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Abstract

Background: Close associations between insomnia with other clinical factors have been identified in migraine, but
there have been few studies investigating associations between insomnia and clinical factors in patients with
persistent post-traumatic headache (PPTH). The study objective was to contrast the severity of insomnia symptoms
in PPTH, migraine, and healthy controls, and to identify factors associated with insomnia in patients with PPTH vs.
migraine.

Methods: In this cross-sectional cohort study, 57 individuals with PPTH attributed to mild traumatic brain
injury, 39 with migraine, and 39 healthy controls were included. Participants completed a detailed headache
characteristics questionnaire, the Migraine Disability Assessment Scale (MIDAS), Insomnia Severity Index (ISI),
Hyperacusis Questionnaire (HQ), Allodynia Symptom Checklist, Photosensitivity Assessment Questionnaire, Beck
Depression Inventory (BDI), State-Trait Anxiety Inventory, Post-Traumatic Stress Disorder (PTSD) checklist, Ray
Auditory Verbal Learning Test, and the Trail Making Test A and B to assess headache characteristics, disability,
insomnia symptoms, sensory hypersensitivities, and neuropsychological factors. Fisher's test and one-way
ANOVA or Tukey's Honest Significant Difference were used to assess group differences of categorical and
continuous data. Stepwise linear regression analyses were conducted to identify clinical variables associated
with insomnia symptoms.

Results: Those with PPTH had significantly higher ISI scores (16.7 + 6.6) compared to migraine patients (11.3+
6.4) and healthy controls (4.1+£4.8) (p < 0.001). For those with PPTH, insomnia severity was most strongly
correlated with the BDI (Spearman’s rho (p) =0.634, p < 0.01), followed by Trait Anxiety (o = 0.522, p < 0.01),
PTSD (p=0.505, p< 0.01), HQ (p=0469, p < 0.01), State Anxiety (0o =0437, p< 0.01), and MIDAS scores (o =
0.364, p < 0.01). According to linear regression models, BDI, headache intensity, and hyperacusis scores were
significantly positively associated with insomnia severity in those with PPTH, while only delayed memory recall
was negatively associated with insomnia severity in those with migraine.
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symptoms.

Conclusions: Insomnia symptoms were more severe in those with PPTH compared to migraine and healthy
control cohorts. Depression, headache intensity, and hyperacusis were associated with insomnia in individuals
with PPTH. Future studies should determine the bidirectional impact of treating insomnia and its associated

Keywords: Posttraumatic headache, Migraine, Traumatic brain injury, Insomnia, Sleep

Background

Headache is one of the most prevalent symptoms follow-
ing mild traumatic brain injury (mTBI) [1, 2]. Post-
traumatic headache (PTH) as currently defined by the
International Classification of Headache Disorders, third
edition (ICHD-3), is a secondary headache disorder that
develops within 7 days after a head injury, regaining
consciousness following a head injury, or discontinu-
ation of medications that impair ability to feel or report
a headache following a head injury [3]. PTH of more
than 3 months’ duration is classified as persistent PTH
(PPTH) [3]. PTH is the most common type of pain at-
tributed to mTBI, and more than one third of individ-
uals with acute PTH have headache persistence and thus
develop PPTH [1, 2, 4-6].

Individuals with acute PTH and PPTH often have a con-
stellation of physical, psychological, and cognitive post-
TBI symptoms. Previous studies have shown that insom-
nia and other sleep disturbances result in a delayed PTH
recovery [7, 8]. Sleep is often disrupted following mTBI [9,
10] and may cause or intensify post-TBI symptoms such
as depression, anxiety, suicidality, irritability, fatigue, cog-
nitive deficits, and pain [11-15].

Insomnia is also common in patients with migraine.
The close association between insomnia and migraine
has been reported in several studies [16—19]. Poor sleep
quality among patients with migraine is significantly as-
sociated with headache frequency and headache-related
disability [20]. Since PPTH is often phenotypically very
similar to migraine [2, 21, 22], we hypothesized that in-
somnia would associate with other symptoms similarly
in those with PPTH vs. migraine [23-25].

The objective of this study was to compare the severity
of insomnia symptoms in those with PPTH to migraine
and healthy controls, and to identify the clinical factors
associated with insomnia in patients with PPTH vs those
with migraine.

Methods

This was a cross-sectional cohort study in which partici-
pants were prospectively enrolled from November 2015
until February 2018. The data reported within this
manuscript were collected as part of a United States De-
partment of Defense funded study that aimed to

compare clinical characteristics and brain imaging find-
ings amongst those with PPTH vs. migraine [25-27] .

Subjects
All study participants were between 18 and 65 years of
age. Patients with migraine were enrolled from the Mayo
Clinic Headache Center or were recruited via advertise-
ments posted at the Mayo Clinic in Phoenix, Arizona.
Patients with PPTH were enrolled from the Mayo Clinic
Department of Neurology and from the Phoenix VA
Health Care System. Healthy controls were recruited from
the Phoenix area via advertisements and word-of-mouth.
The Ohio State University TBI Identification Method was
used to assess for a history of TBI [28]. Patients who had
PTH attributed to mTBI for at least 3 months were in-
cluded in the PPTH group regardless of their mechanism
of brain injury. Headache diagnoses were made by a certi-
fied headache specialist (TS) using ICHD-3 beta diagnos-
tic criteria [29]. Patients with PPTH were excluded if they
had a personal history of moderate or severe TBI, mi-
graine, or any other headache type prior to their injury
(except infrequent episodic tension-type headaches).
Those with migraine were excluded if they had a personal
history of TBI. Healthy control subjects had no history of
any headache type (except infrequent episodic tension-
type headaches) and no history of TBL

This study was reviewed and approved by the Mayo
Clinic Institutional Review Board, the Phoenix VA
Health Care System Institutional Review Board, and the
US Department of Defense Human Research Protection
Office.

All participants provided written informed consent
prior to study participation.

Sleep questionnaire

Symptoms of insomnia were assessed using the Insom-
nia Severity Index (ISI) questionnaire [30]. The ISI is a
7-item self-report questionnaire that evaluates sleep on-
set, sleep maintenance, early morning awakening, sleep
dissatisfaction, noticeability of sleep problems by others,
degree of distress, and impact of sleep disturbance on
daily functioning. Each of the ISI items is rated on a
scale of 0—4; total ISI scores range between 0 to 28 with
higher scores indicating greater insomnia severity. The
ISI total raw score is interpreted as follows: 0-7 =
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absence of insomnia; 8-14 = sub-threshold insomnia;
15-21 = clinical insomnia with moderate severity; 22—
28 = clinical insomnia with severe severity [30-32]. Indi-
viduals answer the ISI questions based on their symp-
toms during the last 2 weeks.

Headache questionnaires

Those with migraine and those with PPTH provided de-
tailed information about their headaches including age
at onset, headache duration, headache frequency, pres-
ence of aura, headache characteristics, localization, aver-
age headache intensity, associated features, comorbidity,
and medical and family history, using a structured inter-
view. Participants completed the Migraine Disability As-
sessment Scale (MIDAS) to assess headache-related
disability during the prior 90 days [33].

Hypersensitivity questionnaires

To investigate sensory hypersensitivities, all subjects
completed the following: 1) Hyperacusis Questionnaire
(HQ) which consists of 14 items designed to assess audi-
tory symptoms and sound sensitivity. Items are rated on
a 4-point scale (scores 0-3), with higher scores indicat-
ing greater sensitivity (ranging from 0 to 42) [34]. 2)
Allodynia Symptom Checklist (ASC) is a 12-item ques-
tionnaire that assesses for symptoms of cutaneous allo-
dynia during headaches. A total ASC score > 3 suggests
the presence of cutaneous allodynia, with higher scores
indicating greater severity [35, 36]. 3) Photosensitivity
Assessment Questionnaire (PAQ) which consists of 16
questions, eight of which assess for avoidance of light
(photophobia) and 8 of which assess for light-seeking be-
havior (photophilia). Only the eight items related to
photophobia were included to determine the severity of
the photophobia (ranging from 0 to 8) [37, 38].

Mood-related questionnaires

Mood-related questionnaires included the Beck Depres-
sion Inventory (BDI) for assessing depression [39], the
State-Trait Anxiety Inventory for assessing anxiety [40],
and the Post-traumatic Stress Disorder (PTSD) checklist
in primary care (PC-PTSD) for assessing PTSD [41].
The BDI includes 21 items, with higher total scores indi-
cating greater symptoms of depression [39]. The State-
Trait Anxiety Inventory consists of 20 questions that as-
sess how the individual feels “right now” and 20 ques-
tions assessing how the individual “generally feels”.
Higher total scores suggest greater levels of anxiety [40].
The PC-PTSD is a 4-item screen for PTSD, with a total
score > 3 suggesting the presence of PTSD [41].

Cognitive function evaluation
The Trail Making Test (TMT, A and B) [42] and The
Rey Auditory Verbal Learning Test (RAVLT) [43] were
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used to evaluate cognitive function. The TMT is a test
of executive function, speed of processing, and attention
[44]. The RAVLT is an assessment of auditory verbal
learning and memory. A list of 15 words is read aloud to
the participant, and then the participant is immediately
asked to recall as many words as they remember [43].
After 30-min of interpolated testing, the participant is
again asked to recall the words from the first list (de-
layed recall) [45]. For the TMT and RAVLT, each partic-
ipant’s test score was converted to a z-score based on
age-matched normative data [42, 43, 45, 46].

Statistical analyses

Descriptive statistics were used to compare demographic
data and headache characteristics among groups. Fre-
quencies were used for description of categorical vari-
ables. Fisher’s exact test was used to assess group
differences for categorical data. For the comparisons of
parametric data of two groups, Student’s t-test was used
for parametric variables. As standard diagnostic plots
did not show violation of any assumptions, non-
parametric data were presented as mean * standard
deviation. For the variables applicable to only PPTH and
migraine groups, such as years with headache, one-way
ANOVA was used to assess the difference in mean
values between groups. Tukey’s Honest Significant Dif-
ference (HSD) was used to assess mean differences
among the three groups. This test performs simultan-
eous pairwise comparisons and controls family-wise
error rate for multiple testing. According to Tukey’s
HSD, age was not significantly different across the three
groups. Thus, age was not corrected for in subsequent
analyses. Spearman’s rank correlations between inde-
pendent variables and total ISI scores were calculated to
assess the relationship between insomnia severity and
clinical factors. A stepwise multiple linear regression
analysis was conducted to identify clinical variables asso-
ciated with insomnia symptoms. The total ISI score was
the dependent variable, while the candidate independent
variables included sex, headache characteristics, sensory
hypersensitivity scores, scores on psychological question-
naires, and cognitive test results. Patients with full
datasets were included in this analysis. Statistical signifi-
cance was set at p-value < 0.05, and 95% confidence in-
tervals (CI) were reported as appropriate. All analyses
were performed with SPSS 25.0 (Chicago, IL, USA)
software.

Results
Subjects
A total of 137 subjects were recruited, consisting of 59
subjects with PTTH, 39 subjects with migraine, and 39
healthy controls. Two PPTH subjects were excluded due
to incomplete questionnaires, leaving 57 PPTH subjects
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Table 1 Subject demographics and clinical characteristics by group

PPTH (n =57) Migraine (n =39) HC(n=39) Migraine vs. PPTH  PPTH vs. HC  Migraine vs. HC
p-value p-value p-value

Age, mean (SD) 382 (10.7) 413(11.5) 383 (95) 0.329 0.997 0433
Sex (female/male) 20/37 23/16 17/22 0.024* 0.522 0.257
Headache intensity, mean (SD) 6.0 (1.7) 6.0 (1.5) N/A 0.981 N/A N/A
Headache duration, hours, mean (SD) 263 (264) 276 (22.6) N/A 0.805 N/A N/A
Headache frequency, days/month, mean (SD) 160 (8.3) 20.5 (6.3) N/A 0.005* N/A N/A
Years with headache, mean (SD) 11.0 (8.8) 249 (14.6) N/A < 0.001* N/A N/A
MIDAS, mean (SD) 64.2 (574) 522 (37.6) N/A 0.256 N/A N/A

ISI, mean (SD) 16.7 (6.6) 113 (64) 4.1 (48) < 0.001* < 0.001* < 0.001*
HQ, mean (SD) 22.7 (10.6) 14.5 (9.1) 5.7 (4.8) < 0.001* < 0.001* < 0.001*
Allodynia, n (%) 38 (66.7%) 26 (66.7%) N/A 1.00 N/A N/A
PAQ, mean (SD) 46 (26) 3.8 (2.5) 1.1(1.5) 0.270 < 0.001* < 0.001*
BDI, mean (SD) 17.8 (94) 8.7 (6.0) 2.1 (36) < 0.001* < 0.001* < 0.001*
State, mean (SD) 388 (13.2) 334 (9.7) 236 (5.7) 0.038* < 0.001* < 0.001*
Trait, mean (SD) 446 (14.1) 394 (10.9) 26.5 (6.9) 0.079 < 0.001* < 0.001*
PTSD, n (%) 39 (68.4%) 2 (5.1%) 2 (5.1%) < 0.001* < 0.001* 1.00

SD Standard deviation, N/A Not applicable, PPTH Persistent post-traumatic headache, HC Healthy controls, Headache duration Average hours of headache per

attack; Headache intensity Average pain intensity of headache per attack, Headache Frequency Number of headache days per month, Years with headache Years
lived with headache, MIDAS Migraine Disability Assessment Scale, IS/ Insomnia Severity Index, ASC Allodynia Symptom Checklist, HQ Hyperacusis Questionnaire,
PAQ Photosensitivity Assessment Questionnaire, BDI Beck Depression Inventory, State State anxiety score, Trait Trait anxiety score, PTSD The primary care Post-

traumatic Stress Disorder screen
(Statistical threshold used =* p < 0.05)

in this analysis. Of those with PPTH, 25 had mTBI due
to blasts, 17 due to falls, 8 were sports-related, and 7
were caused by motor vehicle accidents. Thirteen sub-
jects with PPTH had one lifetime mTBI, 33 had 2-5,
and 11 had more than five mTBIs. Amongst those with
PPTH, the clinical headache phenotypes were most

similar with migraine for 41, probable migraine for 12,
and tension-type headache for 4 according to the ICHD-
3 criteria. Demographic profiles and clinical characteris-
tics are shown in Table 1. Average age of subjects was
39.1+£10.6, and 55.6% were male. Comparing the pa-
tients with PPTH to those with migraine and healthy
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Fig. 1 Insomnia Severity Index scores among groups. PPTH: Persistent posttraumatic headache
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controls, there were no significant differences in age
(mean age: PPTH =38.2+10.7years vs. migraine =
413 +11.5years vs. healthy control=38.3+9.5;
p = 0.313) or sex (PPTH = males 37/57 (64.9%) vs. mi-
graine = 16/39 (41.0%) vs. healthy control =22/39
(56.4%), p = 0.072) Pairwise comparisons did show differ-
ences in sex between PPTH and migraine (p = 0.024) but
not between PPTH and healthy control (p=0.522) or
between migraine and healthy control (p = 0.257).

The PPTH group had a lower headache frequency
than the migraine group (mean headache days/30-day
month =16.0 £8.3 vs. 20.5+6.3, p= 0.005) and fewer
mean years with headache (11.0+8.8years vs. 24.9 £
14.6 years, p < 0.001). There were not significant differ-
ences in mean total MIDAS scores (64.2 +57.4 in the
PTTH group vs. 52.2+37.6 in the migraine group,
(p = 0.256) (Table 1).

Insomnia, hypersensitivity and mood related scores

The mean ISI scores were significantly higher in the
PPTH group compared with migraine and healthy con-
trol groups (16.7+6.6 vs 11.3+64 and 4.1%4.8,
p < 0.001) (Fig. 1). The proportion of individuals with
severe insomnia with a total ISI score = 22-28 (26.3% vs
7.7%, p < 0.001) and moderate insomnia with a total ISI
score = 15-21 (40.4% vs 25.6%, p < 0.001) was signifi-
cantly higher in the patients with PPTH than those with
migraine (Fig. 2). The mean total score on the HQ
(22.7£10.6 vs 145%9.1 and 5.7+4.8, p < 0.001) was
higher in the PPTH group compared to the migraine
and healthy control group. Based on ASC scores >3,
66.7% (38/57) of patients with PPTH and 66.7% (26/39)
of those with migraine had cutaneous allodynia (p = 1).
The mean total PAQ score of photophobia was not
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different in the PPTH group compared to the migraine
group (4.6 2.6 vs 3.8 £ 2.5, p = 0.270).

The mean total BDI scores (PPTH: 17.8 +9.4 vs mi-
graine 8.7 £ 6.0 and healthy control 2.1+ 3.6, p< 0.001)
and state anxiety scores (38.8+13.2 vs 33.4+9.1 and
23.6+£5.7, p=0.038 and p< 0.001) were significantly
higher in the PPTH group compared to the migraine
and healthy control groups. Trait anxiety scores (44.6 +
141 vs 394+109 and 265+74, p=0079 and
p< 0.001) were significantly higher in the PPTH group
compared to the healthy control group, but were not sig-
nificantly higher in the PPTH group compared to the
migraine group. Based on scores =3 for the PTSD, 68.4%
(39/57) of patients with PPTH registered as having
PTSD compared to 5.1% (2/39) of those with migraine
(p < 0.001) (Table 1).

Cognitive evaluation

The results of cognitive tests are presented in Table 2.
Z-scores were calculated for scores from each group
using normative values. The TMT A mean raw score
was 27.6+9.4 (z-score 0.18) in the PPTH group vs
27.7+11.0 (z-score 0.13) in the migraine group (p=
0.973) and 23.1 +5.1 (z-score 0.59) for healthy controls
(p=0.126). The TMT B mean raw score was 69.5 + 26.7
(z-score 0.16) in the PPTH group vs 65.7 + 29.6 (z-score
0.35) in the migraine group (p = 0.585) and 58.1 + 21.1(z-
score 0.52) for healthy controls (p=0.153). Time to
completion did not significantly differ by the groups for
either TMT A or TMT B. The z-scores with mean raw
immediate recall scores (PPTH: —1.22 (5.5 +2.1) vs mi-
graine: - 0.67 (6.3 1.6), p =0.087, and healthy control:
-0.69 (6.4 +1.4), p=0.109) and delayed recall scores (-
1.01 (8.9 £4.2) vs —0.32 (10.2 + 3.0), p = 0.065 and - 0.34

100% -
90% -
80% 1 B Severe
70% -
60% - B Moderate
50% -
40% - Subthreshold
30%
20% B No clinically
10% 7 significant
0% f
PPTH Migraine
Fig. 2 Distribution of insomnia severity in subjects with persistent post-traumatic headache and migraine. PPTH: Persistent
posttraumatic headache )
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Table 2 Mean raw and z-scores for cognitive tests
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PPTH (n =57) Migraine (n =39) HC (n =39) Migraine vs. PPTH PPTH vs. HC Migraine vs. HC
p-value p-value p-value
Mean (SD)  z-score  Mean (SD)  zscore  Mean (SD)  z-score
TMT A 276 (94) 0.18 27.7 (11.0) 0.13 231 (5.1) 0.59 0.973 0.126 0.115
T™MT B 69.5 (26.7)  0.16 65.7 (296) 035 58.1(21.1) 0.52 0.585 0.153 0.702
Immediate recall 55(2.1) -1.22 6.3 (1.6) -0.67 64 (1.4) -0.69 0.087 0.109 0.995
Delayed recall 89 (42) —-1.01 102 3.0) -032 104 (2.9) -0.34 0.065 0.075 0.998

Results of Tukey HSD performed on z-scores. SD Standard deviation, PPTH Persistent post-traumatic headache, HC Healthy controls, TMT Trail making test

(104 +2.9), p=0.075) of RAVLT in the PTTH group
were not significantly different than those of the mi-
graine group and healthy controls.

Clinical factors associated with insomnia

Among the PPTH group, BDI scores exhibited the
strongest correlation with insomnia severity scores
(Spearman’s rho (p) =0.634, p < 0.01), followed by trait
anxiety scores (p = 0.522, p< 0.01), PTSD scores (p =
0.505, p< 0.01), HQ scores (p=0.469, p< 0.01), state
anxiety scores (p =0.437, p < 0.01), MIDAS scores (p =
0.364, p < 0.01) and ASC scores (p =0.284, p < 0.05). In
the PPTH group, there were no significant associations
between insomnia severity and cognitive function ac-
cording to TMT A and B and immediate and delayed re-
call of the RAVLT. However, the migraine group

showed a significant correlation between increased in-
somnia severity and poorer performance for delayed re-
call on the RAVLT (p = -0.390, p < 0.05) (Table 3).

In the migraine group, the stepwise multiple regres-
sion analysis produced a model including one variable
that explained 12.9% of insomnia severity variance. The
delayed memory recall was the only parameter signifi-
cantly associated with insomnia severity (=-0.359,
p = 0.025) in the migraine group. In the PPTH group, re-
gression analyses produced a model with 3 variables
explaining 51.7% of insomnia severity variance (R*=
0.517; adjusted R*=0.489, F=56.11). The total BDI
score (P =0.555, p< 0.001) was most strongly associated
with insomnia severity, followed by headache intensity
(f=0.230, p= 0.019), and HQ score (p=0.220,
p = 0.047) (Table 4).

Table 3 Spearman correlation coefficients between Insomnia Severity Index and clinical parameters

PPTH (n =57) Migraine (n =39)
Headache Headache intensity 0.235 —-0073
Headache duration -0.116 —0.190
Headache frequency 0.069 0.045
Years with headache —0.009 -0.124
MIDAS 0364° 0268
Hypersensitivity HQ 0.469° 0.240
ASC 0.284° 0.197
PAQ 0.181 -0.057
Mood BDI 0634° 0308
PTSD 0.505" 0097
State 0437° 0046
Trait 0522° 0.156
Cognitive function TMT A -0.132 —-0.041
TMT B -0.154 -0.071
Immediate recall —-0.149 —-0.180
Delayed recall -0.164 —0.390"

PPTH Persistent Post traumatic headache, MIDAS Migraine Disability Assessment Scale, HQ Hyperacusis Questionnaire, ASC Allodynia Symptom Checklist, PAQ
Photosensitivity Assessment Questionnaire, BDI Beck Depression Inventory, PTSD Post-traumatic Stress Disorder, State State anxiety score, Trait Trait anxiety score,

TMT Trail making test
Correlation is significant at the 0.05 level (2-tailed)
PCorrelation is significant at the 0.01 level (2-tailed)
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Table 4 Multiple stepwise linear regression analysis for association of insomnia severity scores
Unstandardized Coefficients Standardized Coefficients t p R Adjusted R’
B SE i
Migraine (Constant) 10.652 1.01 10.548 0 0.129 0.106
Delayed recall —1.996 0.852 -0.359 —2.343 0.025%
PPTH (Constant) 1.219 2810 0434 0.666 0517 0489
BDI 0.390 0.076 0.555 5.133 <0.007**
Headache intensity 0.906 0.376 0.230 2411 0.019*
HQ 0.137 0.067 0.220 2034 0.047*

Dependent Variable: Insomnia Severity Index score (* p < 0.05, **p < 0.01)

Independent variables such as sex, headache pain intensity, headache duration, headache frequency, years with headache, MIDAS, HQ, ASC, PAQ, BDI, PTSD, State
anxiety score, Trait anxiety score, TMT A and B, Immediate recall, and Delayed recall were included as candidate variables

PPTH Persistent Post traumatic headache, MIDAS Migraine Disability Assessment Scale, HQ Hyperacusis Questionnaire, ASC Allodynia Symptom Checklist, PAQ
Photosensitivity Assessment Questionnaire, BDI Beck Depression Inventory, PTSD Post-traumatic Stress Disorder, TMT Trail making test

Discussion

In this study, we found that PPTH and migraine patients
had more severe insomnia symptoms relative to a
healthy control cohort. The severity of insomnia symp-
toms was greater in individuals with PPTH attributed to
mTBI compared to those with migraine. In those with
PPTH, depression, headache intensity, and hyperacusis
were the strongest factors associated with insomnia se-
verity. Amongst those with migraine, delayed memory
recall was related to insomnia severity. Our finding sug-
gests that insomnia is prevalent and more severe in
PPTH patients than migraine patients; nevertheless the
majority of PPTH patients in this study had migraine-
like headaches. These results indicate that we need to as-
sess for insomnia in patients with PPTH, a condition
that could be easily overlooked if the clinician focuses
attention entirely on the headache and associated symp-
toms. Although the directionality of the relationships be-
tween insomnia and these associated symptoms cannot
be determined from this cross-sectional study, it is pos-
sible that effective management of insomnia could re-
lieve some of these associated symptoms and vice-versa.
Different than PPTH, our study suggests that insomnia
might affect delayed memory recall in patients with mi-
graine. Therefore, insomnia might have different clinical
implications in those with PPTH vs. migraine, and these
implications should be properly considered according to
the underlying headache type [47].

Headache and insomnia frequently co-occur, and are
mutually interacting conditions following TBI. Prior
studies demonstrated that 30 ~ 70% of patients with TBI
complained of sleep disturbance [48, 49], and that in-
somnia was a potential risk factor for PTH [7]. Insomnia
and other sleep disturbances resulted in a delayed PTH
recovery and could lead to PPTH [7, 8]. Mechanistically,
it is possible that insomnia could affect the descending
pain inhibitory control system and enhance pain

perception in patients with PTH [50, 51]. In fact, in our
study there was a positive correlation between insomnia
severity with headache intensity and with symptoms of
cutaneous allodynia. A recent study proposed that the
perivascular glymphatic exchange impairment caused by
TBI and sleep disruption may impair the clearance of
neuropeptides such as calcitonin gene-related peptide
(CGRP) involved in the pathogenesis of PTH [11]. How-
ever, there is still a lack of studies investigating mecha-
nisms linking the persistence of PTH and sleep
disturbance attributed to TBI In our study, the high
prevalence (66.3%) and severity of insomnia in those
with PPTH suggest that insomnia might be associated
with the persistence of pain in PTH after mTBL

The pain of PPTH could also contribute to and ex-
acerbate insomnia. Although markers of headache bur-
den, such as years with headache and headache
frequency, were lower in the PPTH group compared to
the migraine group, insomnia was more prevalent and
more severe among those with PPTH. It is possible that
those with more years of headache adapt to their head-
ache symptoms, resulting in less impact on sleep over
time. These results could also suggest that factors in
addition to headache may be involved in insomnia of
PPTH and migraine.

In our study, depression was the strongest predictor of
insomnia in those with PPTH. Our results also demon-
strated that mood alterations including depression, anx-
iety and PTSD symptoms were reported more frequently
in those with PPTH than those with migraine and
healthy controls. Depression, anxiety, PTSD and suicid-
ality symptoms are common following mTBI [7, 52].
Those with PPTH following mTBI might have low sero-
tonin levels, contributing to development of psycho-
logical symptoms and insomnia [53-56]. In addition,
headache and non-headache pain are common comorbid
conditions in those with PPTH, contributing to sleep



Kim et al. The Journal of Headache and Pain (2020) 21:33

disturbances and mood alterations [57]. Our study
showed that insomnia is associated with depression and
headache intensity in those with PPTH, though the
cause-effect relationship is unclear.

Hyperacusis was significantly associated with insomnia
in those with PPTH in our data. Hyperacusis is the condi-
tion of reduced tolerance or increased sensitivity to sound,
and is characterized by excessive loudness, troublesome-
ness, anxiety, and pain when the person is exposed to
sound [58, 59]. Auditory symptoms including subjective
hearing loss, tinnitus, and hyperacusis are common in
those with mTBI, and 67.3% of non-blast mTBI patients
reported hyperacusis according to a recent patient-
reported outcome measures study [60]. Mechanisms
underlying hyperacusis following mTBI are unknown,
although proposed theories suggest a tonotopic
reorganization and hyperexcitability of the auditory cortex
involving a malfunction of 5-HT [61], a release of en-
dogenous opioid peptides [62], and a decreased GABA-
mediated inhibition in the inferior colliculus [63]. Many
studies have shown that the sleep disturbance generated
by hyperacusis is mediated by psychological factors [58,
64, 65]. Anxiety and hyperresponsiveness to every sound
while one is trying to sleep could result in insomnia. For-
tunately, a recent study demonstrated that prophylactic
treatment of migraine is associated with improvements in
hyperacusis, suggesting that hyperacusis might share a
pathophysiologic basis with migraine [66]. It is yet to be
conclusively demonstrated whether effective treatment of
PPTH is associated with reductions in hyperacusis.

In this study, one third of individuals with migraine re-
ported symptoms of insomnia, though the sample size
was small. Prior studies have demonstrated that individ-
uals with migraine are at an increased risk of having in-
somnia, and individuals with insomnia have a higher risk
of migraine compared to individuals without insomnia
[17, 18, 67, 68]. In our study, insomnia severity was asso-
ciated with delayed memory recall in individuals with
migraine. The close relationship between insomnia and
cognitive dysfunction has been described in previous
studies [69-71]. Future studies with larger sample sizes
are needed to further determine the effects of insomnia
on memory impairment in individuals with migraine.

This is the first study to compare the severity of in-
somnia symptoms in individuals with PPTH vs. those
with migraine. The identification of associations between
symptoms of depression, hyperacusis, and headache in-
tensity with symptoms of insomnia in those with PPTH
yields relational insights into these common post-TBI
symptoms. However, there are several limitations in our
study. First, the cross-sectional design does not allow for
determining the direction of relationships between in-
somnia and its associated symptoms. Second, in order to
avoid issues with recall bias, the response period for the
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insomnia questionnaire was limited to the prior 2 weeks.
Although it is likely that symptoms during that 2 week
period are reflective of symptoms over a longer time-
period, this cannot be confirmed. It is not known if the
individuals in this study had insomnia prior to develop-
ment of PPTH or migraine, or if insomnia developed
after headache onset. Third, we didn’t have objective
sleep measures and information about other sleep re-
lated disturbance (e.g., obstructive sleep apnea, restless
leg syndrome). Fourth, we did not evaluate additional
auditory symptoms other than hyperacusis (e.g. tinnitus,
hearing loss) and did not perform objective audiological
investigations to identify or quantify them. Fifth, since
many patients in our study were recruited from a spe-
cialty headache clinic, it is not clear if the results would
be generalizable to the general population of people with
PPTH.

Conclusion

Although the vast majority of individuals with PPTH in
this study had migraine-like headaches, insomnia was
more severe among individuals with PPTH compared to
those with migraine. Among those with PPTH, there were
associations between insomnia symptom severity with
symptoms of depression, headache intensity, and hypera-
cusis, relationships not shared by those with migraine.
The frequency and severity of insomnia symptoms found
in this study suggest that the clinician should assess pa-
tients with PPTH for insomnia. Although not conclusive
from this cross-sectional study, the associations between
insomnia with depression, headache intensity, and hypera-
cusis at least suggest that treatment of insomnia could
lead to improvements in other symptoms associated with
PPTH. Future studies should determine the bidirectional
impact of treating insomnia and its associated symptoms.
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