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Abstract

Recent attention to consequences of head trauma among former professional American-style football players has increased
the likelihood that former players and their healthcare providers attribute neurocognitive effects to these exposures. In
addition to head trauma, however, many potentially modifiable risk factors are associated with cognitive impairment. We
examined the association of self-reported risk factors for cognitive impairment (e.g., cardiovascular health, sleep, pain,
depression, anxiety, smoking, physical impairment, and physical activity) with cognition-related quality of life, measured
by the Quality of Life in Neurological Disorders, Applied Cognition-General Concerns (Neuro-QOL) among 3803 former
National Football League (NFL) players. We examined the prevalence of risk factors among men who had experienced a
high number of concussion symptoms during playing years, comparing men with good current cognition-related QOL, the
“healthy concussed,” to men with poor cognition-related QOL, the ‘‘unhealthy concussed.” Physical functioning, pain,
depression, and anxiety were very strongly associated with poor cognitive-related QOL (risk ratio range, 2.21-2.70,
p<0.0001 for all). Short sleep duration and low physical activity were also strongly associated (RR=1.69 and 1.57, re-
spectively, p <0.0001 for both). The largest differences between healthy and unhealthy concussed were in chronic pain
(72.0% vs. 21.2%), depressive symptoms (50.3% vs. 6.3%), anxiety symptoms (53.4% vs. 11.6%), and physical im-
pairment (52.4% vs. 12.5%). Substantial differences also existed in prevalence of sleep apnea, short sleep duration, high-
intensity exercise, weight training, high blood pressure, and body mass index >35 kg/m? (all differences >10 percentage
points). We identified cognitive risk factors, including chronic pain, mood problems, sleep problems, obesity, and lack of
exercise, that were commonly present in former football players with cognition-related impairment. Better treatment for
these factors may reduce cognitive problems in this population.
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Introduction degree that animal models can simulate neurocognitive decline,

however, controlled experiments are suggestive.* The recent at-

HEAD TRAUMA, including both concussive events and repeated
subconcussive events, have been associated with cognitive
impairment in former professional American-style football play-
ers, combat veterans, and the general public.' These findings are
derived mostly from retrospective clinical assessments. To the

tention to the consequences of repeated head trauma among former
American-style football players has increased the likelihood that
former players, their health care providers, families, and other
stakeholders attribute even mild neurocognitive effects to these
exposures.
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In addition to head trauma, however, there are many potentially
modifiable or treatable risk factors that are associated with cognitive
impairment. These include sleep apnea,’, short sleep duration,”®
obesity,9 hypertension,m cardiovascular disease,” diabetes,'!
chronic pain,'>'* depression,'""'* anxiety,'>'® smoking,” physical
impairment,'”'® and physical activity.'® If mitigated, these poten-
tially modifiable factors may reduce risk of cognitive impairment
even in persons with a history of head trauma or improve cognitive
function among those already showing cognitive impairments.

In the present study, we examine the association of potentially
modifiable risk factors for cognitive impairment with cognition-
related quality of life (QOL) among former American-style football
players. We sought to identify the potentially modifiable or treat-
able risk factors most prevalent in former players and most strongly
associated with poor cognition-related QOL, because these risk
factors may be good targets for intervention to improve the health
of these men.

To further explore the possible role of intervening on poten-
tially modifiable risk factors to improve cognition-related QOL
among former American-style football players, we examined
prevalence of these cognitive related risk factors among former
players who experienced large numbers of concussion symptoms
during their playing career, but nonetheless reported good current
cognition-related QOL—the ‘‘healthy concussed.” We compared
prevalence of cognitive risk factors among these healthy concussed
men with men who experienced concussion symptoms during
their playing career and report poor current cognition-related
QOL—the ‘“‘unhealthy concussed.”” We hypothesized that the
healthy concussed would have fewer potentially modifiable other
cognitive risk factors, while the unhealthy concussed would have
an excess of these risk factors.

Methods

The Football Players Health Study sought to enroll former
players who participated in the National Football League (NFL)
since 1960, the year the transition to helmets with hard plastic shells
was essentially complete. We obtained home or e-mail addresses
from the NFL Players Association for 14,906 players, of which
2415 were invalid or inactive. The remaining 12,491 players were
mailed or e-mailed a questionnaire. At the time of this analysis,
3913 players had responded. The study was approved by the
Harvard T.H. Chan School of Public Health and the Beth Israel
Deaconess Medical Center Institutional Review Boards. Partici-
pants provided informed consent.

Measures

The short form of the Quality of Life in Neurological Disorders,
Applied Cognition-General Concerns (Neuro-QOL) was used to
assess cognition-related QOL.?° Eight items queried past seven-day
cognitive difficulties (e.g., “I had to read something several
times to understand it’”). Response options were: O: never, 1: rarely
(once), 2: sometimes (2-3 times), 3: often (once/day), or 4: very
often (several times/day). Responses were summed to create a
continuous measure. A United States (US) population sample
(N=1109) was used to create standardized T-scores with mean =50
and standard deviation (SD)=10.?° Based on published guidelines,
we created an indicator of ‘‘moderate or severe symptoms or im-
pairment’ using a score <40, which corresponds to <1 SD below
the US population mean.>' The short form had excellent internal
consistency in our data (Cronbach alpha=0.97). Ten men did not
respond to Neuro-QOL questions and were excluded from analyses.

We queried 10 football-related concussion symptoms during
playing years with, ““While playing or practicing football, did you
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experience a blow to the head, neck, or upper body followed by:
headaches, nausea, dizziness, loss of consciousness, memory
problems, disorientation, confusion, seizure, visual problems, and
feeling unsteady on your feet.”” Response options for each symp-
tom were: no, once, 2-5, 6-10, or 11+ times. We coded these as
0, 1, 3.5, 8, and 13 and calculated the mean across all 10 items.
We calculated quartiles of the concussion score. Men who did
not respond to the concussion symptom questions (N=104) were
excluded from analyses.

Potentially modifiable cognitive risk factors. The Patient
Health Questionnaire (PHQ)-4 assessed symptoms of depression
and anxiety. Responses were summed separately for depression and
anxiety and dichotomized per scoring recommendations to indicate
high depressive symptoms or high anxiety symptoms. In a meta-
analysis of four studies, the recommended cutoff had sensitivi-
ty=0.76 and specificity =0.81.>** Pain interference in daily life
was measured with the six-item Patient Reported Outcomes Mea-
surement Information System (PROMIS) pain interference scale
(e.g., “In the past 7 days, how much did pain interfere with your
enjoyment of life?”’). Physical functioning in daily life was mea-
sured with the six-item PROMIS physical functioning scale (e.g.,
“Are you able to go up and down stairs at a normal pace?’’).
Moderate or severe impairment related to pain or physical func-
tioning was defined according to published guidelines as =1 SD
below the US population mean.>*

Current exercise was queried with the average number of hours
spent each week walking, jogging, running, in other aerobic ac-
tivity (e.g., bicycling), low intensity exercise (e.g., yoga), and
weight training. Response options for each type of exercise in-
cluded zero, <1, 1-5, 6-10, or >10h. We combined jogging, run-
ning, and other aerobic activity as “‘high intensity.”” In addition, we
calculated metabolic equivalent task hours (METS) per week and
divided this measure into quartiles for analysis. Men in the lowest
quartile did very little exercise (median=1.5 mets/week, equiva-
lent to walking 0.5 h/week), while men in the highest quartile did
substantial exercise (median =48 mets/week, equivalent to running
6 h/week).

Current smoking, weight, and height, and medical provider
recommendation or prescription of medication for high blood
pressure, heart failure, heart rhythm problems, and diabetes were by
self-report. We calculated body mass index (BMI) from self-
reported weight and height, and created an indicator for class 2
(““moderate-risk,”” BMI 35 to 39.9 kg/mz) or class 3 (“‘high-risk,”
BMI >40.0 kg/m?) obesity.?® Lifetime medical provider’s diagnosis
of stroke, heart attack, and sleep apnea was by self-report, as was
heart surgery (bypass, angioplasty, or stent placement). Heavy
drinking was defined as >14 drinks/week. Participants were asked
how many hours of sleep they get on an average weekday. Low
sleep duration was defined as <5 h/night’. Race/ethnicity was coded
as: Black, White, or other races. Age at questionnaire was in years.

Analyses

We examined the prevalence of cognitive risk factors by football-
related concussion symptoms. We calculated the association of
each cognitive risk factor with moderate or severe impairment in
cognition-related QOL by fitting models with cognition-related
QOL as the dependent variable and each risk factor as the inde-
pendent variable in separate models, adjusted for age at question-
naire and race/ethnicity. As poor cognition-related QOL and
cognitive risk factors (e.g., pain) may be associated because they are
common sequelae of concussion, we further adjusted for concussion
symptoms in each model, including squared and cubed terms, be-
cause this was the best-fitting model bzy quasi-likelihood under the
independence model criterion (QIC). S We estimated risk ratios
with PROC GENMOD (SAS 9.4), using the modified Poisson re-
gression.”’



TABLE 1. PREVALENCE OF COGNITIVE RisK FACTORS BY CONCUSSION SYMPTOMS AT TIME OF FOOTBALL HEAD INJURY,
HARVARD FOOTBALL PLAYERS HEALTH STUDY, 2015-2019 (N=3803)

Concussion symptom quartile

All players QI (0-10, fewest) Q2 (10.5-23) Q3 (23.5-43) Q4 (43.5-130, most)

N=3803 n=928 n=979 n=924 n=972
% (n) % (n) % (n) % (n)

Poor cognition-related QOL 47.3 (1798) 17.2 (160) 35.9 (351) 56.6 (523) 78.6 (764)
Demographic factors
Age, years, mean (SD) 52.1 (14.3) 54.0 (15.6) 53.0 (14.8) 51.2 (13.2) 50.2 (13.1)
Race, Black 37.3 (1419) 36.6 (340) 34.2 (335) 39.3 (363) 39.2 (381)
Race, White 58.7 (2231) 59.1 (549) 62.4 (611) 57.4 (530) 55.7 (541)
Risk factors
Sleep apnea history 22.2 (845) 15.5 (144) 20.1 (197) 23.7 (219) 29.3 (285)
Sleep duration, <5 hrs 9.8 (372) 3.9 (36) 5.8 (57) 10.9 (101) 18.3 (178)
BMI

>30<35 kg/m2 34.7 (1320) 31.4 (291) 34.9 (342) 35.1 (325) 37.2 (362)

>35kg/m? 18.4 (701) 17.0 (158) 16.6 (162) 19.2 (177) 21.0 (204)
Smoking, current 3.2 (120) 2.3 (21) 2.8 27) 3.8 (35) 3.8 37)
Physical activity

Low-intensity, none 49.2 (1870) 49.9 (463) 51.8 (507) 47.1 (435) 47.8 (465)

High-intensity, none 32.7 (1242) 28.2 (262) 31.1 (305) 32.5 (300) 38.6 (375)

Walking, none 25.2 (957) 24.9 (231) 23.7 (232) 24.1 (223) 27.8 (271)

Weight training, none 34.8 (1323) 32.7 (303) 33.8 (331) 35.8 (331) 36.8 (358)

Total, lowest quartile, <5 mets/week 25.6 (972) 21.4 (199) 24.0 (235) 25.5 (236) 31.1 (302)
Cardiovascular disease history 18.3 (697) 17.8 (165) 19.2 (188) 18.5 (171) 17.8 (173)
Stroke history 2.7 (103) 1.8 (17) 2.7 (26) 3.0 (28) 3.3 (32)
High blood pressure history 37.1 (1409) 37.4 (347) 34.2 (335) 38.2 (353) 38.5 (374)
Diabetes history 8.6 (328) 7.3 (68) 10.1 (99) 8.8 (81) 8.2 (80)
Pain interference in daily life, high 34.2 (1299) 11.8 (109) 22.3 (218) 40.9 (378) 61.1 (594)
High depressive symptoms 20.8 (789) 5.4 (50) 12.8 (125) 23.5 (217) 40.9 (397)
High anxiety symptoms 22.3 (847) 5.5 (51) 13.3 (130) 25.4 (234) 44.5 (432)
Alcohol consumption, heavy 13.2 (501) 11.1 (103) 11.9 (116) 15.7 (145) 14.1 (137)
Physical impairment 24.7 (938) 10.1 (93) 18.4 (180) 25.9 (239) 43.8 (426)
Total number of risk factors, mean (SD)* 3.8 (2.8) 2.8 (2.2) 3.3 (2.6) 4.0 (2.9) 5.0 3.1)

QOL, quality of life; SD, standard deviation.
*BMI 235 and heavy alcohol consumption are considered the risk levels in the count of total risk factors. Physical activity in metabolic equivalent
(METS) hours/week was calculated from reported frequency of five types of exercise, then divided into quartiles.

TABLE 2. ASSOCIATION OF POTENTIALLY MODIFIABLE OR TREATABLE Risk FACTORS WITH MODERATE OR SEVERE IMPAIRMENT
IN COGNITION-RELATED QUALITY OF LIFE, HARVARD FOOTBALL PLAYERS HEALTH STUDY, 2015-2019 (N=3803)*

Age- and race-adjusted Further adjusted for concussion symptoms

Risk Ratio (95% confidence interval)

Risk factors

Current smoking 1.50 (1.34, 1.68)*** 1.34 (1.20, 1.50)***
Alcohol consumption, heavy vs. moderate 1.14 (1.04, 1.26)** 1.07 (0.98, 1.17)
Physical activity, lowest vs. highest quartile 1.57 (1.42, 1.73)%*%** 1.37 (1.27, 1.51)***
Sleep apnea history 1.46 (1.37, 1.56)*** 1.23 (1.15, 1.30)***
Sleep duration, <5 vs. =5 h/night 1.69 (1.58, 1.81)*** 1.25 (1.18, 1.33)%***
Body mass index, >35 vs. <25 kg/m? 1.33 (1.11, 1.59)** 1.12 (0.96, 1.30)
Cardiovascular disease history 1.18 (1.08, 1.29)%:** 1.11 (1.02, 1.19)**
Stroke history 1.38 (1.18, 1.61)*** 1.18 (1.02, 1.35)*
High blood pressure history 1.23 (1.14, 1.32)%%:* 1.14 (1.07, 1.21)***
Diabetes history 1.22 (1.11, 1.35)%** 1.17 (1.08, 1.28)***
Physical impairment 2.21 (2.08, 2.34)*** 1.62 (1.53, 1.73)***
High pain interference in daily life 2.70 (2.52, 2.88)*** 1.96 (1.82, 2.10)***
High depressive symptoms 2.39 (2.26, 2.52)*** 1.72 (1.62, 1.82)***
High anxiety symptoms 2.46 (2.32, 2.60)*%** 1.77 (1.67, 1.87)***
History of football-related concussion symptoms, 4.55 (3.94, 5.26)*** -

highest vs. lowest quartile

*Each risk factor was entered as the independent variable in separate models adjusted for age at questionnaire and race/ethnicity. For variables with
more than one level, including alcohol, body mass index, and concussion symptoms, only the most severe is shown. Physical activity in metabolic
equivalent (METS) hours/week was calculated from reported frequency of five types of exercise, then divided into quartiles.
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The prevalence of potentially modifiable or treatable cognitive
risk factors among the healthy concussed was compared with the
unhealthy concussed (men who experienced the highest quartile of
concussion symptoms during their playing career and either did
not report or did report current impairment in cognition-related
QOL). Similarly, we examined the prevalence of cognitive risk
factors among men in the study who experienced the fewest
concussion symptoms during their playing career (the lowest
quartile), separately examining men with and without impairment
in cognition-related QOL. In addition we conducted a sensitivity
analysis restricted to men age 35 years or younger at the time of the
questionnaire, who may have had more accurate recall of their
concussion exposure during their playing years than older men in
the study.

Results

In general, cognitive risk factors were more prevalent in men who
reported more concussion symptoms at the time of football head
injury (Table 1). There were particularly large differences in prev-
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alence of pain interference in daily life (11.8 vs. 61.1%), high de-
pressive symptoms (5.4 vs. 40.9%), high anxiety symptoms (5.5
versus 44.5%), physical impairment (10.1 versus 43.8%), short sleep
duration (3.9 vs. 18.3%), and history of sleep apnea (15.5 vs. 29.3%).

Nearly every cognitive risk factor was associated with
cognition-related QOL in age- and race-adjusted models (Table 2).
Associations of physical functioning, pain, depression, and anxiety
with impairment in cognitive-related QOL were very strong (RR
range, 2.21-2.70, p<0.0001 for all). Associations of short sleep
duration and low physical activity were also strong (RR range,
1.57-1.69, p<0.0001 for all). In models further adjusted for con-
cussion symptoms, associations were attenuated but still statisti-
cally significant for all factors except alcohol consumption and
BML

Prevalence of each cognitive risk factor was higher among the
unhealthy concussed than the healthy concussed, with the excep-
tion of stroke, heavy drinking, no walking, and no low intensity
exercise (Fig. 1A, all p<0.05). The greatest differences were in
high pain interference in daily life (72.0 vs. 21.2%), high depressive
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MODIFIABLE RISK FACTORS FOR COGNITIVE FUNCTION

symptoms (50.3 vs. 6.3%), high anxiety symptoms (53.4 vs. 11.6%),
and physical impairment (52.4 vs. 12.5%). There were also sub-
stantial differences in prevalence of sleep apnea, short sleep dura-
tion, no high-intensity exercise, no weight training, high blood
pressure, and BMI >35kg/m> (all differences >10 percentage
points).

The healthy concussed had mean=2.5 (SD=1.9) cognitive risk
factors, while the unhealthy concussed had mean=5.6 (SD=3.0)
risk factors. Similarly, among men with the fewest football-related
concussion symptoms (lowest quartile), men with impairment in
cognition-related QOL had greater prevalence of each risk factor
compared with men with no impairment (all p <0.05), with the
exception of no walking, diabetes, high blood pressure, and car-
diovascular illness (Fig. 1B), although differences were less pro-
nounced than among men in the highest quartile of concussion
symptoms. Results were very similar in the subsample of men age
35 years or younger at the time of the questionnaire (Supplementary
Table S1).

Because physical impairment and pain were far more prevalent
among unhealthy versus healthy concussed, we hypothesized that
more bodily injury during football playing years among the
unhealthy concussed might contribute to their poorer cognition-
related QOL. To explore this hypothesis, we examined the occur-
rence of seven types of surgical procedures (Table 3) during
football playing years, as an indicator of football-related bodily
injury. We did not find notable differences in occurrence of these
surgeries when comparing the healthy concussed with the un-
healthy concussed group, either for specific kinds of surgeries
(Table 3, all chi-square p>0.05) or for number of types of surgeries
(healthy concussed, mean=1.7 types of surgeries, SD=1.4; un-
healthy concussed, mean=1.7, SD=1.3, t test p=0.64).

Discussion

Depression, anxiety, pain, and physical impairment were
very strongly associated with moderate or severe impairment in
cognition-related QOL in this sample of former professional

TABLE 3. SURGERY DURING PLAYING YEARS AMONG MEN
IN THE HIGHEST QUARTILE OF CONCUSSION SYMPTOMS,
BY PREVALENCE OF MODERATE OR SEVERE
COGNITION-RELATED QUALITY OF LIFE, HARVARD FOOTBALL
PLAYERS HEALTH STUDY, 2015-2019 (N=972)

Healthy Unhealthy
concussed* concussed
n=208 n="764
Type of surgery
Neck 7.2 7.1
Back 7.2 9.2
Knee 54.8 55.6
Ankle 20.7 19.0
Shoulder 29.3 28.7
Hand 26.4 24.5
Anterior cruciate ligament 24.5 21.3
Number of types of surgery 1.7 1.7

*The table is restricted to men in the top quartile of self-reported
concussion symptoms at the time of football injury. ‘““Unhealthy
concussed” are men who reported current moderate or severe impairment
in cognition-related quality of life. ‘“Healthy concussed”” men did not
report moderate or severe impairment. No difference between the groups is
statistically significant at p <0.05.

American-style football players. We also found low physical
activity to be strongly associated with impairment in cognition-
related QOL.

Men who had sustained high levels of concussion symptoms
during football playing years and yet did not have cognition-related
impairment (the healthy concussed) had far fewer additional cog-
nitive risk factors than men who did have cognition-related im-
pairment. Particularly notable were differences in pain and physical
functioning in these two groups, despite our finding that the two
groups did not differ in occurrence of seven types of surgical
procedures during playing years. Among highly concussed men
with cognition-related impairment, prevalence of pain interference
in daily life (72%) and impairment in physical functioning (52%)
were strikingly high.

Our findings raise the possibility that at least some cognition-
related QOL difficulties in men who have experienced many
concussions could be ameliorated with treatment of co-occurring
cognitive risk factors. We cannot rule out the alternative, or pos-
sibly co-occurring possibility, that cognitive impairment may
have caused increased prevalence of the risk factors. For example,
cognitive impairment could lead to depression, anxiety, and
physical impairment.?*=° It is also possible that some of the risk
factors may be indicators of brain injury (e.g., depression, anxiety,
sleep problems, pain).>'~>* Even were this the case, however,
treatment of these risk factors could still potentially improve
cognitive well-being if presence of these factors (e.g., depression,
anxiety) subsequently worsens cognitive function or cognition-
related QOL.*

With a cross-sectional study, we have limited ability to differ-
entiate among these possibilities. Thus, exploring these issues
prospectively would be of value. In addition, our assessment of
concussion symptoms at the time of football head injury was ret-
rospective and may be subject to recall bias, although results were
very similar in analyses restricted to men age 35 and younger.
There could be concern that players with depression or anxiety
(or any other of the health conditions we examine) may overreport
their concussion symptom history. If this were occurring, though, it
would mean that within groups of high or low concussion symptom
players, those with depression (or any of the other conditions)
would in reality have had fewer concussion symptoms. Thus, to
the extent that concussions lead to increased cognitive impair-
ment (or poor cognitive function leads to increased concussion
symptom reporting), then that biased reporting would result in
those conditions (e.g., depression) being associated with better
cognitive health (because those with the health conditions would
have in reality experienced fewer concussion symptoms), opposite
to our findings.

Despite limitations, we nevertheless identify many cognitive
risk factors, including pain, mood problems, sleep apnea, short
sleep duration, obesity, and lack of exercise, that are commonly
present in former professional American-style players with
cognition-related impairment. This raises the possibility that better
treatment for these health factors may reduce cognitive problems
in this population of former professional athletes. This possibility
should be explored further, because it offers potential interventions
for men who might otherwise think their cognitive decline is
inevitable.

A longitudinal study that can better determine the sequencing
of these cognitive risk factors, a clinical trial to investigate poten-
tial benefits of intervening on these factors, or a trial to treat or
prevent these risk factors in the transition from professional foot-
ball career’ would be important next steps.
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