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A B S T R A C T   

Objectives: In a large U.S. cohort free of CVD evaluated by coronary computed CT angiography, we aimed to assess the association between established / high risk of 
Obstructive Sleep Apnea (OSA) and coronary plaque. 
Background: There are limited data available depicting the association between established / high risk of OSA and the presence of coronary plaque in a population- 
based sample free from CVD. 
Methods: Cross-sectional data from 2359 participants enrolled in the Miami Heart Study (MiHeart) who underwent coronary CT angiography was used for this study. 
The Berlin questionnaire was used to stratify patients as having high or low risk of OSA. Multiple multivariable logistic regression analyses were conducted to 
investigate the association between the risk of developing OSA with the presence, volume, and composition of plaque. 
Results: According to the Berlin questionnaire, 1559 participants were (66.1%) at low risk of OSA and 800 patients (33.9%) with established / high risk of OSA. 
Plaque characterization on CCTA revealed a greater incidence of any possible plaque composition in the established / high risk of OSA category (59.6% vs. 43.5%) 
compared to the low risk of OSA cohort. In logistic regression models, after adjusting for demographics and cardiovascular risk factors, a significant association could 
still be noted between established / high risk of OSA and any coronary plaque on CCTA (OR=1.31, CI 1.05, 1.63, p = 0.016). Subgroup analysis in the Hispanic 
population also portrayed a significant association between established / high risk of OSA and the presence of coronary plaque on CCTA (OR = 1.55 CI 1.13, 2.12, p 
= 0.007). 
Conclusion: After accounting for CVD risk factors, individuals at established / high risk of OSA have a higher likelihood of the presence of coronary plaque. Future 
studies should focus on OSA presence or risk, OSA severity, and the longitudinal consequences of coronary atherosclerosis.   

1. Introduction 

Obstructive sleep apnea (OSA) affects nearly 22% of men and 17% of 
women [1,2]. This condition is characterized by repeated episodes of 
partial or complete obstruction of the upper airway [2–5]. Cardiovas-
cular disease (CVD) is a leading cause of morbidity and mortality 
worldwide and incurs considerable healthcare expenditure [6]. 

The incidence of atherosclerotic CVD (ASCVD) is higher among 
people with OSA [7–12]. Some plausible mechanisms linking this as-
sociation include OSA-induced chronic intermittent hypoxia, changes in 
intrathoracic pressure, and elevated sympathetic nervous system 
resulting from both intermittent hypoxia and sleep fragmentation 

[13–15]. 
Predicting the future risk of CVD assumes paramount importance, 

and its approach has shifted to assessing the disease process rather than 
estimating surrogate risk factors alone [16,17]. In accordance, identi-
fication of atherosclerosis via measurement of plaque burden performs 
better than the evaluation of surrogate biomarkers alone [18]. 

Coronary Computed Tomographic Angiography (CCTA) is a non- 
invasive imaging modality that quantifies total plaque burden and 
identifies plaque subtypes, including those with high-risk features [19]. 
There is currently no known published data regarding the association 
between OSA or those at high risk of OSA and coronary plaque in a 
population-based sample free of CVD. Given the earlier identified 
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relationship between OSA and ASCVD, exploring the relationship be-
tween OSA and atherosclerotic plaque will improve our understanding 
of the relationship between OSA and ASCVD. Specifically, there is an 
unmet need to understand this association in the Hispanic population, 
who are particularly vulnerable to CVD [20]. 

The Miami Heart Study (MiHeart) at Baptist Health South Florida 
(BHSF) is an ongoing prospective cohort study initiated in 2015 and 
enrolled 2359 participants from the Greater Miami Area, free of clini-
cally overt CVD. We leveraged the MiHeart study data to assess the as-
sociation of at risk OSA with subclinical coronary plaque burden 
measured by CCTA in a population-based sample enriched with His-
panics in South Florida. We hypothesize that there would be a signifi-
cant association of high OSA risk with the presence and burden of 
ASCVD. 

2. Methods 

2.1. The Miami heart study 

The MiHeart study is an observational, community-based, longitu-
dinal, prospective cohort study and enrolled 2359 middle-aged partici-
pants from May 2015 to September 2018 (NCT02508454). It aims to 
provide essential information about the pathophysiology of early sub-
clinical atherosclerotic disease development and its role in clinical CVD. 
It included a baseline examination consisting of an assessment of de-
mographics, medical history, psychosocial characteristics, comprehen-
sive physical exam, and assessment of subclinical coronary 
atherosclerotic plaque and vascular function. 

Inclusion criteria included participants aged 40 to 65 years residing 
in the greater Miami area, in addition to employees of Baptist Health 
South Florida (BHSF). The study recruitment was based on volunteer 
participation, and patients included were individuals free of known CVD 
who could comprehend and sign the informed consent. Exclusion 
criteria included participants with any history of CVD, weight greater 
than 350 pounds, undergoing active treatment for cancer, pregnant, 
breastfeeding, having any contraindication to undergo a CT scan, or 
unable to provide informed consent. The study was approved by the 
BHSF institutional review board. All participants provided written 
informed consent before enrollment. Additional details of the study 
methods are provided below, and a report describing the study design 
and rationale has been published [21]. 

The primary aim of our study was to examine the association be-
tween high-risk OSA ascertained by the Berlin questionnaire and self- 
reported OSA and the presence and severity of coronary atheroscle-
rotic disease among participants from the Miami Heart Study (MiHeart) 
free of CVD. Self-reported OSA was determined by participants 
answering the question, “Have You Ever Been Diagnosed With Any Of 
The Following?”. Among a list of options, it had OSA as one of the 
answers. 

2.2. The Berlin questionnaire 

The Berlin questionnaire consists of 10 items divided into three 
categories, with the results distinguishing patients having a low or high 
risk of OSA. These items are related to the presence of snoring, frequency 
of apneic events during sleep, nonrestorative sleep, sleepiness while 
driving, concomitant hypertension, and the patient’s body mass index 
[22]. A high risk of OSA classification is denoted by the presence of 2 out 
of 3 categories with a positive score. When OSA is defined as an 
apnea-hypopnea index (AHI) ≥15 events per hour, a high-risk category 
on the Berlin questionnaire is associated with a sensitivity and speci-
ficity of 91% and 37%, respectively [23]. In our study, a high risk of OSA 
was defined as having either an OSA diagnosis (self-reported; n = 248) 
and/or a high risk of OSA assessed using the Berlin questionnaire. The 
participants without a known self-reported history of OSA based on the 
MiHeart study questionnaire and who did not meet the high risk of OSA 

by the Berlin questionnaire were classified as low risk of OSA / no OSA. 

2.3. Coronary CT assessment 

Cardiac computed tomography angiography (CCTA) scan was done 
to determine the presence of coronary plaque. A non-contrast cardiac- 
gated CT scan for CAC (coronary artery calcium) testing was performed 
in all participants prior to conducting a contrast-enhanced, cardiac- 
gated CCTA. The contrast and non-contrast imaging scans were per-
formed using GE Revolution (GE Healthcare) scans. Before the test, 
study participants received oral and/or intravenous β-blocker (meto-
prolol) as needed to achieve a heart rate of < 75 beats per minute. 
Additionally, 0.4 mg of sublingual nitroglycerine was given immediately 
before angiographic image acquisition. The radiation dose was esti-
mated from the dose-length product multiplied by the conversion factor 
(0.014 mSv/mGy • cm). The assessment of 17 segment plaque presence/ 
burden and classification was performed at a central core imaging lab. 

2.4. Statistical methods 

We conducted cross-sectional analyses using data from the baseline 
cohort of the MiHeart study. 

We categorized ethnicity as either non-Hispanic or Hispanic, and 
amongst non-Hispanic participants, further categorized as White 
(NHW), Black, or Other. Categorical variables such as sex, race, educa-
tion, etc., were reported as frequency and percentage. Continuous var-
iables such as age were reported as mean and standard deviation. 
Differences in proportions were analyzed using the Chi-square test, and 
differences in means were calculated using the analysis of variance test. 
Multiple multivariable logistic regression analyses were conducted to 
calculate odds ratios and 95% confidence intervals. Dependent variables 
or outcomes of interest were the presence of any coronary plaque, at 
least one lesion with a vulnerable plaque feature, calcified or predomi-
nantly calcified plaque, and noncalcified or predominantly noncalcified 
plaque. Patients were classified as “High risk of OSA” (yes or no) by 
categorizing the total score from the Berlin Questionnaire, i.e., 2 out of 3 
categories with a positive score on Berlin. Participants were categorized 
as established OSA if they had a pre-existing diagnosis of OSA, based on 
the MiHeart study questionnaire. Together we refer to them as estab-
lished / high risk of OSA. The low risk of OSA cohort comprised par-
ticipants without a known self-reported history of OSA based on the 
MiHeart study questionnaire and those who did not meet the high risk of 
OSA by the Berlin questionnaire. In logistic regression analysis, three 
models were analyzed. Model 1 was unadjusted; Model 2 was adjusted 
for Model 1 with age, sex, and race/ethnicity; Model 3 was adjusted for 
Model 2 with diabetes, hypertension, high cholesterol, current smoking, 
and overweight/obesity variables. Vulnerable plaque features included: 
positive remodeling, low attenuation plaque, spotty calcification, and/ 
or napkin ring. We performed an analysis using the Berlin questionnaire 
and an additional analysis among the subgroup of patients with self- 
reported OSA. All statistical analyses were performed using STATA 
software, version 13. A p-value <0.05 was considered statistically sig-
nificant. (StataCorp. 2013. Stata Statistical Software: Release 13. Col-
lege Station, TX: StataCorp LP) [24]. 

3. Results 

3.1. Study participants 

Overall, 2359 participants were included in the MiHeart study, with 
1559 participants (66.1%) at low risk of OSA and 800 patients (33.9%) 
with established / high risk of OSA according to the Berlin question-
naire. A total of 248 patients who self-reported a past history of OSA as 
part of the questionnaire form were included in the established OSA 
cohort. The mean age of the participants enrolled was 53.4 ± 6.8 years 
among the low risk of OSA cohort and 53.5 ± 6.7 years among the 
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established / high risk of OSA category. Overall, the study population 
had 79% of participants with bachelor’s degrees or higher. 

A total of 63.5% of the participants in the established / high risk of 
OSA category were male, compared to 43.7% in the low risk of OSA 
cohort. With regards to race/ethnicity, in the established / high risk of 
OSA cohort, 37.5% of the population was Non-Hispanic White, 4.8% 
was Non-Hispanic Black, and a majority, 51.6% were Hispanic, 
compared to 46.0%, 2.8%, 44.6% in the low risk of OSA group, 
respectively. (Table 1). Among those with established OSA, 159 par-
ticipants (64%) also had features consistent with a high risk of OSA 
based on the Berlin Questionnaire, which is hence the sensitivity of the 
Berlin questionnaire as per our study. (Supplementary Tables 1 and 2). 

On average, 29% of participants with established / high risk of OSA 
were overweight, compared to 48% with low risk of OSA, although a 
significant majority of those with established / high risk of OSA were 
obese (64.0%, p<0.001). Statistically significant differences were noted 
in the prevalence of comorbidities among the two categories, with pa-
tients at established / high risk of OSA with a higher percentage of hy-
pertension (77% vs. 45%), diabetes (14% vs. 5%), hyperlipidemia (42% 
vs. 39%) and hypertriglyceridemia (29% vs. 14%) (p<0.001). Further-
more, patients in the established / high risk of OSA cohort had lower 
HDL levels (30.1% vs. 14.6%), higher mean glucose levels (100.1 mg/dl 
vs. 94.7 mg/dl), and were more likely to be compliant with their lipid- 
lowering therapy (p<0.001) (Table 2). 

3.2. CCTA-Based plaque analysis 

Plaque characterization on CCTA revealed a greater incidence of any 
possible plaque composition in the established / high risk of OSA cate-
gory (59.6% vs. 43.5%), with all results being statistically significant. 
The most frequent plaques found were calcified in 320 participants 
(40.0%) among participants with established / high risk of OSA, 
compared to 454 patients (29.1%) among the low risk of OSA cohort. 
The other plaque features observed in decreasing order of frequency on 
CCTA among patients with an established / high risk of OSA cohort 
compared to the low risk of OSA group were noncalcified plaque (34.8% 
vs. 22.8%), predominantly calcified (17.9% vs. 12.1%) and predomi-
nantly noncalcified (13.1% vs. 8.7%) (p<0.001). 

The extent of plaque stenosis was found to be greater amongst all 
subgroups in patients with established / high risk of OSA. Most of the 
plaques observed in this cohort occluded 1–49% of the cross-sectional 
area (51.5% vs. 38.8%), followed by plaques leading to 50–69% ste-
nosis (5.7% vs. 3.4%). An extent of ≥ 70% stenoses was observed in 21 
(2.6%) participants in the established / high risk of OSA cohort, 
compared to 22 (1.4%) participants in the low risk of OSA cohort 
(p<0.001). 

The presence of specific vulnerable plaque features, including but 
not limited to low attenuation, spotty calcification, napkin ring shape, 
and positive remodeling, were greater frequency among the established 
/ high risk of OSA cohort. The most frequently encountered vulnerable 
plaque feature was positive remodeling, both in the established / high 
risk of OSA (6.4%) and low risk of OSA cohort (4.1%) (p = 0.015). Other 
vulnerable plaque features in the established / high risk of OSA cohort, 
in decreasing order of frequency, included spotty calcification (2.6%)(p 
= 0.37), low attenuation (2.1%) (p = 0.013), and napkin ring sign 
(0.8%) (p = 0.15) respectively. Finally, ≥ 2 high-risk features in a single 
vessel were noted in 28 (3.5%) patients in the established / high risk of 
OSA cohort and 27 (1.7%) participants in the low risk of OSA group (p =
0.007) (Table 3). 

3.3. Association between OSA and CCTA findings 

Associations between established / high risk of OSA have been 
summarized in Table 4. When not adjusted for any confounders (Model 
1), a significant positive association was observed between established / 
high risk of OSA and the presence of coronary plaque (OR=1.92, 95% CI 
1.61, 2.28, p<0.001), at least one coronary artery stenosis ≥ 50% 
(OR=1.80, 95% CI 1.28, 2.54, p = 0.001) and with at least one lesion 
with a vulnerable plaque feature on CCTA (OR=1.48, 95% CI 1.07, 2.04, 
p = 0.017). After adjusting for demographic variables such as age, sex, 
and race/ethnicity (Model 2), a significant association persisted be-
tween established / high risk of OSA and the presence of any coronary 
plaque (OR=1.58, 95% CI 1.31, 1.91, p<0.001), and with at least one 
coronary artery stenosis ≥ 50% on CCTA (OR=1.54, 95% CI 1.08, 2.20, 
p = 0.017. 

In model three, we adjusted for demographics and cardiovascular 
risk factors, including diabetes, high cholesterol, current smoking, and 
high BMI in the range of overweight/obese range. A significant associ-
ation was noted between established / high risk of OSA and the presence 

Table 1 
Baseline characteristics of high risk OSA/OSA vs. low risk OSA.   

(N ¼ 2359)  
Demographics Low risk High risk of OSA/ 

OSA 
p- 
value 

N 1559 
(66.1%) 

800 (33.9%)  

Age, mean (SD) 53.4 (6.8) 53.5 (6.7) 0.71 
Male 681 (43.7%) 508 (63.5%) 0.001 
Race/Ethnicity   0.002 

Non-Hispanic White 717 (46.0%) 300 (37.5%)  
Non-Hispanic Black 44 (2.8%) 38 (4.8%)  
Hispanic/Latino 696 (44.6%) 413 (51.6%)  
Other race/Unknown/not 
disclosed 

102 (6.5%) 49 (6.1%)  

Education   0.016 
High School or less/ unknown 127 (8.1%) 86 (10.8%)  
Some College, no degree 174 (11.2%) 101 (12.6%)  
Bachelors 755 (48.4%) 405 (50.6%)  
Post Graduate Studies 503 (32.3%) 208 (26.0%)   

Table 2 
Baseline characteristics of high risk OSA/OSA vs. low risk OSA in CVD 
categories.   

N ¼ 2359  
Clinical Features and Family Hx Low risk of 

OSA 
High risk of 
OSA/OSA 

p- 
value 

N 1559 
(66.08%) 

800 (33.9%)  

BMI Categories   <0.001 
Underweight 10 (0.6%) 0 (0.0%)  
Normal Weight 543 (34.8%) 56 (7.0%)  
Overweight 748 (48.0%) 232 (29.0%)  
Obese 258 (16.5%) 512 (64.0%)  

Current Cig Smoker 40 (2.6%) 31 (3.9%) 0.078 
Mean Systolic Pressure (mmHg), 

mean (SD) 
121.0 (14.4) 128.2 (13.8) <0.001 

Mean Diastolic Pressure (mmHg), 
mean (SD) 

76.7 (8.1) 81.3 (8.2) <0.001 

Hypertension 707 (45.3%) 618 (77.2%) <0.001 
Glucose (mg/dL), mean (SD) 94.7 (16.9) 100.1 (26.0) <0.001 
HbA1c (%), median (IQR) 5.5 (5.3, 5.7) 5.6 (5.4, 5.9) <0.001 
Diabetes 84 (5.4%) 111 (13.9%) <0.001 
Total cholesterol (mg/dL), mean 

(SD) 
207.2 (39.4) 202.0 (42.2) 0.003 

High cholesterol, n (%) 906 (58.1%) 546 (68.2%) <0.001 
LDL-C (mg/dL), median (IQR) 120.0 (98.0, 

144.0) 
122.0 (98.0, 
148.5) 

0.40 

HDL-C (mg/dL), mean (SD) 64.0 (20.3) 51.7 (15.8) <0.001 
Low HDL-C, n (%) 228 (14.6%) 241 (30.1%) <0.001 

Triglycerides (mg/dL), median 
(IQR) 

87.0 (65.0, 
122.0) 

117.0 (84.0, 
160.0) 

<0.001 

Hypertriglyceridemia 220 (14.1%) 234 (29.2%) <0.001 
No Lipid Lowering Therapy 1258 (80.7%) 548 (68.5%) <0.001 
Self-reported OSA 0 248 (100%)  

Abbreviations: LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density 
lipoprotein cholesterol. 
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of any coronary plaque on CCTA (OR=1.31, CI 1.05, 1.63, p = 0.016] 
(Fig. 1). In subgroup analysis that was restricted to the Hispanic popu-
lation, a strong, independent, statistically significant association was 
observed between established / high risk of OSA and the presence of 
coronary plaque on CCTA (OR = 1.55 CI 1.13, 2.12, p = 0.007). 

4. Discussion 

In this large population-based study, persons with established / high 
risk of OSA had a > 50% increase in the odds of coronary plaque pres-
ence and >50% increased odds of plaque-causing significant stenosis 
even after accounting for demographic confounders. In addition, par-
ticipants with an established / high risk of OSA were more likely to have 
vulnerable plaques compared to those without OSA. 

Current literature suggests an established association between OSA 
and cardiovascular events. [25] Various studies have investigated this 
relationship between OSA and coronary plaque using CCTA and have 
shown similar results. For instance, Sharma et al. demonstrated a strong 
association between patients with OSA (mean AHI =42/hour) and the 
presence of noncalcified coronary plaques [26]. Several other studies 
have examined this association using CCTA and have reported similar 
results. [27–30]. However, most of these studies were limited in their 
scope because of small sample sizes, retrospective design, and had sleep 
studies performed after being worked up due to a need for plaque 
characterization for a known history of CVD. 

In a more recent study, Lu et al. showed an association between 
objectively determined obstructive sleep apnea and the presence and 
burden of coronary plaques in a population of approximately seven 
hundred participants. They showed a linear association between the AHI 
and plaque presence and burden. However, the study was done in an 
Asian population, with the patients having been recruited for sleep 

studies, including polysomnography and respiratory polygraphy [31]. 
Other small-scale studies conducted in patients with a formal diagnosis 
of OSA showed a similar association with the presence of coronary 
plaque [32–35]. To our knowledge, the present study with over 2000 
participants is the largest to investigate the association between OSA 
and coronary plaque presence and characteristics. 

We also observed a higher prevalence of high-risk vulnerable plaque 
features, which have been observed to be associated with the future risk 
of acute coronary syndrome. The four major plaque characteristics that 
comprise these high-risk features include positive remodeling, low 
attenuation plaque (<30 Hounsfield units), spotty calcification, and 
napkin-ring sign. [36] The pathogenesis of atherosclerosis has shown 
that it is a lipoprotein-driven inflammatory disease with associated 
intimal inflammation, arterial remodeling, and calcification. [37] Pla-
que calcifications develop over time, and the necrotic core has been 

Table 3 
Baseline characteristics of high risk OSA/OSA vs. low risk OSA in CVD 
categories.   

N ¼ 2359  
Plaque features Low risk High risk for 

OSA/OSA 
p- 
value 

N 1559 800  
Plaque characteristics by CCTA    

Any Plaque 678 
(43.5%) 

477 (59.6%) <0.001 

Noncalcified plaque 356 
(22.8%) 

278 (34.8%) <0.001 

Calcified plaque 454 
(29.1%) 

320 (40.0%) <0.001 

Predominantly noncalcified 
plaque 

136 (8.7%) 105 (13.1%) <0.001 

Predominantly calcified plaque 189 
(12.1%) 

143 (17.9%) <0.001 

Maximum Stenosis   <0.001 
No stenosis/plaque 874 

(56.4%) 
320 (40.2%)  

1–49% stenosis 602 
(38.8%) 

410 (51.5%)  

50–69% stenosis 52 (3.4%) 45 (5.7%)  
≥ 70% stenosis 22 (1.4%) 21 (2.6%)  

Positive remodeling 64 (4.1%) 51 (6.4%) 0.015 
Low attenuation plaque 36 (2.3%) 33 (4.1%) 0.013 
Spotty calcification 32 (2.1%) 21 (2.6%) 0.37 
Napkin ring 5 (0.3%) 6 (0.8%) 0.15 
Presence of high-risk features 95 (6.1%) 70 (8.8%) 0.017 
Number of high-risk features   0.087 
No high-risk features 1464 

(93.9%) 
730 (91.2%)  

1 66 (4.2%) 41 (5.1%)  
2 18 (1.2%) 19 (2.4%)  
3 9 (0.6%) 8 (1.0%)  
4 2 (0.1%) 2 (0.2%)  

Presence of ≥ 2 high-risk features 
in a vessel 

27 (1.7%) 28 (3.5%) 0.007  

Table 4 
Association between high risk OSA/OSA and CCTA plaque features.   

High Risk 
for OSA 
(ref: Low 
Risk)  

Hispanic 
Population: 
High Risk for 
OSA   

OR* (95% 
CI) 

p-value OR* (95% CI) p- 
value 

Any coronary plaque     
Model 1 1.92 (1.61, 

2.28) 
<0.001 2.17 (1.70, 2.79) <0.001 

Model 2 1.58 (1.31, 
1.91) 

<0.001 1.83 (1.40, 2.38) <0.001 

Model 3 1.31 (1.05, 
1.63) 

0.016 1.55 (1.13, 2.12) 0.007 

At least one coronary 
stenosis ≥ 50%     

Model 1 1.80 (1.28, 
2.54) 

0.001 1.63 (0.97, 2.71) 0.064 

Model 2 1.54 (1.08, 
2.20) 

0.017 1.46 (0.87, 2.47) 0.153 

Model 3 1.07 (0.72, 
1.59) 

0.75 1.01 (0.56, 1.84) 0.97 

At least one lesion 
with a vulnerable 
plaque feature     

Model 1 1.48 (1.07, 
2.04) 

0.017 1.40 (0.87, 2.23) 0.163 

Model 2 1.18 (0.85, 
1.64) 

0.32 1.13 (0.70, 1.83) 0.162 

Model 3 1.003 
(0.69, 
1.45) 

0.98 1.04 (0.60, 1.81) 0.898 

Calcified or 
predominantly 
calcified plaque     

Model 1 1.65 (1.39, 
1.97) 

<0.0001 1.76 (1.36, 2.27) <0.001 

Model 2 1.36 (1.12, 
1.66) 

0.002 1.44 (1.10, 1.89) 0.01 

Model 3 1.15 (0.92, 
1.44) 

0.223 1.27 (0.92, 1.76) 0.15 

Non calcified or 
predominantly non 
calcified plaque     

Model 1 1.83 (1.53, 
2.19) 

<0.0001 1.98 (1.53, 2.57) <0.001 

Model 2 1.52 (1.26, 
1.84) 

<0.001 1.71 (1.31, 2.24) <0.001 

Model 3 1.17 (0.94, 
1.46) 

0.155 1.42 (1.04, 1.94) 0.029 

Model 1=Unadjusted,. 
Model 2=Adjusted for age, sex and race/ethnicity,. 
Model 3=Model 2 + diabetes, high cholesterol, hypertension, current smoking, 
overweight/obesity. 
Vulnerable plaque features include positive remodeling, low attenuation plaque, 
spotty calcification and/or napkin ring. 

* OR: Odds Ratio. 
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demonstrated to be fully calcified with time. [38] The mean age in our 
study cohort was 53 years, suggesting that the participants included 
were young and most likely in the early stages of plaque development, 
accounting for the low calcified plaque burden. 

Emerging data suggest that persons of Hispanic ethnicity have an 
increased incidence of OSA and sleep apnea symptoms compared to non- 
Hispanic whites [39,40]. In a clinical study, ~ 76% of the Hispanic 
population in a South Florida cohort were at increased risk of OSA, 
based on the STOP-Bang questionnaire [41]. Data from the CDC also 
shows a large burden of CVD risk factors among persons of Hispanic 
ethnicity [20]. Studies suggest that Hispanic individuals have a very 
high prevalence of OSA (nearly 40% in one series)[42], but most of them 
are undiagnosed. In addition, among persons of Hispanic ethnicity, OSA 
is associated with CVD risk factors, including hypertension and diabetes. 
The present study, which is the first to show the relationship between 
OSA and atherosclerotic plaque presence and burden in a largely His-
panic population, further highlights the urgent need for 
population-based screening of OSA and its associated CV risk factors in 
the Hispanic population. 

The strengths of our study include the utilization of a large sample 
size and a population-based sample. To our knowledge, this is the largest 
cross-sectional analysis involving a population free from CVD to study 
the association between OSA severity and quantitative plaque analysis. 
Moreover, our sample is rich in the Hispanic population and females, 
comprising nearly half the population. We believe that the inclusion of a 
multiethnic composition is the most important strength of this study, 
which reports unique perspectives about risk factors pertaining to ethnic 
differences and provides the ability to tailor specific prevention efforts. 
Limitations include the unavailability of objective sleep study data for 
OSA risk assessment. Furthermore, established OSA was determined by 
self-reported sleep apnea, and sleep studies or treatment and treatment 
compliance could not be determined. The Berlin questionnaire has a 
high sensitivity but low specificity, and thus not a good tool to rule in 
cases of OSA. This may have led to a misclassification bias, by the in-
clusion of a greater number of participants in the high-risk OSA cohort, 

despite being at low risk for the disease. Our study type is cross- 
sectional; hence, causality could not be determined. Non-Hispanic 
Whites were underrepresented, in addition to non-Hispanic Blacks and 
Asians. We plan to follow up with the included participants 
longitudinally. 

5. Conclusions 

Individuals at established / high risk of OSA comprised one-third of 
the participants free from CVD included in the study. After accounting 
for CVD risk factors, individuals at established / high risk of OSA have a 
higher likelihood of the presence of coronary plaques. This finding 
persisted even when the analysis was restricted to only those who were 
Hispanic. Screening for OSA with simple tools like the STOP-Bang or 
Berlin Questionnaire may serve the dual role of identifying those who 
will derive benefit from a sleep test as well as CVD risk assessment and 
aggressive CVD risk prevention. Future studies should focus on the po-
tential longitudinal progression of coronary atherosclerosis among pa-
tients with varying degrees of formally diagnosed OSA, particularly 
among Hispanics. 
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Fig. 1. Association between high risk OSA/OSA and presence of CCTA/CAC findings 
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Model 2: adjusted for Model 1 with age, sex, and race/ethnicity; 
Model 3: adjusted for Model 2 with diabetes, hypertension, high cholesterol, current smoking, overweight/obesity variables. 
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