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Roughly four years have passed since the National 
Football League (NFL) reached a $1 billion settlement 
with former players who had accused the League of 

failing to warn and protect players against long-term neuro-
logical risks of repetitive head trauma. 

According to the settlement, which became effective 
on January 7, 2017, benefits include “monetary awards for 
diagnoses of Death with CTE before April 22, 2015 (the 
Final Approval Date), ALS, Parkinson’s Disease, Alzheimer’s 
Disease, Level 2 Neurocognitive Impairment (i.e., moderate 
Dementia) and Level 1.5 Neurocognitive Impairment (i.e., 
early Dementia) (see Injury Definitions). All valid claims 
under the Settlement, without limitation, will be paid in 
full throughout the 65-year life of the Settlement.”1

Retired players seeking to qualify for monetary awards 
applied to the monetary award fund (MAF) and were 
directed to see a physician (i.e., a board-certified neurolo-
gist, neurosurgeon, or neurospecialist) authorized to make a 
qualifying diagnosis. 

Little is known about the prevalence of migraine in retired 
NFL players. I conducted a retrospective pilot study to inves-
tigate the prevalence of migraine and co-morbidities using 
a convenience sample of 50 retired players seen in my prac-
tice.The average age for players in the study was 45.46 years 

(range between 31 and 78 years). The average time spent 
in the league was 8.32 years (range of three to 21 years). 
Additionally, the average player in the study began playing 
tackle football at 12.1 years of age.

An independent review board exemption was obtained, 
including waiver of informed consent, and data extracted 
was de-identified.  This article is neither endorsed nor 
authorized by the NFL Concussion Settlement Program, the 
parties to, or the administrators of that settlement.  

Migraine and Concussion
The evaluation of headache and migraine in the pilot 

study began with a complete headache history. Participants 
were evaluated for the presence of light and noise sensitivity 
during headaches.2 If they were not more sensitive to light 
and noise during a headache than without a headache, par-
ticipants were asked the following two questions: 

•	 During a headache, would you prefer to be in bright 
sunlight or in a dark room? 

•	 During a headache, would you prefer to be in a room 
with loud music or in a quiet room?

In total, 92% of participants reported having head-
aches that met International Classification of Headache 
Disorders, 3rd edition (beta version) criteria for migraine.3 
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Findings suggest that retired NFL players may be at increased risk  
for migraine, depression, anxiety, chronic pain, bedwetting, essential tremor,  
and Parkinson’s disease.
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Pilot Study: In Brief

Background: Little is known about the prevalence of migraine 

among retired National Football League (NFL) players.

Objectives: To evaluate the one-year prevalence of migraine in 

a pilot study using a convenience sample of retired NFL players.

Methods: A retrospective analysis was performed of 50 con-

secutive retired NFL players, and the prevalence of migraine, 

depression, anxiety, chronic non-headache pain, frequent opiate 

use, nocturnal enuresis, essential tremor, and Parkinson’s disease 

was evaluated. Demographics were also analyzed, including 

number of concussions.  

Results: The one-year prevalence of migraine among the retired 

players was 92% (56% with episodic and 36% with chronic 

migraine), which is much more than the 6% with episodic and 

0.5% with chronic migraine in the general adult male popula-

tion. Only 4% reported migraine onset before playing in the 

NFL; 48% had onset while playing, and 48% after retiring with 

a mean age of onset of 33.0 years. The number of reported 

concussions occurring in the NFL, college and high school was 

a mean of 18.5, median 8.5, and range of zero to 155. Current 

depression was reported by 78% and anxiety by 86%, which is 

much greater than the prevalence in the general population 

and among migraineurs. Additionally, 88% reported chronic 

non-headache pain, similar to a prior survey with 25% of those 

having chronic pain citing chronic opioid use. A current history 

of nocturnal enuresis was reported by 78% of retired players 

compared to up to 7% of adult males in the general population. 

A total of 22% of participants have essential tremor, compared 

to 5% of adults in the general population, and 4% of subjects 

have Parkinson’s disease, compared to about 1% over the age of 

50 in the general population.

Conclusions: The cause of the greatly increased prevalence of 

migraine, depression, anxiety, nocturnal enuresis, and essential 

tremor in this pilot study is not known. Possible causes include 

brain injury and chronic non-headache pain. Confirmation of 

these findings in a population-based sample of the approxi-

mately 22,000 retired NFL players would be of interest. Further 

studies may also evaluate the prevalence of cognitive impair-

ment with neuropsychological testing, sleep-disordered breath-

ing documented by sleep studies, obesity, stressful life events, 

quality of life, and diffusion tensor MRI of the brain and their 

relationship to migraine.
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A prior study evaluating 10 retired NFL players with an 
average age of 36.7 years found that 43% had chronic 
migraine.4  

A total of 28 players had episodic migraine (56% of all 
players in the study), and 18 had chronic migraine (36%). Of 
note, only 6% of adult men in the general population report 
having episodic migraine,5 and 0.5% reported having chronic 
migraine.6 These data suggest a far greater prevalence of both 
types of migraine in retired NFL players.

Among the 28 players with episodic migraine, 23 had no 
aura, four had attacks of migraine with and without aura, 
and one had attacks of migraine without headache and 
migraine visual aura without headaches. Of the 18 chronic 
migraineurs, one had migraines without and with aura. The 
mean age of migraine onset was 33 years (range of 12-63 
years); players’ onsets were during their career (48%), after 
retiring (48%), or before playing in the NFL (4%). 

To assess the impact of headaches on the lives of these 
retired players, they were given the Headache Impact Test-6 
(HIT-6).7 The mean HIT-6 score was 58.9, indicating a sub-
stantial to severe impact of headaches on the lives of retired 
NFL players.8 Yet, only 35% of players with migraines report-
ed having seen a physician for treatment. Similar to general 
population studies, most migraineurs are not seeing physi-
cians, and many may benefit from consultation.9

There are a number of possible reasons why migraines may 
have an increased prevalence among retired NFL players. For 
example, subconcussive impacts (i.e., the transfer of mechani-
cal energy to the brain at enough force to injure axonal or 
neuronal integrity but not cause clinical symptoms10) have 
been shown to cause long-term neurological injury.11 It is not 
known, however, whether subconcussive impacts alone may 
be a risk factor for migraine.

According to the International Classification of Headache 
Disorders, 3rd edition (beta version) criteria, the onset of 
post-traumatic headache should be less than seven days 
after injury.12 However, post-traumatic headache could have 
a latency of weeks or months.13 The upper limits of post-
traumatic migraine onset is not known. It is possible that 
the latency could be many years, similar to the long latency 
of post-traumatic seizures after TBI. In a randomly chosen 
population sample, head and neck injury within two years of 
chronic daily headache onset was a significant risk factor and 
accounted for 15% of chronic daily headache, with lifetime 
risk increasing with the number of head and neck injuries.14

The causes of post-traumatic migraine remain poorly under-
stood. Possible mechanisms include diffuse axonal injury, release 
of excitatory neurotransmitters, impairment in cerebral vascular 
autoregulation, and neuroinflammation. Chronic traumatic 
encephalopathy (CTE) may also be associated with headaches.15

Retired players in the pilot study were provided with 
a definition of concussion (i.e., “knocked unconscious, 

knocked cold, dazed, saw stars, or had “your bell rung”) 
and asked about concussion history and frequency. Results 
showed that 92% of players reported concussions while 
playing in the NFL, 60% reported concussions while playing 
in college, and 44% reported concussions while playing in 
high school. The mean number of concussions players expe-
rienced while playing in the NFL was 13, as compared to 3.2 
in college and 2.3 in college and high school, respectively. 
The median number of concussions was 5, 1, and 0, respec-
tively. 

In a previously reported survey of 512 former players, 20% 
reported having at least one to two concussions, 23% reported 
three to four concussions, 35% reported five or more, and 12% 
were unsure of the number of concussions they experienced.16

It is worth noting that reports regarding the number of 
concussions by retired NFL players may be inaccurate due 
to recall bias and not being familiar with the definition of 
concussion.17 Players often responded to the query by ask-
ing whether the author wanted to know how many concus-
sions they had or the number actually reported at the time. 
Many older players stated that they didn’t understand the 
definition of concussion while they were playing and just 
had “dings.” Because they were trying to obtain compensa-
tion from the settlement fund, it is possible that some play-
ers exaggerated the number, although they were advised 
that the number of concussions was not used to determine 
whether they had cognitive impairment.

Links to Other Neurological Conditions
Depression and anxiety. In the pilot study cohort, 78% 

of retired players reported having depression. Of those, 11 
were administered the Mini International Neuropsychiatric 
Interview, which revealed that eight had major depression, 
two had moderate depression, and one had no depression. 
Among 11 individuals not endorsing depression, nine also 
had migraine. 

In the US, the one-year prevalence of major depression 
is about 6%, while the prevalence of persistent depressive 
disorder is about 2%.18 Because most of the cohort have 
migraine, this prevalence is even greater than general popu-
lation studies in which about 30% of those with chronic 
migraine and 17% with episodic migraine have depression.19 
A prior study of 45 randomly selected retired NFL players 
found depression in 33% of participants. 

Anxiety was endorsed by 43 players (86%) in the pilot 
cohort. Of the seven patients not reporting anxiety, six also 
had migraine. In the general population, 7.5% report anxiety, 
as compared to 25% of migraineurs. 

Interestingly, evidence suggests that depression and anxi-
ety predict more migraine days.20 Moreover, depression and 
migraine may have a bidirectional relationship where the 
presence of one increases the risk of the other.21
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Chronic pain. Retired players in the pilot cohort were 
asked about the presence of chronic non-headache pain, 
which was defined as having pain on most or all days. 
Findings revealed that 44 (88%) reported chronic pain in 
various locations, including the neck, back, joints, hands, 
and feet; all except one player experienced onset while 
playing. Moreover, all but one in the pilot cohort experi-
enced onset of pain while playing in the NFL. These find-
ings are similar to another study in which 89% of retired 
players reported aches and pains on a daily basis.12

Studies have shown that non-headache pain (from the 
face, neck or shoulders, back, arms or hands, legs or feet, 
chest, abdomen or pelvic, other) increases the risk of 
chronic migraine.22 

One study found that 58% of migraineurs reported 
chronic pain (arthritis, back or neck pain, or other pain), 
as compared to 36% of those without headache.23 Possible 
explanations include changes in the brain in response to 
chronic pain such as central sensitization and genetic fac-
tors. 

Opioid overuse (defined as use on eight or more days 
per month) was reported by 11 out of 44 (or 25%) of those 
with chronic pain in the pilot cohort, which contrasts with 
previous survey findings in which 7% of retired players 
reported opioid use at least once per week.24

Additionally, there is an increased risk of medication 
overuse headache (headache occurring on 15 or more 
days per month) with opioid use of eight or more days per 
month.25,26

Nocturnal enuresis. The Clinical Dementia Rating work-
sheet27 asks whether nocturnal enuresis (or bedwetting) 
is present and, if so, whether the individual is occasionally, 
frequently, or doubly incontinent. In the pilot cohort, noc-
turnal enuresis was reported by 78% of individuals, as com-
pared to 7% of the general adult male population.28 Among 
those with nocturnal enuresis, 82% experienced it occasion-
ally and 18% frequently. Often, a spouse or girlfriend would 
report this problem, which the patient would reluctantly 
confirm. 

If an increased prevalence of nocturnal enuresis is con-
firmed in a randomized sample or subsets (such as those 
with cognitive impairment on neuropsychological testing) 
of retired players, there are a number of possible mecha-
nisms. Bedwetting could result from psychological factors, 
hypnotic use, alcohol before bedtime, or sleep-disordered 
breathing. The prefrontal cortex has a predominantly inhibi-
tory function on voiding.29 Traumatic injury to the prefron-
tal cortex due to diffuse axonal injury30 or CTE31 could also 
be a cause. Traumatic injury to the posterior pituitary could 
result in central diabetes insipidus and overproduction of 
urine at night.32

Essential tremor and Parkinson’s disease. The diagnosis 
of essential tremor in the pilot cohort was based on physical 
examination (the presence of an action and postural tremor 
of the hands) and confirmatory history. Those excluded 
included players on medications that can cause postural 
tremor. These include amphetamines, antiarrhythmics, 
bronchodilators, levothyroxine, lithium carbonate, metoclo-
pramide, methylxanthines, neuroleptics, pseudoephedrine, 
serotonin-norepinephrine reuptake inhibitors, selective 
serotonin reuptake inhibitors, tricyclic antidepressants, and 
valproic acid.33

 Findings from the pilot cohort revealed that 22% of 
retired players had essential tremor, which compares to 
approximately 5% of adults in the general population.34 The 
author is not aware of prior reports of an increased preva-
lence in retired football players. If a significantly increased 
prevalence were confirmed in a randomized sample of 
retired players, the cause would not be certain, however, 
damage to the prefrontal cortex is a consideration.35

Neurological exam findings consistent with Parkinson’s 
disease, as defined by the World Health Organization’s 
International Classification of Disease, 10th edition (required 
as criteria by the Court settlement), were found in two 
retired players (4%). One player was in his early fifties, and 
the other was in his seventies. Neither was aware of having 
Parkinson’s disease. Parkinson’s disease is present in about 
1% of those over the age of 50 in the general population. 
Antecedent head trauma is a significant risk factor for 
Parkinson’s disease.36

Composite Case History
The following composite case history is illustrative of a 

typical retired NFL player presenting in practice.
A 35-year-old linebacker played in the NFL for six years. 

He reported having a history of perhaps 20 or more con-
cussions as a professional (he asked me to clarify regarding 
concussions reported while playing or total experienced 
concussions; described as bell rung, dings, or seeing cobwebs), 
two in college, and none previously. He has had progressive 
cognitive symptoms and depression for three years. He has 
also had chronic daily pain in his shoulders, neck, back, wrists, 
knees, and ankles since retiring from football.

He has a four-year history of migraine without aura, which 
have increased from one to two per week to daily in the last 
year and no prior headaches. He takes ibuprofen or an aspi-
rin/acetaminophen/caffeine combination tablet daily. He has 
not seen a physician for the headaches and does not know 
the cause.

—Randolph W. Evans, MD
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Conclusion
This pilot study finds an increased prevalence of episodic 

and chronic migraine, depression, non-headache pain, noc-
turnal enuresis, and essential tremor among retired NFL 
players, compared to the general population. The retired 
players were part of a biased, nonrandom sample and 
are probably not representative of all retired NFL players. 
Nonetheless, findings might suggest problems present in 
those more symptomatic. Because the participants in the 
study were applying for compensation, exaggeration or 
malingering is possible. However, compensation is based 
upon the presence of cognitive impairment on neuropsy-
chological testing or the presence of Parkinson’s disease or 
ALS and not any of the other symptoms or findings assessed 
in this study.

There are approximately 22,000 retired NFL players.37 Further 
studies of a randomized sample of retired players would be of 
high interest. Future studies may wish to also evaluate sleep-dis-
ordered breathing (with an overnight sleep study), obesity, and 
stressful life events (not evaluated in this study) that could be 
risk factors for chronic migraine,38 as well as quality of life and 
diffusion tensor MRI of the brain.39,40 The relationship of cogni-
tive impairment on neuropsychological testing to migraine 
prevalence could also be investigated. Given efforts to reduce 
the number of concussions, the prevalence of these problems 
in current NFL players is not certain.  n

Randolph W. Evans, MD is a board-certified neu-
rologist in Houston, Texas. He is also subspecialty-
certificied in headache medicine. 
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