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IMPORTANCE Posttraumatic headache is the most disabling complication of mild traumatic
brain injury. Posttraumatic stress disorder (PTSD) symptoms are often comorbid with
posttraumatic headache, and there are no established treatments for this comorbidity.

OBJECTIVE To compare cognitive behavioral therapies (CBTs) for headache and PTSD
with treatment per usual (TPU) for posttraumatic headache attributable to mild traumatic
brain injury.

DESIGN, SETTING, AND PARTICIPANTS This was a single-site, 3–parallel group, randomized
clinical trial with outcomes at posttreatment, 3-month follow-up, and 6-month follow-up.
Participants were enrolled from May 1, 2015, through May 30, 2019; data collection ended on
October 10, 2019. Post-9/11 US combat veterans from multiple trauma centers were included
in the study. Veterans had comorbid posttraumatic headache and PTSD symptoms.
Data were analyzed from January 20, 2020, to February 2, 2022.

INTERVENTIONS Patients were randomly assigned to 8 sessions of CBT for headache,
12 sessions of cognitive processing therapy for PTSD, or treatment per usual for headache.

MAIN OUTCOMES AND MEASURES Co–primary outcomes were headache-related disability on
the 6-Item Headache Impact Test (HIT-6) and PTSD symptom severity on the PTSD Checklist
for Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition) (PCL-5) assessed from
treatment completion to 6 months posttreatment.

RESULTS A total of 193 post-9/11 combat veterans (mean [SD] age, 39.7 [8.4] years; 167 male
veterans [87%]) were included in the study and reported severe baseline headache-related
disability (mean [SD] HIT-6 score, 65.8 [5.6] points) and severe PTSD symptoms (mean [SD]
PCL-5 score, 48.4 [14.2] points). For the HIT-6, compared with usual care, patients receiving
CBT for headache reported −3.4 (95% CI, −5.4 to −1.4; P < .01) points lower, and patients
receiving cognitive processing therapy reported −1.4 (95% CI, −3.7 to 0.8; P = .21) points
lower across aggregated posttreatment measurements. For the PCL-5, compared with usual
care, patients receiving CBT for headache reported −6.5 (95% CI, −12.7 to −0.3; P = .04)
points lower, and patients receiving cognitive processing therapy reported −8.9 (95% CI,
−15.9 to −1.9; P = .01) points lower across aggregated posttreatment measurements.
Adverse events were minimal and similar across treatment groups.

CONCLUSIONS AND RELEVANCE This randomized clinical trial demonstrated that CBT for
headache was efficacious for disability associated with posttraumatic headache in veterans
and provided clinically significant improvement in PTSD symptom severity. Cognitive
processing therapy was efficacious for PTSD symptoms but not for headache disability.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02419131

JAMA Neurol. doi:10.1001/jamaneurol.2022.1567
Published online June 27, 2022.

Visual Abstract

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Donald D.
McGeary, PhD, Department of
Rehabilitation Medicine, The
University of Texas Health Science
Center at San Antonio, 7703 Floyd
Curl Dr, San Antonio, TX 78229
(mcgeary@uthscsa.edu).

Research

JAMA Neurology | Original Investigation

(Reprinted) E1

Downloaded From: https://jamanetwork.com/ on 07/02/2022

https://clinicaltrials.gov/ct2/show/NCT02419131
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2022.1567?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.1567
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2022.1567?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.1567
https://jamanetwork.com/journals/neu/fullarticle/10.1001/jamaneurol.2022.1567?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.1567
mailto:mcgeary@uthscsa.edu


M ilitary service members and veterans are at high risk
for head injury compared with civilians.1,2 More than
369 000 US veterans have at least 1 mild TBI (mTBI),3

and many will report onset or worsening of headache (ie, post-
traumatic headache; PTH) within 3 months of their head in-
jury (though the connection between headache and head in-
jury is sometimes unclear).4,5 Veterans are more likely than
civilians to develop PTH after mTBI,1,6,7 and mechanisms of
PTH are poorly understood.1,8 Clinical posttraumatic stress
disorder (PTSD) symptoms are common among veterans with
mTBI,5,9,10 and PTSD comorbid with mTBI may increase risk
for PTH onset, severity, and disability11,12 while diminishing
treatment response.9

There are no confirmed frontline treatments for PTH at-
tributable to mTBI. Ongoing research offers some support for
neuromodulation and pharmacotherapy for mTBI-related
headache,11 but at least 1 preventive pharmacotherapy will fail
in 79% of those with headache after mTBI,13 and existing phar-
macotherapy studies are low quality.14 Manualized cognitive
behavioral therapies (CBTs) offer safe, broad-spectrum treat-
ment for PTH,2,15,16 but limited evidence supports their use.17,18

Indeed, the only published trial of behavioral treatment for PTH
found no benefit in a civilian sample.19 Veterans with PTH may
respond to treatment differently than civilians owing to a
higher risk of comorbid PTSD symptoms,20 but at the time of
this article, there are no published randomized clinical trials
in veterans for any PTH intervention.

The present study examined 2 nonpharmacological inter-
ventions for PTH in military veterans with persistent head-
ache related to comorbid mTBI and clinical PTSD symptoms.
Investigators compared a manualized behavioral headache in-
tervention, cognitive behavioral therapy for headache (CBTH),
and a manualized PTSD intervention, cognitive processing
therapy (CPT),21 with usual care in a sample of US military vet-
erans with mTBI-related headache. CBTH uses cognitive be-
havioral therapy concepts with documented effects for head-
ache disability and comorbid mood in primary headaches,22

and CPT has produced significant improvements in PTSD and
related health symptoms (including headaches).23 We hypoth-
esized that both CBTH and CPT would result in significant im-
provement in both headache-related disability and PTSD symp-
tom severity compared with usual care in veterans with PTH
attributable to mTBI and comorbid clinical PTSD symptoms.

Methods
Ethical Considerations
This clinical trial was approved through a joint university and
Department of Veterans Affairs (VA) institutional review board
and Duke Health institutional review board and monitored by
the US Army Medical Research and Development Command
Human Research Protection Office. Participants provided writ-
ten informed consent and were eligible for financial compen-
sation. The trial research protocol was previously published
(Supplement 1 and Supplement 2).24 This study followed the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guidelines.

Study Population
Trial participants were recruited through a VA hospital, mili-
tary facilities, and the community. Race and ethnicity
were assessed by self-report on a standardized demograph-
ics questionnaire. Race categories included American
Indian, Asian, Black/African American, Native Hawaiian,
White, and other (a free-text field for identification of
race was not included on this list). Ethnicity categories
included Hispanic and non-Hispanic. Assessment of race
and ethnicity was required by the funder. Figure 1 details
who was approached for screening, including veterans,
active-duty military, National Guard members, and Reserv-
ists with at least 1 deployment after September 11, 2001. All
met International Classification of Headache Disorders
(ICHD) criteria for persistent (ICHD-3, 5.2.2) or delayed-
onset (ICHD-3, A5.2.2.1) headache attributable to mTBI
(ie, posttraumatic headache) based on a structured diagnos-
tic interview for headache and confirmed by a VA physician
(B.C.E., C.A.J.) with expertise in headache. Qualifying par-
ticipants had confirmed mTBI based on established case
definition,25 stable headache medication dosage (ie, no
change during study participation), and clinically significant
PTSD symptoms (baseline Diagnostic and Statistical Manual
of Mental Disorders [Fifth Edition] [DSM-5] [PCL-5] score of
25 or more and exposure to a traumatic event, 1 or more
intrusion symptoms, and 1 or more avoidance symptoms
based on the Clinician-Administered PTSD Scale for
DSM-5).26

Individuals were excluded if they experienced signifi-
cant change in headache symptoms within 6 weeks of enroll-
ment, recently or currently engaged in active PTSD treat-
ment, were diagnosed with medication overuse headache,
required immediate psychiatric or medical intervention,
or demonstrated cognitive impairment affecting ability
to participate.

Study Design
This 3-group randomized clinical trial compared CBTH and CPT
with treatment per usual (TPU) at a large VA multiple-trauma

Key Points
Question Do cognitive behavioral therapies for posttraumatic
headache and posttraumatic stress disorder (PTSD) symptoms
improve headache-related disability in veterans compared with
treatment per usual?

Findings A randomized clinical trial of 193 post-9/11 combat
veterans with posttraumatic headache and PTSD symptoms found
headache disability was significantly improved with cognitive
behavioral therapy for headaches compared with treatment per
usual. Though participants randomly assigned to cognitive
processing therapy reported significantly greater improvement in
PTSD symptom severity compared with treatment per usual,
there was no significant effect of cognitive processing therapy
on headache disability.

Meaning Cognitive behavioral therapies are efficacious
treatments for veterans with comorbid posttraumatic headache
and PTSD symptoms.
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rehabilitation center. Participants were randomized in a 1:1:1
ratio using computerized, central randomization and blind
allocation. The standardized treatment window for the study
was 6 weeks, although patients received additional time to
complete treatment if they missed sessions.24 Participants were
asked to complete assessments at pretreatment, posttreat-
ment, 3-month, and 6-month posttreatment follow-ups
(Figure 1).

Study Treatments
CBTH was delivered in 8 weekly or biweekly, 1-hour sessions
by trained, licensed clinical psychologists (P.S.N., J.C.M.) or
clinical psychology postdoctoral fellows (L.M.B., H.R.H.). Treat-
ment professionals completed a 2-hour orientation to the
manual and demonstrated competency with 2 supervised
clinical cases.24 CBTH professionals received expert clinical
supervision from study investigators.

CPT is a manualized intervention for PTSD delivered in
12-hour sessions over 6 weeks.21,23 All study CPT profession-
als completed standardized training on PTSD and CPT

treatment, regular supervision and case consultation, and a
competency process consistent with best practices for CPT
training.27

TPU was consistent with multidisciplinary treatment in
a large VA multiple-trauma center, allowing for comparison
between experimental interventions for PTH (CBTH and
CPT) and the highest standard of VA clinical care for
mTBI.28-31 Participants who received TPU received it in the
form of pharmacotherapies, interventional pain manage-
ment (eg, Botox injection), physical therapy, and comple-
mentary and integrative health treatments (eg, massage,
acupuncture).

Behavioral Treatment Overlap
CBTH and CPT were both developed using a CBT framework.
The CBTH intervention focused exclusively on headache and
stress, relying heavily on behavioral interventions and stress
management with some cognitive therapy. CPT focused
exclusively on PTSD, emphasizing cognitive therapy
(eTable 1 in Supplement 3).

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram

387 Patients approached

263 Assessed for eligibility

124 Not assessed for eligibility
56 Not interested in study participation
40 Lost contact
28 Unable to commit to 6-wk treatment

193 Randomized

70 Excluded
28 Did not meet inclusion criteria for PTSD symptoms
14 Met exclusion criteria
13 Declined to participate
9 Did not meet inclusion criteria for

posttraumatic headache
4 Did not meet criteria for other reasons
2 Did not meet inclusion criteria for

posttraumatic headache and PTSD symptoms

65 Randomized to CBTH

3 Had family or work obligations

55 Received intervention as randomized
10 Did not receive allocated intervention
5 Moved or had transportation issues

2 Did not like treatment 

21 Completed all follow-up

25 Withdrawn by patient request

23 Completed posttreatment follow-up
21 Completed 3-mo follow-up
23 Completed 6-mo follow-up

18 Lost contact

36 Completed all follow-up

7 Withdrawn by patient request

48 Completed posttreatment follow-up
40 Completed 3-mo follow-up
36 Completed 6-mo follow-up

21 Lost contact

23 Completed all follow-up

18 Withdrawn by patient request

33 Completed posttreatment follow-up
31 Completed 3-mo follow-up
32 Completed 6-mo follow-up

16 Lost contact

65 Included in ITT analysis
41 Contributed ≥1 HIT-6 outcome
40 Contributed ≥1 PCL-5 outcome
65 Included in multiple imputation

64 Included in ITT analysis
27 Contributed ≥1 HIT-6 outcome
26 Contributed ≥1 PCL-5 outcome
64 Included in multiple imputation

64 Included in ITT analysis
51 Contributed ≥1 HIT-6 outcome
51 Contributed ≥1 PCL-5 outcome
64 Included in multiple imputation

64 Randomized to CPT

5 Had family or work obligations

48 Received intervention as randomized
16 Did not receive allocated intervention
6 Moved or had transportation issues

5 Did not like treatment 

64 Randomized to usual care

4 Had family or work obligations

57 Received intervention as randomized
7 Did not receive allocated intervention
3 Moved or had transportation issues

CBTH indicates cognitive behavioral therapy for headache; CPT, cognitive processing therapy; HIT-6, 6-Item Headache Impact Test; ITT, intention to treat;
PCL-5, PTSD Checklist for DSM-5; PTSD; posttraumatic stress disorder.
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Efficacy Assessments and Outcomes
Study participants completed a standardized assessment bat-
tery administered by blinded assessors at pretreatment,
posttreatment, 3-month, and 6-month follow-up. A detailed
description of blinding, allocation, measures, and timelines is
included in a published methods article.24 The primary head-
ache end point for this trial was the 6-Item Headache Impact
Test (HIT-6),32 a self-reported disability measure assessing
changes in quality of life and functioning related to chronic
headache.33,34 The HIT-6 has been used as the primary end
point in other PTH studies12 and is recommended as an out-
come in guidelines for trials of behavioral treatment in
headache.35 PTSD symptoms were assessed using the PCL-5,
a 20-item, self-report measure administered weekly.36

Secondary outcomes included headache diary, depression (9-
item Patient Health Questionnaire [PHQ-9]), anxiety (7-item
Generalized Anxiety Disorder [GAD-7]), and sleep (Insomnia
Severity Index [ISI]).24 Participants completed a standard-
ized clinical interview based on the ICHD criteria for
headache37,38 to assess qualitative headache symptoms and
headache diagnosis.

Veterans with pain and/or PTSD are at high risk for treat-
ment dropout.39-41 This study accounted for 30% dropout, and
dropout participants were contacted at the end of the study
to assess reason for dropout, global change in symptoms, treat-
ment satisfaction, and the 2 primary outcomes as described
earlier.24

Statistical Analysis
Sample size planning assumed a large correlation between
baseline scores and final end points (Pearson r = 0.50) with
2-tailed specified joint superiority testing of 2 primary out-
comes at α = .025. Group sample sizes of 64 participants (total
number = 192) would provide power of 0.80 to detect an ef-
fect size (d) of 0.52 between a treatment group and TPU for both
primary outcomes. This effect size translates to a clinically
significant change of 2.8 points on the HIT-642 and 8.2 points
on the PCL-5. The primary analysis set was intention to treat
(ITT), including all individuals randomly assigned to treat-
ment. A multiple imputation strategy was applied to account
for missing data in the ITT analyses. Missing outcome scores
at posttreatment, 3-month, and 6-month follow-ups were
multiply imputed (m = 100) using multilevel models (Supple-
ment 2).

Primary outcomes were analyzed using 2 separate gener-
alized linear mixed models to examine the superiority of
CBTH and CPT in alleviating headache disability (HIT-6) and
PTSD symptoms (PCL-5) compared with TPU. Outcome
observations at posttreatment and 3-month and 6-month
follow-ups were entered simultaneously into the mixed
model to provide a single inference about the outcome effect
after treatment (hereafter referred to as aggregate posttreat-
ment). Fixed effects included baseline HIT-6/PCL-5 scores
and treatment group (ie, CBTH, CPT, TPU). To account for
repeated measurements across posttreatment assessment
occasions, a random intercept was used for participants
specifying a normal distribution with identity link for both
outcomes. Secondary analyses examined varying treatment

response using a similar mixed model including statistical
interaction (ie, treatment group × posttreatment time) and
contrasted CBTH vs CPT for both primary outcomes
(eTables 2 and 3 in Supplement 3).

Post hoc contrasts compared both behavioral treatments
with TPU at each posttreatment measurement occasion using
P < .025 as the threshold for 2-tailed statistical significance to
account for the 2 primary end points (HIT-6, PCL-5). No mul-
tiplicity adjustments were made for secondary outcomes
(eg, headache frequency/intensity, depression), which used
P < .05 as the statistical significance threshold using the same
generalized linear mixed-model approach for primary analy-
sis described previously. Sensitivity analyses addressed miss-
ing data using maximum likelihood estimation, modified ITT,
and per-protocol analysis sets. Statistical analyses were
conducted using R software, version 4.0.2 (R Foundation) and
R Studio (Supplement 2). Data were analyzed from January 20,
2020, to February 2, 2022.

Results
A total of 193 post-9/11 combat veterans (mean [SD] age, 39.7
[8.4] years; 167 male veterans [87%]; 26 female veterans
[13%]) were included in the study. Participants with the fol-
lowing race and ethnicity were included: 5 American Indian
(2.6%), 7 Asian (3.6%), 34 Black/African American (17.6%), 81
Hispanic (42.0%), 110 non-Hispanic (57.0%), 6 Native Hawai-
ian (3.1%), 110 White (57.0%), 29 other race and ethnicity
(15.1%) and 2 participants (1.0%) refused to answer. Race and
ethnicity included in the other category included Asian and
White, Black and Caribbean Indian, European Mix, Mexican
American, Mixed, Native Texan/American, Puerto Rican, and
White/Pacific Islander. The total participants were randomly
assigned to either the CBTH group (65 [33.7%]), CPT group
(64 [33.2%]), or TPU group (64 [33.2%]) (Figure 1). Treat-
ment initiation rates were 85% (55 of 65 participants) CBTH,
75% (48 of 64 participants) CPT, and 89% (57 of 64 partici-
pants) TPU. Treatment engagement was better for CBTH and
TPU compared with CPT with 60% (39 of 65 participants)
completing 6 or more CBTH sessions, 42% (27 of 64 partici-
pants) completing 9 or more CPT sessions, and 83% (53 of 64
participants) completing TPU. Of the 193 randomly assigned
individuals, 119 (61.7%) provided at least 1 posttreatment
outcome assessment, and 80 (41.5%) provided complete
outcome data for all follow-up assessments. ITT analysis
included 193 participants, and the per-protocol analysis
included 105 participants.

Most of the participants served in the Army (153 [79%])
as enlisted personnel (181 [94%]), and 94% reported service-
connected disability (181 of 193) (Table 1). Participants
frequently reported medical (144 [75%]) and mental
health (152 [79%]) comorbidities and most reported taking
medication for headache (150 [78%]) at enrollment (Table 2).
Veterans entered the study approximately 2 years after
initial headache onset, most with intermittent headaches
(150 [78%]) occurring a mean (SD) of 3.8 (3.1) times per
week, with a mean (SD) duration of 4.2 (3.9) hours and a
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Table 1. Sample Demographic Characteristics

Demographic

No. (%)

SMDCBTH (n = 65) CPT (n = 64) TPU (n = 64)
Male gender 56 (86.2) 58 (90.6) 53 (84.1)

0.13
Female gender 9 (13.8) 6 (9.4) 10 (15.6)a

BMI, mean (SD)b 30.72 (5.28) 31.27 (4.77) 31.24 (5.48) 0.07

Ethnicity

Hispanic 27 (41.5)c 28 (43.8) 26 (40.6)c

0.03
Non-Hispanic 37 (57.8) 36 (56.2) 37 (58.7)

Race

American Indian 0 (0.0) 1 (1.6) 4 (6.3)

0.44

Asian 2 (3.1) 1 (1.6) 4 (6.3)

Black/African American 7 (10.8) 14 (22.2) 13 (20.6)

Native Hawaiian 2 (3.1) 2 (3.2) 2 (3.2)

White 43 (66.2) 34 (54.0) 33 (52.4)

Otherd 11 (16.9) 11 (7.5) 7 (11.1)

Marital status

Never married 3 (4.6) 6 (9.4) 4 (6.3)

0.33

Not cohabiting 3 (4.6) 0 (0.0) 4 (6.3)

Cohabiting 8 (12.3) 4 (6.2) 5 (7.9)

Married 41 (63.1) 43 (67.2) 41 (65.1)

Separated, divorced 10 (15.4) 11 (17.2) 9 (14.3)

No. of children, mean (SD) 2.32 (2.02) 2.31 (1.82) 2.51 (1.64) .07

Education

Some high school 1 (1.5) 0 (0.0) 0 (0.0)

0.40

GED 0 (0.0) 0 (0.0) 2 (3.2)

High school diploma 4 (6.2) 8 (12.5) 6 (9.5)

Some college 25 (38.5) 25 (39.1) 23 (36.5)

Associate degree 18 (27.7) 11 (17.2) 12 (19.0)

4-y Degree 12 (18.5) 15 (23.4) 13 (20.6)

Master’s degree 5 (7.7) 4 (6.2) 7 (11.1)

Doctoral degree 0 (0.0) 1 (1.6) 0 (0.0)

Military status

Active duty 0 (0.0) 1 (1.6) 0 (0.0)

0.40

Reserve 2 (3.1) 0 (0.0) 0 (0.0)

National Guard 2 (3.1) 0 (0.0) 3 (4.7)

Veteran

Retired 29 (44.6) 35 (54.7) 25 (39.1)

Separated 32 (49.2) 28 (43.8) 36 (56.2)

Military branch

US Army 47 (72.3) 54 (84.4) 52 (81.2)

0.32

US Marine Corps 9 (13.8) 7 (10.9) 5 (7.8)

US Air Force 6 (9.2) 2 (3.1) 5 (7.8)

US Navy 3 (4.6) 1 (1.6) 1 (1.6)

US Coast Guard 0 (0.0) 0 (0.0) 1 (1.6)

Military rank

Officer 3 (4.6) 5 (7.8) 4 (6.2) 0.09

Military service, mean (SD)

Years 13.82 (8.15) 12.84 (7.43) 13.95 (8.84)
0.09

Months 3.68 (3.73) 3.72 (3.64) 3.05 (3.46)

Employment

Full-time 22 (34.4) 12 (19.0) 22 (34.4)

0.54
Part-time 7 (10.9) 7 (11.1) 3 (4.7)

No regular employment 3 (4.7) 2 (3.2) 12 (18.8)

Unemployed 32 (50.0) 42 (66.7) 27 (42.2)

(continued)
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mean (SD) intensity of 6.9 (2.0) out of 10. Overall, 120
veterans (62%) reported migraine, 23 (12%) tension-type
headache, and 32 (17%) cluster headache symptoms.

Twenty-seven participants (14%) reported headache dura-
tion longer than 24 hours, and 16 (8%) reported unremitting
headaches.

Table 1. Sample Demographic Characteristics (continued)

Demographic

No. (%)

SMDCBTH (n = 65) CPT (n = 64) TPU (n = 64)
Income, $

<10 000 2 (3.1) 2 (3.3) 2 (3.1)

0.30

10 000-20 000 6 (9.2) 6 (9.8) 3 (4.7)

20 000-35 000 10 (15.4) 10 (16.4) 13 (20.3)

35 000-50 000 20 (30.8) 14 (23.0) 17 (26.6)

50 000-100 000 20 (30.8) 25 (41.0) 20 (31.2)

>100 000 7 (10.8) 4 (6.6) 9 (14.1)

VA disability rating, mean (SD) 74.60 (30.47) 85.87 (21.45) 84.69 (25.26) .28

Abbreviations: BMI, body mass index; CBTH, cognitive behavioral therapy for
headache; CPT, cognitive processing therapy; GED, general education diploma;
TPU, treatment per usual; VA, US Department of Veterans Affairs.
a One (1.6%) case had missing data for gender in the TPU group not reported in

the Table.
b Calculated as weight in kilograms divided by height in meters squared.

c There was 1 missing value for CBTH and TPU under Hispanic ethnicity that was
not reported in the Table.

d Other indicates Asian and White, Black and Caribbean Indian, European Mix,
Mexican American, Mixed, Native Texan/American, Puerto Rican, and
White/Pacific Islander.

Table 2. Baseline Comorbidities and Headache Treatments

Comorbid condition

No. (%)a

SMDCBTH (n = 65) CPT (n = 64) TPU (n = 64)
Any medical condition 51 (78.5) 46 (73.0) 47 (73.4) 0.09

Hypertension 44 (71.0) 44 (75.9) 43 (74.1) 0.07

High cholesterol 14 (22.6) 16 (27.6) 17 (29.3) 0.10

Heart disease 1 (1.6) 2 (3.4) 0 (0.0) 0.19

Asthma 6 (9.7) 5 (8.6) 7 (12.1) 0.08

Sleep apnea 24 (38.7) 26 (44.8) 23 (39.7) 0.08

Type 2 diabetes 4 (6.5) 8 (13.8) 9 (15.5) 0.20

Thyroid 1 (1.6) 1 (1.7) 0 (0.0) 0.13

Amputation 0 (0.0) 1 (1.7) 0 (0.0) 0.13

Any mental health condition 50 (76.9) 49 (76.6) 53 (82.8) 0.10

Depression 31 (50.8) 37 (61.7) 31 (48.4) 0.18

Generalized anxiety 28 (54.9) 31 (51.7) 28 (43.8) 0.11

Panic 1 (1.6) 2 (3.3) 2 (3.1) 0.07

PTSD 49 (80.3) 55 (91.7) 55 (85.9) 0.22

Bipolar disorder 1 (1.6) 3 (5.0) 1 (1.6) 0.13

Alcohol use disorder 0 (0.0) 2 (3.3) 0 (0.0) 0.19

Psychosis 0 (0.0) 2 (3.3) 0 (0.0) 0.18

Active medications 48 (73.8) 50 (78.1) 51 (81.0) 0.11

Pain, nonopioid 13 (37.1) 14 (35.0) 10 (34.5) 0.04

SSRI 10 (15.4) 22 (34.4) 20 (31.2) 0.30

SNRI 4 (6.2) 8 (12.5) 12 (18.8) 0.26

Sleep 23 (35.4) 19 (29.7) 27 (42.2) 0.18

Antipsychotic 1 (1.5) 5 (7.8) 5 (7.8) 0.05

Benzodiazepine 13 (20.0) 22 (34.4) 20 (31.2) 0.22

Opioid 7 (10.8) 12 (18.8) 9 (14.1) 0.15

Gabapentin 4 (6.2) 13 (20.3) 10 (15.6) 0.29

Blood pressure 16 (24.6) 17 (26.6) 18 (28.1) 0.05

Cholesterol 4 (6.2) 11 (17.2) 8 (12.5) 0.23

Type 2 diabetes 1 (1.5) 5 (7.8) 4 (6.2) 0.20

Topiramate 2 (3.1) 10 (15.6) 7 (10.9) 0.30

Abbreviations: CBTH, cognitive
behavioral therapy for headache;
CPT, cognitive processing therapy;
PTSD, posttraumatic stress disorder;
SMD, standardized mean difference;
SNRI, serotonin-norepinephrine
reuptake inhibitor; SSRI, selective
serotonin reuptake inhibitor;
TPU, treatment per usual.
a Percentage is based on nonmissing

data.
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Primary Outcomes
Headache Disability
Participants reported high levels of baseline headache-
related disability (mean [SD]: CBTH, 66.1 [5.4]; CPT, 66.1 [5.1];
TPU, 65.2 [6.4]). Veterans reported severe baseline headache-
related disability (mean [SD] HIT-6 score, 65.8 [5.6] points) and
severe PTSD symptoms (mean [SD] PCL-5 score, 48.4 [14.2]
points). Based on ITT analysis, participants randomly as-
signed to CBTH reported significantly lower aggregate post-
treatment mean HIT-6 scores compared with TPU (−3.4;
95% CI, −5.4 to −1.4; P < .01), but the posttreatment effect for
CPT compared with TPU was modest (−1.4; 95% CI, −3.7 to 0.8;
P = .21) (Table 3 and Figure 2A). Aggregate posttreatment HIT-6
score estimates were stable throughout posttreatment mea-
surement occasions (group × time interaction, P = .47) with the
posttreatment contrast between CBTH and TPU decreasing
−0.5 units (95% CI, −2.9 to 1.9) at 3 months and −1.7 units
(95% CI, −4.1 to 0.7) at 6 months whereas the posttreatment

contrast between CPT and TPU increased 1.2 units (95% CI, −1.4
to 3.8) at 3 months and decreased −0.7 units (95% CI −3.4 to
2.0) at 6 months. Aggregate estimates were somewhat attenu-
ated after multiple imputation to replace missing data, CBTH
vs TPU, −2.4 (95% CI, −4.1 to −0.7; P = .01) and CPT vs TPU, −1.0
(95% CI, −2.8 to 0.8; P = .30). When the active treatments were
compared with one another, CBTH demonstrated lower ag-
gregate posttreatment HIT-6 scores compared with CPT (ref-
erence group), but the difference did not reach statistical
significance (−2.0; 95% CI, −4.3 to 0.3; P = .09).

Examination of disaggregated posttreatment outcomes for
the 2 treatment groups showed that participants in the CBTH
group demonstrated a mean (SE) HIT-6 score decrease of −3.9
(0.8)unitsfrombaselinetoposttreatment,whichremainedstable
at 3-month follow-up (−3.9 [0.8] units) and further decreased to
−4.6 (0.8) units at 6-month follow-up. Participants randomly as-
signed to CPT demonstrated a mean (SE) HIT-6 score decrease
of −2.5 (0.9) units from baseline to posttreatment, which rose to

Table 3. Aggregate Intent-to-Treat Primary and Secondary Outcomes for CBTH and CPT Compared With TPU

Outcome Time TPU (n = 64)

CBTH (n = 65) CPT (n = 64)

Treatment contrasts (95% CI) P value Treatment contrasts (95% CI) P value
Primary outcomesa

HIT-6 All
posttreatmentb NA

−3.4 (−5.4 to −1.4) <.001 −1.4 (−3.7 to 0.8) .21

PCL-5 −6.5 (−12.7 to −0.3) .04 −8.9 (−15.9 to −1.9) .01

Secondary outcomesc

Headache intensity All
posttreatmentb

NA

−0.6 (−1.3 to 0.1) .11 −0.3 (−1.1 to 0.5) .47

Headache frequency −2.9 (−6.0 to 0.1) .07 −2.1 (−5.6 to 1.4) .26

Depression (PHQ-9) −1.7 (−3.4 to 0.0) .05 −1.2 (−3.1 to 0.7) .23

Anxiety (GAD-7) −1.1 (−2.9 to 0.6) .20 −1.8 (−3.8 to 0.1) .07

Insomnia (ISI) −0.8 (−3.0 to 1.4) .47 −2.0 (−4.5 to 0.5) .12

Abbreviations: CBTH, cognitive behavioral therapy for headache; CPT, cognitive
processing therapy; GAD-7, 7-item Generalized Anxiety Disorder screening tool;
HIT-6, 6-Item Headache Impact Test; ISI, Insomnia Severity Index; NA, not
applicable; PCL-5, Posttraumatic Stress Disorder Checklist for DSM-5;
PHQ-9, 9-item Patient Health Questionnaire depression screening tool;
TPU, treatment per usual.
a Primary outcome statistical significance threshold adjusted to P = .025.

b All posttreatment = aggregate effect summary of posttreatment and 3-month
follow-up and 6-month follow-up combined into a single effect.

c Secondary outcome statistical significance threshold at P = .05. Headache
intensity/frequency were derived from headache diary. Treatment contrasts
(95% CI) are reported that compare each active treatment group with
treatment per usual.

Figure 2. Change in 6-Item Headache Impact Test (HIT-6) and Posttraumatic Stress Disorder Checklist
for DSM-5 (PCL-5) for the Cognitive Behavioral Therapy for Headache (CBTH), Cognitive Processing
Therapy (CPT), and Treatment per Usual (TPU) Study Groups
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−0.9 (1.0) units at 3-month follow-up but decreased again at
6-month follow-up to −2.6 (0.9) units. There was minimal change
(<1 unit) in mean HIT-6 score from baseline for participants
who received TPU (eTable 4 in Supplement 3).

Posttraumatic Stress Disorder
Participants in all groups reported high mean (SD) PCL-5 scores
at baseline (CBTH, 47.7 [14.7]; CPT, 48.6 [14.6]; TPU, 49.0 [13.3]);
85% met diagnostic criteria for PTSD based on blinded Clini-
cian-Administered PTSD Scale for DSM-5 interview. Com-
pared with participants in the TPU group, participants in the
CBTH group reported lower mean aggregate posttreatment
PCL-5 scores that did not reach statistical significance (−6.5;
95% CI, −12.7 to −0.3; P = .04), but the difference between par-
ticipants randomly assigned to CPT compared with those as-
signed to TPU was statistically significant (−8.9; 95% CI, −15.9
to −1.9; P = .01). These estimates were somewhat changed af-
ter multiple imputation, CBTH vs TPU (−5.6; 95% CI, −10.6 to
−0.6; P = .04) and CPT vs TPU (−6.0; 95% CI, −10.0 to −0.2;
P = .03). Treatment effect exhibited some variability through-
out posttreatment measurement occasions, though not sta-
tistically significant (treatment group × time interaction, F4,168.9

= 2.3; P = .06) (Figure 2B and Table 3). The difference in PCL-5
score between CBTH and TPU decreased −4.1 points (95% CI,
−9.7 to 1.5) from posttreatment to 3 months with a further −4.9
point decrease (95% CI, −10.7 to 1.0) at 6 months. The post-
treatment difference between CPT and TPU decreased −0.7
points (95% CI, −6.8 to 5.3) from posttreatment to 3 months
with an increase of 4.5 points (95% CI, −1.7 to 10.8) at 6 months.
Compared with one another, there was no significant differ-
ence in aggregate posttreatment PCL-5 score between CBTH
and CPT (2.4; 95% CI, −4.9 to 9.7; P = .52).

Examination of disaggregated PCL-5 outcomes revealed that
participants in the CBTH group demonstrated a mean (SE)
decrease in PCL-5 score of −11.2 (2.2) points from baseline to
posttreatment, which further decreased to −16.0 (2.3) points at
3-month follow-up and −16.7 (2.3) points at 6-month follow-
up. Participants randomly assigned to CPT demonstrated a mean
(SE) PCL-5 score decrease of −16.2 (2.6) points from baseline to
posttreatment, with a decrease of −17.5 (2.6) points at 3-month
follow-up and −13.5 (2.6) points at 6-month follow-up. Partici-
pants in the TPU group reported a mean (SE) PCL-5 score de-
crease of −6.8 (1.9) points from baseline to posttreatment which
remained stable at 3-month (−6.9 [2.0] points) and 6-month (−7.7
[2.2] points) follow-ups (eTable 4 in Supplement 3).

Secondary Outcomes
No statistically significant differences in secondary out-
comes were observed (Table 3). Compared with participants
in the TPU group, those in both the CBTH and CPT groups re-
ported an aggregate posttreatment difference in headache
intensity of less than 1 point and a difference in headache fre-
quency of −2.9 (95% CI, −6.0 to 0.1; P = .07) headache days per
month for CBTH and −2.1 (95% CI, −5.6 to 1.4; P = .26) for CPT.
Measures of depression (PHQ-9), anxiety (GAD-7), and insom-
nia (ISI) showed no significant posttreatment difference com-
pared to TPU for either CBTH or CPT (eTable 5, eFigures 1-5 in
Supplement 3).

Treatment Fidelity and Adverse Events
Independent research staff randomly reviewed 10% of all treat-
ment session audio recordings and found that CBTH and CPT
therapists achieved over 89% treatment adherence. Adverse
event data (n = 160) showed that most adverse events
(eg, changes in headache/musculoskeletal pain, increased
stress, depression) were not study related. Two participants
in the CPT group reported temporary exacerbation of PTSD
symptoms attributed to trial participation (eTables 6-9 in
Supplement 3).

Discussion
The present randomized clinical trial enrolled a PTH sample
of participants with comorbid PTSD symptoms and found a
significant improvement in headache-related disability among
those treated with CBTH. PTH attributable to mTBI is com-
plex, prevalent among military veterans, and highly disabling.43

A previous treatment study concluded that nonpharmacologi-
cal interventions (ie, CBT) may not work for individuals with
PTH.19 However, the present trial offers the first evidence show-
ing that a nonpharmacological intervention (CBTH) can sig-
nificantly improve headache-related disability in PTH attrib-
utable to mTBI for up to 6 months compared with usual care.
PTSD has been theorized as a potential mechanism of PTH in
military veterans,44,45 but CPT failed to improve headache dis-
ability in this trial despite significant reductions in PTSD symp-
tom severity. This finding suggests that PTSD and PTH may be
independent in this population. Notably, CBTH completers
demonstrated significant improvement over usual care for
headache disability and clinically significant PTSD symptom
improvement with treatment effects lasting up to 6 months
posttreatment.

Secondary analyses did not find a significant improve-
ment in headache frequency or intensity despite improve-
ments in HIT-6 scores, which was surprising because head-
ache frequency and intensity are strong predictors of disability
in studies of migraine46 and tension-type headache.47 Behav-
ioral interventions like CBTH are better suited to address
disability than headache frequency or intensity, especially
when headaches are chronic and pain cognitions/behaviors
(the primary targets of CBT treatment) may be more related
to function than pain experience.48 Indeed, studies show that
interventions such as CBTH have questionable effect on head-
ache frequency and headache days,22,49 though little re-
search has examined these treatments for PTH.18

More than 40% of individuals with PTH experience co-
morbid PTSD,12 which is linked to severe headache intensity
and disability.50,51 Although not statistically significant com-
pared with TPU, participants in the CBTH group demon-
strated remarkable PTSD symptom improvement over time
with fewer treatment sessions and less clinician training than
CPT, and CBTH outcomes on the PCL-5 exceeded the thresh-
old for reliable change for male military veterans with PTSD.52

Recent studies show that brief psychotherapies like CBTH can
produce PTSD outcomes noninferior to criterion-standard
treatments like CPT.53 In the present study, there was signifi-
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cantly higher dropout in the CPT group compared with the
CBTH and TPU groups; therefore, better PTSD outcomes in
CBTH may be attributable to higher rates of treatment comple-
tion. Military trauma survivors drop out from trauma-
focused treatments at high rates,54 and CBTH participants
may have completed more treatment because these treat-
ments do not address trauma symptoms like CPT does.
Cognitive-behavioral headache interventions improve cop-
ing self-efficacy,38 which may also indirectly improve PTSD.55

Clinical benefit from nonpharmacological interventions
is dose dependent,56 and treatment dropout is common in vet-
erans treated for PTSD and pain. Treatment initiation was 75%
or better in both behavioral treatment groups, with more than
50% completion rates (better than expected based on strict
timelines for completing treatment). PTSD clinical trials re-
port high dropout rates,57 and veterans drop out of behav-
ioral treatments for any chronic condition at high rates
(>30%).58,59 Mild TBI increases dropout risk,58,60 possibly
owing to exacerbation of PTSD-related physical symptoms,61

such as headache.62,63 Study staff interviewed approxi-
mately one-third of study dropouts, and found dropout was
primarily attributable to logistical factors. Most contacted CBTH
dropouts reported time/travel as their reason for dropout and
2 found CBTH too difficult. More than half of CPT dropouts
reported time/travel as an obstacle, and some found CPT too
difficult. In both behavioral groups, dropouts receiving some
treatment reported moderate satisfaction and low burden.

Limitations
Trial limitations include the chosen primary outcome, blind-
ing a behavioral trial, definition of PTH as headache onset
within 3 months of head injury (instead of 7 days per ICHD-3
5.2.2), and missing data/dropout. The HIT-6 was chosen at trial
registration because of the established literature supporting
its use in studies of behavioral interventions for headache35

and the relevance of disability in headache attributable to TBI
with comorbid PTSD.12 The present study was powered to de-
tect a HIT-6 total score change of 2.8 points based on a mini-
mally important change threshold established in a primary
care sample of migraine patients with an average of 6 head-
ache days per month.42 The present sample was more severe
than the primary care migraine sample; therefore, the chosen
threshold of clinically significant change may not apply.

To our knowledge, there is no established minimally im-
portant change threshold for the HIT-6 in headache attribut-
able to mild TBI. Studies of chronic migraine samples found
that HIT-6 total score decrease of 2.3 to 3.7 units represented
at least somewhat better headache. However, a change thresh-
old of up to 6 units may be needed for meaningful clinical
change in more severe populations based on comparisons
between pharmacological interventions to placebo.64-66 The
present study compared a behavioral treatment with compre-

hensive usual care; therefore, the threshold of change estab-
lished in placebo-controlled studies may not apply. Head-
ache intensity and frequency did not significantly improve
despite changes in HIT-6 total score. This discrepancy may be
attributable to better sensitivity to change in self-reported dis-
ability for nonpharmacological pain treatments compared
with pain diaries,48 although there is scant research on the
suitability of any outcome for PTH attributable to mTBI.

Blinding a behavioral trial is complex and may bias out-
comes. Assessments were administered by trained assessors
blind to the randomized condition of the participant and treat-
ment professionals were blind to assessments and study hy-
potheses. We expanded the headache onset criterion to 3
months after head injury (per ICHD-3 A5.2.2.1),67 and our re-
search group recently found no phenotypic difference be-
tween veterans with headache onset within 7 days (ICHD-3
5.2.2) vs 8 to 90 days (A5.2.2.1) after head injury.67 Thus, the
present sample reasonably reflects veterans with persistent
PTH, including those misdiagnosed owing to headache onset
greater than 7 days.

Dropout and missing data from this trial were high, though
consistent with dropout risk in this population. We devel-
oped a priori strategies to manage missing data, including
planned sensitivity analyses and contact with dropout par-
ticipants to assess reasons for dropout. Sensitivity analyses
reached similar conclusions to our primary analyses, al-
though withdrawals by patient request were not evenly dis-
tributed across the 3 groups suggesting possible bias in drop-
out. On exit interview, most patients who requested withdrawal
reported lack of time or transportation as their primary bar-
rier, which reinforces time burden as an obstacle to treatment/
study completion.

Conclusions
Results of this randomized clinical trial found that US mili-
tary combat veterans with PTH attributable to mTBI and co-
morbid PTSD symptoms showed significant improvement in
headache-related disability and PTSD symptom severity in re-
sponse to nonpharmacological interventions for headache and
PTSD. The CBTH intervention successfully addressed head-
ache with unexpected improvement in PTSD symptoms,
whereas CPT only successfully addressed PTSD symptom se-
verity. The present study provided evidence supporting treat-
ment of PTH disability using a manualized headache inter-
vention, with outcomes superior to multimodal usual care.
Notably, the headache intervention also showed promise in
addressing PTSD symptoms, but further research is needed to
explore how this treatment influences PTH and PTSD, ex-
plore dissemination, and examine if integrated CBTH and CPT
can improve outcomes.
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