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Study Objectives: Sleep apnea has been implicated as 
an independent risk factor for atherosclerotic coronary ar-
tery disease (CAD). An association between the severity 
of sleep apnea and total cholesterol levels has previously 
been reported. However, the association with small dense 
low density lipoprotein (LDL) cholesterol concentration (sub-
class B), one of the strongest predictors of atherosclerosis, 
is unknown. We examined the relationship between sleep 
apnea and LDL subclass B, considering body size.
Methods: This is a cross-sectional observational cohort 
of participants enrolled in a cardiovascular health study. 
Sleep apnea was assessed with a validated portable mon-
itor. Lipid panels included total cholesterol, triglycerides, 
high density lipoprotein cholesterol, LDL cholesterol, and 
LDL subclasses A, B, and A/B. Sleep apnea was analyzed 
categorically using the apnea hypopnea index (AHI).
Results: A total of 519 participants were evaluated. 
Mean age was 58.7 ± 7.4 years; BMI was 29.6 ± 5.7; 
65% were female; 59% were Caucasian, and 37% were 

African American. Among participants with abnormal waist 
circumference by ATP III criteria, moderate to severe 
sleep apnea (AHI ≥ 25) was not independently associated 
with LDL subclass B. In contrast, among participants with 
normal waist circumference, moderate to severe sleep 
apnea was associated with 4.5-fold odds of having LDL 
subclass B.
Conclusions: Sleep apnea is independently associated with 
an atherogenic phenotype (LDL subclass B) in non-obese 
individuals. The association between sleep apnea and LDL 
subclass B in those with normal waist circumference may 
account, in part, for the increased risk of atherosclerosis and 
subsequent vascular events.
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Sleep apnea has been implicated as an independent risk 
factor for atherosclerotic coronary artery disease (CAD), 

stroke, and myocardial infarction.1-3 An association between 
the severity of sleep apnea and traditional lipid levels has pre-
viously been reported.4,5 Small, dense low-density lipoprotein 
cholesterol concentration (LDL subclass B), is an emerging 
strong risk factor for atherosclerosis.6 The relationship be-
tween LDL subclass B and sleep apnea has not previously 
been examined.

We hypothesized that sleep apnea would be associated 
with an atherogenic lipoprotein phenotype, i.e., LDL sub-
class B, in a community cohort. Our secondary hypothesis 
was that the effects would be stronger among those who had 
a normal waist circumference relative to those with an in-
creased waist circumference. We anticipated that the effect 
of sleep apnea would be masked or minimized among those 
with increased waist circumference due to the known effects 
of obesity on lipid profi les.7 Data were stratifi ed by waist cir-
cumference as opposed to body mass index (BMI) because 
of the better correlation of waist circumference to visceral 
obesity than BMI.8,9

METHODS

Study Population
Participants were recruited from a community-based par-

ticipatory research program, Heart Strategies Concentrating On 
Risk Evaluation (Heart SCORE) designed to examine the dif-
ferential effects of race and gender on cardiovascular risk in 
2,000 participants, with approximately equal representation of 
blacks and whites.

BRIEF SUMMARY
Current knowledge/Study Rationale: Sleep apnea is known to be as-
sociated with atherosclerotic risk. In order to better understand this risk 
in a community cohort, we examined the relationship of sleep apnea to a 
known risk factor for atherosclerosis – low density lipoprotein cholesterol 
(LDL) subclass B.
Study Impact: The atherogenic phenotype LDL subclass B may be an 
important modifi able therapeutic target in sleep apnea patients. Further 
research is needed to assess the impact of sleep apnea treatment on 
LDL subclass B and subsequent atherosclerosis.
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tween > 30% and < 80% from baseline for ≥ 10 seconds. Sleep 
apnea was analyzed categorically using the apnea-hypopnea in-
dex (AHI): 0-4, 5-9, 10-14, 15-24, and ≥ 25 events/hour.

Statistical Analysis
The Wilcoxon Rank Sum test was used to compare the 

distribution of AHI scores between participants with normal 
versus abnormal waist circumference. Using AHI scores cat-
egorized into 5 groups (0-4, 5-9, 10-14, 15-24, ≥ 25), baseline 
demographic and clinical characteristics were compared by 
linear tests of trend. This included contrast statements within 
general linear models for continuous variables and the Mantel-
Haenszel χ2 test for trend. To evaluate the independent rela-
tionship between AHI scores (continuous) and lipids, multiple 
linear regression analysis was used to estimate partial correla-
tion coefficients. To estimate the independent relationship be-
tween AHI scores (categorized) and presence versus absence 
of LDL subclass B, logistic regression analysis was used. In 
both multivariable analyses, covariates selected for adjustment 
included those associated with AHI scores and/or considered 
to be biologically relevant. The statistical interaction between 
waist circumference (normal versus abnormal) and AHI score 
(categorized) was tested (p = 0.07). Since the interaction was 
not significant, analyses were stratified by normal versus abnor-
mal waist circumference (normal waist circumference < 88 cm 
for females and < 102 cm for males). Stratified analyses using 
BMI < 30 versus ≥ 30 resulted in similar estimates to normal 
versus abnormal waist circumference, and are not presented 
herein. All analyses were performed using the SAS System, 
version 9.0 (SAS Institute, Cary, NC).

RESULTS

Baseline Characteristics
The mean age of the study population was 58.7 ± 7.4 years, 

and BMI was 29.6 ± 5.7 (Table 1). The participants were pri-
marily females (65%), with more Caucasians (59%) than Afri-
can Americans (37%) in the population. Factors associated with 
higher AHI scores included older age, male gender, higher body 
mass (kg/m2) and systolic blood pressure (mm Hg), lower HDL 
cholesterol (mg/dL), and presence of the metabolic syndrome 
or diabetes. Despite 26% of the population having AHI scores 
indicative of moderate to severe sleep apnea, only 6% of the 
participants reported being diagnosed with any sleep disorder.

Distribution of AHI Scores
The mean AHI score was 11.4 ± 11.7, and 26% had moder-

ate to severe sleep apnea as defined by an AHI ≥ 15. Based on 
Adult Treatment Panel III (ATP 3) criteria for waist circum-
ference, there was only a nominal trend, indicating that par-
ticipants with abdominal obesity had higher AHI scores than 
with normal waist circumference (11.6 ± 11.4 versus 11.3 ± 
12.1, p = 0.07). This trend was similar in males and females 
(Figures 1 and 2).

Sleep Apnea and Traditional Lipid Levels
In multivariable analysis adjusting for age, gender, race, 

smoking status, blood pressure, BMI, and statin use, lipid lev-

Eligibility criteria included age 45 to 75 years, residence 
in the greater Pittsburgh metropolitan area, ability to undergo 
baseline and annual follow-up visits, and absence of known co-
morbidity expected to limit life expectancy to < 5 years. The 
present analysis is based on 519 participants enrolled in Heart 
SCORE who participated in a substudy protocol to assess sleep 
apnea using a portable monitor. Participants in this substudy 
were not substantially different from participants in the larger 
study with regards to cardiac and metabolic risk (see  Table S1 
in the supplement). The design of the study was cross-sectional 
and observational. The institutional review board at the Univer-
sity of Pittsburgh Medical Center approved the study protocol, 
and all study participants provided written informed consent.

Data Collection
Detailed demographic and medical histories were collected 

at the baseline visit. Race and ethnicity were self-reported. A 
medical history included inquiries about a history of previously 
diagnosed hypertension, hyperlipidemia, and diabetes mel-
litus, as well as current medications. Lifestyle characteristics 
including smoking history, as defined by current or former (> 6 
months ago) cigarette use, and use of alcohol were measured by 
self-developed questionnaires. Physical activity was assessed 
by the Lipid Research Clinics Questionnaire.10 Physical exami-
nation included measurement of vital signs and anthropometric 
measures of body fat distribution, including waist circumfer-
ence and waist-to-hip ratio.11 Height and weight were measured 
to calculate BMI.

Hypertension was defined as either a systolic blood pressure 
≥ 140 mm Hg or use of antihypertensive medications. Diabe-
tes mellitus was defined as fasting glucose > 126 mg/dL or a 
history of previously diagnosed diabetes treated with diet, oral 
agents, and/or insulin. The metabolic syndrome and individual 
component abnormalities were defined according to criteria 
established by the National Cholesterol Education Program.12 
This included abnormal waist circumference, defined as ≥ 88 
cm for females and ≥ 102 cm for males.

Lipid Testing
Lipid panels included measurement of total cholesterol, 

triglycerides, high-density lipoprotein cholesterol, and low-
density lipoprotein cholesterol (calculated). Laboratory assess-
ment of lipoprotein levels and particle sizes was performed on 
venous blood drawn in the fasting state. Lipid levels and lipo-
protein particle sub-fractions were quantified by a commercial 
laboratory using a vertical auto profile technique (VAP, Ath-
erotech, Birmingham, AL).13,14 These samples were also labeled 
as patterns A, A/B, and B according to LDL max time value, 
which increases as the density of LDL peak increases.14 LDL 
max times of LDL patterns are as follows: LDL pattern B, ≤ 115 
seconds; LDL pattern A, ≥ 118 seconds; and LDL pattern A/B, 
between 115 and 118 seconds.

Evaluation of Sleep Apnea
Sleep apnea was assessed with a previously validated por-

table monitor that measures airflow and snoring via a nasal 
pressure signal (ApneaLink, ResMed Corp).15,16 An apnea was 
defined as a decrease in airflow of ≥ 80% from baseline for ≥ 10 
seconds. A hypopnea was defined as a decrease in airflow be-
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cally, 61% of participants with AHI ≥ 25 had LDL subclass B, 
compared to only 25% of those with AHI ≤ 4 (p < 0.0001) in 
unadjusted analyses. However, the relationship between AHI 
score and LDL subclass B differed substantially by waist cir-
cumference. Among participants with abnormal elevated waist 
circumference, there was a nonsignificant trend of higher 
AHI scores being associated with LDL subclass B. In con-
trast, among participants with normal waist circumference, a 
threshold value of AHI ≥ 25 greatly increased the probability 
of having LDL subclass B (71% of all participants). In both 

els were not independently associated with AHI scores: total 
cholesterol (r = −0.01, p = 0.96), LDL cholesterol (r = 0.00, 
p = 0.99), HDL cholesterol (r = −0.02, p = 0.69), and triglycer-
ides (log transformed) (r = 0.04, p = 0.40). Similar results were 
observed in analyses stratified by normal versus abnormal waist 
circumference (data not shown).

Sleep Apnea and LDL Subclass B
The percentage of participants with LDL subclass B var-

ied significantly in relation to AHI score (Figure 3). Specifi-

Table 1—Baseline characteristics of study cohort by AHI score*

Baseline Characteristic

All 
Participants

AHI Score

p-trend
0 to 4 5 to 9 10 to 14 15 to 24 25 or more

(n = 519) (n = 166) (n = 138) (n = 78) (n = 75) (n = 62)
Age (years) 58.7 ± 7.4 56.8 ± 7.3 58.3 ± 7.3 59.0 ± 7.3 59.7 ± 6.9 62.9 ± 6.6 < 0.0001
Race 0.92

White 58.8% 57.2% 58.7% 59.0% 61.3% 59.7%
Black 37.4% 39.2% 38.4% 38.5% 33.3% 33.9%
Other 3.8% 3.6% 2.9% 2.6% 5.3% 6.4%

Female gender 64.7% 75.9% 68.8% 71.8% 48.0% 37.1% < 0.0001
Smoking status 0.96

Current smoker 7.9% 8.4% 8.7% 5.1% 8.0% 8.1%
Former smoker 40.3% 33.7% 49.3% 43.6% 33.3% 41.9%
Never smoker 51.8% 57.8% 42.0% 51.3% 58.7% 50.0%

Body mass index (kg/m2) 29.6 ± 5.7 28.2 ± 5.7 29.6 ± 5.1 30.9 ± 5.3 30.6 ± 6.8 30.6 ± 5.1 0.002
Systolic blood pressure (mm Hg) 136 ± 19 132 ± 20 136 ± 19 137 ± 18 139 ± 19 140 ± 19 0.004
Diastolic blood pressure (mm Hg) 81 ± 11 79 ± 10 81 ± 10 83 ± 10 84 ± 11 82 ± 12 0.03
Resting pulse (per minute) 62 ± 10 61 ± 10 62 ± 9 64 ± 9 63 ± 12 61 ± 9 0.74
Pulse pressure (mm Hg) 55 ± 14 53 ± 15 55 ± 14 55 ± 15 55 ± 14 58 ± 13 0.03
History of hyperlipidemia 46.7% 42.9% 44.9% 53.9% 48.0% 50.0% 0.20
Total cholesterol (mg/dL) 215 ± 42 220 ± 42 214 ± 39 219 ± 44 207 ± 37 208 ± 49 0.03
LDL cholesterol (mg/dL) 143 ± 35 146 ± 35 141 ± 33 148 ± 41 139 ± 31 141 ± 40 0.32
HDL cholesterol (mg/dL) 58 ± 15 62 ± 17 60 ± 14 57 ± 15 54 ± 13 53 ± 14 < 0.0001
Triglycerides (mg/dL) 122 ± 80 118 ± 82 112 ± 67 136 ± 111 129 ± 61 131 ± 71 0.01**
Glucose (mg/dL) 97 ± 22 96 ± 19 97 ± 24 102 ± 28 94 ± 15 99 ± 17 0.47**
ATP3 criteria (% abnormal)

Waist circumference 50.5% 41.1% 52.2% 68.8% 54.9% 43.6% 0.14
Triglycerides 26.6% 25.2% 19.6% 29.5% 34.7% 32.3% 0.05
HDL cholesterol 18.4% 18.4% 11.6% 25.6% 20.0% 22.6% 0.19
Blood pressure 64.1% 52.4% 60.9% 73.1% 73.0% 80.6% < 0.0001
Glucose 14.7% 15.1% 10.9% 18.2% 16.2% 16.4% 0.51

 Metabolic Status (ATP3) 0.002
Normal 70.9% 76.3% 77.9% 61.8% 64.3% 60.7%
Metabolic syndrome 19.6% 17.3% 14.7% 22.4% 27.1% 24.6%
History of diabetes 9.4% 6.4% 7.4% 15.8% 8.6% 14.7%
History diagnosed sleep disorder  6.4% 4.8% 6.5% 2.6% 9.3% 11.3% 0.08

Medications in past 48 hours
Aspirin 34.2% 34.3% 26.8% 34.6% 40.0% 42.6% 0.10
Lipid lowering agent 23.6% 17.5% 23.2% 26.9% 24.0% 36.1% 0.006
Anti-anxiety agent 4.1% 4.2% 4.4% 3.8% 5.3% 1.6% 0.63
Anti-depressant 9.1% 9.0% 8.7% 11.5% 9.3% 6.6% 0.80
Sleep medication 2.9% 3.6% 0.7% 6.4% 2.7% 1.6% 0.83

*Continuous variables presented as mean + SD; categorical variables presented as percentages. **p-value based on log-transformed values. Missing cases 
exist for some variables.
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similar relationship between sleep apnea and LDL subclass B 
(data not shown), although women tended to have less severe 
sleep apnea overall than men in the Heart SCORE cohort.

Consistent results were observed in multivariable analysis 
adjusted for age, gender, race, BMI, smoking status, statin 
use, and abnormal blood pressure per ATP3 criteria (systolic 
blood pressure ≥ 130 mm Hg, diastolic blood pressure ≥ 85 
mm Hg, or use of antihypertensive drug therapy). Specifically, 
among 256 participants with abnormal waist circumference, 
AHI was not independently associated with LDL subclass B 
(Table 2). In contrast, among 255 participants with normal 
waist circumference, AHI ≥ 25 (compared to a score of 0 to 
4) was associated with a 4.5-fold odds of having LDL sub-
class B (adjusted odds ratio = 4.53, 95% confidence interval: 
1.67-12.24, p = 0.003). The formal test of interaction between 
abnormal waist circumference (dichotomous) × AHI ≥ 25 in 
relation to prevalence of LDL subclass B was statistically 
significant (p = 0.02), and was a more sensitive indicator of 
interaction than continuous measures of waist circumference, 
waist-to-hip ratio, and BMI (p = 0.10, 0.83, 0.07, respective-
ly). In aggregate, these data indicate that AHI ≥ 25 is indepen-
dently associated with a substantially elevated risk of having 
proatherogenic LDL subclass B, but only among participants 
with normal waist circumference.

the normal and abnormal waist circumference groups, a greater 
proportion of participants with AHI ≥ 25 had LDL subclass B 
as compared to LDL subclasses A and A/B (normal: 71% vs. 
23% vs. 6%; abnormal: 48% vs. 30% vs. 22%, respectively). 
Analyses conducted separately for men and women showed a 

Waist Circumference
Normal Abnormal All

N 126 52 178
Mean AHI 15.0 17.1 15.6
SD 14.1 13.6 13.9
Median AHI 10.0 14.5 11.0
AHI >15 (%) 39.7 50.0 42.6
AHI >25 (%) 21.4 21.2 21.30.00
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Figure 1—Distribution of apnea-hypopnea index (AHI) scores stratified by waist circumference (ATP3 criteria) for males

For males, abnormal waist circumference: > 102 cm. For females, abnormal waist circumference: > 88 cm.

Waist Circumference
Normal Abnormal All

N 125 204 329
Mean AHI 7.5 10.3 9.3
SD 8.4 10.5 9.8
Median AHI 4.0 7.5 6.0
AHI >15 (%) 14.2 19.2 17.3
AHI >25 (%) 5.5 7.7 6.9

Females

0.00

0.02

0.04

0.06

0.08

0.10

0.12

ke
rn

el 
De

ns
ity

0 10 20 30 40 50 60 70 80 90

p = 0.0002

AHI Score

Abnormal waist circumference
Normal waist circumference

Figure 2—Distribution of apnea hypopnea index (AHI) scores stratified by waist circumference (ATP3 criteria) for females

For females, abnormal waist circumference: > 88 cm.

Figure 3—Percentage of subjects with LDL subclass B 
(atherogenic phenotype) by apnea hypopnea index (AHI) 
score overall and stratified by waist circumference

p < 0.0001 p < 0.0001 p = 0.11
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to increase lipid loading in human macrophages.29 In addition, a 
recent report by Drager et al. has shown in a mouse model that 
chronic intermittent hypoxia inactivates lipoprotein lipase.30 
Lipoprotein lipase deficiency is known to favor production of 
small dense LDL subclass B.31 Finally, in sleep apnea, there 
may be an additional effect of upregulation of cortisol inde-
pendent of obesity, further promoting the production of LDL 
subclass B.32-34

The ability to detect an independent signal attributable 
to sleep apnea alone would be more likely in the non-obese 
sleep apnea population because the known effects of obesi-
ty on lipid profiles that may mask or diminish the effect of 
sleep apnea on LDL subclass B.7 Similar to the observation 
by Harsch and colleagues relative to sleep apnea and insulin 
resistance, we found that the relationship of LDL subclass 
B was strong and only evident in non-obese participants 
(Figure 3 and Table 2).35

The prevalence of moderate sleep apnea (AHI ≥ 15) was 
somewhat surprising at 26% in a cohort of participants who 
self-reported a 6% prevalence of a coexisting sleep disorder.36 
This slightly higher rate than previously reported can probably 
be explained by the methodology used to identify sleep ap-
nea.37,38 In our study, we used nasal pressure without oximetry 
as opposed to a nasal pressure with oximetry to identify apnea 
and hypopnea. Determining the presence of sleep apnea by as-
sessment of nasal pressure alone may be considered a limitation 
of the current study. A direct measure of intermittent hypox-
emia was not assessed with this device. Also, with nasal pres-
sure alone, obstructive apneas could not be discriminated from 
central apneas. However, the portable monitor (ApneaLink, 
ResMed Corp) that we used has been previously validated 
with acceptable performance to identify obstructive sleep ap-
nea.15,16,39 This finding has been corroborated by Ayappa et al., 
who compared nasal pressure alone to full polysomnography in 
and out of the laboratory.40

We controlled for weight in our analyses, including stratifi-
cation by normal versus abnormal waist circumference. Thus, 

DISCUSSION

We have shown that sleep apnea is independently associated 
with an atherogenic phenotype (LDL subclass B) in a diverse 
community cohort. The interaction between sleep apnea and 
LDL subclass B may account, in part, for the increased risk of 
atherosclerosis and subsequent vascular events that are associ-
ated with sleep apnea. However, this association appears to ex-
ist principally among those with a normal waist circumference. 
We chose to present these data stratified by waist circumference 
as opposed to BMI because of the better correlation of waist 
circumference to visceral obesity than BMI.8,9 There was a 
nominal trend indicating that participants with abnormal waist 
circumference had higher AHI scores than those with normal 
waist circumference. Our community-based sample had pri-
marily mild sleep apnea; however, if the sample were enriched 
with more severe sleep apnea, more striking differences in AHI 
scores may have been found. In participants with normal waist 
circumference, the odds of having LDL subclass B were more 
than 4-fold higher among those with moderate to severe sleep 
apnea (AHI ≥ 25).

Despite finding that sleep apnea was associated with an ath-
erogenic LDL subclass, we did not find an association between 
total cholesterol, HDL, or triglycerides and the severity of sleep 
apnea. This was true for all participants and when stratifying the 
analysis by waist circumference or BMI. These null findings are 
compatible with previous reports.17-19 One possible explanation 
for the lack of association between AHI and HDL or triglycer-
ide levels is that our diverse community-based population was 
enriched with African American participants (37%), who as a 
group are known to have high HDL and low triglycerides at 
the same weight as compared to Caucasians.20 An alternate ex-
planation is that the effect of sleep apnea is primarily on LDL 
subclass B, which would not be reflected in measurements of 
traditional lipid levels. Lipid-lowering agents such as niacin and 
fibric acid derivatives can shift lipoprotein particle size through 
their effects on triglycerides.21,22 Since triglycerides and HDL 
cholesterol were not significantly associated with AHI scores in 
both the normal and abnormal waist circumference groups, it is 
unlikely that differences in lipid-lowering medications between 
the groups accounted for our findings.

Dyslipidemia has been attributed to insulin resistance.23 A 
biochemical stress response possibly mediated by intermittent 
hypoxia, up-regulation of sympathetic activity, and oxidative 
stress triggers insulin resistance, which results in increased free 
fatty acids that form LDL.24-26 In the setting of insulin resistance 
and with the counter regulation by cortisol, LDL clearance is 
delayed, favoring the production of LDL subclass B. LDL sub-
class B, as opposed to LDL subclasses A and A/B, is ineffi-
ciently cleared from the circulation, resulting in an increased 
opportunity for oxidation and subsequent development of the 
atherogenic plaque. Clinically, insulin resistance is associated 
with increased LDL subclass B levels.27

It is biologically plausible that sleep apnea and consequent 
intermittent hypoxemia adversely affect LDL metabolism via 
one or more pathways. Li et al. have demonstrated in a mouse 
model that intermittent hypoxia will induce hyperlipidemia via 
sterol regulatory element binding protein (SREBP) 1, a master 
regulator of lipogenesis.28 Intermittent hypoxia has been shown 

Table 2—Logistic regression analysis of adjusted odds 
ratios (OR) of LDL Subclass B in relation to apnea hypopnea 
index (AHI) score stratified by waist circumference

AHI Score (compared to 0 to 4) OR 95% CI p-value
Normal waist 
cm (n = 255)

5 to 9 0.68 (0.30 – 1.57) 0.37
10 to 14 0.74 (0.23 – 2.35) 0.61
15 to 24 1.06 (0.40 – 2.82) 0.90
25 or more 4.53 (1.67 – 12.24) 0.003

AHI Score (compared to 0 to 4) OR 95% CI p-value
Abnormal waist 
cm (n = 256)

5 to 9 1.03 (0.46 – 2.30) 0.93
10 to 14 1.12 (0.48 – 2.61) 0.79
15 to 24 1.48 (0.58 – 3.77) 0.41
25 or more 1.45 (0.49 – 4.28) 0.50

Models were adjusted for age, gender, race, body mass index, smoking 
status, statin use, and abnormal blood pressure per ATP3 criteria (systolic 
blood pressure ≥ 130 mm Hg, diastolic blood pressure ≥ 85 mm Hg, or 
use of antihypertensive drug therapy).
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22. Yuan J, Tsaic MY, Hunninghake DB. Changes in composition and distribution of 
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in apolipoprotein E-deficient mice. Atherosclerosis 2010;209:381-6.
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with obstructive sleep apnoea: effects on atherogenic lipoprotein phenotype. 
Med Hypotheses 2009;73:441-4.

27. Howard BV. Insulin resistance and lipid metabolism. Am J Cardiol 1999;84:28J-
32J.

28. Li J, Thorne LN, Punjabi NM, et al. Intermittent hypoxia induces hyperlipidemia 
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29. Lattimore JD, Wilcox I, Nakhla S, Langenfeld M, Jessup W, Celermajer DS. 
Repetitive hypoxia increases lipid loading in human macrophages-a potentially 
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30. Drager LF, Li J, Shin M, et al. Intermittent hypoxia inhibits clearance of triglycer-
ide-rich lipoproteins and inactivates adipose lipoprotein lipase in a mouse model 
of sleep apnoea. Eur Heart J 2011; Apr 9 Epub ahead of print.
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density lipoprotein size to the lipoprotein lipase gene in heterozygous lipoprotein 
lipase deficiency. Am J Hum Genet 1999;64:608-18.
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weight alone did not explain the relationship with AHI and LDL 
subclass B, although the direct contribution of visceral adipos-
ity as an important covariate21 could not be formally assessed 
in our analysis. Insulin resistance was not measured. However, 
we controlled statistically for multiple components of the meta-
bolic syndrome in our analysis, thereby suggesting that the met-
abolic syndrome or impaired glucose control did not account 
for the elevated LDL subclass B relationship to the severity of 
sleep apnea. In addition, there were slight differences in smok-
ing history, racial distribution, and physical activity levels be-
tween the sub-study population and the Heart SCORE cohort. 
However, since this was a convenience sample, differences in 
demographic and clinical variables would be expected.

In summary, we have shown in a large community sample 
that sleep apnea is common, underdiagnosed (6.4% self-report-
ed the diagnosis of any sleep disorder), and associated with the 
atherogenic phenotype LDL subclass B. The relationship is 
principally evident and strong in non-obese compared to obese 
participants and appears to have a threshold effect, i.e., at AHI > 
25. These results indicate that sleep apnea may be an important 
target for treatment in patients with moderate to severe sleep 
apnea because of the increased risk of atherosclerotic vascular 
disease that has been identified in patients with this severity of 
sleep apnea.1,3 Further research is required to better define the 
relationship of sleep apnea, atherogenic LDL subclass B and 
atherosclerosis, and whether treatment of sleep apnea can fa-
vorably modify the atherogenic phenotype.

ABBREvIATIONS 

CAD, coronary artery disease
LDL subclass B, small, dense low-density lipoprotein 

cholesterol concentration
Heart SCORE, Heart Strategies Concentrating On Risk 

Evaluation
BMI, body mass index
LDL, low density lipoprotein cholesterol
AH, apnea hypopnea index
ATP III, Adult Treatment Panel III
HDL, high-density lipoprotein cholesterol 
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Table S1—Characteristics of the total Heart SCORE sample, participants in sleep apnea sub-study, and the remaining Heart 
SCORE participants

Characteristic
Total

(N = 2000)
Sleep apnea sub-study

(N = 519)
Other Heart SCORE participants

(N = 1481) p-value
Age (years), mean ± SD 59.1±7.5 58.7±7.4 59.2±7.5 0.21

Gender, % 0.76
Male 34.7 35.5 34.5
Female 65.3 64.7 65.5

Race, % 0.04
White 53.9 58.8 52.2
Black 42.8 37.4 44.6
Other 3.4 3.9 3.2

Education, % < 0.001
Less than HS 2.4 1.4 2.7
HS diploma 16.7 12.6 18.1
Some college 32.7 32.4 32.9
Bachelor’s degree 22.3 24.4 21.5
Advanced degree 26.0 29.3 24.8

Annual income, % < 0.001
Less than $10,000 6.2 2.6 7.4
$10K to < $20K 12.5 10.8 13.1
$20K to < $40K 28.8 27.4 29.3
$40K to < $80K 32.9 35.4 32.1
$80K or more 19.6 23.8 18.2

Smoking status, % 0.02
Current smoker 10.4 7.9 11.2
Former smoker 41.5 40.3 41.9
Never smoker 48.2 51.8 46.9

Alcohol – total drinks/week, % 0.07
No drinks 63.3 60.6 64.6
1 drink 3.3 2.9 3.4
2-3 drinks 8.9 9.3 8.8
4-7 drinks 11.5 12.8 11.0
> 7 drinks 12.7 14.3 12.2

Current physical activity level, % 0.02
Sedentary 9.2 7.4 9.9
Mild 31.6 28.2 32.8
Moderate 52.9 58.8 50.9
Strenuous 6.3 5.6 6.5

History of hypertension, % 0.94
No 57.4 57.5 57.3
Yes 42.6 42.5 42.7

History of hyperlipidemia, % 0.65
No 54.2 53.3 54.5
Yes 45.8 46.7 45.5

History of diabetes, % 0.10
No 89.7 91.5 89.0
Yes 10.4 8.5 11.0

Body mass index, mean ± SD 30.1 ± 6.3 29.6 ± 5.7 30.2 ± 6.6 0.15

Waist circumference (cm), mean ± SD 96.1 ± 15.2 95.2 ± 14.1 96.3 ± 15.5 0.29

Total cholesterol (mg/dL), mean ± SD 213.0 ± 42.8 214.6 ± 41.8 212.4 ± 43.1 0.51

LDL cholesterol (mg/dL), mean ± SD 142.2 ± 36.3 143.0 ± 35.5 141.9 ± 36.6 0.56

Table S1 continues on the following pageD
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HDL cholesterol (mg/dL), mean ± SD 57.5 ± 15.0 58.3 ± 15.3 57.2 ± 14.8 0.22

Triglycerides (mg/dL), mean ± SD 123.4 ± 75.4 122.1 ± 79.6 123.9 ± 73.9 0.16

Framingham risk strata 0.16
Low risk 56.9 57.9 56.6
Intermediate risk 24.3 26.6 23.5
High risk 18.8 15.4 19.9

Blood pressure abnormal (ATP3), % 0.68
No 35.2 35.9 34.9
Yes 64.8 64.1 65.1

Table S1 (continued)—Characteristics of the total Heart SCORE sample, participants in sleep apnea sub-study, and the remaining 
Heart SCORE participants
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