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Abstract
Background and Objectives
Former professional American-style football (ASF) players may be at increased risk of sleep 
apnea (SA) compared with the general population. However, SA may be underdiagnosed or 
undertreated in former ASF players and be associated with cardiovascular, cognitive, and 
psychological health. The aim of this study was to characterize former professional ASF players 
self-reporting SA diagnoses, as well as undiagnosed players who screened positively on a vali-
dated SA instrument.

Methods
A cross-sectional survey was administered as part of the Football Players Health Study at 
Harvard University between 2017 and 2020. Former ASF players who signed a professional 
contract after 1960 were eligible to enroll. Data included demographics and football-related 
exposures (e.g., position and career duration), self-reported SA diagnosis, and STOP-BANG 
screening scores. Head injury exposure was measured using the number of concussion 
symptoms accrued during football practice or play. Outcomes included self-reported cognitive 
functioning, depression, anxiety, and pain. Multivariable logistic and linear regression was used 
to identify associations between sleep outcomes and (1) demographic and football charac-
teristics and (2) recent mood, cognitive, and pain symptoms, respectively.

Results
Among 1,951 participants, 31.8% self-reported SA diagnoses (n = 621), which were associated 
with older age, Black race, lineman status, and higher numbers of football-accrued concussion 
symptoms. Only 39.8% (n = 247) of the SA group reported using their positive airway pressure 
therapy 4+ times per week. Of those without a current diagnosis of SA (n = 1,330), 74.6% (n = 
992) scored in the intermediate or high range on the STOP-BANG. In multivariable models 
adjusted for demographic and football-related exposures, SA diagnosis and intermediate/high 
STOP-BANG scores were associated with more pain, anxiety, depression, and cognitive 
symptoms. Data showed that participants with diagnosed but untreated SA reported the highest 
symptom burden (all p < 0.001).

Discussion
This study identified that many former professional ASF players may be at risk of not being 
appropriately screened or treated for SA. These results estimate that the actual proportion of 
former professional ASF players with SA may be as high as 69%. Mood, pain, and cognitive 
symptoms may be exacerbated in those with treated, undertreated, or suspected SA.
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Introduction
Obstructive sleep apnea (OSA) is a breathing disorder char-
acterized by repetitive obstructive apneas (i.e., airflow cessa-
tion) or hypopneas (i.e., airflow reduction) characterized by 
upper airway collapse. This reduction in airflow can acutely 
cause hypoventilation, hypoxemia, and arousals from sleep. 1 

Many patients with undiagnosed sleep apnea (SA) report 
clinical symptoms such as daytime sleepiness, fatigue, diffi- 
culty with focus, 2 falling asleep in monotonous situations 
(e.g., watching television and sitting quietly), 3 and morning 
headaches. 4 Physical symptomatology in individuals with 
undiagnosed OSA includes snoring, choking, or gasping while 
sleeping. 5 There is significant evidence that untreated OSA 
can increase the risk of serious long-term adverse health 
outcomes, such as all-cause mortality, 6 cardiovascular events 
(e.g., myocardial infarction and stroke), 6,7 and low testoster-
one. 8 In addition, untreated OSA may also be associated with 
depression, 6,7 suicide, 9 diabetes, 6,7 and neurocognitive dys-
function, 10 and likely has a bidirectional relationship with 
neurodegenerative diseases, 11-14 although the directionality 
and strength of these associations are less well established.

OSA is traditionally diagnosed using polysomnography, 
which generates an apnea-hypopnea index (AHI), such that 
AHI scores greater than 4 are considered to have mild (5–14), 
moderate (15–29), or severe (30+) OSA. Previous research 
has suggested that approximately 80% of persons with OSA 
are undiagnosed. 15,16 Given the difficulties with administering 
polysomnography, screening tools are used to identify risk of 
OSA. One of the most commonly used tools to identify 
persons at risk of OSA is the STOP-BANG, 17,18 which uses
8 yes/no questions to predict OSA. In a systematic review and 
meta-analysis of the STOP-BANG questionnaire, the psy-
chometrics of screening positively for having an objective 
diagnosis of SA were as follows: sensitivity = 0.73, specificity = 
0.66, positive predictive value = 0.74, and negative predictive 
value = 0.64. 19

Former professional football players may be at risk of OSA, 
given their unique physical characteristics that are known risk 
factors of OSA, such as male biological sex, larger neck cir-
cumference, and elevated body mass index (BMI). 20 Previous 
studies examining SA risk that use self-reported screening 
tools suggest that former professional football players may be 
at higher risk compared with the general population. 21,22 

Using objective measures, the prevalence of sleep-disordered

breathing in active National Football League (NFL) players 
(n = 137; mean age = 27 ± 3) was 19% using a single-channel 
screening tool, 23 whereas the prevalence of sleep-disordered 
breathing in former NFL players (n = 257; mean age = 53.9 ± 
1.0) was 52.7% using a self-applied limited-channel portable 
sleep device. 24 The prevalence of objectively identified SA in 
former professional football players is likely higher than in 
men in the general population. A population-based review of 
11 epidemiologic studies estimated that 22% of men have 
SA, 25 and a recent study found that former NFL players had 
a higher rate of self-reported SA than asymptomatic male 
controls (36.7% vs 16.7%). 26 Previous research from the 
Football Players Health Study at Harvard University (FPHS; 
n = 4,189) found that only 22.4% of former professional 
football players self-reported being diagnosed with SA by 
a health care provider. 27 This estimate is substantially lower 
than research suggesting that 52.7% of former NFL players 
were diagnosed with SA using portable sleep tests. 24

The potential discrepancy or underdiagnosis of SA in this 
population spurred the current investigation in hopes of 
better understanding sleep-related symptomatology to guide 
optimal screening and treatment. In a subset of the FPHS 
cohort of former professional football players who completed 
the STOP-BANG screening tool, this study aimed to (1) 
compare those who reported being diagnosed with SA with 
those without a diagnosis of SA on a variety of health outcome 
variables, (2) understand how those with and without di-
agnosed SA scored on the STOP-BANG, (3) quantify asso-
ciations with established SA risk factors and football-related 
exposures, and (4) assess whether those who screened posi-
tively for SA but do not have a current SA diagnosis report 
adverse health outcomes including depression, anxiety, self-
reported cognitive symptoms, and pain.

Methods
Study Participants
The FPHS 28 recruited former professional American-style 
football (ASF) players who signed a contract with any pro-
fessional football league after 1960 29 to join a longitudinal 
epidemiologic cohort. Starting in January 2015, residential 
and electronic mails were used to invite 15,011 potential 
participants, among whom 4,180 (27.2%) enrolled and 
completed an initial self-reported survey (eFigure 1). On the 
initial survey, participants responded to questions regarding

Glossary
AHI = apnea hypopnea index; ASF = American-style football; BMI = body mass index; BPI = Brief Pain Inventory; CPAP = 
continuous positive airway pressure; CSS = concussion signs and symptoms; GAD-7 = Generalized Anxiety Disorder; FPHS = 
Football Players Health Study at Harvard University; Neuro-QoL = Quality of Life in Neurologic Disorders; NFL = National 
Football League; OR = odds ratio; OSA = obstructive sleep apnea; PHQ-9 = 9-item Patient Health Questionnaire; SA = sleep 
apnea.
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demographic factors, football-related experiences and expo-
sures, and current health status. From this initial cohort, 
47.4% (n = 1,980) completed a second questionnaire at least
2 years after enrollment that included additional football 
exposures and other measures of current health status. Data 
used in this study were collected between 2019 and 2022. SA 
diagnosis status was disclosed by 1,951 participants, of whom 
1,850 completed the STOP-BANG (eFigure 1).

Standard Protocol Approvals, Registrations, 
and Patient Consents
This study was approved by the Institutional Review Board of 
the Harvard T.H. Chan School of Public Health (Protocol # 
IRB18-1365), and participants provided informed consent 
before enrollment.

Demographic and Football Measures
Age at time of follow-up was determined using birth date and 
SA survey completion date. As previously described, 30 race 
was categorized into Black, White, Native Hawaiian/Pacific 
Islander/Asian/American Indian/Alaskan Native, and miss-
ing. The initial survey collected data on self-reported number 
of seasons of professional football, age at first exposure to 
organized football, team position, and previous use of 
performance-enhancing drugs. The number of seasons, which 
represents career duration, was categorized into 1–6, 7–12, 
and 13+ professional seasons; these groups were created 
based on previous analyses of this data set, suggesting a non-
linear relationship between career duration and outcomes. 31 

Position was dichotomized into linemen (offensive line, de-
fensive line, and linebacker) or nonlinemen (all other posi-
tions). Cumulative exposure to head injury during football 
was assessed using the concussion signs and symptom (CSS) 
score, whereby participants were asked, “While playing or 
practicing football, did you experience a blow to the head, 
neck, or upper body followed by any of the following: head-
aches, nausea, dizziness, loss of consciousness, memory 
problems, disorientation, confusion, seizure, visual problems, 
or feeling unsteady on your feet?” For each of these 10 signs/ 
symptoms, participants chose “none,” “once,” “2–5 times,” 
“6–10 times,” or “11 times.” These were coded and summed 
as previously described 30,32-34 to create a concussion symp-
tom score and categorized into quartiles.

SA and Continuous Positive Airway Pressure 
Therapy Outcomes
Self-reported diagnoses of SA were based on a yes/no re-
sponse to the following prompt: “Has a health care provider 
ever told you that you have …sleep apnea?” The STOP-
BANG questionnaire was included in the follow-up ques-
tionnaire and is an 8-item screening tool for OSA (including 
male biological sex, age, hypertension status, BMI, fatigue, and 
observed behavior during sleep [e.g., snoring, gasping, and 
choking; eTable 1]). 17 Participants were assigned 1 point for 
each item: 1) snoring loudly; 2) feeling tired or fatigued 
during the day; 3) anyone observed breath difficulties or 
choking/gasping during sleep; 4) having or being treated for

high blood pressure; 5) body mass index over 35 kg/m 2 ; 6) 
age older than 50; 7) neck size greater than 16 inches; and 8) 
male biological sex. The original development study reports 
that those with STOP-BANG scores of either 3 or 4 are at 
intermediate risk and scores at or above 5 are at high risk of 
SA. 17 For this study, participants were classified as “not at risk” 
if they had a low STOP-BANG score (i.e., 0–2), and “at risk” if 
they received a score of 3 or higher.

Participants were also asked, “Do you currently use a continu-
ous positive airway pressure (CPAP) device for sleep apnea?” 
Those who reported yes were further asked, “About how many 
days per week do you use your CPAP device?” Responses were 
dichotomized into those who use a continuous positive airway 
pressure (CPAP) fewer than half the week (0–3 days per 
week; untreated) and more than half the week (4 or more 
days per week; treated) consistent with a previous study. 35 

Self-reported SA, STOP-BANG score, and CPAP use were 
used to create a composite variable. First, we identified par-
ticipants who reported a SA diagnosis. These participants 
were divided into “diagnosed and treated” (self-reported SA 
diagnosis and regular use of a CPAP) and “diagnosed and 
untreated” (participants reporting SA diagnoses but no or 
infrequent CPAP use). Among the remaining undiagnosed 
participants, we categorized those with STOP-BANG 
scores >3 as “undiagnosed and at-risk” and “none” for those 
without an SA diagnosis and with STOP-BANG scores 
below 3.

Comorbidities
Cognitive symptoms were assessed using the Quality of Life 
in Neurological Disorders (Neuro-QoL) Applied Cognition-
General Concerns scale, which queries 8 cognitive symptoms 
over the previous week. 36 The scores of each item were 
summed and converted to a T-score based on scores from the 
general population, with higher scores indicating better per-
ceived cognitive functioning. For the purposes of this study, 
we inverted this scale by multiplying all T-scores by −1, such 
that higher scores indicate worse perceived cognitive func-
tioning. Anxiety symptoms from the previous 2 weeks were 
assessed using the Generalized Anxiety Disorder (GAD-7) 
questionnaire. 37 Depressive symptoms from the previous
2 weeks were assessed using the 9-item Patient Health 
Questionnaire (PHQ-9). 38 Participants rated their pain using 
an item from the Brief Pain Inventory (BPI), 39 which asks, 
“Please rate your pain by marking the oval with the number 
that best describes your pain on the average,” and offers values 
from 0 (no pain) to 10 (worst pain you can imagine).

Current BMI—as well as BMI during professional play—was 
calculated using self-reported weight (lbs.) and height 
(inches) as (lbs. × 0.45/inches × 0.025) on the follow-up 
survey. Stroke, heart attack, Alzheimer disease, and vascular 
and other dementia were based yes/no responses to “Has 
a health care provider ever told you that you have had any of 
the following diagnoses or health outcomes?” Participants 
were also asked “Has a medical provider ever recommended
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or prescribed medication for [condition]” and “Are you cur-
rently taking medication [for that condition]” for the fol-
lowing conditions: attention-deficit/hyperactivity disorder 
(ADHD), diabetes, headaches, high cholesterol, heart failure, 
heart rhythm problems (atrial fibrillation, supraventricular 
tachycardia, or other), and low testosterone. Participants also 
reported whether they had undergone the following cardiac 
procedures: (1) heart bypass, (2) angioplasty, or (3) stent 
replacement. Participants who self-reported a heart attack, 
heart failure, heart rhythm problems, or any of the cardiac 
procedures were classified as having a “heart condition.”

Statistical Analyses
Bivariable associations between self-reported SA diagnoses 
and demographic, football-related, sleep-related, and health 
conditions were determined using Kruskal-Wallis rank sum 
tests for continuous variables and chi-square tests for cate-
gorical variables. Kruskal-Wallis tests generated η 2 effect sizes, 
which were interpreted as follows: <0.01 = negligible; 
0.01–0.05 = small; 0.06–0.13 = medium; and ≥0.14 = large. 40 

Chi-square tests generated Cramer V effect sizes, which were 
interpreted as (based on 1 degree of freedom): 0.00–0.09 = 
negligible; 0.10–0.29 = small; 0.30–0.49 = medium; 
and ≥0.50 = large. 41

Two separate multivariable logistic regressions were used to 
examine the associations between demographic and football-
related exposures and (1) self-reported SA and (2) in-
termediate or high risk of SA based on the STOP-BANG. 
These exploratory models included age, race, BMI during 
professional play, age at first football exposure, lineman status, 
concussion symptom score, debut year, career duration, and 
use of performance-enhancing drugs. Age, BMI during pro-
fessional play, age at first football exposure, concussion symp-
tom score, and debut year (first calendar year of professional 
play) were treated as continuous variables. Race, lineman sta-
tus, career duration category, and use of performance-
enhancing drugs were categorical variables.

In addition, we implemented 4 separate linear models to ex-
amine the relationship between the composite SA risk variable 
(i.e., “none”; “at-risk and undiagnosed”; “diagnosed and 
treated; and diagnosed and untreated”) and 4 continuous 
health outcomes: (1) cognitive symptoms (Neuro-QoL 
score); (2) chronic pain severity (BPI score); (3) symptoms 
of anxiety (GAD-7 score); and (4) symptoms of depression 
(PHQ-9 score). These models were adjusted for the same 
variables as the aforementioned logistic regressions.

The threshold for statistical significance (α) was set at 0.05, 
and all analyses were conducted using R Language for Sta-
tistical Computing. 42 A complete-case approach was used 
because of the low proportion of missing data on the main 
outcome variable (incomplete STOP-BANG = 5.1%) 43,44 and 
the fact that the items on the STOP-BANG do not measure 
a unidimensional latent construct. 45 Owing to this study’s 
large sample size, this study was highly powered to detect

statistically significant differences between groups. However, 
not all statistically significant differences may be clinically 
meaningful. We, therefore, used both statistical significance 
and effect size estimates to interpret findings.

Data Availability
Owing to the high-profile nature of the participants in this 
study, data are not available at this time.

Results
Bivariable Associations Between Participant 
Characteristics and Self-Reported SA Status
Of the 1,951 participants who responded to the SA items in 
the follow-up survey, the average age was 57.5 years (SD = 
13.9). A total of 621 participants (31.8%) self-reported a di-
agnosis of SA, and those who reported an SA diagnosis were 
slightly older than those who did not report an SA diagnosis 
(Table 1). Among those with SA diagnoses, a greater pro-
portion self-identified as Black (p < 0.001), had a higher BMI 
(p < 0.001), started football at an older age (p = 0.028), had 
higher CSS scores (p < 0.001), endorsed the linemen field 
position (p < 0.001), reported an earlier professional debut 
year (p = 0.003), and used performance-enhancing drugs at 
some point in their career (p = 0.007). The magnitude of 
these differences ranged from negligible to small (Table 1).

We compared STOP-BANG scores and CPAP usage between 
participants who reported SA and those who did not (ex-
cluding those who did not provide complete STOP-BANG 
data, n = 101, 5.1%; Table 2). Those who self-reported an SA 
diagnosis had higher scores on the STOP-BANG question-
naire (p < 0.001, η 2 = 0.28, large effect; Table 2). Individual 
items on the STOP-BANG questionnaire were more likely to 
be positively endorsed by the SA group compared with those 
who did not report an SA diagnosis. For those who reported 
a diagnosis of SA, 341 (54.9%) reported never using a CPAP; 
33 (5.4%) reported using CPAP 1–3 days per week, and 247 
(39.8%) reported using their CPAP 4 or more times per week. 
A total of 992 participants who did not report an SA diagnosis 
screened positive for SA on the STOP-BANG. Specifically 
among this group, 732 participants (57.8%) were in the in-
termediate STOP-BANG range (STOP-BANG score = 3–4) 
and 260 (20.5%) were in the high STOP-BANG range 
(STOP-BANG score = 5–8).

Regarding health outcomes and current symptomatology, 
those who reported having a diagnosis of SA had higher 
symptom burdens on measures assessing recent anxiety, de-
pression, and pain intensity (p values <0.001, small effect 
sizes; Table 3). They also reported worse perceived cognitive 
functioning on the Neuro-QoL (p < 0.001, small effect size) 
within the previous week. A higher proportion of the SA 
group reported having a variety of health conditions 
(Table 3), such as headaches (16.5% vs 6.5%, p < 0.001, 
Cramer V = 0.16), low testosterone (27.6% vs 10.7%, p <
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0.001, Cramer V = 0.21), and pain medication use (26.0% vs 
14.9%) when compared with those who did not report an SA 
diagnosis.

Multivariable Associations Between 
Participant Characteristics and Self-Reported 
SA Outcomes
Two multivariable logistic regressions were used to explore 
associations between demographic and football-related 
exposures and (1) self-reported SA diagnoses and (2) 
intermediate/high risk based on the STOP-BANG. Identify-
ing as a player of non-White race and having a higher career 
BMI were associated with both outcomes (Table 4 provides 
odds ratios [ORs], CIs, and p values). Older age was associ-
ated with self-reporting an OSA diagnosis (OR 1.04, 95% CI 
1.03–1.05, p < 0.001). Higher reported head injury exposure 
(numbers of reported concussion signs and symptoms) was 
associated with higher odds of self-reporting an OSA

diagnosis (e.g., quartile 4, OR 1.99, 95% CI 1.47–2.71, p < 
0.001). Associations between head injury exposure and in-
termediate or high STOP-BANG scores were similarly posi-
tive (e.g., quartile 4, OR 1.97, 95% CI 1.30–3.00, p < 0.001; 
Table 4). The magnitude of these associations did not sub-
stantially differ in bivariable associations between the SA 
outcomes and each of the demographic and football-related 
variables (eTable 2).

Associations Between the SA Risk Variable and 
Current Neuropsychiatric Symptoms
To determine whether evidence of OSA (either self-reported 
diagnoses or intermediate/high STOP-BANG scores) and 
OSA treatment status were associated with current health 
outcomes, we used a composite sleep measure (in Methods) 
as an independent variable in 4 separate regression models 
that predicted recent anxiety symptoms (in the previous 2 
weeks), self-reported cognitive symptoms (in the previous

Table 1 Demographic and Football-Related Exposures for All Former Players and Stratified by Self-Reported Sleep Apnea 
Diagnosis

Characteristic
Total
(N = 1,951)

No self-reported sleep 
apnea (N = 1,330)

Self-reported sleep 
apnea (N = 621) p Value Effect size

Age, y, mean (SD) 57.49 (13.87) 56.36 (14.43) 59.91 (12.24) <0.001 η 2 = 0.01 small

Race, n (%) <0.001 Cramer V = 0.12

Black 587 (30.1) 361 (27.1) 226 (36.4)

Native Hawaiian/Pacific Islander/Asian/ 
American Indian/Alaskan Native

57 (2.9) 30 (2.3) 27 (4.3)

White 1,284 (65.8) 921 (69.2) 363 (58.5)

Missing 23 (1.2) 18 (1.4) 5 (0.8)

Body mass index during professional play, mean (SD) 30.39 (4.06) 30.16 (4.01) 30.89 (4.10) <0.001 η 2 = 0.03 small

Age at first football exposure, y, mean (SD) 11.76 (3.07) 11.66 (3.01) 11.99 (3.17) 0.028 η 2 = 0.00 small

N-Miss 24 15 9

Career duration (seasons), n (%) 0.442 Cramer V = 0.03

1–6 seasons 1,077 (55.2) 747 (56.2) 330 (53.1)

7–12 seasons 710 (36.4) 475 (35.7) 235 (37.8)

13+ seasons 168 (8.5) 112 (8.2) 56 (9.0)

Concussion signs and symptoms score, range 28.76 (25.68) 26.57 (23.94) 33.45 (28.52) <0.001 Cramer V = 0.10

Quartile 1, 0–11 491 (25.3) 369 (27.7) 122 (20.0) <0.001

Quartile 2, 11–23 544 (28.0) 382 (28.6) 162 (26.6)

Quartile 3, 23–44 496 (25.5) 329 (24.7) 167 (27.4)

Quartile 4, 44–130 413 (21.2) 254 (19.0) 159 (26.1)

N-Miss 36 25 11

Linemen position, n (%) 683 (35.0) 433 (32.6) 250 (40.3) <0.001 Cramer V = 0.08

First calendar year of professional play, mean 1980 1984 1971 0.003 η 2 = 0.03 small

N-Miss 4 3 1

Previous use of performance-enhancing drugs, n (%) 304 (15.6) 187 (14.1) 117 (18.8) 0.007 Cramer V = 0.06
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week), depression symptoms (in the previous 2 weeks), and 
chronic pain. Models were further adjusted for age, race, 
linemen status, CSS score, career duration, career BMI, and

use of performance-enhancing drugs. Compared with those 
with no OSA diagnosis or risk, participants with any OSA risk 
(at-risk and diagnosed, diagnosed and treated, diagnosed and

Table 2 STOP-BANG Questionnaire Responses for All Players and Stratified by Sleep Apnea Diagnosis

Characteristic Total (N = 1,951)
No self-reported sleep 
apnea (N = 1,330)

Self-reported sleep 
apnea (N = 621) p Value Effect size

CPAP use, n (%) <0.001 Cramer V = 0.62

None 1,671 (85.7) 1,330 (100.0) 341 (54.9)

1–3 d/wk 33 (1.7) NA 33 (5.3)

4+ d/wk 247 (12.7) NA 247 (39.8)

STOP-BANG score, mean (SD) 4.08 (1.54) 3.53 (1.25) 5.28 (1.45) <0.001 η 2 = 0.28 large

N-Miss 101 63 38

STOP-BANG score, n (%) <0.001 Cramer V = 0.54

1 27 (1.5) 27 (2.1) 0 (0.0)

2 267 (14.4) 248 (19.6) 19 (3.3)

3 435 (23.5) 384 (30.3) 51 (8.7)

4 451 (24.4) 348 (27.5) 103 (17.7)

5 317 (17.1) 174 (13.7) 143 (24.5)

6 208 (11.2) 68 (5.4) 140 (24.0)

7 113 (6.1) 15 (1.2) 98 (16.8)

8 32 (1.7) 3 (0.2) 29 (5.0)

N-Miss 101 63 38

STOP-BANG categories, n (%) <0.001 Cramer V = 0.49

Low (0–2) 294 (15.9) 275 (21.7) 19 (3.3)

Intermediate (3–4) 886 (47.9) 732 (57.8) 154 (26.4)

High (5–8) 670 (36.2) 260 (20.5) 410 (70.3)

N-Miss 101 63 38

STOP-BANG reported snoring, n (%) 827 (42.9) 427 (32.5) 400 (65.3) <0.001 Cramer V = 0.31

N-Miss 23 15 8

STOP-BANG reported fatigue, n (%) 725 (37.4) 392 (29.6) 333 (54.3) <0.001 Cramer V = 0.24

N-Miss 13 5 8

STOP-BANG reported observed disordered 
breathing, n (%)

532 (27.7) 141 (10.7) 391 (64.5) <0.001 Cramer V = 0.56

N-Miss 27 12 15

STOP-BANG high blood pressure, n (%) 661 (34.4) 374 (28.5) 287 (47.0) <0.001 Cramer V = 0.18

N-Miss 29 18 11

STOP-BANG neck circumference >16 in, n (%) 1,489 (76.3) 978 (73.5) 511 (82.3) <0.001 Cramer V = 0.10

STOP-BANG BMI over 35, n (%) 347 (17.9) 147 (11.1) 200 (32.5) <0.001 Cramer V = 0.26

N-Miss 14 8 6

STOP-BANG age over 50, n (%) 1,356 (69.5) 870 (65.4) 486 (78.3) <0.001 Cramer V = 0.12

Abbreviations: BMI = body mass index; CPAP = continuous positive airway pressure; N = sample size; N-miss = number of participants without data for that 
specific analysis; NA = not applicable.
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untreated) reported significantly more pain (β range = 
0.46–0.91), anxiety (β range = 1.38–2.52), depression (β 
range = 1.93–3.51), and cognitive symptoms (β range =

2.26–4.93; Figure 1; eTable 3: models 5–8). Those with 
reported SA diagnoses who did not use a CPAP reported the 
most anxiety, depression, pain, and cognitive symptoms

Table 3 Health Outcomes for All Players and Stratified by Sleep Apnea Diagnosis

Total (N = 1,951)
No self-reported sleep 
apnea (N = 1,330)

Self-reported sleep
apnea (N = 621) p Value Effect size

PHQ-9 score, mean (SD) 4.87 (5.68) 4.10 (5.16) 6.52 (6.37) <0.001 η 2 = 0.05 small

Cognitive symptoms (Neuro-QoL), mean (SD) 42.66 (9.59) 43.87 (9.36) 40.09 (9.58) <0.001 η 2 = 0.04 small

N-Miss 18 15 3

GAD-7, mean (SD) 3.69 (4.77) 3.20 (4.39) 4.73 (5.35) <0.001 η 2 = 0.03 small

N-Miss 13 5 8

Pain intensity, mean (SD) 4.15 (2.06) 3.90 (2.01) 4.67 (2.05) <0.001 η 2 = 0.03 small

N-Miss 112 93 19

Current Rx pain medication, n (%) 359 (18.4) 198 (14.9) 161 (26.0) <0.001 Cramer V = 0.13

N-Miss 2 1 1

Headaches, n (%) 184 (9.7) 85 (6.5) 99 (16.5) <0.001 Cramer V = 0.15

N-Miss 49 27 22

Current BMI, mean (SD) 30.85 (4.91) 29.85 (4.14) 33.01 (5.69) <0.001 η 2 = 0.12 moderate

N-Miss 14 8 6

ADHD, n (%) 139 (7.4) 71 (5.5) 68 (11.4) <0.001 Cramer V = 0.10

N-Miss 62 38 24

Diabetes, n (%) 209 (11.3) 101 (8.0) 108 (18.4) <0.001 Cramer V = 0.15

N-Miss 108 75 33

High cholesterol, n (%) 649 (34.6) 386 (30.0) 263 (44.6) <0.001 Cramer V = 0.13

N-Miss 74 43 31

Stroke, n (%) 55 (2.9) 27 (2.1) 28 (4.6) 0.002 Cramer V = 0.07

N-Miss 53 38 15

Heart condition, n (%) 325 (17.7) 165 (13.1) 160 (27.7) <0.001 Cramer V = 0.16

N-Miss 117 74 43

Vascular dementia, n (%) 37 (1.9) 14 (1.1) 23 (3.8) <0.001 Cramer V = 0.09

N-Miss 21 10 11

Alzheimer disease, n (%) 31 (1.6) 13 (1.0) 18 (2.9) 0.001 Cramer V = 0.09

N-Miss 17 8 9

Other dementia, n (%) 106 (5.5) 50 (3.8) 56 (9.2) <0.001 Cramer V = 0.10

N-Miss 24 12 12

CTE, n (%) 90 (4.7) 44 (3.3) 46 (7.5) <0.001 Cramer V = 0.09

N-Miss 20 9 11

Low testosterone, n (%) 309 (16.1) 141 (10.7) 168 (27.6) <0.001 Cramer V = 0.21

N-Miss 26 14 12

Abbreviations: BMI = body mass index; CTE = Chronic Traumatic Encephalopathy; GAD-7 = Generalized Anxiety Disorder; Neuro-QoL = Quality of Life in 
Neurological Disorders; PHQ-9 = 9-item Patient Health Questionnaire.
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(Figure 1; eTable 3). Unadjusted, bivariable logistic regres-
sions yielded similar relationships between the SA groups and 
outcome variables at slightly different magnitudes (eTable 3: 
models 1–4). Sensitivity analyses further subdivided the 
“undiagnosed and at-risk” group into 2 nonreference groups 
based on their STOP-BANG scores (i.e., low = 0–2 [refer-
ence]; intermediate = 3–4; high = 5–8), leading to a total of 5 
groups. Similar to Figure 1, these multivariable analyses show 
that both the intermediate-risk and high-risk undiagnosed 
groups also had an elevated risk of pain, depression, anxiety, 
and cognitive symptoms compared with those with low 
STOP-BANG scores (eFigure 2).

Discussion
In a cohort of 1,951 former professional football players, ap-
proximately one-third reported that they had been diagnosed 
with SA, and those who reported this diagnosis had a variety 
of differences regarding demographic (e.g., older age and 
Black race) and health factors that set them apart from those 
who did not endorse SA. Furthermore, this study suggested

that those who were diagnosed with SA may not be ade-
quately treated, such that only 40% of participants who 
reported an SA diagnosis reported regular CPAP usage while 
the remaining 60% reported only using their CPAP 0–3 times 
per week. Of interest, this undertreated SA was associated 
with worse clinical symptomatology, such that those with SA 
who did not regularly use a CPAP had worse scores on 
measures of depression, anxiety, pain, and cognitive 
dysfunction—even when statistically adjusting for a variety of 
other variables. Furthermore, results indicate that many for-
mer professional football players may have undiagnosed SA 
based on the STOP-BANG results but had not been evaluated 
or diagnosed at the time of this survey.

The proportion of former professional football players who 
reported having SA in this study (31.8%) is generally con-
sistent with other studies. For instance, in a study of 120 
former professional football players, 36.7% self-reported be-
ing diagnosed with SA, compared with 30% of former college 
football players and 16.7% of controls, 26 although another 
more recent survey of 1,973 reported a SA prevalence of 
22.6%. 46 In another study, 26 age and Black race were

Table 4 Two Exploratory Multivariable Logistic Regressions Examining Associations With (1) Self-Reported Sleep Apnea 
Diagnosis (Model 1) and (2) Being at Risk of Sleep Apnea Using the STOP-BANG (Model 2)

Model 1: DV: Self-reported sleep apnea diagnosis Model 2: DV: STOP-BANG ≥3

OR (95% CI), p value OR (95% CI), p value

Age 1.04 (1.03–1.05), <0.001 1.02 (0.95–1.03), 0.63

Race (reference = White)

Black 2.23 (1.77–2.81), <0.001 2.34 (1.70–3.24), <0.001

Native Hawaiian/Pacific Islander/Asian/American 
Indian/Alaskan Native

2.44 (1.36–4.36), 0.002 3.56 (1.35–12.34), 0.02

Missing 0.52 (0.15–1.46), 0.25 0.43 (0.16–1.36), 0.13

Age at first football exposure 1.02 (0.99–1.06), 0.28 0.97 (0.93–1.02), 0.21

Concussion signs and symptoms score

Quartile 2 1.33 (1.0–1.78), 0.05 1.21 (0.85–1.72), 0.29

Quartile 3 1.60 (1.19–2.14), 0.002 1.56 (1.08–2.27), 0.02

Quartile 4 1.99 (1.47–2.71), <0.001 1.97 (1.30–3.00), 0.001

Lineman position (reference = nonlineman) 0.94 (0.68–1.28), 0.68 0.81 (0.51–1.29), 0.38

Performance-enhancing drug history 1.30 (0.99–1.70), 0.06 0.90 (0.62–1.33), 0.59

Career duration (reference = 1–6 seasons)

7–12 seasons 0.89 (0.72–1.11), 0.31 0.86 (0.64–1.15), 0.30

13+ seasons 1.02 (0.70–1.48), 0.90 0.98 (0.59–1.70), 0.94

First calendar year of professional play 1.00 (1.0–1.00), 0.34 0.96 (0.89–0.99), 0.19

Career body mass index 1.09 (1.05–1.14), <0.001 1.13 (1.07–1.19), <0.001

Abbreviations: DV = dependent variable; OR = odds ratio.
Each of the 2 models included all variables simultaneously, including for age, age at first exposure to football, race, concussion symptom score quartile, 
lineman status, career duration, debut year, body mass index during professional play, and previous use of performance-enhancing drugs. Concussion signs 
and symptoms quartile 1, nonlineman, no reported use of performance-enhancing drugs, career duration <7 seasons, White race, and absence of risk nor 
self-reporting sleep apnea served as reference values in each model.
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associated with specific SA symptoms and those with SA had 
worse cognitive test scores/higher depressive symptoms, but 
many of these relationships became null when CPAP treat-
ment was added to the model. In this study, multivariable 
models identified several predictors of reporting an SA di-
agnosis such as age, race, higher football career BMI, and past 
use of performance-enhancing drugs. In addition, we found 
a dose-response relationship between past signs and symp-
toms of concussions and SA risk, such that the risk of 
reporting a SA diagnosis increased for each CSS score quar-
tile. These findings align with other studies of TBI and sleep 
disorders among patient, 47 ASF, 46 and military 48 populations, 
supporting the hypothesis that concussion history may in-
crease the likelihood of SA. The significant association be-
tween SA and Black race seen here and in a previous study 26 

may reflect the disproportionate exposure to more dangerous 
football positions for Black players, 49 or other social deter-
minants of health that are external to football play.

While 31.8% of this sample reported having already received 
a SA diagnosis, a significant portion of this sample may still be 
at risk of SA but have not yet received a diagnosis. Nearly 80% 
of the group without a current SA diagnosis scored in the 
intermediate (n = 732, 57.8%) or high STOP-BANG range 
(n = 260, 20.5%). While not all participants with at-risk STOP-
BANG scores will have SA, nearly three-quarters of the general 
population who has a STOP-BANG score ≥3 will actually have 
a SA diagnosis, given its 0.74 positive predictive value (i.e., the

ratio of [true positives] ÷ [true positives + false positives]). 19 If 
the psychometrics of this measure are the same for former 
professional football players, we estimate that 734 of the 992 
participants with a STOP-BANG score ≥3 actually have SA. 
Because 621 participants self-reported being diagnosed with SA 
and we estimate that 734 participants without a current SA 
diagnosis may have SA based on their STOP-BANG score, we 
estimate that the true prevalence of SA in this sample is 69% 
([621 + 734] ÷ 1,951). Specifically, we anticipate that over half 
of former professional football players who are not diagnosed 
with SA actually have this condition {[(732 + 260) × (0.74)]/ 
1,330 = 55.5%}. It may be that those with the most severe/ 
obvious cases of SA (i.e., have high scores on the STOP-BANG) 
were screened and diagnosed, but those in the intermediate-risk 
group may not be appropriately screened for this condition. 
Appropriately diagnosing and treating SA is especially important 
in this cohort, given that SA is associated with all-cause mortal-
ity, 6 cardiovascular events, 6,7 low testosterone, 8 depression, 6,7 

diabetes, 6,7 neurodegenerative disease, 11,13,14 and neurocognitive 
dysfunction, 10 —and SA is a modifiable risk factor whose 
downstream effects may be accidently misattributed to other 
etiologies. Prospective screening programs and adequate treat-
ment of former professional football players may be considered 
to ensure that this condition is comprehensively addressed by 
health professional.

There are several important limitations of this study. First, the 
diagnosis of SA is self-reported, and medical records were not

Figure 1 Multivariable Linear Models Examining the Relationship Between the Composite Sleep Apnea Risk Variable and 
Health Outcomes

β estimates with 95% CIs for 4 health 
outcomes by sleep apnea status. (A) 
Anxiety symptoms, (B) cognitive 
symptoms, (C) depression symptoms, 
and (D) pain. All models adjusted for 
age, race, linemen status, concussion 
signs and symptoms score, career du-
ration, body mass index during active 
play, and use of performance-
enhancing drugs. The red line 
denotes null value (0.0).
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available to review or cross-validate this diagnosis. Second, 
there are inherent characteristics about former professional 
football players that likely predispose them to having higher 
scores on the STOP-BANG (e.g., being male, high BMI, and 
large neck circumference). However, we have no evidence to 
suggest that the STOP-BANG would overestimate SA risk 
among ASF players simply because those risk factors are more 
common in this group. In fact, participants who met in-
termediate STOP-BANG criteria for SA showed significantly 
elevated risk of adverse outcomes, similar to those at high risk. 
There are few, if any, studies that examine the psychometric 
characteristics between STOP-BANG scores and OSA di-
agnosis in former professional football players. We have no 
reason to suspect that STOP-BANG scores of 3 or greater 
would overestimate risk in ASF players when compared with 
general populations, though this is a possibility. Future studies 
should investigate whether the STOP-BANG functions dif-
ferently in this unique population. However, given that former 
professional football players likely possess many health factors 
known in the general population to increase the risk of SA, we 
believe that former professional football players who possess 
such risk factors be thoroughly screened. Third, while this is 
a large sample, those who chose to participate in this study 
may not represent the entire population of former pro-
fessional football players. However, previous analyses suggest 
that age, BMI, position, and duration of play are consistent 
between former professional football players who participated 
in the FPHS survey and those who did not. 28 However, this 
study cannot account for those who may have passed away 
from conditions related to SA (e.g., cardiometabolic disease), 
because participation in this study conditions on surviving 
into postcareer years. Fourth, we did not analyze the potential 
role of other sleep disorders, alcohol use, cannabis use, or 
other current lifestyle factors in these analyses but acknowl-
edge that these factors may affect current health status and/or 
interact with SA. Fifth, we acknowledge that not all individuals 
who have been diagnosed with SA may be recommended for 
CPAP treatment. Questionnaire data did not allow us to de-
lineate between those who reported being diagnosed with SA 
but were nonadherent with CPAP recommendations and 
those who were not recommended to use CPAP. Sixth, these 
results cannot be generalized to other populations, like foot-
ball players of other skill levels or other professional sports. 
Last, this survey inquired about “sleep apnea” and did not 
specify “obstructive sleep apnea” vs “central sleep apnea.” 
While over 90% of diagnosed SA cases are due to OSA, 50 there 
is the potential for some study participants to have central SA 
when they responded to the question “Has a health care 
provider ever told you that you have …sleep apnea?”

This study elucidates the demographic, clinical, and football-
related characteristics of self-reported SA in a cohort of former 
professional football players. It also highlights that those with 
SA may not be appropriately treating this condition, and that 
many participants without a current SA diagnosis may—in 
fact—have this condition. Last, analyses showed differences 
on clinical outcomes (e.g., psychological symptoms, cognitive

symptoms, and pain) based on SA status and CPAP compli-
ance. These findings suggest that additional awareness about 
SA, screening programs, and consistent follow-ups may be 
instrumental in optimizing the long-term health of former 
professional football players.
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