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Abstract
Background and Objectives
To determine gender differences in headache types diagnosed, sociodemographic character-
istics, military campaign and exposures, and health care utilization among US veterans in the
Veterans Health Administration (VHA).

Methods
This study used a retrospective cohort design to examine VHA electronic health record (EHR)
data. This cohort includes veterans who had at least 1 visit for any headache between fiscal years
2008 and 2019. Headache diagnoses were classified into 8 categories using International
Classification of Disease, Clinical Modification codes. Demographics, military-related exposures,
comorbidities, and type of provider(s) consulted were extracted from the EHR and compared
by gender. Age-adjusted incidence and prevalence rates of medically diagnosed headache
disorders were calculated separately for each type of headache.

Results
Of the 1,524,960 veterans with headache diagnoses included in the cohort, 82.8% were men.
Compared with women, men were more often White (70.4% vs 56.7%), older (52.0 ± 16.8 vs
41.9 ± 13.0 years), with higher rates of traumatic brain injury (2.9% vs 1.1%) and post-traumatic
stress disorder (23.7% vs 21.7%), and lower rates of military sexual trauma (3.2% vs 33.7%;
p < 0.001 for all). Age-adjusted incidence rate of headache of any type was higher among women.
Migraine and trigeminal autonomic cephalalgia rates were most stable over time. Men were more
likely than women to be diagnosed with headache not otherwise specified (77.4% vs 67.7%) and
have higher incidence rates of headaches related to trauma (3.4% vs 1.9% [post-traumatic]; 5.5%
vs 5.1% [postwhiplash]; p < 0.001 for all). Men also had fewer headache types diagnosed (mean ±
SD; 1.3 ± 0.6 vs 1.5 ± 0.7), had fewer encounters for headache/year (0.8 ± 1.2 vs 1.2 ± 1.6), and
fewer visits to headache specialists (20.8% vs 27.4% p < 0.001 for all), compared with women.
Emergency department utilization for headache care was high for both genders and higher for
women compared with men (20.3% vs 22.9%; p < 0.001).
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Discussion
Among veterans with headache diagnoses, important gender differences exist for men and women veterans receiving headache care
within VHA regarding sociodemographic characteristics, headache diagnoses, military exposure, and headache health care utilization.
The findings have potential implications for providers and the health care system caring for veterans living with headache.

Headache is one of the most common and debilitating neuro-
logic conditions encountered by neurologists and other health
care providers.1 The worldwide lifetime prevalence of any
headache disorder is 66%, with half of all people with a diagnosed
headache disorder experiencing headache attacks annually.1,2

Prevalence estimates vary by headache type, age, gender, race,
and ethnicity.3 Gender differences have also been reported for
headache health care utilization, with women seeking medical
care and seeing specialists for headache management more than
men.4 Estimates of headache diagnoses and receipt of headache
care are built on studies of community-based samples that have
consistently demonstrated disparities in care and areas in need of
improvement,1,5-8 including diagnosis, coding, treatment, and
referral processes related to headache.

Headache disorders are problematic in veterans beyond high
rates of primary headache disorders. Traumatic brain injury
(TBI) or other injuries sustained during deployment (e.g.,
whiplash) can lead to headache. Other military-related ex-
posures (e.g., combat or military sexual trauma [MST]-related
post-traumatic stress disorder [PTSD], airborne hazards, and
burn pit) may increase headache risk.9-12 However, relatively
few studies have examined headache disorders in US veterans.
Most studies to date generally focused on veterans of the
recent military campaigns in Iraq and Afghanistan.13-15

Veterans served by the VHA are predominantly men; however,
the number of women has been growing. Attributed partly due
to changes in legislation, women have been enlisting into the
military at higher rates during more recent military campaigns.
Among veterans, women are younger andmore likely to be from
a minority background compared with men.16 Conducting epi-
demiologic investigations within the VHA examining gender
differences across sociodemographic characteristics, military
campaign and exposures, headache diagnoses, and health care
utilization is imperative. Such studies would forward our un-
derstanding of the population-level burden within the largest
integrated health care system in the United States. They would
also guide explorations related to patient-level burden of head-
ache, identify patient and health care system factors associated
with care quality, and inform policy change should meaningful

health care differences and disparities be identified.We report on
gender differences in headache diagnoses, sociodemographic
characteristics, military campaign and exposures, and health care
utilization among veterans receiving care within the VHA.

Methods
Cohort Design and Study Population
The VHA serves more than 9 million veterans annually across
1,293 health care facilities17; all VHAmedical centers (VAMCs)
and clinics use the same electronic health record (EHR) plat-
form. A total of 9.1 million inpatient records and 2.4 billion
outpatient visits fromOctober 1, 2007 (fiscal year [FY] 2008) to
September 30, 2019 (FY2019) were searched to gather veterans
medically diagnosed with headache disorders. As part of the
Congressionally mandated VHA Headache Centers of Excel-
lence (HCoE) program, the VHA HCoE Administrative Data
cohort was created to improve our understanding of the epide-
miology of headache and headache care within the VHA. In the
spirit of the VHA Learning Healthcare System, these data are
also intended to be used to improve headache care quality and
delivery for veterans living with headache disorders.18

First, International Classification of Diseases 9th version (ICD-9-
CM) and 10th version (ICD-10-CM) codes for headache disor-
ders were identified with guidance from the American Academy
of Neurology (AAN)19 and the International Headache Soci-
ety.20 Next, we accessed the Centers for Medicare and Medicaid
ServicesGeneral EquivalenceMapping crosswalk to link the ICD-
9-CM headache codes to the ICD-10-CM codes.21 Four United
Council for Neurologic Subspecialties [UCNS] Headache
Medicine Certified neurologists independently reviewed the
crosswalk of headache diagnoses. Using both ICD-9-CM and
ICD-10-CM codes, headache diagnoses were then classified into
8 categories: headache, not otherwise specified (NOS), migraine,
tension-type headache (TTH), trigeminal autonomic cepha-
lalgias (TACs), other primary headache disorders (e.g., new daily
persistent headache), post-traumatic headache (PTHA), post-
whiplash headache (PWHA), and other secondary headache
disorders (e.g., headache attributed to infection). Given the im-
portance of headache related to head trauma, separate categories

Glossary
AAN = American Academy of Neurology;CPT = common procedural terminology;CDW =Corporate DataWarehouse; ED =
Emergency Department; EHR = Electronic Health Record; FY = Fiscal Year;HCoE =Headache Centers of Excellence;MST =
military sexual trauma; NOS = not otherwise specified; PTHA = post-traumatic headache; PWHA = postwhiplash headache;
TBI = Traumatic brain injury; PTSD = post-traumatic stress disorder; TTH = tension-type headache; TACs = trigeminal
autonomic cephalalgias; UCNS = United Council for Neurologic Subspecialties; VHA = Veterans Health Administration.
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for PTHA and PWHA were created (eTable 1, links.lww.com/
WNL/C327).

We adapted a validated algorithm to identify veterans with
specific (nonheadache) conditions using VHA electronic clinical
and administrative data sources.22 We included 1,562,036 vet-
erans who had at least 1 outpatient or inpatient visit with an ICD-
CM–coded headache diagnosis between FY 2008 and FY 2019.
One single visit was sufficient for cohort entry, given concerns
informed by clinical experience and the literature about the
underestimation of headache diagnoses within and outside of the
VHA.23 However, those veterans who only had inpatient visits
and without any outpatient visits during the cohort period were
determined to be singular time-limited headaches associated
with an acute or exacerbated medical condition leading to hos-
pitalization and hence were excluded from this analysis (n =
37,058). veteransmay havemultiple specific headache types over
the 12-year period. The index date for entry into the cohort was
the date of the veteran’s first headache diagnosis coded in the
EHR during the cohort period FY 2008–2019.We also excluded
veterans younger than 18 years during cohort entry (n = 18;
likely data entry errors in the year of birth).

Measures and Variables
For included veterans, we obtained demographics from VHA
Corporate Data Warehouse (CDW) at initial headache diagnosis
including gender (assessed as a dichotomous social construct,
men/women), age, race (American Indian or Alaska Native, Asia,
Black or African American, Native Hawaiian or Other Pacific
Islander, White, or unknown), and ethnicity (Spanish, Hispanic,
and Latino) assessed through self-report on enrollment or update
in the health care system, marital status, military campaign, and
military exposures. Military campaign refers to an era of service
rather than combat deployment and was categorized into World
War II, Korean Conflict, Vietnam War, first Persian Gulf War,
Operation Enduring Freedom/Operation Iraqi Freedom/
Operation New Dawn (OEF/OIF/OND), or others/unknown
(e.g., current active duty, World War I, and missing). Anthropo-
metric measurements were extracted from the closest measure-
ment within the window of 1 year before and up to 6months after
to headache index date. Height was recorded as themedian height
from all available measurements. Weights <75 or >700 lbs, or
heights <48 or >84 inches were considered biologically implau-
sible24 and therefore excluded. Body mass index (BMI) was cal-
culated as weight in pounds by height in inches squared and
multiplying by a conversion factor of 703.

Military exposure factors, physical and mental health comorbid-
ities, and nonheadache painful condition data were obtained from
CDW. TBI, PTSD, and MST were of particularly high interest.
MST was defined by 38 US Code § 1720D as “physical assault of
a sexual nature, battery of a sexual nature, or sexual harassment
which occurred while the veteran was serving on active duty or
active-duty training.”MSTwas coded positive if at least one of the
MST screens administered to the veteran starting in 2008 was
positive. Baseline comorbidity was defined as starting within the
year before and up to 6 months after the first diagnosis of

headache. We used diagnostic algorithms from other large VHA
and non-VHA cohorts: Northeast Program Evaluation Center
(NEPEC) for mental health conditions, Kaiser for musculoskel-
etal and pain conditions, the VHA Musculoskeletal Disorders
Cohort, Veterans Aging Cohort Study, and Women Veterans
Cohort.22,25,26 The coding of baseline comorbid conditions re-
quired at least 1 inpatient visit with a selected ICD-CM diagnostic
code or 2 outpatient visits with selected ICD-CM diagnostic codes
within 18 months of each other.

To assess clinical provider types and health care unitization, we
defined clinics as Primary Care, Women’s Health, Emergency
Department (ED), Neurology, Physical Medicine and Re-
habilitation (PM&R), Pain Management, and Mental Health.
Within VHA, clinics and specialties are identified by unique stop
codes, making it possible to determine where veterans attended
when receiving headache care (eTable 2, links.lww.com/WNL/
C327). To compare differences in visits with specialty types be-
tween men and women veterans, we further combined Primary
Care and Women’s Health as “Primary Care Plus.” All provider
typeswere displayed as dichotomous variables.We also investigated
the utilization of interdisciplinary care using a combination of dif-
ferent specialty types. For example,whether andwhenpatientswere
seen or managed by Primary Care Providers and Neurologists.

Additional data gathered to construct the cohort included the
following: outpatient prescriptions of headache abortive and
conventional preventive medications, Calcitonin gene–
related peptide antagonists and opioids; headache procedures
such as occipital nerve blocks and neurotoxin injections
identified by common procedural terminology (CPT); non-
pharmacologic headache interventions such as physical ther-
apy referral and biofeedback, and headache services under the
purview of VHA prosthetics (e.g., neuromodulator devices,
oxygen). Geographic location of veterans across the United
States was also determined from administrative data by
mapping veterans to the VAMC assigned by the VHA as their
primary location of receiving care. VAMCs are nested within
geographic regions known as Veterans Integrated Service
Networks (VISNs; eTable 3, links.lww.com/WNL/C327).

Statistical Analysis
Categorical variables were reported as frequencies and per-
centages and continuous variables as mean values and SDs.
Differences between men and women veterans were com-
pared using the χ2 test for categorical variables and indepen-
dent sample t test for continuous variables. A p value <0.05 was
considered statistically significant. We also indicated categorical
results that reflected at least 2% absolute difference or a 2-fold
difference in overall proportions or followed Cohen conven-
tions of d ≥ 0.20 as a statistical test for clinical significance. All
analyses were performed using SAS version 9.4 (Cary, NC).

The crude incidence rates equal the total number of new head-
aches diagnosed in a specific fiscal year divided by the at-risk
population. Period prevalence was defined as the number of vet-
erans with at least 1 outpatient encounter in a specific fiscal year

Neurology.org/N Neurology | Volume 99, Number 18 | November 1, 2022 e1995
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divided by the total VHA population. Incidence and prevalence
rateswere reported as number of cases per 100,000people per year.
After visualizing the age distributions of men and women veterans,
age-adjusted rates were calculated to the 2010 US standard pop-
ulation. The proportions of the 2010 US standard population in
each age group serve as weights for calculating age-adjusted rate. In
addition, incidence rates at FY 2008 were not reported because
veterans could previously be diagnosed with headache disorders
before cohort initiation. Then, age-adjusted incidence rate for each
specific headache type was calculated separately.

Standard Protocol Approvals, Registrations,
and Patient Consents
The VHA HCoE Administrative Data cohort was approved by
the Institutional Review Board of the VHA Connecticut
Healthcare System and granted a Health Insurance Portability
and Accountability Act waiver and waiver of informed consent.

Data Availability
Anonymized data not published within this article will be made
available by request from any qualified investigator. As per VA
policy, analytic datasets used for this study are not permitted to
leave the VA firewall without a Data Use Agreement. Drs. Sico,
Fenton,Wang, and Seng affirm that themanuscript is an honest,
accurate, and transparent account of the resource and analyses
being described; no important aspects have been omitted.

Results
Description of Veterans With Headache
by Gender
A total of 11.5 million veterans were served by the VHA in the
12 years of observation covered by the headache cohort; 7.4% of
them were women. The VHA HCoE Administrative Data Co-
hort includes 1,524,960 distinct veterans who were medically
diagnosed with any type of headache in at least 1 outpatient visit
(a total of 8.2 million visits for headache) between FY 2008 and
FY 2019 (Table 1). Women made up 17.2% of the cohort and
were significantly younger (41.9 vs 52.0 years), more often non-
White (43.3% vs 29.6%), and unmarried (62.7% vs 43.4%),
compared with men. Women are an increasing proportion of
veterans serving in more recent military campaign eras; three-
quarters of women veterans served after Vietnam when com-
pared with 45.6% of men veterans. A bimodal age distribution
for first headache diagnosis was noted in men, whereas a single
peak for women aged 25–29 years was noted (Figure 1). Re-
garding events/conditions of high interest in the VHA,menwith
headache had clinically significant higher rates of overweight/
obesity (81.0% vs 74.3%), TBI (2.9% vs 1.1%), and PTSD
(23.7% vs 21.7%) and lower rates of MST (3.2% vs 33.7%).

Description of Headache Types and Incidence
Table 2 summarizes the gender-specific incidence and 1-year
period prevalence rates of “any headache” diagnosis per
100,000 veterans per fiscal year. Age-adjusted incidence rates
of medically diagnosed headache disorders were higher
among women veterans in all years observed, with a range of

4,283 to 7,155 per 100,000 compared with a range of 2,897 to
4,386 per 100,000 for men.While age-adjusted incidence rates
decreased over time for both genders, we saw an increase in
the 1-year period prevalence rates over the same period for
men and women. The age-adjusted prevalence rates of
headache in women veterans were always higher than men.

Table 3 lists the number of veterans who were given each
headache diagnosis stratified by gender; individual patients may
be listedmore than 1 time in this Table.More than three-quarters
of veterans within the VHA HCoE Administrative Data Cohort
dataset received a diagnosis of headache NOS, with migraine
being the next most common headache diagnosis. There were
significant differences betweenmen and women in the cohort on
headache NOS, migraine and migraine subtypes, and statistically
significant differences on all other headache types, except for
hemicrania continua (p = 0.33). A higher proportion of men in
the VHA HCoE Administrative Data cohort had diagnoses of
headache NOS (77.4% vs 67.7%), post-traumatic headache
(3.4% vs 1.9%), postwhiplash headache (5.5% vs 5.1%), and
cluster headache (1.7% vs 0.9%) than women. A higher pro-
portion of women were diagnosed with migraine (60.1% vs
32.4%, including all migraine subtypes), tension-type headache
(8.2% vs 7.0%), other primary (3.2% vs 2.9%), and other sec-
ondary headaches (1.3% vs 1.0%). More men than women had
only a single headache type documented (75.0% vs 61.6%).

Figure 2 shows the age-adjusted gender-specific incidence
rates for each distinct headache type per 100,000 veterans per
fiscal year. Of note, the VHA transitioned from ICD-9-CM to
ICD-10-CM at the beginning of FY 2016 (on October 1,
2015). We observed that the incidence curves for the specific
headache types were quite different over time. Whereas the
incidence rate of migraine remained stable from FY 2009
onward, TAC, tension-type headache, other primary head-
ache, PTHA, and other secondary headache showed sharp
increases after the establishment of the ICD-10-CM. The in-
cidence rate for PWHA had a surge in FY 2014 and FY 2015
and then dropped back to their baseline rates after the tran-
sition to ICD-10-CM. Men and women had incidence profiles
that were similar in shape, with women veterans having higher
rates for all headaches but PTHA and TACs.

Headache-Related Care Utilization
Women veterans with at least 1 headache diagnosis had a
significant larger average number of annual encounters for
headaches (1.2 vs 0.8) and were evaluated by more provider
types (1.5 vs 1.3) for their headaches than men (Table 4).
Seventy four percent of veterans receive their headache care
from primary care providers, with less than a quarter of all
veterans with headache seeing a neurologist. A significant
greater proportion of women had Primary Care Plus visits
(84.1% vs 71.9%), ED visits (22.9% vs 20.3%), Neurology
visits (27.4% vs 20.8%), and other specialty visits (45.7% vs
38.4%). Meanwhile, significantly more men had PM&R visits
(9.9% vs 6.7%) and were less likely to be evaluated by Pain
Clinic Specialists (2.8% vs 4.6%) and Psychiatrists (2.9% vs

e1996 Neurology | Volume 99, Number 18 | November 1, 2022 Neurology.org/N
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Table 1 Demographic and Key Clinical Features of Veterans With a Medically Diagnosed Headache Disorder in the VHA
From Fiscal Year 2008–2019 by Gendera

Gender

Total (N = 1,524,960) p ValueWomen (n = 262,505) Men (n = 1,262,455)

Age

Mean (SD) 41.9 (13.0) 52.0 (16.8) 50.3 (16.6) <0.001b

Race

American Indian/Alaska Native 2,890 (1.1%) 10,983 (0.9%) 13,873 (0.9%)

Asian 3,637 (1.4%) 14,924 (1.2%) 18,561 (1.2%)

Black 84,682 (32.3%) 253,358 (20.1%) 338,040 (22.2%)

Native Hawaiian/Pacific Islander 2,847 (1.1%) 11,992 (0.9%) 14,839 (1.0%)

White 148,819 (56.7%) 888,218 (70.4%) 1,037,037 (68.0%) <0.001b

Mixed race 4,330 (1.6%) 12,906 (1.0%) 17,236 (1.1%)

Unknown 15,300 (5.8%) 70,074 (5.6%) 85,374 (5.6%)

Ethnicity

Hispanic 21,316 (8.1%) 100,966 (8.0%) 122,282 (8.0%) 0.035

Military campaigns

World War II 1,336 (0.5%) 31,140 (2.5%) 32,476 (2.1%) <0.001b

Korean conflict 2,805 (1.1%) 82,142 (6.5%) 84,947 (5.6%)

Vietnam War era 61,842 (23.6%) 573,277 (45.4%) 635,119 (41.6%)

Gulf War 134,935 (51.4%) 291,744 (23.1%) 426,679 (28.0%)

OEF/OIF/OND 60,247 (23.0%) 281,468 (22.3%) 341,715 (22.4%)

Others/unknown 1,340 (0.5%) 2,684 (0.2%) 4,024 (0.3%)

Marital status

Single/never married 59,333 (22.6%) 185,783 (14.7%) 245,116 (16.1%) <0.001b

Married 97,902 (37.3%) 676,520 (53.6%) 774,422 (50.8%)

Separated/divorced 94,047 (35.8%) 340,550 (27.0%) 434,597 (28.5%)

Widowed 7,845 (3.0%) 49,435 (3.9%) 57,280 (3.8%)

Others/unknown 3,378 (1.3%) 10,167 (0.8%) 13,545 (0.9%)

Body mass index

Mean (SD) 29.5 (6.3) 29.8 (5.7) 29.8 (5.8) <0.001

Underweight 2,519 (1.1%) 7,390 (0.7%) 9909 (0.7%) <0.001b

Normal 57,988 (24.8%) 199,485 (18.2%) 257,473 (19.4%)

Overweight 74,457 (31.9%) 408,640 (37.3%) 483,097 (36.3%)

Obese 98,544 (42.2%) 481,346 (43.9%) 579,890 (43.6%)

Unable to assess 28,997 165,594 194,591

Military exposure related

TBI 2,832 (1.1%) 36,321 (2.9%) 39,153 (2.6%) <0.001b

PTSD 56,977 (21.7%) 299,483 (23.7%) 356,460 (23.4%) <0.001b

MST 88,450 (33.7%) 40,359 (3.2%) 128,809 (8.4%) <0.001b

a Abbreviations: VHA = Veterans Health Administration; OEF/OIF/OND = Operation Enduring Freedom/Operation Iraqi Freedom/Operation New Dawn;
TBI = traumatic brain injury; PTSD = posttraumatic stress disorder; MST = military sexual trauma; SD = Standard deviation.
b Clinically significant: clinical significance for categorical results reflects at least 2% absolute difference or a 2-fold difference in overall proportions or follows
Cohen d ≥ 0.20.

Neurology.org/N Neurology | Volume 99, Number 18 | November 1, 2022 e1997
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4.2%). For interdisciplinary headache care, significantly more
women received their headache-related care from Primary
Care Provider and Neurologist (24.5% vs 16.4%) and Primary
Care Provider and Pain Clinic Specialist (4.3% vs 2.3%).
Geographically, veterans with headache are served by VAMCs
distributed across the country. However, distribution of
headache cases overall and by gender varied across the VISNs
(eTable 3, links.lww.com/WNL/C327).

Discussion
The VHA HCoE Administrative Data Cohort is the world’s
largest administrative dataset of patients with headache and was
created to increase the understanding of headache among
veterans. We reported data for more than 1.5 million veterans
with headache across more than 8.2 million headache-related
visits over a 12-year period in the largest integrated health care
system in the United States, examining gender differences in
headache types diagnosed, sociodemographic characteristics,
military campaign and exposures, and health care utilization
gender differences in age, race, ethnicity, military campaign era
and military exposures, geography, diagnoses, and health care
utilization. We found important gender differences in veterans
with headache, which have potential implications for veterans,
health care providers, and policy makers.

Men comprise both most of US veterans (90.6%)27 and of the
VHA HCoE Administrative Data cohort (82.8%). When di-
agnosed with a headache disorder, men are more often classified
as headacheNOS, have a lower number of headache-related visits,
and generally see providers other than their Primary Care pro-
viders (e.g., headache specialists) less frequently than women for
headache care. Among all US veterans, men are significantly older
than women.27 Similarly, within the VHA HCoE Administrative
Data cohort, men were on average a decade older than women
and had a bimodal distribution of age of first headache diagnosis;

both men and women experienced peaks in headache diagnoses
between 25 and 29 years of age, whereas men experienced a
second peak between 60 and 64 years of age. The relatively low
numbers of women veterans from conflicts before the Gulf War
may at least partially explain both the gender difference in average
age and the lack of bimodality in women. In addition, we found
the incidence and prevalence rates of medically diagnosed head-
ache disorders almost doubled when adjusted with 2010 US
Standardized population among men. The age distribution shifts
between veterans and the US population highlights the unique
composition in headaches diagnosed and treated in theVHA.The
earlier peak for rates of headache among younger veterans is not
surprising because headache commonly affects people during
their most productive years and preferentially so among
women.3,28 Reports on the 1-year period prevalence of medically
diagnosed migraine show an increase for both men and women
up until ages 30–39 years, with prevalence higher for women than
for men (24.4% vs 7.4%). Among patients 60 years and older, the
prevalence of migraine for women and men decreases sub-
stantially (5.0% vs 1.6%).29 VHA-based studies examining head-
ache among veterans serving in the most recent military
campaigns in Iraq and Afghanistan find comparable mean ages
between men and women with migraine and that most with
headache occur in persons younger than 50 years.14,23

The overall proportion of Black veterans with headache
(22.2%) is elevated in comparison with their representation in
the VHA (overall 12%; men: 10.0%, women 18.9%).27 This
trendmay be partially explained by the fact that Black veterans
are more likely to be women and younger, groups at a higher
risk for headache disorders. Data from the 2014 National
Health Interview Survey reported that 15.0% of Black persons
or persons of African American ancestry experiencedmigraine
and severe headache.3

In considering conditions associated with military service,
TBI is a signature injury of modern military conflicts.30

Headache is the most common persistent symptom after TBI,
with an incidence reaching 90%; approximately 15%–53% of
these patients going on to develop persistent PTHA.31 The
literature on veterans suggests that women are less likely to
sustain a TBI, but more likely to report headache after TBI
than men.32 In our study, men had higher rates of PTHA,
which may be accounted for by the higher rate of TBI among
men. PTSD and TBI are more common among veterans with
headache compared with those without headache, and PTSD
itself may also exacerbate headache.13,33 Among veterans,
military sexual trauma occurs in 8.4% overall, in 33%–41% of
women and in 1%–4% of men; headache is one of the many
physical symptoms associated with this form of trauma.34,35

Our current work confirms gender differences in headache di-
agnoses; women are more frequently diagnosed with migraine
and tension-type headache than men. Men are more frequently
diagnosed with cluster headache, other TACs, and headaches
associated with trauma, specifically post-trauma headache and
postwhiplash headache.36,37 A large percentage of veterans with

Figure 1 Baseline Age Distribution of Veterans in the VHA
HCoE Administrate Data Cohort by Gender
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headache were diagnosed with headache NOS, an ICD-CM
symptom code that typically represents a failure to accurately
diagnose an ICHD-defined primary or secondary headache dis-
order or disorders. Two studies reported the proportions of
headache NOS diagnosed in the Emergency Department were
26% and 42%, respectively.38,39 Reasons why menmay have had
higher rates of being diagnosed with headache NOS in VHA
administrative data likely are less related to the underlying bi-
ology of headache. Rather, this phenomenon may reflect a
combination of men seeing fewer headache specialists invested
in making specific diagnoses, possible underreporting of or ex-
periencing headache and headache-associated symptoms, which
would support a more specific diagnosis, a lower number of
follow-up visits, and hence opportunities tomake amore specific
diagnosis, for men compared with women, deficiencies in di-
agnosis and coding by health care providers, and implicit bias
providers may have toward headache in men.

We also observed dramatic increase in the incidence rates of
TAC, TTH, other primary headache, PTHA, and other sec-
ondary headache after the transition from ICD-9-CM to ICD-
10-CM coding. One VHA study revealed a 75% consistency of
headache ICD-CM codes assigned to the same patients before
and after the transition.40 Although ICD-9-CM and ICD-10-
CM share similar hierarchy on disease classification, ICD-10-
CM is more granular and contains 7-fold more diagnostic
codes, which allows for greater diagnostic specificity. A good
example is the coding of other secondary headache attributed
to cranial or cervical vascular disorder. In ICD-10-CM, vas-
cular headache was coded as G44.1 and was included with
784.0, a nonspecific symptom code in ICD-9-CM. This cross-

sectional difference due to coding transition was also observed
in subarachnoid hemorrhage, intracerebral hemorrhage, is-
chemic stroke, and Parkinson disease.41 Without sudden
changes in the rate of exposure or health care access, incidence
of a chronic disease should remain constant over time. The
incidence of headaches in recent fiscal years returns to similar
rates before the ICD-9/10-CM transition; thus, the distinct
headache incidences examined in this national veteran cohort
are relatively accurate. While it remains unclear why there was
a surge in PWHA incidence in FYs 2014 and 2015, we hy-
pothesize that this phenomenon is linked to the Polytrauma
Blast-Related Injury Quality Enhancement Research Initiative
on OEF/OIF/OND Veterans with TBI sequelae in 2013.42

Exactly how the coding of discrete headache diagnoses may
have been affected by the coding transition needs to be
addressed in future work.

Women on average had more visits for headache than did
men, were more likely to see a health care professional other
than a primary care provider for their headache, and to see
multiple specialists, with the exception that men were more
likely to see physiatrists as part of their headache manage-
ment. In VHA, physiatrists are more often responsible for
polytrauma centers than neurologists, and there was more
medically diagnosed TBI in men than women with headache.
Women with migraine were more likely than men with mi-
graine to report having consulted any doctor for headache
management. In a study of a single VHA Polytrauma Center,
men veterans with a positive mTBI screen and persistent
headaches refused Neurology clinic referrals more often than
women. Still, for those who accepted a Neurology Clinic

Table 2 Gender-Specific Incidence and Period Prevalence Rates per 100,000 Veterans With Any Medically Diagnosed
Headache by Year

Fiscal year

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Crude period incidencea

Women — 7,442.6 6,012.3 5,125.1 4,829.6 4,834.4 4,831.8 4,824.1 4,369.1 4,063.3 4,164.3 4,012.6

Men — 2,390.4 2,112.6 1,923.2 1,829.6 1,801.5 1,906.6 1,980.8 1,733.0 1,664.3 1,684.6 1,692.8

Age-adjusted incidencea

Women — 7,155.2 5,836.4 5,016.2 4,721.2 4,763.5 4,766.2 4,818.5 4,445.9 4,282.9 4,540.0 4,370.7

Men — 4,386.3 3,768.1 3,372.9 3,174.3 3,190.1 3,257.3 3,298.8 2,954.6 2,897.2 2,950.5 2,983.4

Crude period prevalence

Women 13,952.5 14,932.5 15,197.9 15,305.9 15,589.7 16,059.3 16,790.3 17,581.5 16,063.4 16,748.1 17,986.9 18,917.2

Men 3,534.7 3,892.7 4,057.5 4,140.4 4,273.1 4,450.7 4,812.9 5,186.7 4,489.2 4,729.9 5,099.7 5,450.6

Age-adjusted prevalence

Women 13,105.8 13,956.5 14,165.4 14,204.1 14,398.3 14,811.3 15,443.7 16,177.6 14,885.0 15,668.2 16,970.0 17,875.5

Men 6,318.0 6,977.6 7,107.0 7,126.6 7,185.7 7,445.0 7,844.5 8,273.7 7,340.6 7,746.6 8,315.5 8,839.4

a Incidence rate is not reported in FY 2008 veterans, could previously be diagnosed with headache disorders period to cohort initiation.
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referral, nearly 70% appeared for the initial Neurology Clinic
appointment and 29.2% appeared for at least 1 follow-up
appointment.31

Gender differences in health care use may reflect differences
in rates of various headache disorders, severity, and patterns
of consultation for those disorders among veterans. For
example, in both the American Migraine Study and VHA
Polytrauma Center study, patients were more likely to ac-
cept a referral outside of primary care if they were having
more severe headache pain.31,43 In our cohort, headache
care was delivered to 20.7% of veterans with headache in the
VHA ED, more frequently for women than men. Headache
is one of the most common reasons for patients to go to EDs
for patient ages 15–64 years, being the 6th and 19th most
common diagnosis seen in women and men, respectively.3

The lifetime prevalence of ED use for headache manage-
ment differs between women and men with migraine

(19.5% vs 13.4%).44 Among the limitations, our cohort
comprised US military veterans served by the VHA, a pre-
dominantly male population. While these results may be less
generalizable to other populations, the VHA HCoE Ad-
ministrative Data Cohort allows for an unparalleled op-
portunity to study headache among men and examine rarer
headache diagnoses in men and women (e.g., hemicrania
continua). Regarding gender, the VHA recorded self-
reported binary gender in the EHR during the study pe-
riod. As EHR data capture extends beyond these binary
categories, future headache studies should include trans-
gender and nonbinary gender identities. While we examined
military campaign and exposures, VHA data do not rou-
tinely have the branch of the military veterans served in.
Noting that military exposures may vary by service branch
suggest that headache may differ across service branches.
Our administrative data cohort relies on ICD-CM codes
entered by providers working within a nonfee for service

Table 3 Breakdown Among Medically Diagnosed Headache Disorders From Fiscal Year 2008–2019 by Gendera

Gender

Total (N = 1,524,960) p ValueWomen (n = 262,505) Men (n = 1,262,455)

Headache conditionsb

Headache, NOS 177,586 (67.7%) 977,169 (77.4%) 1,154,755 (75.7%) <0.001c

Migraine 157,837 (60.1%) 409,284 (32.4%) 567,121 (37.2%) <0.001c

Without aura 47,876 (18.2%) 95,210 (7.5%) 143,086 (9.4%) <0.001c

With aura 30,815 (11.7%) 67,383 (5.3%) 98,198 (6.4%) <0.001c

Chronic 26,853 (10.2%) 54,190 (4.3%) 81,043 (5.3%) <0.001c

TAC 2,804 (1.1%) 24,125 (1.9%) 26,929 (1.8%) <0.001

Cluster headache 2,368 (0.9%) 21,772 (1.7%) 24,140 (1.6%) <0.001

Hemicrania continua 360 (0.1%) 1,831 (0.1%) 2,191 (0.1%) 0.33

Tension-type headache 21,639 (8.2%) 88,699 (7.0%) 110,338 (7.2%) <0.001

Other primary headache 8,421 (3.2%) 36,097 (2.9%) 44,518 (2.9%) <0.001

Posttraumatic headache 4,874 (1.9%) 42,475 (3.4%) 47,349 (3.1%) <0.001

Postwhiplash headache 13,439 (5.1%) 69,622 (5.5%) 83,061 (5.4%) <0.001

Secondary headache 3,286 (1.3%) 12,619 (1.0%) 15,905 (1.0%) <0.001

Drug-induced headache 1,965 (0.7%) 7,014 (0.6%) 8,979 (0.6%) <0.001

Vascular Headache 1,355 (0.5%) 5,694 (0.5%) 7,049 (0.5%) <0.001

Number of headache diagnoses

Mean (SD) 1.5 (0.7) 1.3 (0.6) 1.3 (0.6) <0.001c

1 161,794 (61.6%) 946,500 (75.0%) 1,108,294 (72.7%) <0.001c

2 78,582 (29.9%) 248,465 (19.7%) 327,047 (21.4%)

≥3 22,129 (8.4%) 67,490 (5.3%) 089,619 (5.9%)

a Abbreviations: NOS = not-otherwise-specified; TAC = Trigeminal Autonomic Cephalalgia.
b Headache diagnoses are not mutually exclusive.
c Clinically significant: clinical significance for categorical results reflects at least 2% absolute difference or a 2-fold difference in overall proportions or follows
Cohen d ≥ 0.20.
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health care system. Patients reported here have been med-
ically diagnosed with headache by various VHA providers;
as such, universal use of validated instruments to diagnose
specific headache diagnoses did not occur nor would be

feasible. In addition, while this cohort has a sizable number
of cases, undercoding of specific headache diagnoses likely
occurs. Similar to claims data, VHA administrative data do
not routinely capture pain severity, frequency, disability, or

Figure 2 Age-Adjusted Headache Incidence of Distinct Headache Types Encountered Within the Veterans Health Admin-
istration, Stratified by Gender and Standardized to the US Population (2010), Fiscal Year 2009–2019
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other measures of the burden headache imposes on patients.
Furthermore, while men are less likely to see neurologists
and other headache specialists in our cohort, we cannot
determine whether this is due to unobserved patient and/or
provider factors such as differences in real and reported
headache severity and frequency between men and women,
whether men are less apt to seek medical assistance in the

form of a referral45 or be given a referral, or other reasons
that may determine referral patterns. Finally, we do not
currently report headache treatment or a comprehensive list
of chronic pain and mental health comorbidities. The de-
cision was made to not include that data here, given the
heterogeneity of headaches and noting that some treat-
ments are more applicable to specific headache types.

Table 4 Outpatient Visits With Medically Diagnosed Headache Disorders From Fiscal Year 2008–2019 by Gendera

Gender

Total (N = 1,524,960) p ValueWomen (N = 262,505) Men (N = 1,262,455)

Number of Encounters per Fiscal Year

Mean (SD) 1.2 (1.6) 0.8 (1.2) 0.9 (1.3) <0.001c

Specialty Types

Primary Care Plusb 220,785 (84.1%) 907,969 (71.9%) 1,128,754 (74.0%) <0.001c

Primary Care 182,347 (69.5%) 907,567 (71.9%) 1,089,914 (71.5%) <0.001c

Women’s Health 89,811 (34.2%) 1,560 (0.1%) 91,371 (6.0%) <0.001c

ED 60,237 (22.9%) 255,843 (20.3%) 316,080 (20.7%) <0.001c

Neurology 71,918 (27.4%) 262,907 (20.8%) 334,825 (22.0%) <0.001c

PM&R 17,505 (6.7%) 125,482 (9.9%) 142,987 (9.4%) <0.001c

Pain Clinic 12,128 (4.6%) 34,822 (2.8%) 46,950 (3.1%) <0.001

Psychiatry 11,001 (4.2%) 36,205 (2.9%) 47,206 (3.1%) <0.001

Others 119,898 (45.7%) 48,5224 (38.4%) 605,122 (39.7%) <0.001c

Number of Specialty Types per Person

Mean (SD) 1.5 (1.0) 1.3 (0.8) 1.4 (0.9) <0.001c

0 13,219 (5.0%) 113,995 (9.0%) 127,214 (8.3%) <0.001c

1 148,979 (56.8%) 786,039 (62.3%) 935,018 (61.3%)

2 61,835 (23.6%) 246,984 (19.6%) 308,819 (20.3%)

≥3 38,472 (14.7%) 115,437 (9.1%) 153,909 (10.1%)

Combinations

Primary Care Plus & Neurology 64,231 (24.5%) 206,437 (16.4%) 270,668 (17.7%) <0.001c

Primary Care Plus & PM&R 14,652 (5.6%) 83,053 (6.6%) 97,705 (6.4%) <0.001

Primary Care Plus & Pain Clinic 11,184 (4.3%) 28,904 (2.3%) 40,088 (2.6%) <0.001c

Primary Care Plus & Psychiatry 10,108 (3.9%) 30,129 (2.4%) 40,237 (2.6%) <0.001

Neurology & PM&R 9,098 (3.5%) 41,297 (3.3%) 50,395 (3.3%) <0.001

Neurology & Pain Clinic 7,916 (3.0%) 19,617 (1.6%) 27,533 (1.8%) <0.001

Neurology & Psychiatry 6,164 (2.3%) 17,593 (1.4%) 23,757 (1.6%) <0.001

PM&R & Pain Clinic 2,584 (1.0%) 8,670 (0.7%) 11,254 (0.7%) <0.001

PM&R & Psychiatry 1,739 (0.7%) 8,794 (0.7%) 10,533 (0.7%) 0.05

Pain Clinic & Psychiatry 1,884 (0.7%) 4,446 (0.4%) 6,407 (0.4%) <0.001

a Abbreviations: ED = emergency department; PM&R = Physical Medicine and Rehabilitation.
b Primary Care Plus is a combination of Primary Care and Women’s Health.
c Clinically significant: clinical significance for categorical results reflects at least 2% absolute difference or a 2-fold difference in overall proportions or follows
Cohen d ≥ 0.20.
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Our current findings have important headache management
implications for providers and health care systems. Recognizing
the large number of older veterans with headache, providers
should consider tailoring treatment regimens to this age group
and undertake evaluation for secondary causes of headache as
appropriate.46,47Understanding the racial and ethnic composition
is imperative to delivering high-quality guideline concordant care.
Migraine attacks have been found to bemore severe and frequent
among Black patients compared with White patients with mi-
graine, perhaps due to stresses related to minority status and
observed underutilization of headache services.48 Evaluation and
treatment strategies should be sensitive to these racial/ethnic
differences. Clinicians providing headache care for veterans with
TBI, PTSD, and MST should be aware of potential treatment
implications, both holistically and for headache management, in
the presence of these conditions. From a health care systems
perspective, specific areas that warrant attention include the high
rates of both ED utilization for headache care and headache NOS
diagnoses. Veterans with headache are going to the ED at roughly
the same proportion as going to a neurologist or a higher rate than
to other headache specialists. One likely predictor of higher ED
use for headachemay be limited access to providers with expertise
in headache care. Reduced access is likely contributing to the
observed rates of headache NOS. It would be impossible for the
more than 1 million veterans living with a headache NOS di-
agnosis to see a headache specialist. Large-scale educational in-
terventions focusing on accurate and specific headache diagnoses
and coding, alone or in combination with EHR/informatics-
based approaches, could begin addressing this important and
previously underappreciated issue among veterans.
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