-related conditions among service members.
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The Medical Surveillance Monthly Report (MSMR), in continuous publication since 1995, is produced by the
Armed Forces Health Surveillance Division (AFHSD) of the Defense Health Agency (DHA) Public Health Directorate.
AFHSD is a designated public health authority within the Defense Health Agency. The MSMR provides evidence-based
estimates of the incidence, distribution, impact, and trends of illness and injuries among U.S. military members and associated
populations. Most reports in the MSMR are based on summaries of medical administrative data routinely provided to AFHSD
and integrated within the Defense Medical Surveillance System for health surveillance purposes.

o Archive: Past issues of the MSMR are available as downloadable PDF files at www.health.mil/MSMR Archives.

o Online Subscriptions: Submit subscription requests at www.health.mil/MSMRSubscribe.

o Editorial Inquiries: Call (301) 319-3240 or email dha.ncr.health-surv.mbx.msmr@health.mil.

o Instructions for Authors: Information about article submissions is provided at www.health.mil/MSMRInstructions.

All material in the MSMR is in the public domain and may be used and reprinted without permission. Citation formats are
available at www.health.mil/MSMR.

Opinions and assertions expressed in the MSMR should not be construed as reflecting official views, policies, nor positions
of the Department of Defense or the United States Government. The use of the name of any specific manufacturer, commercial
product, commodity, or service in this publication does not imply endorsement by the Armed Forces Health Surveillance
Division, the Defense Health Agency, or the Department of Defense.
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