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Abstract

Objective—To determine if family history of migraine increased the likelihood of posttraumatic
migraine symptom (PTM) presentation in adolescents following concussion, and examine the
influence of family history of migraine and PTM on post injury outcomes.

Setting—Outpatient concussion clinic

Participants—153 concussion patients (103 males, 50 females) aged 15.72 +/- 1.48 (range 12—
18)

Design—Cross-sectional, observational study of patients presenting for initial evaluation 4.72+/
-3.05 days (range 1-14) post injury

Main Measures—Computerized neurocognitive testing, symptom report, and vestibular/
oculomotor screening

Results—Patients with family history of migraine were 2.6 times (OR=2.60, [C1=1.35-5.02], p=.
003) more likely to present with PTM compared to patients without family history. Results of
MANCOVAs, controlling for concussion history, revealed significant main effects for PTM on 1)
ImMPACT/PCSS (F=15.43, p<.001), and 2) VOMS (F=8.52, p<.001). There was no main effect for
family history of migraine on ImMPACT/PCSS (p=.22) and VOMS (p=.83) or interaction between
family history of migraine and PTM on ImPACT/PCSS (p=.84) and VOMS (p=.52).

Conclusion—Family history of migraine is associated with PTM symptoms following sport-
related concussion, suggesting a genetic predisposition for migraine may serve as a catalyst or
trigger for onset of PTM. However, only presence of PTM, rather than family history of migraine,
was related to worse neurocognitive and vestibular/oculomotor outcomes.
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Approximately 1.6 to 3.8 million sport-related concussions (SRC) occur each year in the
United States. Symptoms (physical, cognitive, emotional, sleep-related) and impairments
(balance, cognitive, vestibular, oculomotor) following SRC are heterogeneous?. Recently,
researchers have proposed clinical profiles to reflect the heterogeneity of SRC34. One
clinical profile that has previously been documented following SRC is post-traumatic
migraine (PTM)>~7. According to International Headache Society (IHS) guidelines, a
migraine is defined as a headache with nausea and photo and/or phonophobia®8. Concussions
and migraines are believed to share similar pathophysiology? resulting in a spreading
cortical depression that leads to migraine symptoms8. Although headache occurs in up to
93% of athletes following concussion1®, PTM is reported in only 15-33%, but is associated
with more pronounced impairment and prolonged recovery®11, Concussed patients with
PTM symptoms have exhibited more cognitive deficits than patients with non-migraine
headaches or no headache®11, and have demonstrated reduced brain network activation
during a cognitive task compared to controls and concussed athletes without PTM12. Kontos
et al.1! reported that concussed athletes with PTM were 7 times more likely to experience a
protracted recovery compared to those not experiencing headache or PTM, and more than
two times more likely to experience protracted recoveries than those athletes experiencing
headache only. Post-traumatic migraine may also contribute to increased balance deficits
following SRC13. Vestibular and oculomotor impairments are common following SRC and
have also been reported in non-concussed individuals with migraine415. However, the
relationships between vestibular/oculomotor impairments and PTM following SRC have yet
to be explored.

Researchers have proposed that certain clinical profiles such as PTM may be linked to
specific pre-injury risk factors®. The concussion in sport group (CISG) has suggested
migraine is a “concussion modifier” as a co and pre-morbid factor, serving as a primary (i.e.,
risk of sustaining a concussion) and secondary risk factor (i.e., risk of poor outcomes
following concussion)8. While studies have linked personal and familial history of migraine
to persistent posttraumatic headachel’ and development of “post-concussion syndrome”18,
another study found neither personal or family history of migraine to be predictive of
symptom duration in a cohort of emergency department (ED) patients!®. Further, only one
study has examined history of migraine and post injury neurocognitive testing among those
with and without personal history of migraine, and did not find a relationship2°. Migraine is
a common condition with a lifetime prevalence of 18% for men and 40% for women21:22,
with the peak onset is late adolescence and early adulthood?2. In contrast, a recent review
suggests prevalence in children and adolescents is only 7-11% due to later onset of this
condition?3. Migraine has a strong genetic basis?4 and previous studies suggest that first
degree relatives of migraineurs are 2—19 times more likely to be diagnosed with
migraine2>26. However, it is unclear if SRC acts as a catalyst for onset of PTM in adolescent
athletes who may be genetically vulnerable based on family history. Further research
examining the relationship between family history of migraine and PTM is warranted due to
the emerging evidence that PTM is linked to poor outcomes following SRC.

The primary purpose of the current study was to determine if family history of migraine
increases the likelihood of PTM in adolescent athletes following SRC. We expected that
family history of migraine would be associated with an increased risk for PTM following
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SRC in this population. We also wanted to extend previous research examining PTM and
SRC outcomes (e.g., cognitive, vestibular, oculomotor) by examining the interaction
between family history of migraine and PTM. We hypothesized that concussed athletes with
PTM would demonstrate higher levels of cognitive, vestibular and oculomotor symptoms
and impairment compared to concussed athletes without a history of family history of
migraine or PTM, based on prior research®6:11, We expected that family history of migraine,
independent of current PTM, would be less likely to be associated with adverse outcomes
following SRC, based on preliminary evidence that personal history of migraine was not
associated with adverse outcomes following SRCZ0,

Study Design and Participants

We conducted a retrospective study that included two cohorts of 232 consecutive concussion
patients who presented to a sports medicine concussion clinic September through December
of 2014 (n=122) and August 2015 through February 2016 (n= 110), secondary to research
assistant availability to enroll participants into the clinical research registry. Eligible
participants were athletes between the ages of 12-18 years, who had sustained their
concussion during an organized sports practice or competition in the previous two weeks.
Athletes with a history of prior concussion and ADHD/LD were included, as sample
prevalence was consistent with population prevalence estimates?”-28 and no group
differences existed. Athletes with no clear mechanism of injury, positive imaging findings,
or other neurological history were excluded from the study. Athletes who were diagnosed
with a concussion within a three-month period preceding the current injury were excluded.
Athletes were also excluded if data were missing for family history of migraine, if family
background data (e.g., adoption, health history of biological parent unknown) were
unavailable, or the individual had a personal history of migraine.

Definitions and Measures

Concussion—Concussion was defined as a “complex pathophysiological process affecting
the brain, induced by biomechanical forces” as specified in the most recent consensus
statement on concussion in sports1®, consistent with 1ICD-10 codes of concussion
(S06.0X1A), with or without loss of consciousness <30 minutes. Concussions were
diagnosed at the time of injury (e.g., by certified ATC on the field) or at clinical evaluation
(e.g., physician, neuropsychologist). For the purpose of this clinical study, the following
criteria were implemented for concussion diagnosis: 1) clear mechanism of injury, and 2)
presence of signs (e.g., loss of consciousness, amnesia, disorientation/confusion, balance
difficulties) and/or at least one symptom (e.g., headache, dizziness, nausea) of concussion
with onset immediately following the mechanism of injury.

Family history of migraine—Family history of migraine (as well as personal history)
was self-reported to the clinician via the clinical interview. The athlete and parent were
present and asked “Have you been diagnosed with migraines by a healthcare provider in the
past?” and “Does [patient name] have any first degree relatives diagnosed with migraines?”
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If the answer was “yes”, then the question was followed up with “which family member(s)?”
to verify the patient or parent was referring to a biological mother, father or sibling.

Post-traumatic migraine—PTM was defined using the IHS guidelines for migraine (i.e.,
headache, nausea, and photo- and/or phono-sensitivity), and presence of PTM was
determined based on responses to the Post Concussion Symptom Scale (PCSS).

Neurocognitive Testing—The Immediate Post-Concussion Assessment and Cognitive
Testing (IMPACT) is a computer-based neurocognitive test battery comprised of 6 subtests
designed to evaluate neurocognitive impairment in individuals with an SRCZ°. The ImPACT
test yields four composite scores for verbal and visual memory, processing speed, and
reaction time, and takes approximately 20 to 25 minutes to administer. INPACT has
adequate reliability and validity, and sensitivity3%:31, INPACT demonstrates moderate test-
retest stability over time32:33,

Post-concussion Symptom Scale (PCSS)—The Post-concussion Symptom Scale
(PCSS) is a computerized self-report symptom inventory that includes 22 items representing
the most commonly reported concussion symptoms, including somatic (e.g., nausea,
headache), cognitive (difficulty concentrating, memory problems), affective (e.g., anxiety,
depression), and sleep-related symptoms of concussion. The PCSS takes 5 minutes to
administer, and participants rate each symptom on a 7-point Likert scale from 0 (hone) to 6
(severe), based on their experience across the past two days. The PCSS has adequate
reliability and validity for assessing and monitoring of SRC-related symptoms34,

Vestibular/Ocular Motor Screening (VOMYS): The VOMS is a screening tool developed to
assess vestibular and ocular motor impairments via patient-reported symptom provocation

on a scale of 0-10 symptom intensity for four symptoms (i.e., headache, dizziness, nausea,
and fogginess) after each assessment domain3®. Total symptom scores are computed for each
VOMS component. The VOMS assesses the following 5 domains: (1) smooth pursuits, (2)
horizontal and vertical saccades, (3) convergence, (4) horizontal vestibular ocular reflex
(VOR), and (5) visual motion sensitivity (VMS). The VOMS also includes a measurement of
near point convergence (NPC) distance based on the average of three measures. The internal
consistency of the VOMS is excellent (Cronbach a. = .92)3®, and takes approximately 5
minutes to administer.

The study procedures were approved under an expedited protocol by the institution’s human
subjects review board. Participants and their parents provided written consent/assent (for
minors) to be in the study. Licensed clinical neuropsychologists specializing in concussion
care then conducted the following clinical evaluations, which took approximately 45-60
minutes, with each patient individually in private exam rooms (listed in order of
administration): 1) Post-concussion Symptom Scale (PCSS), 2) computerized
neurocognitive testing, 3) medical history (including migraine, concussion, learning
disability, etc.), and 4) vestibular and oculomotor assessment. All measures were conducted
in conjunction with each participant’s initial clinical visit for their concussion.
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Data Analysis

Chi square analyses and t-tests were employed to determine if groups (family history of
migraine and no family history of migraine) differed on any demographic characteristics
(i.e., sex, age, and history of concussion, ADHD/LD), and injury characteristics (i.e.,
posttraumatic amnesia and loss of consciousness). A univariate nonparametric test (i.e., x 2
with odds ratios [ORs], 95% CI) was used to examine the association between family history
of migraine and PTM status. Then two 2 x 2 MANCOVAS with grouping factors of family
history of migraine (yes or no) and PTM status (yes or no), with covariate of concussion
history, were employed to examine differences on 1) ImMPACT composites scores/PCSS and
2) VOMS scores. When omnibus analyses with significant interactions were present,
pairwise comparisons were conducted to examine between group differences. Bonferroni
correction was applied and statistical significance for all tests was set at p < .05 for all
analyses. Statistical analyses were performed using SPSS version 21.

RESULTS

Demographics

Of the 232 participants who met criteria for the study, complete data were available for 66%
(153/232) participants, (103 males, 50 females) with a mean age of 15.72 +/- 1.48 (range
12-18). Overall, 45% (n=69) of the sample reported family history of migraine in one or
more immediate family members, consistent with published lifetime incidence rate?2.
Participants were excluded due to missing data regarding family history of migraine (n=27)
secondary to lack of clarity regarding diagnosis (e.g., self-reported headache with
uncertainty regarding diagnosis from healthcare professional) or knowledge of family
history (e.g., no contact with other biological parent), incomplete VOMS (n=41), and
personal history of migraine (n=11). While the VOMS is a standardized component of the
clinical evaluation patients may discontinue upon request due to discomfort, or it may be
deferred due to other injury or pain (e.g., neck pain during VOR). Excluded participants did
not differ on age (£1.08, p=.28), days to initial evaluation (#~1.59, p=.11), sex (yA1)=.08,
p=47), history of LD (y2A1)=.14, p=.58), ADHD (yA1)=.00, p=.63), or history of
concussion (yA1)=.28, p=.37) compared to participants who had complete data and were
included in analyses. Participants were athletes competing in contact/collision sports or
limited contact sports, based on developed classification system38. The majority of
participants sustained an SRC while playing American football (n=57, 37.3%) or boys’/
girls’ soccer (n=33, 21.6%). Participants also represented ice hockey (n=24, 15.7%), boys’/
girls’ basketball (n=20, 13.1 %), volleyball (n=8, 5.2%), rugby (n=3, 2.0%), field hockey
(n=3, 2.0%), wrestling (n=3, 2.0%), softball (n=1, 0.6%), and martial arts (n=1, 0.6%).
Demographic history is summarized in Table 1. Groups (family history of migraine and no
history) did not differ on gender (yA1)=.23, p=.69), age (+=-.51, p=.61). History of LD
(y&1)=2.05, p=.15) and ADHD (y2(1)=.985, p=.32) were equally represented across
groups. Groups did not differ on the presence of injury characteristics, including LOC
(yA1)=1.45, p=.48) or PTA (yA1)=1.45, p=.23). There was no difference between groups
for days from injury to first evaluation (t=—1.80, p=.08). However, participants with family
history of migraine were more likely to report a personal history of concussion (y2(1)=5.82,

£=.02).
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Relationship between Family history of migraine and PTM

Based on clinical evaluations that occurred 4.72+/-3.05 days (range 1-14 days) post injury,
44% (n=67) of participants met designated criteria for PTM. The results from the chi-square
analyses revealed that 33% (n=28) of athletes with no family history of migraine met criteria
for PTM compared to 57% (n=39) of athletes with familial history of migraine. Participants
with a family history of migraine were 2.6 times (OR=2.60, [Cl=1.35-5.02], p=.003) more
likely to present with PTM symptoms in the first two weeks following SRC compared to
participants without family history of migraine.

Interaction between Family history of migraine and PTM

Results of the 2 (Family history of migraine- yes or no) x 2 (PTM- yes or no) MANCOVA
with covariate concussion history (yes or no) revealed a significant main effect for PTM
(Wilk’s A=.65, F5 144=15.43, p<.001, n2=.35) on neurocognitive scores (Table 2).
Specifically, after controlling for concussion history (yes or no) worse performance among
athletes with PTM was supported for all composites, including verbal memory (F=11.47, p=.
001, n2=.07), visual memory (F=18.30, p< .001, n2=.11, visual motor speed (F=10.86, p=.
001, n2=.07), and reaction time (F=5.42, p=.021, 12=.04). Similarly, after controlling for
concussion history there was a main effect for PCSS symptom score (F=75.54, p<.001, n2=.
34). There was no main effect for family history of migraine (Wilk’s A=.95, Fs 144=1.41, p=.
223, n2=.05) or interaction for family history of migraine and PTM (Wilk’s A=.95, F5 144=.
836, p=.523, n2=.03). The second MANCOVA (covariate concussion history) with grouping
factors, family history of migraine (yes or no) and PTM post injury (yes or no), comparing
group performance on VOMS total scores also revealed a significant main effect for PTM
(Wilk’s A=.70, F7,142=8.52, p < .001, n2=.30), with athletes meeting criteria for PTM
reporting more symptoms on smooth pursuits (F=57.84, p<.001, n2=.28), horizontal
saccades (F=52.68, p<.001, 1n2=.26), vertical saccades (F=39.00, p<.001, n2=.21),
horizontal VOR (F=40.67, p<.001, n2=.22), vertical VOR (F=38.05, p<.001, n2=.21), and
VMS (F=36.36, p<.001, n2=.20), but not NPC distance. After controlling for concussion
history there was no main effect for family history of migraine (Wilk’s A=.98, F7 14=.503,
p=.831, n2=.02) or interaction of family history of migraine and PTM (Wilk’s A.=.96,

F7 142=.888, p=.518, n2=.04) on VOMS scores.

DISCUSSION

This study examined the relationship between family history of migraine and the presence of
PTM symptoms following SRC. The primary finding indicated that family history of
migraine was associated with an increased likelihood of PTM following SRC. The current
study also compared neurocognitive and vestibular/oculomotor outcomes of concussed
athletes with PTM to those without. The results suggested that participants with PTM
experienced worse neurocognitive and vestibular/oculomotor impairment following SRC,
regardless of family history of migraine. These results extend findings from previous
studies®11 documenting worse neurocognitive outcomes among athletes with PTM to also
include increased vestibular/oculomotor symptoms and impairments. Therefore, despite the
association between family history of migraine and onset of PTM following SRC, clinical
outcomes following SRC were only influenced by the presence of PTM in the current study.
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Few studies have examined the relationship between family history of migraine despite the
strong genetic predisposition for migraine24 and anecdotal reports of onset of migraine
following concussion. One study that examined a cohort of children recruited for the ED
found personal or family history of migraine was present in 82% of participants who
reported persistent posttraumatic headaches three months post injury’. In the current study,
athletes with family history of migraine were at an increased likelihood for PTM following
concussion compared to athletes with no history of migraine, which indicate that SRC may
be a catalyst for manifestation of PTM symptoms in adolescents who are genetically
vulnerable. These data provide preliminary support for family history of migraine as a risk
factor for exhibiting a PTM clinical profile following SRC.

The current study lends support to the previous research suggesting the presence of PTM
predicts more severe neurocognitive outcomes following SRC1112, Participants with a
family history of migraine in the absence of PTM did not experience worse outcomes on
neurocognitive measures. This finding is similar to other studies?%:3 that did not report a
relationship between personal migraine history and neurocognitive deficits post injury. As
hypothesized, athletes with PTM reported more symptoms on the PCSS®11 and were more
symptomatic on vestibular screening, regardless of family history of migraine. This is not
surprising, provided the complex relationship between vestibular functioning and
migraines38 and studies documenting vestibular dysfunction in migraine patients1#39,

Another interesting finding was that 43.5% of our SRC sample met criteria for PTM, which
is much higher than prior similar studies that included a more homogenous sample of only
male football players!! and a slightly older group®. These data highlight the high frequency
of PTM symptoms in the subacute stages of injury, and may also be representative of more
severe injuries as a product of being referred to a specialty clinic. It is also noteworthy that
athletes with family history of migraine were more likely to have a history of prior
concussion. Some researchers#041 have suggested athletes with a personal or family history
of migraine may be at a greater risk for sustaining a concussion. McCrory noted an
increased prevalence of migraine in athletes compared to the general population®2. It is
difficult to infer the nature of the relationship between migraine history and concussions
from current studies. However, it is important to note that our study controlled for
concussion history, and still found an effect for posttraumatic migraine.

Although this study expands our understanding of the relationship between migraine and
SRC outcomes there are limitations. Patients who could not tolerate the VOMS due to
severity of symptoms, neck pain, etc. were excluded from the analysis, potentially biasing
the sample. Patients were recruited from a specialty concussion clinic with a large time
interval (1-13 days post injury), which introduces the possibility of selection bias (e.g., more
severe injury) — this is certainly possible provided the very high rate of PTM compared to
other studies. Relying on a symptom inventory may not be the ideal method for defining
PTM, as it does not specify the co-occurrence of headache, nausea, and photo/phonophobia,
and includes varying symptom intensity — future prospective studies may find benefit in
developing more sophisticated approaches to defining PTM. Additionally, while our low
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base rate of personal migraine history in adolescents (n=11, 6.7%) was consistent with
population prevalence for this young age group*344, we were unable to further break down
the migraine history group into those with personal history and those with family history of
migraine. While our groups’ were similar with regard to other preexisting and comorbid
conditions (e.g., ADHD)*546, larger studies with multiple personal and family risk factors
are needed. While age was available for all participants, grade level was missing data on the
ImMPACT demographics section for several participants. We did not collect data on race or
ethnicity, although our sample was predominantly white, and findings may not be
generalizable to other populations. Future research with recruitment of a more diverse
sample is necessary. Although participants were asked if migraine was previously diagnosed
by a healthcare provider, data were all collected via self-report and accuracy cannot be
confirmed. Similarly, participants with undiagnosed migraines pre-injury may been have
erroneously categorized, and other comorbidities that may also lend to genetic
predisposition for worse outcomes (e.g., mental health history) were not included or
controlled for in our analyses. Future research should explore outcomes at multiple time
points post injury, consider pubertal status, and determine if risk for PTM extends beyond
the acute and subacute phases of SRC recovery.

Clinical Implications

Conclusion

Understanding risk factors and modifiers for concussion and recovery outcomes is vital to
providing appropriate education and feedback to athletes and their families*’. This study
provides an opportunity to educate athletes and parents on family history of migraine as a
potential risk factor for poor outcomes following concussion, possibly in a preseason
educational setting. Our findings may help inform management immediately following
concussion. Specifically, knowing that a patient has family history of migraine in
conjunction with the patient’s initial presentation, may help individualize treatment
recommendations. For example, providers may implement behavioral recommendations for
migraine*8, and consider pharmacological intervention for headache earlier than usual
following injury. Further research is necessary to clarify the complex relationships among
concussion risk, poor post injury outcomes, and migraine. Nonetheless, our findings on
family history of migraine are congruent with the literature suggesting personal history of
migraine is associated with concussion risk, and clinicians should consider these findings
when providing feedback and recommendations to patients with these comorbidities or
genetic predisposition for migraine. Specifically, this subgroup of athletes should be
counseled on increased risk for sustaining another concussion, as well as potentially higher
risk of posttraumatic migraine, as these are important considerations in deciding to return to
play. Likewise, clinicians may consider more conservative management among this
subgroup of athletes, provided potential increased risk for reinjury and negative outcomes.

The current study supported an association between family history of migraine and PTM
symptoms following SRC, suggesting a genetic predisposition for migraine may serve as a
catalyst or trigger for onset of PTM. Results of the study were consistent with prior research
suggesting increased symptom report and more severe neurocognitive impairment in athletes
with PTM, but also expanded findings to increased symptom report on vestibular screening.
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Further, in addition to personal migraine history and PTM, family history of migraine may
also be regarded as a secondary risk factor to consider in clinical management.
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Table 1
Summary of Demographic and Descriptive Data

Familial Migraine (n=69) No History (n=84) Total (n=153)
Sex 69.57% male (n=48) 65.48% male (n=55) 67.30% male (n=103)
Sport type (collision/contact or 98.55% collision/contact (n=68)  97.62% collision/contact (n=82)  98.04% collision/contact (n=150)
limited contact)
Age 15.79+/-1.27 15.67+/-1.64 15.72+/-1.48
Concussion History (%) * 43.47% (n=30) 10.96% (n=21) 33.33% (n=51)
History of ADHD (%) 4.35% (n=3) 8.33% (n=7) 6.54% (n=10)
History of LD (%) 7.25% (n=5) 2.39% (n=2) 4.58% (n=7)
Days until evaluation 5.20+/-3.60 4.30+/-2.49 4.72+/-3.05

Values are expressed as mean +/— standard deviation, except where % is indicated

*
group differences, p<.05
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Table 2

Neurocognitive and Vestibular/Oculomotor scores by groups

M easure/Score

No History (n=84
No PTM (n=56)

PTM (n=28)

Familial Migraine (n=69)

No PTM (n=30)

PTM (n=39)

Neurocognitive Test Scores (ImPACT)

Verbal Memory *
Visual Memory*

80.54+/-15.54

68.32+/-13.16

Motor Speed 34.70+/-8.53
Reaction Time™ 0.66+/-0.14
Symptoms (PCSS) ™ 17.32+/-13.31
Vestibular/Oculomotor Screening
Pursuits™ 4.21+/-3.64
H Saccades™ 4.52+/-3.62
V Saccades”™ 5.01+/-5.15
HVOR ™ 5.31+/-5.51
V VOR ™ 5.46+/-4.95
vMms™ 6.46+/6.04
NPC 5.19+/-5.90

69.25+/-17.74

59.46+/-14.00
31.41+/-9.51

0.70+/-0.12

43.29+/-19.18

9.89+/-5.11

10.70+/-5.76
10.55+/-5.59
11.77+/-5.49
11.80+/-5.57
13.55+/-6.16

4.24+/-5.08

80.24+/-15.30

73.83+/-14.22
37.96+/-7.20

0.63+/-0.10

17.93+/-15.97

3.57+/-3.05
4.63+/-4.43
4.70+/-4.53
5.40+/-4.97
5.27+/-4.96
6.33+/-5.69

5.03+/-5.50

72.23+/-13.73

62.69+/-13.04
31.10+/-6.48

0.73+/0.18

44.44+/-20.54

10.22+/-6.53
10.79+/-6.26
11.08+/-6.61
11.71+/-6.89
11.32+/-7.50
12.55+/-7.66

6.13+/-6.55

*
Main effects for PTM
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