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A 1994 NATIONAL INSTITUTE FOR OCCUPATIONAL 
SAFETY AND HEALTH REPORT CONCLUDED THAT THE 
6848 RETIRED PROFESSIONAL FOOTBALL PLAYERS 
studied were 46% less likely to die in middle-age, as compared 
with a general population of similarly aged men.1 Linemen, 
however, were noted to be at 50% greater risk of death due 
to heart disease than the general population and at a 3.7 times 
higher risk when compared with non-linemen who were retired. 
These findings provided an impetus for wide-ranging studies 
to better determine the prevalence of cardiovascular disease 
(CVD) risk factors and disease among active and retired Na-
tional Football League (NFL) players.

A number of factors—including obesity, hypertension, im-
paired glucose tolerance, and lipid abnormalities—have been 
implicated in the pathogenesis of increased cardiovascular death 
among former linemen. A recent study has confirmed a near 
2-fold increase in the metabolic syndrome in former linemen ver-
sus non-linemen.2 These athletes have echocardiographic chang-

es, with higher wall thickness and larger chamber size, which are 
correlated with body size and strength training.3,4 These findings 
often persist into retirement and are most striking in retired line-
men or retirees with a body mass index (BMI) greater than 35.

Over the 15-year period since the National Institute for Occu-
pational Safety and Health report was published, sleep-disordered 
breathing (SDB) has been identified as being independently as-
sociated with death and CVD.5-7 The adjusted hazard ratios for 
all-cause and cardiovascular mortality are a striking 3.8 (95% 
confidence interval [CI], 1.6-9) and 5.2 (95% CI, 1.4-19.2), re-
spectively, in those with severe untreated SDB (respiratory dis-
turbance index [RDI] ≥ 30) compared with those without SDB 
(RDI < 5) in the 18 years of follow-up of the Wisconsin sleep 
cohort.5 SDB is associated with insulin resistance and glucose 
intolerance independent of obesity.8,9 Population studies have 
repeatedly shown anthropometric measures, including BMI and 
neck and waist circumference, to be strong predictors of SDB.10,11

Prior research that was limited to individuals from a single 
NFL team showed that SDB may be more prevalent among play-
ers in the NFL, particularly in those that that would be considered 
to be at high risk for having SDB.12 Given this finding and the 
current trend toward increasing body size in NFL players, this 
study was undertaken.

We sought to characterize the cross-sectional burden of SDB 
in active NFL athletes and its association with cardiovascular 
risk. Associations of anthropometric measures with SDB were 
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also examined in this population with elevated BMI but vari-
able body composition. 

METHODS
This sleep examination is part of a larger cross-sectional car-

diovascular evaluation of active, veteran football players from 
12 of the 32 NFL teams, data from which have been previously 
reported.13 The NFL subcommittee on Cardiovascular Health 
oversaw the study. Medstar (Baltimore, MD) Institutional Re-
view Board approval was obtained. 

Participants
Figure 1 displays how the sleep population was derived from 

the larger NFL cardiovascular risk factor cohort. Sleep apnea 
testing was offered to members of 6 of the 12 teams for lo-
gistical and financial reasons.13Of the 239 players approached, 
159 (66.5%) were agreeable to testing. African Americans were 

nearly twice as likely as others (42% vs 24%, P = 0.01) to de-
cline sleep testing. Players who declined sleep testing were 
also, on average, 1 year younger (26 vs 27 years, P = 0.02), 
3 cm shorter (188 vs 191 cm, P = 0.04), and 6 kg lighter (110 
vs 116 kg, P = 0.02) and had a body fat percentage 2 points 
lower (16% vs 18%, P = 0.05) than were those who agreed to 
testing. The BMI of those who declined was 31 kg/m2, com-
pared with 32 kg/m2 (P = 0.02) in the group that agreed to test-
ing. Compared with players who did not agree to participate, 
those players agreeable to sleep testing were more likely to rate 
their snoring as loud or very loud (24.3% vs 5.3%, P = 0.02) or 
to report that their snoring bothered others (75.2% vs 48.7%, 
P = 0.003). 

A total of 137 out of 159 participants who underwent por-
table monitoring testing had at least 2 hours of data, and their 
data were included for analysis (failure rate 13.8%). The 137 
participants were similar to the 22 without 2 hours of data and 
to the larger NFL cohort, except that Africans Americans made 
up 57% of the larger cohort but only 45% of the sleep cohort. 
The players agreeable to sleep apnea testing signed written in-
formed consent prior to evaluation.

Data Collection
The sleep study was conducted during team mini-camps be-

tween April and July 2007 and included health history, blood 
pressure, electrocardiogram, height, weight, neck and waist cir-
cumference, waist-to-hip ratio, body fat percentage, and fasting 
glucose and cholesterol (high-density lipoprotein, low-density 
lipoprotein, and triglycerides) concentrations. BMI was cal-
culated by dividing weight in kilograms by height in meters 
squared. Body fat percentage was measured using air displace-
ment with the BOD POD (Life Measurement, Inc., Concord, 
CA).14,15 The specific methods for the collection of the above 
data have been previously reported.13

Portable Sleep Apnea Monitoring
Participants who agreed to undergo portable monitoring for 

sleep apnea were given an ApneaLinkTM (AL; ResMed Corp., 
Poway, CA) device with instructions for home use.16-18 The AL 
is a single-channel screening tool for sleep-apnea detection that 
measures airflow using a nasal cannula with a pressure trans-
ducer. SDB is characterized by the continuous variable, RDI, 
which is defined as the total number of flow-defined apneas and 
hypopneas measured per hour of AL recording time. 

Apnea was defined as a decrease in airflow of 80% of more 
from baseline that lasted for at least 10 seconds. The AL maxi-
mum apnea duration was set at 80 seconds. Hypopnea was de-
fined as a decrease in airflow by 50% to 80% of baseline that 
lasted at least 10 seconds. The AL maximum hypopnea dura-
tion was set at 100 seconds. The AL software automatically 
analyzed the recording to provide the reported RDI. The AL 
firmware version 2.97 and the scoring software version 5.13 
were used.

The AL device operates on battery power, has a sampling 
rate of 100 Hz, and has a 16-bit signal processor. The inter-
nal memory storage is 15 MB, which allows for approximately 
10 hours of data collection. The AL software analyzes data 
generated by the flow signal, producing a 1-page report. Full 
disclosure of data is available for review and rescoring by the 

Figure 1—Participant flow diagram. NFL refers to the National Football 
League.
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clinician. All studies were visually reviewed for signal fidelity 
by the primary investigator (PJS) and sleep study coordinator 
(OJD). Home use of the AL is a valid method of sleep-apnea 
detection, the results of which have been highly correlated with 
laboratory-based polysomnography.16

Patients also completed a sleep-apnea screening question-
naire similar to that used to assess subjective sleep in the CAR-
DIA cohort (Appendix A – see online supplement at www.
journalsleep.org). The specific domains assessed were self-
reported snoring, apneas, daytime sleepiness; and sleep time.

Statistical Analysis
Descriptive statistics of baseline characteristics were sum-

marized for the sleep cohort and compared with the larger NFL 
cohort using Wilcoxon rank sum and Fisher exact tests. Within 
the sleep study cohort, linemen (offensive and defensive line 
positions excluding defensive ends) and non-linemen were 
compared in the same way.

The RDI was summarized with descriptive statistics and cat-
egorized at RDI cutoffs of 5, 15, and 30. The RDI data were 
compared for linemen and non-linemen. The association of the 
various anthropometric measures with SDB was examined us-
ing linear and logistic regression. The RDI was log transformed 
for linear regression analysis and was categorized as the pres-
ence or absence of SDB (RDI ≥ 5) for logistic regression. An-
thropometric measures used included weight, BMI, body fat 
percentage, neck and waist circumference, and waist-to-hip ra-
tio. All models were age- and race- adjusted with single predic-
tor variables listed above.

The association of SDB with cardiovascular risk factors 
was examined using linear and logistic regression. The systolic 
blood pressure, presence of hypertension (defined as systolic 
blood pressure ≥ 140 mm Hg and/or diastolic blood pressure ≥ 
90 mm Hg) or prehypertension (defined as systolic blood pres-
sure ≥ 120 ≤ 139 mm Hg and /or diastolic blood pressure ≥ 80 
≤ 89 mm Hg), fasting glucose concentrations, and cholesterol 
concentrations were used as outcome variables in multivariable 
adjusted models. All analyses were performed using R statisti-
cal software version 2.9.0.19

RESULTS
Players grouped by position category showed significant 

anthropometric differences, with linemen being generally 
larger, as expected. Table 1 shows significant differences in 
height, weight, BMI, body fat percentage, and waist and 
neck circumference for linemen compared with non-linemen. 
There were no significant differences in cardiovascular risk 
factors, with the exception of higher diastolic blood pressure 
in the linemen. There was a 17.5% (95% CI, 11.6%-24.9%) 
prevalence of hypertension in the sleep cohort, with an ad-
ditional 67.9% (95% CI, 59.4%-75.6%) of players defined as 
prehypertensive. 

The sleep questionnaire revealed that snoring was report-
ed by 100% (95% CI, 97.7%-100%) of players, and this was 
reported more than 3 or 4 nights a week in 35.8% (95% CI, 
28.4%-43.8%) of players. Observed apneas were reported by 
23.9% (95%CI, 17.5%-31.2%) of respondents. The same per-
centage reported excessive daytime sleepiness. The median (in-
terquartile range) total sleep time was 7 (6, 7.5) hours.

Table 2 displays the severity of SDB present for of the 
overall cohort and by position category. At least mild SDB 
(RDI of ≥ 5) was present in 19% (95% CI, 12.8%-26.6%) of 
the total population. Moderate to severe SDB (RDI ≥ 15) was 
found in 4.4% (95% CI, 1.6%-9.2%) of players. There were 
no significant differences between linemen and non-linemen. 
The mean value of the RDI for the cohort was 4.7 ± 12, with 
a median value of 2. The 25th, 50th, and 75th percentiles for 
the RDI, total apneas, and total hypopneas are also depicted 
in Table 2. 

Table 3 displays the β-coefficients for 6 individual, age- 
and race-adjusted linear models using the different anthro-
pometric measures and the transformed RDI. No single 
anthropometric measure was highly associated with the RDI. 
All measures were positively associated with SDB, but the 
associations were of small magnitude and not statistically 
significant. When used as an independent variable, the RDI 
was not significantly associated with systolic blood pressure 

Table 1—Demographic, anthropometric, and cardiovascular risk 
characteristics of study population. Participants grouped by position 
category.

Characteristic

Subjects

P 
Valuea

All 
(n = 137)

Linemen
(n = 46)

Non-
linemen
(n = 91)

Race 0.43
Black 61 (44.5) 17 (37.0) 44 (48.4)
White 69 (50.4) 26 (56.5) 43 (47.3)
Other 7 (5.1) 3 (6.5) 4 (4.4)

Age, y 27 ± 3 27 ± 3 27 ± 3 0.39
Height, cm 189 ± 7 193 ± 5 187 ± 6 < 0.001
Weight, kg 117 ± 20 140 ± 8 105 ± 13 < 0.001
BMI, kg/m2 32.4 ± 4 37.3 ± 2.6 30.0 ± 3.0 < 0.001
Body fat, % 17.9 ± 6.6 24.7 ± 3.3 14.3 ± 4.9 < 0.001
Waist, cm 101 ± 14 116 ± 12 94 ± 8 < 0.001
Neck, cm 44.5 ± 3.3 47.4 ± 2.5 43.0 ± 2.6 < 0.001
BP, mm Hg

Systolic 129 ± 11 131 ± 11 128 ± 10 0.12
Diastolic 77 ± 8 79 ± 9 75 ± 7 0.006

Use of BP medication 1 (0.7) 1 (2.2) 0 0.34
Hypertension 24 (17.5) 9 (19.6) 15 (16.5) 0.37
Prehypertension 93 (67.8) 31 (67.4) 62 (68.1) 0.50
NSAID use 27 (19.7) 8 (17.4) 19 (20.9) 0.82
Fasting glucose, mg/dL 86 ± 12 89 ± 14 85 ± 11 0.008
LDL, mg/dL 111 ± 28 116 ± 34 109 ± 25 0.31
HDL, mg/Dl 47 ± 12 43 ± 11 49 ± 12 0.005

Values listed are number (%) for categorical variables or means ± SD 
for continuous variables. aComparison of linemen with non-linemen. 
The Wilcoxon rank sum test was used for continuous variable; Fisher 
exact test for binary variables. Only 128 observations were available for 
body fat. BMI refers to body mass index; BP, blood pressure; NSAID, 
nonsteroidal antiinflammatory drugs; LDL, low-density lipoprotein; HDL, 
high-density lipoprotein.
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in fewer than 5% of players, despite markedly 
elevated BMI, as well as universal self-reported 
snoring. Epidemiologic studies have shown that 
excess weight, evidenced by increased BMI, con-
tributes to the increased prevalence and sever-
ity of SDB.10,11,20 In this population with variable 
body composition, the BMI and body fat percent-
age were similarly associated with SDB. 

Although no age- and BMI-matched com-
munity cohort is available for comparison, this 
prevalence appears to be in line with estimates of 
what would be predicted by the participants’ BMI 
distribution, allowing for differences in measure-
ment and uncertainty in this age group.21,22 Bix-
ler and colleagues estimated the prevalence of an 
AHI of at least 5 in a community-derived cohort 
of men aged 20 to 39 years to be 7.9% (95% CI 
5.0%, 12.1%). But, without knowing the true BMI 
distribution of their cohort studied, it is impossi-
ble to compare the 2. In a single-team study, with 
players from high (n = 38) and low (n = 14) risk 
for having sleep apnea, George and colleagues 
estimated the cross-sectional NFL prevalence of 
an AHI of at least 10 to be 14% (95% CI, 2%-
25%).12 In this 6-team sample of 137 individuals, 
we found the prevalence at that cutoff (RDI ≥ 10) 
to be 8% (95% CI, 4.1%-13.9%).

The lack of a stronger association for body fat 
percentage with SDB is of particular interest given the belief 
that, in many of these athletes, BMI is a poor surrogate for body 
composition.15 Unlike what was hypothesized, body fat percent-
age was not more highly associated with SDB than BMI in a 
population in which BMI may be misleading. There also was 
no apparent difference in the prevalence or severity of SDB 
between linemen and non-linemen, despite striking differences 
in body composition. This is in contrast with the prior study 
in which the high-risk group had a prevalence of SDB of 34% 
compared with 7% in the low- risk group.12 It should be noted 
that, in this population, the smaller non-linemen still had a mean 
BMI of 30, a level associated with significant SDB in men.

Because the cohort had a high prevalence of hypertension 
and prehypertension, an important question was whether or not 
SDB was contributing to this burden of disease. In this analysis, 
SDB was unable to account for the elevations of the systolic 
blood pressure and the presence of hypertension or prehyperten-
sion. These differences, with respect to the general population, 
may be a result of higher weight and other mediators, such as 
strength training and nonsteroidal antiinflammatory use. There 
also was no cross-sectional correlation between the presence or 
severity of SDB and important metabolic parameters, including 
fasting glucose, low-density lipoprotein, or high-density lipo-
protein concentrations. At the position level, differences were 
noted in diastolic blood pressure, high-density lipoprotein con-
centration, and fasting glucose concentrations between linemen 
and non-linemen. This likely represents an obesity effect and is 
similar to the findings of Miller and colleagues in retired NFL 
players.2

This current study has several important limitations. The 
study sample was biased toward players likely to report sig-

or the presence of hypertension or prehypertension (Appen-
dix E—see online supplement at www.journalsleep.org). The 
RDI was not well correlated with fasting glucose, high-densi-
ty lipoprotein, or low-density lipoprotein concentrations.

DISCUSSION
This cross-sectional evaluation with portable sleep-apnea 

monitoring in active NFL players found a modest prevalence 
of SDB, which was predominately mild. In all, 19% of active 
players had abnormal studies, with at least mild SDB, defined 
as an RDI ≥ 5. Moderate to severe SDB (RDI ≥ 15) was seen 

Table 2—Prevalence and standard metrics of sleep disordered breathing among linemen 
and non-linemen

Characteristic

Subjects

All (n = 137)
Linemen 
(n = 46)

Non-linemen 
(n = 91)

P 
Valuea

SDB status, number (%)b 0.63
None 111 (81) 36 (78.3) 75 (82.4)
Mild 20 (14.6) 9 (19.6) 11 (12.1)
Moderate 3 (2.2) 0 3 (3.3)
Severe 3 (2.2) 1 (2.2) 2 (2.2)

RDI 0.75
Median (25th percentile, 75th percentile) 2 (1,4) 2 (1,4) 2 (1,4)
Mean ± SD 4.7 ± 12 5.4 ± 15 4.4 ± 11

Total Apneas, no. 0.41
Median (25th percentile, 75th percentile) 1 (0,3) 1 (0,3) 2 (0,3)
Mean ± SD 6.7 ± 34 7.6 ± 36 6.3 ± 34

Total Hypopneas, no. 0.72
Median (25th percentile, 75th percentile) 9 (4,14) 9 (4,14) 7 (4,14)
Mean ± SD 13 ± 17 15 ± 18 13 ± 17

RDI refers to respiratory disturbance index.
aTest for significant difference between linemen and non-linemen was a Mantel-Haenszel χ² 
test of linear-by-linear association.
bSleep disordered breathing (SDB) status was determined based on respiratory disturbance 
index (RDI): none, RDI < 5; mild, RDI 5-14; moderate, RDI 15-29; severe, RDI > 29.

Table 3—Linear regression models for anthropometric associations with 
the respiratory disturbance index 

Variable β coefficient (n = 137)a P Value
Weight (10 lb) 0.02b 0.15
BMI (kg/m2) 0.03 0.11
Body fat, (%) 0.02 0.13
Neck (cm) 0.01 0.80
Waist (cm) 0.01 0.13
Waist:hip (10-1) 0.01 0.28

Age- and race-adjusted estimates of the effect of each measure of body 
size on ln(respiratory disturbance index [RDI]+1). 
aSample sizes were smaller for neck circumference, body fat percentage, 
waist circumference, and waist-to-hip ratio due to missing data. 
bBecause of the properties of the natural logarithm, this corresponds to 
an approximate 2% greater change in RDI per ± 10-pound difference in 
weight (and analogously for the other predictors).
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nificant snoring. This study also used a single-channel, por-
table sleep-apnea monitor in an unattended home study. This 
posed 2 problems in the measurement of SDB. The first is that 
the ability to define hypopneas relies solely on airflow. Given 
that the majority of events measured were hypopneas, the ad-
dition of a desaturation threshold may have added precision 
to this measurement. This is particularly important in defining 
SDB metrics for correlation ���������������������������������with����������������������������� cardiovascular disease, giv-
en recently published literature.23 The device is well validated 
though, without systemic bias in the mild to moderate range of 
SDB, although it does tend to mildly underestimate the AHI 
with more severe SDB (AHI ≥ 30).16 This would have little ef-
fect on the cohort’s overall prevalence of SDB.

The second issue encountered with home-based portable 
monitoring in this study was missing data. Because the moni-
toring involved a single channel, loss of the airflow signal led 
to inadequate data collection in 22 of the 159 individuals who 
consented to participate in the home-based sleep evaluation. 
This was further augmented by the fact that this study was un-
derpowered for full analysis. In addition, the failure rate with 
portable monitoring in this study was 13.8%, which is equiva-
lent to the failure rate of those selected for polysomnography 
in the prior NFL evaluation (13.3%).12 Last, in addition to the 
lack of a control group, all comparisons with other populations 
made in this manuscript are with polysomnographic data and 
therefore are limited by issues of different measurements.

SDB is more prevalent in active veteran NFL players than 
age-matched, but not weight-matched, historical cohorts. Sur-
prisingly, body fat percentage was not more closely associated 
with SDB than was BMI. Despite their large size, these players 
had favorable metabolic profiles, suggesting a protective effect 
of exercise. The higher prevalence of hypertension and prehy-
pertension was not explained by SDB. Education and careful 
monitoring of weight and blood pressure will be essential to 
offset long-term cardiovascular risk. It is challenging to treat 
mild OSA, and the long-term consequences of SDB are cur-
rently uncertain.24 Further longitudinal study is required to de-
fine the risk of SDB in this young and special population, given 
the understanding that SDB generally increases in prevalence 
and severity with time.25
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Appendix B—Demographic and other characteristics by overnight sleep-testing group 

Characteristic 
Sleep testing (n = 159) No sleep testing  (n = 345) Total (n = 504) P ValueaRace

Black 74 (46.5) 213 (61.7) 287 (56.9) 0.001
White 77 (48.4) 109 (31.6) 186 (36.9) 0.001
Other 8 (5) 23 (6.7) 31 (6.2) 0.001

Age, y 27 ± 3 27 ± 3 27 ± 3 0.41
Height, in. 75 ± 3 74 ± 3 74 ± 3 0.03
Weight, lbs. 256 ± 44 251 ± 51 252 ± 49 0.13
BMI, kg/m2 32 ± 4 32 ± 5 32 ± 5 0.22
Body fat, %b 18 ± 7 17 ± 8 17 ± 7 0.17
Neck, cm 45 ± 3 44 ± 3 44 ± 3 0.03
BP, mm Hg

Systolic 129 ± 11 126 ± 11 127 ± 11 0.01
Diastolic 77 ± 8 75 ± 8 76 ± 8 0.11

BP meds 1 (0.6) 6 (1.7) 7 (1.4) 0.44
Hypertension 29 (18.4) 42 (13) 71 (14.8) 0.13
Prehypertension 102 (67.1) 203 (61.7) 305 (63.4) 0.26
NSAID use 32 (20.1) 68 (19.7) 100 (19.8) 0.90

Data are presented as number (%) or mean ± SD.  Denominators for percentages vary somewhat across rows due to missing data. BMI refers to body mass 
index; BP, blood pressure; NSAID, nonsteroidal antiinflammatory drugs.
aWilcoxon-Mann-Whitney test for continuous variables; Fisher exact test for binary variables; bBody-fat percentage was calculated using the Brozek formula.

Appendix A—Sleep questionnaire

1. Do you snore?
    1 □ Yes
    2 □ No (Skip to #6)
    3 □ I don’t know (Skip to #6)

If you snore:
2. Your snoring is:
    1 □ Slightly louder than breathing	
    2 □ As loud as talking 	
    3 □ Louder than talking	
    4 □ Very loud – can be heard in adjacent rooms

3. How often do you snore?
    1 □ Nearly every day
    2 □ 3 to 4 nights per week 	
    3 □ 1 to 2 nights per week	
    4 □ 1 to 2 nights per month
    5 □ Never or nearly never

4. Has your snoring ever bothered other people?
    1 □ Yes
    2 □ No/I don’t know  	

5. Has anyone noticed that you quit breathing during your sleep?
    1 □ Nearly every day
    2 □ 3 to 4 times a week
    3 □ 1 to 2 times a week
    4 □ 1 to 2 times a month
    5 □ Never or nearly never

6. How often do you feel tired or fatigued after your sleep?
    1 □ Nearly every day
    2 □ 3 to 4 times a week
    3 □ 1 to 2 times a week
    4 □ 1 to 2 times a month
    5 □ Never or nearly never

7. During your waking time, do you feel tired, fatigued or not up to par?
    1 □ Nearly every day
    2 □ 3 to 4 times a week
    3 □ 1 to 2 times a week
    4 □ 1 to 2 times a month
    5 □ Never or nearly never

8. Have you ever nodded off or fallen asleep while driving a vehicle?
    1 □ Yes
    2 □ No/I don’t know 

9. If YES, How often does this occur?
    1 □ Nearly every day
    2 □ 3 to 4 times a week
    3 □ 1 to 2 times a week
    4 □ 1 to 2 times a month
    5 □ Never or nearly never

10. During the past month, how many hours of actual sleep each 
night did you get? (This may be different than the number of hours you 
spend in bed.) 
    _____ hours of sleep each night
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Appendix C—Demographic and other characteristics for those offered in-home sleep testinga  
Characteristic 

Accepted (n =159) Declined (n=80) Total (n=239) P ValueaRace
Black 74 (58.3) 53 (41.7) 127 (53.1) 0.01
White 77 (77) 23 (23) 100 (41.8) 0.01
Other 8 (66.7) 4 (33.3) 12 (5) 0.01

Age, y 27 ± 3 26 ± 3 27 ± 3 0.02
Height, in. 191 ± 8 188 ± 8 188 ± 8 0.04
Weight, lbs. 116 ± 20 110 ± 24 115 ± 21 0.02
BMI, kg/m2 32 ± 4 31 ± 5 32 ± 5 0.02
Body fat, %b 18 ± 7 16 ± 8 17 ± 7 0.05
Neck, cm 45 ± 3 44 ± 3 44 ± 3 0.35
BP, mm Hg

Systolic 129 ± 11 128 ± 10 129 ± 11 0.33
Diastolic 77 ± 8 76 ± 8 76 ± 8 0.58

BP meds 1 (0.6) 2 (2.5) 3 (1.3) 0.26
Hypertension 29 (18.4) 7 (10.1) 36 (15.9) 0.17
Prehypertension 106 (67.1) 50 (72.5) 156 (68.7) 0.44
NSAID use 32 (20.1) 15 (18.8) 47 (19.7) 0.86

Data are presented as number (%) or mean ± SD. Denominators for percentages vary somewhat across rows due to missing data. BMI refers to body mass 
index; BP, blood pressure; NSAID, nonsteroidal antiinflammatory drugs.
aWilcoxon-Mann-Whitney test for continuous variables; Fisher exact test for binary variables.
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Appendix D—Sleep questionnaire responses by overnight sleep-testing group 

Question

Sleep 
testing 

(n = 159)

No sleep 
testing 
(n = 80)

Total 
(n = 239) P value

1. Do you snore?
Yes 156 (100) 79 (100) 235 (100)

1aNo (skip to Q6) 0 0 0
I don’t know (skip to Q6) 0 0 0

If you snore:
2. Your snoring is: 

Slightly louder than 
breathing	 44 (46.8) 24 (63.2) 68 (51.5)

0.02bAs loud as talking 	 30 (31.9) 12 (31.6) 42 (31.8)
Louder than talking	 12 (12.8) 2 (5.3) 14 (10.6)
Very loud – can be heard 
in adjacent rooms               8 (8.5) 0 (0) 8 (6.1)

3. How often do you snore?
Nearly every day 29 (29.3) 8 (21.1) 37 (27)

0.86b

3 to 4 nights per week 28 (28.3) 14 (36.8) 42 (30.7)
1 to 2 nights per week 26 (26.3) 12 (31.6) 38 (27.7)
1 to 2 nights per month 10 (10.1) 4 (10.5) 14 (10.2)
Never or nearly never 6 (6.1) 0 (0) 6 (4.4)

4. Has your snoring ever bothered other people?
Yes 76 (75.2) 19 (48.7) 95 (67.9)

0.003a

No/I don’t know  25 (24.8) 20 (51.3) 45 (32.1)
5. Has anyone noticed that you quit breathing during your sleep?

Nearly every day 13 (13) 3 (7.9) 16 (11.6)

0.30a

3 to 4 times a week 5 (5) 3 (7.9) 8 (5.8)
1 to 2 times a week 12 (12) 1 (2.6) 13 (9.4)
1 to 2 times a month 8 (8) 4 (10.5) 12 (8.7)
Never or nearly never 62 (62) 27 (71.1) 89 (64.5)

Question

Sleep 
testing 

(n = 159)

No sleep 
testing 
(n = 80)

Total 
(n = 239) P value

6. How often do you feel tired or fatigued after your sleep?
Nearly every day 16 (10.3) 12 (15.8) 28 (12.1)

0.45b

3 to 4 times a week 27 (17.4) 6 (7.9) 33 (14.3)
1 to 2 times a week 50 (32.3) 22 (28.9) 72 (31.2)
1 to 2 times a month 42 (27.1) 21 (27.6) 63 (27.3)
Never or nearly never 20 (12.9) 15 (19.7) 35 (15.2)

7. During your waking time, do you feel tired, fatigued or not up to par?
Nearly every day 17 (11) 10 (13) 27 (11.7)

0.91b

3 to 4 times a week 21 (13.6) 10 (13) 31 (13.4)
1 to 2 times a week 43 (27.9) 21 (27.3) 64 (27.7)
1 to 2 times a month 48 (31.2) 19 (24.7) 67 (29)
Never or nearly never 25 (16.2) 17 (22.1) 42 (18.2)

8. Have you ever nodded off or fallen asleep while driving a vehicle?
Yes 156 (100) 77 (100) 233 (100)

1a

No/I don’t know 0 0 0
9. If YES, How often does this occur? 

Nearly every day 3 (4.7) 2 (6.9) 5 (5.4)

0.91b

3 to 4 times a week 0 0 0
1 to 2 times a week 5 (7.8) 0 5 (5.4)
1 to 2 times a month 15 (23.4) 8 (27.6) 23 (24.7)
Never or nearly never 41 (64.1) 19 (65.5) 60 (64.5)

10. During the past month, how many hours of actual sleep each night
did you get? 7 (6-7.5) 7 (6-7.5) 7 (6-7.5) 0.56c

Data are presented as number (%), except question #10, which is median 
(interquartile range).  Denominators vary across rows due to missing data.
aPearson χ² test.		
bMantel-Haenszel χ² test of linear-by-linear association.	
cWilcoxon-Mann-Whitney test.
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Appendix E—Linear/logistic model predictions of blood pressure and lipid and glucose concentrations from RDI

Outcome Estimate (coefficient or OR) 95% CI P Value
Hypertensiona 1.10 0.62, 1.97 0.74
Prehypertensiona 0.93 0.58, 1.49 0.77
SBP, mmHgb 0.42 -1.91, 2.74 0.72
Glucose ≥ 126 mg/dL	a	 2.43 0.62, 9.52 0.20
Glucose, mg/dLb 0.20 -2.92, 3.32 0.90
Triglycerides ≥ 150 mg/dLa 0.82 0.37, 1.82 0.63
Triglycerides, mg/dLb -12.3 -27.5, 2.94 0.12
LDL ≥ 160 mg/dLa 1.02 0.26, 3.94 0.98
LDL, mg/dLb 0.97 -6.14, 8.07 0.79
HDL < 40 mg/dLa 0.99 0.58, 1.70 0.98
HDL, mg/dLb 1.67 -0.82, 4.17 0.19
Total cholesterol ≥ 240 mg/dLa 0.74 0.27, 2.02 0.56
Total cholesterol, mg/dLb 0.59 -6.99, 8.16 0.88

Age, race, body mass index (BMI), and nonsteroidal antiinflammatory drugs (NSAID) use are adjusted estimates of 
the effects of ln(respiratory disturbance index [RDI]+1) on cardiovascular risk factor outcomes, from linear and logistic 
regression models. OR refers to odds ratio; CI, confidence interval; SBP, systolic blood pressure; LDL, low-density 
lipoprotein; HDL, high-density lipoprotein.
aBinary variable; bContinuous variable.


