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Abstract

Objective: Chronic pain is known to affect neurocognitive function-
ing; retired professional athletes are at high risk of having chronic
musculoskeletal pain. However, this relationship has not been in-
vestigated in retired professional contact sport athletes who are sus-
pected to have early neurocognitive decline due to repetitive head
injuries during their careers.

Participants: Twenty-one retired National Football League and
National Hockey League players (Contact Sport, CS) and 21 age-
matched non-contact sport athletic controls (Non-contact Sport, NS).

Design: Case-control

Main measures: Behavior Regulatory Index (BRI) and Metacogni-
tive Index (MI) from Behavioral Rating Inventory of Executive Func-
tion-Adult, anxiety from Beck Anxiety Index, depression from Beck
Depression Inventory-Il, and Pain Intensity and Interference from
Patient Reported Outcome Measure Information System-43.
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Results: CS group reported significantly more pain intensity and
interference (p<0.001) than NS. On exploratory binary logistic re-
gressions, body mass index (p=0.039), pain interference (p=0.014),
and anxiety (p=0.010) were significant predictors of BRI. Pain inter-
ference (p=0.002) was the sole significant predictor of MI. A history
of playing contact sports was significant for neither.

Conclusion: Our results suggest there may be important causes
of early neurocognitive decline in this population other than just a
history of playing contact sports.

Keywords: Chronic traumatic encephalopathy; Traumatic enceph-
alopathy syndrome; Retired athlete; NFL; NHL; Pain; Concussion

Introduction

Mood disorders and cognitive deficits are major concerns among
retired contact sport athletes [1]. Studies utilizing post-mortem brain
autopsies have shown that 80% to 99% of contact sport athletes,
mainly former National Football League (NFL) and National Hockey
League (NHL) players, have observable tau deposition characteris-
tic of Chronic Traumatic Encephalopathy (CTE) [2-4]. These de-
ceased contact sport athletes also demonstrated a pervasive pattern
of impairment in overall cognition, executive functioning, affective
lability, and behavior (impulsivity) prior to death that some have hy-
pothesized is a direct consequence of repetitive head injuries received
during their professional careers [5]. This pattern of behavior in the
living has been termed Traumatic Encephalopathy Syndrome (TES).
Studies utilizing next-of-kin interviews of deceased contact sport
athletes have also described a consistent pattern of neurobehavioral
impairments [6,7]. However, studies utilizing intensive neurocog-
nitive assessments in living contact sport athletes report conflicting
results, with limited evidence for early neurodegeneration. Several
studies have found few differences on a full range of cognitive as-
sessments and on critical cognitive factors between retired contact
sports athletes and controls [8,9]. Importantly, mean neurocognitive
test scores on almost every measure of cognition were in the average
range for age [9] and there were no differences in mental health [10]
or incidence of Mild Cognitive Impairment [11] (MCI, the precursor
of dementia) between retired contact sport athletes and non-control
sport controls.

Although a history of repetitive head injuries during contact sports
has been identified as a possible cause of early cognitive decline in
retired contact athletes, other potential causes of early decline in this
population include obesity [12,13], sleep apnea [14], depression [15],
cardiovascular disease [14], anxiety [15], reduced cognitive reserve
[7], and decreased physical activity [16]. Another factor that has not
yet been studied is the effect of chronic pain on cognition and be-
havior in this population. Chronic pain is a considerable cause for
concern among professional contact sport athletes as they typically
suffer from many acute and persistent musculoskeletal injuries over
the course of their careers [17,18]. High levels of pain in athletes have
been linked to prior or recurrent injuries and/or multiple surgeries
[19,20]. A systematic review [21] has identified chronic pain to be
significantly associated with abnormalities in neurobehavioral func-
tioning (i.e., deficits in memory, processing speed, and attention) and
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is associated with brain atrophy and chronic neuroinflammation. It
has also been shown that higher levels of chronic pain are strongly
correlated with psychiatric manifestations such as anxiety and depres-
sion [22].

The vast majority of pain research has focused on the experience
and/or intensity of chronic pain in retired contact sport athletes. Some
studies, however, have examined the impact of pain on daily activi-
ties, which is called “pain interference”. These studies reveal that pain
intensity interacts with pain interference synergistically to affect ac-
tivities of daily living, work, exercise, and sleep [23,24]. The primary
aim of this study was to compare pain intensity and pain interfer-
ence between contact sport retired professional athletes and matched
non-contact sport athletes. The secondary aim was to compare the
relationship of neurobehavioral functioning with a priori identified
causes of early decline, including pain intensity/interference, history
of playing contact sports, age, education, obesity, anxiety, and depres-
sion. We hypothesized that contact sport athletes would have signifi-
cantly more pain intensity and pain interference than age-matched,
non-contact sport athlete controls, and that pain would be significant-
ly associated with neurobehavioral functioning.

Methods

This prospective case control study was approved by the State
University of New york at Buffalo IRB. Participants were invited
to participate in the study and consent was obtained after eligibility
was determined. Participants completed a questionnaire about their
demographics, medical history, had a musculoskeletal physical exam,
performed a battery of neurobehavioral questionnaires, and were
assessed by an experienced neuropsychologist who diagnosed them
with or without MCI based on Comprehensive Criteria [25]. Detailed
MCI results are presented in a previous paper [11]. As part of the
larger Healthy Ageing Mind project [26], participants also completed
additional questionnaires and had a brain MRI.

Participants

Retired professional contact sport athletes (CS) were contacted
and recruited through NFL and NHL alumni associations. Interested
participants voluntarily contacted the research center, and if meeting
inclusion/exclusion criteria, they were enrolled. Criteria for inclusion
included (1) played a professional contact sport for two or more sea-
sons of exposure; (2) currently retired from competitive sports; and
(3) between 36-72 years of age. Criteria for exclusion included (1)
unwilling or medically unable to receive an MRI; (2) sustained a con-
cussion within the past two years; (3) history of moderate to severe
brain injury due to other causes such as assault or vehicular accident;
(4) history of cerebrovascular event that could lead to hypoxia; and
(5) history of a learning disability. Additional details about recruit-
ment and possible bias are discussed in the limitations section of the
Discussion.

Non-contact sport controls (NS) were recruited by contacting run-
ning, swimming and cycling athletic clubs with rosters that includ-
ed older athletes. Our recruiting method ensured that all non-contact
sport controls were actively involved in some form of regular exercise
at the time of recruitment. Inclusion criteria were (1) athletes who
participated in local or national competitive, individual, non-contact
sports such as running, cycling, or swimming when they were young-
er; (2) currently retired from competitive sports; (3) between 36-72
years of age; and (4) no history of self-reported or documented con-
cussions. Exclusion criteria were the same as the retired professional

contact-sport athlete group. Additional details about recruitment and
possible bias are discussed in the limitations section of the Discus-
sion.

Outcome measures

Behavior rating inventory of executive function-adult (BRIEF-A)
[27]: The BRIEF-A is a 75-item questionnaire for adults aged 18-90
years comprised of a self-report form and an informant-report form.
We used the self-report scale, which assesses various factors of ex-
ecutive functioning including inhibition, self-monitoring, planning/
organizing, set shifting, initiating, task monitoring, emotional control,
working memory and organization of materials, yielding an overall
composite measure of Global Executive Functioning (GEF). Answers
are scored from 1 (never a problem) to 7 (always a problem) and
higher total scores indicate poorer executive function. Two composite
domain scores were obtained: (1) Behavior Regulation Index (BRI,
inhibit, shift, control, and monitor) and (2) Metacognitive Index (MI,
initiate, working memory, plan/organize, task monitor, and organiza-
tion of materials). Raw scores are converted to T-scores and rated as
abnormal or normal according to the scoring manual.

Patient reported outcome measure information system
(PROMIS-43) [28]: The PROMIS-43 is a non-disease specific in-
strument that assists in measurement of health outcomes. This instru-
ment contains 43 items covering seven total domains that encompass
physical and mental health: physical function, anxiety, depression, fa-
tigue, sleep disturbance, satisfaction with participation in social roles,
and pain interference (the experience of pain interfering with daily
activities). Each of these subscales/domains consists of six items
scored from 1 to 5, with higher scores indicating greater severity. Ad-
ditionally, there is one pain intensity item that rates the experience
of pain from 1 to 10, with higher scores indicating pain that is more
problematic. For the purpose of this study, only pain interference and
pain intensity were used in the analysis.

Beck depression inventory-II (BDI-II) [29]: The BDI-II is a val-
idated 21-item self-report psychometric questionnaire, where each
question has corresponding answers that can be rated from 0 to 3 with
total scores ranging from 0 to 63. A total score of < 13 indicates mini-
mal risk for depression whereas 14 and higher is associated with mild
to severe depression. The Cronbach’s alpha for the BDI-II is 0.92,
indicating high-to-excellent internal consistency.

Beck anxiety inventory (BAI) [30]: The BAI is a validated 21-item
self-report psychometric questionnaire where each question has cor-
responding answers rated from 0 to 3 with total scores ranging from 0
to 63. A total score of < 7 indicates minimal risk for anxiety whereas
8 and higher is consistent with mild to severe anxiety. The Cronbach’s
alpha for the BAI is 0.89-0.94, indicating high-to-excellent internal
consistency.

Statistical Analysis

No sample size calculation was done for this preliminary study.
A series of non-parametric f-tests and y*-tests were used to assess
differences between CS and NS for continuous [age, body mass in-
dex (BMI), BDI-II raw, BAI raw, pain intensity and interference,
BRIEF-A composite scores] and categorical [ethnicity, education
(college degree: yes/no), diagnosis of MCI, history of smoking, al-
cohol abuse and drug abuse, abnormal BDI-II and BAI, abnormal
BRI and MI] variables, respectively. Data from both groups were
combined and binary logistic regression was used to predict the
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dependent variable (BRI and MI) with the following independent vari-
ables: history of playing contact sports (binary), age (years, continu-
ous), education (college degree, binary), BMI (kg/m?, continuous),
BDI-II (binary), BAI (binary), pain intensity (max=10, continuous),
and pain interference (max=30, continuous). Stepwise backwards
elimination was used to identify significant contributors. Additional
details about stepwise model fit and collinearity are presented in Sup-
plementary File 1. Since this is an exploratory study, only a simple
correlation and not assessment of variance inflation factors were used
to assess multicollinearity. No interaction term was a significant pre-
dictor of BRI or MI and were not included in the final model. K-fold
cross validation was used to validate model fit. p-values were chosen
to select predicting variables. A p-value of 0.05 was considered sig-
nificant and statistical analysis was performed using SAS 9.4 [31]
(Supplementary File).

Results

A total of 27 retired NFL and NHL players contacted the research
staff and were interested in participating in the study but 3 participants
were not eligible because they could not perform the MRI (2 were
unwilling due to claustrophobia and 1 was unable due to non-MRI
compatible metallic implants) and 2 participants were unable to come
to the research center for testing. Twenty-two participants signed the
consent form but 1 participant was retrospectively excluded due to
a serious brain injury from a motor vehicle accident that was only
revealed after imaging. Hence, 21 participants made up the CS group
with an average professional career length of 8.7 years. A total of 24
retired non-contact-sport controls contacted the research staff but 3
participants did not want to come to the research center for testing;
hence, 21 participants made up the NS group. No participant in the

higher (p=0.024). Individual participant causes for chronic pain (de-
fined as continuous pain for longer than 1-year), surgical history, list
of replaced artificial body components, and results of cervical assess-
ment are presented in Supplementary File 2. Eighty-one percent of
CS (n=17) identified a source of chronic pain, with neck pain (n=7)
and headache (n=5) being the most common. Nineteen percent of NS
(n=4) identified a source of chronic pain, which was significantly low-
er than CS (p<0.001) (Supplementary File).

Non-Contact Contact
p-value
Sports (n=21) Sports (n=21)
How much did pain interfere with
your...
... day to day activities? 1.24 +0.62 2.62+1.16 <0.001
... work around the
1.33 +£0.66 238+1.12 0.001
home?
... social activities? 1.24+0.70 224+1.26 0.003
... household chores? 1.24+£0.54 2.24+1.09 0.001
... things you do for
1.24 +0.54 229+ 1.06 <0.001
fun?
...enj t of social
erjoyment of socta: 1.14 + 0.48 219+1.12 | <0.001
activities?
Pain Interference total score
7.4+£322 13.95 £ 6.30 <0.001
(max=30)
Pain Intensity (range 1-10) 1.05+1.40 391+2.63 <0.001

Table 2: Pain Intensity and Pain Interference on PROMIS-43.

PROMIS-43: patient reported outcome measures information system.

e . .. Non-Contact Contact Sport -val
NS group was unwilling/unable to receive an MRI. Participant de- o ‘(’" ?1) 0"(”21';‘" S| povalue
a . ports (n= n=
mographics are presented in Table 1. CS and NS were matched on
. L . BDL-I total 3.86+529 10.19 + 8.05 0.004
age and ethnicity, but CS had a significantly higher BMI than NS
(p<0.001) and had fewer participants with college-level degrees or Category on BDIII 0.194
( Minimal Depres- 20 15
Non-Contact Contact sion, n
_ _ p-value
Sports (n=21) Sports (n=21) Mild Depression, n 1 3
Age in years, mean 554+93 56.7+9.5 0.654 Moderate Depres- 0 P -
BMI in kg/m?, mean 245+2.5 30.1+3.5 <0.001 sion, n
19 Caucasians, Severe Depression, 0 1
Ethnicity 21 Caucasians 3 African 0.232 n
American BAI total 2.67+3.09 6.10+6.17 0.028
Education, C;B;gc degree, 19 (90.5) 10 (47.6) 0.024 Category on BAI 0.045
n (7o
Minimal Anxiety, n 19 12
MCI Diagnosis, n (%) 3(14) 8 (38) 0.083
Mild Anxiety, n 2 8
Sport, n (%) -
Moderate Anxiety, n 0 1
Football - 8(36.4)
Severe Anxiety, n 0 0
Hockey - 14 (63.6)
Running 6(28.6) _ Table 3: Depression (from BDI-II) and Anxiety (from BAI).
Cycling 6 (28.6) - BDI-II: becks depression inventory-11; BAI: becks anxiety inventory.
Triathlete 2(9.5) -
Track & Field 1 (4.8) _ Pain Intensity and Pain Interference values are presented in Ta-
L . B
History of smoking, n (%) s @8 7333) 0317 ble 2. CS. group rated 's1.gn1ﬁcant1y grez'iter' interference (p' 0.00.1),
due to pain in every activity, as well as significantly greater intensity
History of alcohol abuse, n (%) 1(4.8) 6 (28.6) 0.093 . .
(p<0.001) than NS group. Depression and anxiety scores are present-
History of drug abuse, n (%) 168 4199 0343 ed in Table 3. CS had significantly (p=0.004) higher raw depression
Table 1: Participant demographics. scores on the BDI-II but were not significantly different (p=0.194)
. . e than NS in the incidence of mild to severe depression. CS also had
BMI: body mass index; MCI; mild cognitive impairment. P

significantly (p=0.028) higher anxiety scores on the BAI, with a

J Alzheimer’s Neurodegener Dis ISSN: 2572-9608, Open Access Journal

Volume 7 e« Issue 2 « 100058
DOI: 10.24966/AND-9608/100058



http://doi.org/10.24966/AND-9608/100058

Citation: Haider MN, Antonius D, Cunningham A, Radick EJ, Leo R], et al. (2021) Case-Control Study Comparing the Relationship between Pain, Neurobehav-
ioral Functioning and a History of Playing Professional Contact Sports. ] Alzheimers Neurodegener Dis 7: 058.

e Page4 of 6«

.
Non-Contact Contact 2 BAI 8.7 (7.0) - 3.09 0.078 Remove
Sports m=21) | Sports n=21) | V"¢
po! P Pain
Global Executive Function 1 Interfer- 2.3(0.44) 3.9(1.1) 9.66 0.002 Keep
. 50.71+9.38 5824+ 11.82 0.028
composue score ence
Behavior Regulatory Ind : i iminati i -
ehavior Regulatory Index 4976 < 10.10 56.86 4 13.41 0.060 Ta}ble 5: Results of stepwise backwarq elimination on general linear mod
T-Scores eling used to predict Abnormal Behavior Regulatory Index and Metacog-
Inhibit 51.57+8.53 57.14+9.98 0.059 nitive Index.
Shift 51.14 + 8.67 56.67 % 10.49 0.070 SE: standard error; BDI-II: becks depression inventory-1I; BMI: body mass
Emotional Control | 4833+10.04 | 544341433 0.118 index; BAI becks anxiety inventory.
Self-Monitor 48.24+9.18 53.95+12.77 0.104 L i L . )
significantly (p = 0.045) higher incidence of mild to severe anxiety
Abnormal Behavior Regulatory
6 (28.6) 2(9.5) 0.116 than NS.
Index, n (%)
Metacognitive Index T-Scores 51.48+9.09 58.52+10.82 0.028 Executive function results obtained from the BRIEF-A are pre-
Initiate 50.43 +8.85 57.48 £ 11.22 0.029 sented in Table 4. CS had significantly (p = 0.028) higher impairments
Working Memory 523821184 | 63.67< 1044 0.002 in GEF composite score, and had significantly higher impairments in
Plan/Organize S167+1014 | s6sl<1l13 0.125 the MI composite score (p=0.028), initiate sub-category (p=0.029),
sk Momitor 520521089 | 370521030 0364 and Wf)rkmg memow sub—categf)ry (p=0.002). There were no signifi-
Oreanivation of cant differences in BRI composite score or BRI sub-category scores.
rganization o: . . . . .
Materials 49.48+8.13 52.29£9.97 0314 BRIEF-A: behavior rating inventory of executive function - adult.
Abnormal Metacognitive Index, . . .
o) 9 (42.9) 2(9.5) 0.014 Results of fitting a model to predict BRI and MI are presented in
n o

Table 5. For BRI: education, interaction of pain intensity and inter-
ference, depression, pain intensity, history of playing contact sports,
and age were removed step-by-step because they were not signifi-
BRIEF-A: behavior rating inventory of executive function - adult. cant predictors of the final model. BMI (p=0.039), pain interference
~ (p=0.014), and anxiety (p=0.010) were significant contributors to the
model predicting BRI with 87.1% accuracy after cross-validation. For

Table 4: Behavior Regulatory Index and Metacognitive Index T-scores
from BRIEF-A.

L

Unadjusted | Adjusted . . . . .
Pna Juste usteC | Adjustea MI: education, interaction of pain intensity and interference, depres-
arameter Parameter . . . L. R K
Order | Effect | o ate | Estimate s:W:k:' p-value | Decision sion, age, history of contact sports, BMI, pain intensity, and anxiety
atistic . . . .
(SE) (SE) were sequentially removed because they were not significant predic-
Predictors of Behavior Regulatory Index tors. Only pain .int‘erference. was a significant (p=0.002) contri.butgr to
14 the model predicting MI with 75.7% accuracy after cross-validation.
Intercept 102'3 -10.5 (6.1) 2.92 0.087 - . .
(102.3) Discussion
8 Pain 4434 1.61 0205 | R
. X R - K . emove . . .
Intensity We found that retired NFL and NHL athletes report being in
7 BDLIl | 43.6(27.4) - 1.33 0248 | Remove more chronic pain than age-matched retired, non-contact sport mas-
Educa- ter athletes and that it interfered significantly with their daily activ-
6 tion 218(129) i 081 0369 | Remove ities. These retired contact sport athletes also identified more caus-
Contact es of chronic pain and had more orthopedic surgeries, such as joint
5 -96.7 (57.4) - 127 0261 | Remove .
Sports replacements, than non-contact sport controls. We found that pain
4 Age 3.8(2.2) , 2.84 0.092 | Remove interference, but not pain intensity, was a significant predictor of im-
3 BMI 4527 | 048023 | 428 0,039 Keep pgirments in behavior regulation anq metacoggition in retired prgfes—
o sional contact sport athletes. Behavior regulation and metacognition
am . . . .
5 Interfer- | 11.8(7.0) | 2.9(0.14) 6.08 0.014 Keep are two important components of executive functioning. These data
ence suggest that early decline in neurobehavioral functioning in retired
I BAI 152588.7) | 5.0(1.9) 6.69 0.010 Keep contact-sport athletes may have causes other than a history of playing
. . contact sports, with their attendant risk of sustaining repetitive head
Predictors of Metacognitive Index . . ~
impacts. Our control group was more physically active, healthy, and
Intercept | -24.6 (296.8) | 4.1 (1.1) 1327 | <0.001 - . . . .
more educated, which could account for the differences in depression,
8 BDIIT | 25.0(266.6) - o.01 0933 | Remove anxiety, and executive functioning when compared with the contact
7 Csomact 29 (3.6) 3 0.01 0928 | Remove sport athletes. Nevertheless, pain .interference remaipc_ed a strong pre-
ports dictor of both behavioral regulation and metacognition even in the
6 BMI | -0.16(0.34) - 042 0516 | Remove presence of depression and anxiety, which are themselves compo-
5 Age -0.20 (0.15) - 0.53 0465 | Remove nents of executive functioning. Moreover, pain itself is able to propa-
Pain gate anxiety via several mechanisms,?? which could explain why both
4 ) 2.7 (2.6) - 2.67 0.101 | Remove o . . .
Intensity pain interference and anxiety contributed to both models. Companion
Educa- studies published from the Healthy Ageing Mind project [26] also
3 , 4.0 (3.0) - 2.92 0.087 | Remove . . . .
tion found that history of playing contact sports was not associated with
\ ' advanced brain imaging abnormalities [33], abnormal psychometric
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assessments [ 10], or presence of MCI [11]. The conclusion from those
studies was that retired contact sport athletes were functioning at a
level consistent with their age and education.

Professional contact-sport athletes train vigorously and often sus-
tain orthopedic injuries, resulting in several sources of chronic pain
and/or disability throughout their lives [18]. The sensory and emo-
tional experience of pain, and its deleterious impact on mental health
and cognitive functioning, could contribute to early neurocognitive
decline. Increased pain intensity has been linked to impaired atten-
tion, psychomotor speed, executive functioning [34], and working
memory [35], all of which are risk factors for MCI. Chronic pain
has also been linked to chronic neuroinflammation in the brain [36]
and maladaptive neuroplasticity [37]. Chronic pain may also lead to
maladaptive coping mechanisms or substance abuse, further affecting
neurocognitive functioning. Our contact sport group had a greater in-
cidence of alcohol abuse, which was close to being statistically sig-
nificant (p=0.09). Additionally, chronic pain has been shown to cause
structural changes in the brain [38,39]. A study using advanced imag-
ing found that chronic pain remodels grey matter (GM) density in spe-
cific regions of the somatosensory, motor and prefrontal cortices [40].
These alterations varied according to the site of the pain; for example,
back or arthritic pain, but the common finding was a significant re-
duction in insular GM density, which correlated in one study with the
duration of chronic pain [37]. The insula, a region deep in the cerebral
cortex, is crucial for working memory [41] and emotion control [42].
Future TES research in contact sport athletes, and its linkage to CTE
pathology, should account for the effect of chronic pain on cognitive
and emotional functioning.

Limitations

Our study has a number of limitations. We were unable to ascer-
tain with any degree of confidence the actual number of repetitive
head impacts and concussions in the retired NFL and NHL athletes.
All contact sport participants reported a history of numerous concus-
sions, but some of the reports (e.g. “more than a thousand”) were
illogical and there was no way to confirm them. The average career
length was 8.7 years, which is a substantial amount of time to accu-
mulate blows to the head. Also, professional years played does not
account for the years of contact and potential head injuries sustained
during high school and college, nor does it account for activities after
retirement. Hence our study is only able to compare the risk of neu-
rocognitive decline and a history of playing contact sports rather than
a history of repetitive head injuries. Our results should be interpreted
in this context. The contact sport group also showed a greater interest
in the results of their neurocognitive testing, and were disappointed
when their self-reported deficiencies in neurocognitive function were
not verified on objective testing performed by a neuropsychologist.
Control group participants on the other hand were not interested in
their neurocognitive testing results, implying that contact sport partic-
ipants were more concerned about the main outcome variable (early
neurocognitive decline), which may have affected the results.

The control group consisted of master athletes who had retired
from competition but continued to be physically active. This resulted
in a control group that had lower BMI, higher education, and better
health in general. While subject to selection bias, this control group
should have maximized differences with the retired contact sport
group and reduced the possibility of a Type-II error. Nevertheless, we
did not find any significant differences in cognition/behavior between
the two groups. Higher BMI in the contact sport group could also

J Alzheimer’s Neurodegener Dis ISSN: 2572-9608, Open Access Journal

contribute to its higher incidence of joint and back pain/surgeries and
higher pain scores, which is another major confounder. Future studies
should select a control group matched for BMI and from non-contact
or limited-contact team sports.

Finally, another possible confounder is headache as a source of
chronic pain. Repetitive head injuries are associated with chronic
headaches, which could cause more chronic pain and risk for earlier
neurocognitive decline. Contact sport participants reported headache
as a source of chronic pain more often than the non-contact partici-
pants (5 versus 2) but this was not significant. Still, the findings from
our study should be placed in context of this possible confounder.

Conclusion

Retired contact sport athletes are at risk of early neurocognitive
decline, which is suspected to be primarily due to repetitive head in-
juries received throughout their careers. There may, however, be other
factors that cause or contribute to cognitive and emotional decline,
including chronic pain. In our study, retired NFL and NHL athletes
reported more chronic pain that interfered with daily activities than
age-matched non-contact sport athletes. Pain interference, as opposed
to a history of playing contact sport, contributed significantly to im-
pairment in two key components of executive functioning: behavior
regulation and metacognition. Our results suggest that future research
on behavioral and cognitive decline in aging athletes should account
for their experience of chronic pain.
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