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Introduction
Professional American football players, particularly linemen, have a high prevalence
of obesity, as determined by body mass index (BMI).1 After retirement, there is an
increased likelihood of nonlinemen becoming obese, with up to 50% having a BMI ≥30
kg/m2 25 years after retirement.2 Obesity is a strong predictor of multiple medical conditions, including cardiovascular disease, hypertension, metabolic syndrome, diabetes,
and obstructive sleep apnea (OSA).3–5 Independently of obesity, OSA is associated with
cardiovascular mortality and morbidity.6–8 Prior research evaluating OSA among active
National Football League (NFL) players found modest prevalence rates (14%–19%)
of predominately mild-to-moderate OSA, particularly among players considered to be
at high risk for OSA.9,10 Limited data from retired NFL players suggest that OSA may
be more prevalent after retirement, possibly due to increasing proportions of players
becoming obese.11 It remains unclear whether the high prevalence of OSA in retired
players is comparable to nonathletes. In the present study, we compared sleep apnea
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Purpose: Limited data from former National Football League (NFL) players suggest that
obstructive sleep apnea (OSA) may be highly prevalent after retirement. It remains unclear
whether the high prevalence of OSA in retired players is comparable to nonathletes. This retrospective analysis compared sleep apnea (SA) risk in retired NFL players to a community cohort
(CARDIA Sleep study), and examined associations between SA risk and cardiovascular risk
factors, including subclinical atherosclerosis.
Materials and methods: Retired NFL players (n=122) were matched to CARDIA Sleep
participants by age ±2 years (range 37–55 years), body mass index ±2 kg/m2, race, and male
sex. Participants underwent electron-beam computed tomography to measure coronary artery
calcium (CAC) and completed the Berlin Questionnaire to determine SA risk. The presence of
CAC was defined as an Agatston score >0.
Results: Retired NFL players had a greater prevalence of high SA risk than the matched CARDIA Sleep participants (27% vs 11.5%, P=0.002). Compared to the CARDIA Sleep participants,
retired players were less likely to smoke, and had higher blood pressure, lower fasting glucose
levels, and higher cholesterol levels. However, there was no difference in the prevalence of
detectable CAC (30% vs 30%, P=1). In both players and the community cohort, SA risk was
not significantly associated with CAC after controlling for age, race, and body mass index.
Conclusion: Retired NFL players have a greater prevalence of high SA risk but similar prevalence of CAC compared with a well-matched community cohort.
Keywords: sleep apnea, cardiovascular risk, coronary artery calcium, national football league
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(SA) risk in early-middle-aged retired NFL players to a community cohort matched on age, BMI, and race. Data were
stratified by playing position to explore potential differences
in SA risk. We also examined the associations between SA
risk and cardiovascular risk factors, including subclinical
atherosclerosis measured by coronary artery calcium (CAC),
in both the retired NFL players and the community cohort.
We expected to find similarities in the effect of SA risk on
cardiovascular risk factors, in particular CAC, between the
retired players and the community cohort.

Materials and methods
Subjects
Multicity health screenings for retired NFL players were
conducted as part of the NFL Player Care Foundation Cardiovascular Health Screening Program, directed by the NFL
Subcommittee on Cardiovascular Health. Data from screenings performed in 2007–2012 (n=1,422) were analyzed in this
report. All players provided written informed consent prior to
undergoing screening, according to a protocol approved by
the institutional review board of MedStar Research Health
Institute, Hyattsville, MD. At the time of screening, height,
weight, and blood pressure (BP) were recorded for each
player. Three consecutive BP readings were obtained, and the
second and third readings were averaged. BMI was calculated
as weight in kilograms divided by the square of height in
meters. Waist circumference was measured. Information on
position played, self-reported medical conditions, race, age,
and smoking was collected. Smoking status was categorized
as current or former smoker or nonsmoker. Diabetes was
defined as a fasting blood glucose level ≥126 mg/dL or a
previous diagnosis. Hypertension was defined as systolic
BP ≥140 mmHg, diastolic BP ≥90 mmHg, or a previous
diagnosis. A fasting venous blood sample was collected from
each player. Total cholesterol, high-density lipoprotein (HDL)
cholesterol, and triglycerides were measured using enzymatic
techniques. Low-density lipoprotein (LDL) cholesterol was
calculated using the Friedewald equation.12
CARDIA is an ongoing, multicenter-cohort study of
cardiovascular risk development in young adults from the
general population. The CARDIA cohort (n=5,116) was
recruited from four study sites in 1985–1986, and included
a sample of adults aged 18–30 years balanced by sex, race
(white and black), and education. A detailed study description is available elsewhere.13 The comparison cohort for the
current analyses was selected from participants in an ancillary sleep study (CARDIA Sleep; n=669). Participants were
recruited from one CARDIA site, and participated in the
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sleep study in 2003 and 2004. For each retired NFL player,
one man was randomly selected of age ±2 years, BMI ±2,
and the same race.

Data collection
During clinical examination in year 20 of CARDIA (2005–
2006), baseline questionnaires obtained information on
demographic characteristics and smoking. Smoking status
was categorized the same as for the retired players. BP readings were collected in the same manner as for the players.13
Hypertension and diabetes were defined the same as for the
retired players. As described previously,14 plasma total and
lipoprotein cholesterol concentrations were measured using
an enzymatic assay by Northwest Lipids Research Laboratory
(Seattle, WA, USA). LDL cholesterol was calculated using
the Friedewald equation.12

Assessment of SA risk
SA risk was assessed by the Berlin Questionnaire15 in both
the retired NFL players and the CARDIA Sleep cohort. The
Berlin Questionnaire categorizes individuals as having high
risk for SA if they have two of the following three conditions:
1) loud or frequent snoring or witnessed apneas, 2) frequent
sleepiness and fatigue after sleep or during wake time or
having fallen asleep while driving, or 3) having a history
of hypertension or a BMI >30. Sleep duration was assessed
among the retired NFL players using the question “How many
hours do you sleep during a 24-hour period?” Responses were
on a 7-point Likert scale, from 1 = “5 hours or less” to 7 = “11
hours or more”. CARDIA Sleep participants provided their
response to the following item during the CARDIA year-20
examination: “During the past month, how many hours of
actual sleep did you get at night? (This may be different than
the number of hours you spent in bed).”

Measurement of coronary artery calcium
CAC scanning was performed within 1 week of the screening
visit for each retired player. A modified Agatston protocol16
was used at each site, and most sites had one designated
reader. CAC scores were expressed in Agatston units, with
a CAC score >0 indicating the presence of CAC. In the
CARDIA Sleep cohort, two CAC scans were performed
at the year-20 assessment using electron-beam computed
tomography, as previously described.17 The reader identified
a region of interest for each potential focus of CAC, defined
as four or more adjacent pixels (1.87 mm2) with a computed
tomography number >130 HU (field of view 35 cm). Agatston
scores were adjusted for between-center differences using a
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standard calcium phantom scanned underneath each participant, and summed across the four major coronary arteries to
compute a total calcium score.16 The presence of CAC was
defined as having a positive, non-0 Agatston score, using an
average of two scans. CAC scores were also grouped by 0,
1–99, and ≥100.

Sleep-apnea risk in retired NFL players

Larger former NFL
cohort
(n=1,422)

Excluded: n=184
No CAC imaging

Statistical analysis
Statistical analyses were performed using IBM SPSS version 22. Data are presented as means ± standard deviation
or number (percentage). Student’s t-test was used to analyze
group differences for continuous variables, and c2 tests or
Fisher’s exact test (if the number in any cell was fewer than
five) were employed for categorical variables. Linemen
versus nonlinemen group differences were compared the
same way. To evaluate the associations between SA risk and
cardiovascular risk factors by group (retired NFL player vs
community cohort), presence of hypertension, fasting glucose
levels, cholesterol levels, and presence of CAC were used as
outcome variables in multivariable linear and logistic regression models. Multiplicative interactions were tested by adding
an interaction term of “SA risk and group” in a model that
also included their main effects. All models were fitted both
with and without adjustment for age, BMI, and race.

Results
Of the 1,422 retired NFL players who underwent screenings
in 2007–2012, 1,238 completed CAC imaging. There were
55 players who did not self-identify as white or black (18
Asian, 37 missing). Since the CARDIA Sleep cohort was
comprised of whites and blacks, the retired NFL sample was
restricted to whites and blacks. A total of 110 retired players
fell short of the lower age of the range (ie, 37 years old) of the
CARDIA Sleep cohort, and 648 exceeded the upper age of
the range (ie, 55 years old). A total of 22 retired players had
a missing BMI value, and 972 had missing data on the Berlin
Questionnaire. Those with missing Berlin Questionnaire data
had higher lipid concentrations, except for triglycerides, and
lower prevalence of CAC compared to those without missing data. There were 193 retired NFL players available for
matching (see Figure 1).
The ancillary sleep study included 669 participants
recruited from CARDIA who participated in the year 15
(2000–2001) clinical examination. Of these 669 participants,
284 were males. A total of 238 male participants completed
CAC imaging at year 20 (2005–2006). Seventeen participants were missing data on the Berlin Questionnaire. There
were 221 male participants from the CARDIA Sleep cohort
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Excluded: n=55
Did not self-identify as
white or black

Excluded: n=758
CARDIA Sleep cohort
age range exceeded

Excluded: n=994
Missing data on BMI
and/or Berlin
Questionnaire

Final cohort for
matching
(n=193)
Figure 1 Participant flowchart.
Abbreviations: NFL, National Football League; CAC, coronary artery calcium;
BMI, body mass index.

a vailable for matching (see Figure 2). By age, BMI, and race,
122 CARDIA Sleep cohort participants were matched with
122 retired NFL players.
Table 1 displays the baseline characteristics of the retired
NFL players matched to the CARDIA Sleep cohort for age,
BMI, and race. The retired NFL players had higher systolic
and diastolic BP and higher total, LDL, and HDL cholesterol levels than the CARDIA Sleep cohort. Compared to
the retired players, the CARDIA Sleep cohort had a higher
prevalence of former/current smokers and higher fasting
glucose levels. The two groups were not statistically different in triglycerides, presence of hypertension and diabetes,
or sleep duration. Cardiovascular risk profiles were similar
between former linemen and nonlinemen (Table 2).
There was a significantly greater percentage of retired
players at high risk for SA compared with the CARDIA Sleep
cohort (27% vs 11.5%, respectively; P=0.002; Table 1). Former players reported significantly more snoring that bothered
others (P=0.001) and more frequent snoring (P<0.001) than
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Excluded: n=385
Females

Underwent CAC
imaging
(n=238)

Excluded: n=46
No CAC imaging

Excluded: n=14
Missing data on Berlin
Questionnaire

Final cohort for
matching
(n=221)
Figure 2 Participant flowchart.
Abbreviation: CAC, coronary artery calcium.

the comparison group (Tables 3 and 4). The CARDIA Sleep
cohort reported significantly more frequent daytime sleepiness (P=0.04; Table 3). Nonlinemen had a greater prevalence
of high SA risk than linemen, although this difference only
approached significance (33% vs 15%, respectively, c2=3.6;
P=0.06; Table 2).
The prevalence of CAC was the same for retired players
(30%) and the CARDIA Sleep cohort (30%; P=1; Table 1).
Additionally, there was no difference in the distribution of
CAC scores. Nonlinemen and lineman were not significantly
different in prevalence of CAC (33% vs 24%, respectively;
P=0.31; Table 2).
In multivariable linear and logistic regression analyses
adjusted for age, BMI, and race, no significant association
between SA risk and presence of CAC was found among the
retired players or the community cohort (OR 2.07, 95% CI
0.8–5.33; OR 2.71, 95% CI 0.8–9.19; respectively; Table 5).
Among retired players, those with high SA risk had higher
systolic BP compared to those with low SA risk (b=0.21,
P=0.03; Table 5). Among the CARDIA Sleep cohort, SA
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risk was not significantly associated with any of the other
cardiovascular risk factors. The formal tests of interaction
between group (NFL versus CARDIA) and SA risk in relation to the cardiovascular risk factors were not statistically
significant.

Discussion
This is the first study to compare SA risk in early-middleaged retired NFL players to an age-, BMI-, and race-matched
community-based cohort. Despite similar rates of obesity,
as defined by BMI criteria, the prevalence of high SA risk
in the early-middle-aged retired players was over twice that
found in the CARDIA Sleep cohort. Data on OSA in retired
professional football players are limited, but as in the current
study, the findings suggest an increased prevalence of OSA
in these former athletes.11 In a sample of 257 retired NFL
players (mean age 54 years), 52% were found to have an
apnea–hypopnea index score ≥10 based on portable monitoring, and BMI was found to be a significant predictor of
OSA.11 The greater prevalence of high SA risk among the
retired players compared to the CARDIA Sleep comparison
group was driven by more frequent snoring and snoring that
bothered others, which have been shown to be common OSA
symptoms among active NFL players.10
The retired players and the matched cohort had differing cardiovascular risk-factor profiles, with the exception
of triglycerides and presence of hypertension and diabetes.
The prevalence of CAC was approximately a third in both
samples. This finding is consistent with previous studies
evaluating subclinical atherosclerosis in retired players
that found no differences in carotid artery plaques or CAC
between former players (mean age 51 years) and a community
cohort of similar age and BMI.18,19 The increased prevalence
of high SA risk and higher BP among the retired players and
the higher prevalence of smoking in the CARDIA Sleep
cohort could have balanced out any differences in CAC
prevalence between these groups. Our findings and those of
prior studies suggest that retired NFL players with high BMI
are at the same increased risk for cardiovascular risk factors
as obese nonathletes.18,19
In our stratified analysis by player position, retired nonlinemen had a greater prevalence of high SA risk compared
to linemen. Although this difference in prevalence of SA
risk was not significantly different (borderline significance
at P=0.06), it may be a clinically meaningful difference. In
a previous study examining OSA in retired players, linemen
were more likely to have OSA and obesity than nonlinemen.11 In our retired NFL sample, linemen and nonlinemen
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Table 1 Demographic and cardiovascular risk characteristics of retired professional football players and CARDIA Sleep cohort
Variables

Retired professional football
players (n=122)
n

Value

n

Value

Age (years)
Black
Current/former smokers
Years since retirementa
Waist circumference (cm)
BMI (kg/m2)

122
122
122
53
122
122
122
122

45.3±4.2
51 (41.8%)
9 (7.3%)
20.3±6.3
95.2±22
30.3±3.8
60 (49.2%)
36 (29.5%)

122
122
68
–
122
122
122
122

45.3±3.6
51 (41.8%)
41 (60.3%)
–
98.1±10.2
29.9±4
51 (41.8%)
35 (28.7%)

–
–
<0.001
–
0.19
–
0.25
0.89

122
122

125.3±13.9
80.1±10.3

122
122

120.4±13.2
75.0±11.2

0.005
<0.001

108
107
108
108
116
122
116

49.9±11.5
126.5±39.7
197.9±43.5
140.3±96.5
9 (7.8%)
89.4±36.4

122
118
122
122
122
122
114

44.9±12
110.5±31.7
183.4±35.9
140.2±92.4
8 (6.7%)
101.7±19.6

0.001
0.001
0.006
0.05
0.72
0.001
0.06

Obese (BMI ≥30)
Hypertensionb
BP, mmHg
Systolic
Diastolic
Lipids, mg/dL
HDL-C
LDL-C
Total cholesterol
Triglycerides
Diabetesc
Fasting glucose, mg/dL
Sleep duration, hours
≤5
About 6
About 7
≥8
Sleep-apnea risk
Low
High
CAC presence
CAC distribution
0
1–99.99
≥100

CARDIA Sleep cohort
(n=122)

8 (6.9%)
45 (38.8%)
42 (36.2%)
21 (18.1%)
122

122
122

P-value*

12 (10.6%)
46 (40.3%)
46 (40.3%)
10 (8.8%)
122

89 (73%)
33 (27%)
37 (30.3%)
87 (71.3%)
29 (23.8%)
6 (4.9%)

122
122

0.002
108 (88.5%)
14 (11.5%)
37 (30.3%)

1
0.95

87 (71.3%)
28 (23%)
7 (5.7%)

Notes: Data presented as means ± standard deviation or n (%). *Calculated using Student’s t-test or c2 test. aAt screening; bpast or current history or measured BP ≥140/90
mmHg; cpast or current history or fasting glucose ≥126 mg/dL.
Abbreviations: BMI, body mass index; BP, blood pressure; HDL-C, high-density-lipoprotein cholesterol; LDL-C, low-density-lipoprotein cholesterol; CAC, coronary artery
calcium.

both had similar rates of obesity. Following retirement,
nonlinemen are likely to also become obese, as evidenced
by Miller et al2 who found 50% of former nonlinemen to
have a BMI ≥30 an average of 25 years after retirement.
No differences in cardiovascular risk factors were found
between former linemen and nonlinemen in the current
study, as may be expected given the similarity in BMI.
Conversely, studies comparing cardiovascular risk factors
in retired linemen to nonlinemen have found increased risk
for hypertension11,19,20 and metabolic syndrome;2,20 however,
linemen in these studies had higher BMI than nonlinemen.
Consistently with our findings, no difference in prevalence
of subclinical atherosclerosis was found between former
linemen and nonlinemen.18,20
High SA risk was not significantly associated with the
presence of hypertension, lipid and glucose concentrations,
Nature and Science of Sleep 2017:9

or CAC presence after adjustment for age, race, and BMI for
the retired players and the community cohort. High SA risk
was associated with higher systolic BP among the retired
players. Our previous work in a community cohort21 and
studies in retired and active NFL players,10,11 demonstrating
no significant relationship between OSA and cardiovascular
risk factors after controlling for BMI, support our findings.
Obesity is likely a confounder of the association between
OSA and cardiovascular risk factors, including subclinical
atherosclerosis, as it is an independent predictor of OSA4,22
and cardiovascular morbidity.23,24 Sedentary activity as
defined by <30 minutes of self-reported physical activity
three times per week has been reported in a third of retired
NFL players.18 Given the known health benefits of regular
physical activity,25,26 promotion of continued physical activity
after retirement will be essential for weight loss and weight
submit your manuscript | www.dovepress.com
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Table 2 Demographic and cardiovascular risk characteristics of
former linemen and nonlinemen

Table 3 Berlin Questionnaire responses of retired professional
football players and CARDIA Sleep cohort

Variables

Linemen
(n=34)

Nonlinemen P-value*
(n=88)

Retired professional football
players (n=122)

Age (years)
Black
Current/former smokers
Waist circumference (cm)
BMI (kg/m2)

43.9±4
9 (26.4%)
1 (2.9%)
92.6±19.7
29.8±2.9
13 (38.2%)
9 (26.5%)

45.9±4.1
42 (47.7%)
8 (9.1%)
96.2±22.8
30.5±4.1
47 (53.4%)
27 (30.7%)

0.02
0.03
0.24
0.41
0.36
0.13
0.65

124.6±16.9 125.6±12.7
81.4±9.7
80±9.7

0.72
0.37

47.9±11.9
135±48.7
198.1±55.8
105.3±75.1
2 (5.9%)
91.5±20.2

50.8±11.3
122.9±34.9
197.9±37.6
120.5±104.3
7 (8.5%)
88.6±41.1

0.24
0.15
0.98
0.46
0.63
0.7
0.07

0
16 (47%)
8 (23.5%)
8 (23.5%)

8 (9.5%)
29 (34.5%)
34 (40.5%)
13 (15.5%)

Obese (BMI >30)
Hypertensiona
BP, mmHg
Systolic
Diastolic
Lipids, mg/dL
HDL-Cb
LDL-Cb
Total cholesterolb
Triglyceridesc
Diabetesb,c
Fasting glucose, mg/dL
Sleep duration, hoursb
≤5
6–6.5
7–7.5
≥8
Sleep-apnea risk
Low
High
CAC presence

0.31

Notes: Data presented as means ± standard deviation or n (%). *Calculated using
Student’s t-test or c2 test. aPast or current history or measured blood pressure
≥140/90 mmHg; bmissing data for this variable; cpast or current history or fasting
glucose ≥126 mg/dL.
Abbreviations: BMI, body mass index; BP, blood pressure; HDL-C, high-densitylipoprotein cholesterol; LDL-C, low-density-lipoprotein cholesterol; CAC, coronary
artery calcium.

maintenance among retired NFL players, and consequently
reducing the risk of cardiovascular disease and the burden
of OSA.
The current study has a number of limitations that
should be taken into account when considering the results.
The use of a self-reported screening tool for OSA without
objective assessment, such as polysomnography, precludes
confirmation that those individuals who scored in the highrisk range actually had OSA, and thus the proportion of
high-risk participants identified by the Berlin Questionnaire
may be overestimated or underestimated. A large number
of retired players were excluded from the analyses, due to
missing data, in particular on the Berlin Questionnaire,
which may limit generalizability to the general population
of retired players. However, retired players excluded from
the analyses due to missing data on the Berlin Questionnaire had demographic and clinical characteristics similar
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0.06
29 (85.3%) 60 (71.4%)
5 (14.7%) 28 (33.3%)
8 (23.5%) 29 (33.0%)
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CARDIA Sleep
cohort (n=122)

P-value

1. Do you snore?
Yes
73 (62.9%) 76 (62.3%)
0.92
No/I don’t know
43 (37.1%) 46 (37.7%)
2. If you snore, your snoring is:
Slightly louder than breathing 33 (46.5%) 32 (40%)
0.2
As loud as talking
20 (28.1%) 34 (42.5%)
Louder than talking
7 (9.9%)
8 (10%)
Very loud – can be heard in
11 (15.5%) 6 (7.5%)
adjacent rooms
3. If you snore, how often do you snore?
Nearly every day
25 (35.7%) 20 (25%)
<0.001
3–4 times a week
27 (38.7%) 25 (31.3%)
Once or twice a week
18 (25.7%) 23 (28.7%)
Once or twice a month
0
10 (12.5%)
Never or nearly never
0
2 (2.5%)
4. Has your snoring ever bothered other people?
Yes
50 (72.5%) 37 (46.3%)
0.001
No/I don’t know
19 (27.5%) 43 (53.7%)
5. H
 as anyone noticed that you quit breathing during
your sleep?
Nearly every day
4 (3.6%)
5 (4.1%)
0.96
3–4 times a week
3 (2.7%)
4 (3.3%)
Once or twice a week
7 (6.3%)
7 (5.8%)
Once or twice a month
9 (8.1%)
7 (5.8%)
Never or nearly never
88 (79.3%) 98 (81%)
6. How often do you feel tired or fatigued after your sleep?
Nearly every day
8 (6.7%)
8 (6.6%)
0.25
3–4 times a week
18 (15.1%) 17 (9.8%)
Once or twice a week
18 (15.1%) 30 (24.6%)
Once or twice a month
31 (26.1%) 36 (29.5%)
Never or nearly never
44 (37%)
36 (29.5%)
7. During your waking time, do you feel tired, fatigued, or
not up to par?
Nearly every day
7 (5.9%)
10 (8.2%)
0.04
3–4 times a week
16 (13.4%) 18 (14.8%)
Once or twice a week
19 (16%)
32 (26.2%)
Once or twice a month
37 (31.1%) 41 (33.6%)
Never or nearly never
40 (33.6%) 21 (17.2%)
8. Have you ever nodded off or fallen asleep at the wheel?
Yes
27 (22.7%) 31 (25.4%)
0.62
No/I don’t know
92 (77.3%) 91 (74.6%)
9. Do you have high blood pressure?
Yes
11 (10.9%) 20 (16.4%)
0.24
No/I don’t know
90 (89.1%) 102 (83.6%)
0.37
10. Body mass index >30 58 (47.5%) 51 (41.8%)
Notes: Data presented as n (%). Denominators vary across rows, due to missing data.

to the sample included in the analyses. The current study
included early-middle-aged retired players (age 37–55
years), and thus the findings may not generalize to older
retired players. Using BMI to determine obesity could
have overestimated its prevalence in the retired NFL players if they had greater muscle mass relative to the general
population.27
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Retired professional
football players (n=122)

CARDIA Sleep
cohort (n=122)

P-value

Category 1 Persistent symptoms (>3–4 times per week) in two or
more snoring questions
35 (28.7%)
8 (6.6%)
<0.001
Category 2 Persistent (>3–4 times per week) fatigue and/or daytime
sleepiness
19 (15.6%)
23 (18.9%)
0.50
Category 3 History of hypertension or body mass index >30
62 (50.8%)
59 (48.4%)
0.70

In conclusion, early-middle-aged retired NFL players
have a greater prevalence of high SA risk compared to a
well-matched community cohort with similar rates of obesity. However, the prevalence of subclinical atherosclerosis
evaluated by CAC was similar between the retired players and
the community cohort. After controlling for age, BMI, and
race, SA risk was not significantly associated with presence
of CAC among the retired players and the community cohort.
Further studies assessing OSA in retired NFL players and its
cardiovascular consequences is needed.

Table 5 Multivariate linear and logistic regression analyses examining the association among sleep-apnea risk and cardiovascular risk
factors stratified by group
Group

Cardiovascular risk-factor outcome
Hypertension

β (95% CI))

OR (95% CI)

Interaction P-value

1.64 (0.81–3.32)
1.87 (0.75–4.64)
1.94 (0.55–6.78)

0.96

a

Total
NFL
CARDIA
SBP, mmHg
Total
NFL
CARDIA

0.17 (0.7–5.24)
0.21 (0.23–6.24)*
0.06 (–2.59 to 5)

0.4

0.12 (–0.14 to 3.51)
0.15 (–5.15 to 3.98)
0.05 (–2.23 to 3.97)

0.93

DBP, mmHg
Total
NFL
CARDIA
Diabetesb
Total
NFL
CARDIA

1.44 (0.44–4.72)
1.41 (0.25–8.02)
2.28 (0.32–16.53)

0.87

Fasting glucose, mg/dL
Total
NFL
CARDIA

0.06 (–2.28 to 6.01)
0.16 (–0.84 to 11.71)
0.03 (–4.35 to 6.17)

0.48

–0.04 (–9.45 to 5.18)
–0.12 (–16.5 to 4.5)
–0.03 (–12.04 to 9.02)

0.89

–0.1 (–11.68 to 1.72)
–0.2 (–18.93 to 0.2)
–0.06 (–12.19 to 6.45)

0.6

0.05 (–1.27 to 2.79)
–0.02 (–2.83 to 2.39)
0.04 (–2.46 to 4.04)

0.68

0.07 (–8.37 to 25.01)
0.13 (–7.23 to 37.24)
0.02 (–23.88 to 28.82)

0.42

Total cholesterol, mg/dL
Total
NFL
CARDIA
LDL cholesterol, mg/dL
Total
NFL
CARDIA
HDL cholesterol, mg/dL
Total
NFL
CARDIA
Triglycerides, mg/dL
Total
NFL
CARDIA
CAC presence
Total
NFL
CARDIA

2.07 (1.02–4.2)
2.07 (0.8–5.33)
2.71 (0.8–9.19)

0.44

Notes: *P<0.05. aPast or current history or measured blood pressure ≥140/90 mmHg; bpast or current history or fasting glucose ≥126 mg/dL. Independent variable: sleepapnea risk (low versus high) assessed by the Berlin Questionnaire. All models included age, BMI, and race as covariates.
Abbreviations: OR, odds ratio; CI, confidence interval; NFL, National Football League; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low-density
lipoprotein; HDL, high-density lipoprotein; CAC, coronary artery calcium.
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