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Abstract 

 

Background: Studies have established that OSA defined using a hypopnea definition 

requiring a >4% oxygen desaturation (AHI4%) is associated with cardiovascular (CVD) 

or coronary heart (CHD) disease. This study determined whether OSA defined using a 

hypopnea definition characterized by a >3% oxygen desaturation or an arousal 

(AHI3%A) is associated with CVD/CHD.  

 

Methods: Data were analyzed from 6307 Sleep Heart Health Study participants who 

had polysomnography. Self-reported CVD included angina, heart attack, heart failure, 

stroke or previous coronary bypass surgery or angioplasty. Self-reported CHD included 

the aforementioned conditions but not stroke or heart failure. The association between 

OSA and CVD/CHD was examined using logistic regression models with stepwise 

inclusion of demographic, anthropometric, social/behavioral and co-morbid medical 

conditions. A parsimonious model in which diabetes and hypertension were excluded 

because of their potential to be on the causal pathway between OSA and CVD/CHD 

also was constructed.  

  

Results: For CVD, the odds ratios and 95% confidence intervals for AHI3%A >30/hour 

were 1.39 (1.03-1.87) and 1.45 (1.09-1.94) in the fully adjusted and parsimonious 

models. Results for CHD were 1.29 (0.96-1.74) and 1.36 (0.99-1.85). In participants 

without OSA according to more stringent AHI4% criteria but with OSA using the 

AHI3%A definition, similar findings were observed. 

 

Conclusion: OSA defined using an AHI3%A is associated with both CVD and CHD. Use 

of a more restrictive AHI4% definition will misidentify a large number of individuals with 

OSA who have CVD or CHD. These individuals may be denied access to therapy, 

potentially worsening their underlying CVD or CHD.   
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Introduction 

 

Obstructive sleep apnea (OSA) is a common disorder characterized by recurrent 

episodes of either complete upper airway collapse (apneas) or partial collapse 

(hypopneas) during sleep. A number of large studies have established that OSA is a 

risk factor for the development of hypertension and cardiovascular disease (CVD) as 

well as higher mortality; individuals with more severe OSA are at greater risk (1-3). The 

most commonly used metric of OSA severity is the apnea hypopnea index (AHI). 

However, there is controversy regarding the definition of the AHI. In 2012, the American 

Academy of Sleep Medicine (AASM) recommended that the hypopnea definition include 

any decrease in airflow by at least 30% from the baseline with an oxyhemoglobin 

desaturation of at least 3%, or an arousal from sleep (4). However, several payors 

including the Centers for Medicare and Medicaid Services (CMS) continue to require a 

more stringent hypopnea definition necessitating a 4% or greater decrease in oxygen 

saturation (5) despite evidence documenting a relationship between the AASM 

recommended standard and daytime sleepiness (6). The resistance to universal 

acceptance of the AASM criteria is based in part on the lack of evidence that 3% 

desaturations or arousals have an adverse cardiovascular impact. This reluctance to 

adopt a more inclusive definition of sleep apnea has restricted access to OSA treatment 

for many patients (7). Therefore, determining if there is relationship between OSA 

characterized by at least 3% drop in saturation or an arousal from sleep and CVD may 

assist in identification of persons at risk for CVD, allow greater access to care and 

potentially improve other health-related outcomes. 

 

Using the database from the Sleep Heart Health Study, a large well-characterized 

community based cohort that had undergone polysomnography, the current study 

aimed to determine the association between the AASM recommended definition of the 

AHI which incorporates hypopneas with at least a 3% desaturation or an arousal 

(AHI3%A) and self-reported CVD and coronary heart disease (CHD) in middle-aged and 

older adults. In addition, we sought to ascertain whether there was an association 

between CVD or CHD and OSA severity among individuals who were not identified as 

having OSA using the more restrictive standard of requiring at least a 4% oxygen 

desaturation irrespective of an arousal (AHI4%), but were classified as having OSA by 

the AHI3%A definition. We hypothesized that increasing OSA severity represented by 

the AHI3%A would be associated with a greater likelihood of having prevalent CVD or 

CHD, and that persons who were not identified as having OSA using the AHI4% criteria 

would have a higher likelihood as well. 

 

Methods 

 

This study analyzed data obtained from the Sleep Heart Health Study (SHHS) which 

was a prospective multicenter cohort study designed to investigate the relationship 

between OSA and cardiovascular diseases in the United States. The study’s rationale 

and design have been published elsewhere (8). Briefly, 6,441 subjects, 40 years of age 

and older were recruited starting in 1995 from several ongoing “parent” cardiovascular 
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and respiratory disease cohorts that were initially assembled between 1976 and 1995 

(9). These cohorts included the Offspring Cohort and the Omni Cohort of the 

Framingham Heart Study in Massachusetts; the Hagerstown, MD, and Minneapolis, 

MN, sites of the Atherosclerosis Risk in Communities Study; the Hagerstown, MD, 

Pittsburgh, PA, and Sacramento, CA, sites of the Cardiovascular Health Study; 3 

hypertension cohorts (Clinic, Worksite, and Menopause) in New York City; the Tucson 

Epidemiologic Study of Airways Obstructive Diseases and the Health and Environment 

Study; and the Strong Heart Study of American Indians in Oklahoma, Arizona, North 

Dakota, and South Dakota. Because of sovereignty issues, 134 participants from the 

Arizona cohort of the Strong Heart Study withdrew consent. Analyses were performed 

on the remaining 6307 participants. The SHHS was approved by each site’s institutional 

review board for human subjects’ research, and informed written consent was obtained 

from all subjects at the time of their enrollment. 

 

Polysomnography and Home Visit 

Participants underwent overnight in-home polysomnograms using the Compumedics 

Portable PS-2 System (Abbottsville, Victoria, Australia) administered by trained 

technicians (10). The home visits were performed by two-person, mixed-sex teams in 

visits that lasted 1.5 to 2 hours. Participants were asked to schedule the visit so that it 

would occur approximately two hours prior to their usual bedtime. At the time of the 

home visit, an inventory of each participant’s medications was made. In addition, a 

health interview was completed that ascertained the presence of several health 

conditions. Questionnaires that were completed included the SHHS Sleep Habits 

Questionnaire which incorporated the Epworth Sleepiness Scale (ESS) (11) and the 

Medical Outcomes Study SF-36 (12). Blood pressure was measured manually in 

triplicate in a seated position after 5 minutes of rest (13). The average of the second 

and third measurements was used for this analysis. Body weight was obtained using a 

digital scale.  

 

The SHHS recording montage consisted of electroencephalogram (C4/A1 and C3/A2), 

right and left electrooculogram, a bipolar submental electromyogram, thoracic and 

abdominal excursions (inductive plethysmography bands), airflow (detected by a nasal-

oral thermocouple (Protec, Woodinville, WA), oximetry (finger pulse oximetry [Nonin, 

Minneapolis, MN]), electrocardiogram and heart rate (using a bipolar electrocardiogram 

lead), body position (using a mercury gauge sensor), and ambient light (on/off, by a light 

sensor secured to the recording garment). Sensors were placed, and equipment was 

calibrated during an evening home visit by a certified technician. After technicians 

retrieved the equipment, the data, stored in real time on PCMCIA cards, were 

downloaded to the computers of each respective clinical site, locally reviewed, and 

forwarded to a central reading center (Case Western Reserve University, Cleveland, 

OH). Comprehensive descriptions of polysomnography scoring and quality-assurance 

procedures have been previously published (14). In brief, sleep was scored according to 

guidelines developed by Rechtschaffen and Kales (15). Strict protocols were maintained 

to ensure comparability among centers and technicians. Intra-scorer and inter-scorer 

reliabilities were high (14).  
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The apnea hypopnea index (AHI) was calculated for each participant using two 

definitions of hypopnea, the AASM recommended definition [AHI3%A] and the AASM 

acceptable [CMS] definition [AHI4%]. For AHI3%A, hypopneas were identified if the 

amplitude of a measure of flow or volume (detected by the thermocouple or thorax or 

abdominal inductance band signals) was reduced discernibly (at least 30% lower than 

baseline breathing) for at least 10 seconds, did not meet the criteria for apnea and the 

event was associated with either a 3% oxygen desaturation from baseline or terminated 

with electroencephalographic evidence of an arousal. For AHI4%, hypopneas were 

identified if the aforementioned reduction in flow or volume occurred and the event was 

associated with a 4% oxygen desaturation from baseline. In both cases, an apnea was 

defined as a complete or almost complete cessation of airflow, as measured by the 

amplitude of the thermocouple signal, lasting at least 10 seconds.  

 

Outcome Assessment 

Self-reported CVD and CHD were the outcomes of interest for this analysis and were 

obtained from the standardized health interview performed at the time of each 

participant’s polysomnography home visit. Participants were asked if they had ever 

been told by a doctor that she or he had angina, heart attack, heart failure, or stroke 

and if the participant had ever undergone coronary bypass surgery or coronary 

angioplasty. Prevalent CVD was defined as a positive response to one or more of the 

aforementioned conditions or procedures. Prevalent CHD was defined as an affirmative 

response to the same questions with the exclusion of responses to the presence of 

heart failure or stroke. 

 

Covariates 

Selection of potential covariates was based on previous studies documenting an 

association with either CVD or CHD. These included various demographic (e.g., sex, 

race/ethnicity, education, marital status), anthropometric (e.g., height, weight and blood 

pressure [BP]), social/behavioral (e.g., smoking history, alcohol use, sleep duration, 

quality of life) indices as well as plasma lipids (cholesterol, high density lipoprotein 

[HDL], triglycerides), several diseases (depression, hypertension, diabetes) and 

spirometry. 

 

The following definitions were used for those covariates that were not primarily 

recorded. Body mass index (BMI) was calculated as weight (kg)/height (m2). The ankle 

arm index (AAI) was computed as the ratio of blood pressure at the ankle to that in the 

arm. Waist to hip ratio was the waist divided by hip circumferences. Hypertension was 

defined as a self-report of hypertension or the use of anti-hypertensive medications. 

Diabetes was considered present if it was self-reported by the participant or if there was 

use of oral hypoglycemic agents or insulin. Depression was defined as present if the 

participant indicated on the SF-36 that he/she was feeling “blue” or “down” for at least “a 

good bit of the time” for the previous 4 weeks, or he/she was using antidepressant 

medications. Insomnia was defined as often or almost always having “trouble falling 

asleep”, “waking up during the middle of the night and having difficulty getting back to 

sleep” or “waking up too early in the morning and being unable to get back to sleep”. 
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Sleepiness was assessed by the ESS as well as by self-report of being excessively 

sleepy during the day most or almost all of the time. 

 

Statistical Analyses 

Mean and standard deviation, and percentages were used to provide an overall 

description of the data used in the analyses. Unadjusted differences were compared 

using Student’s t test or 2. For both definitions of the AHI, each participant’s AHI was 

assigned to one of 4 OSA severity categories: Normal (AHI <5 /hour), Mild (AHI ≥5 and 

<15 /hour), Moderate (AHI ≥15 and < 30/hour) and Severe (AHI ≥30/hour).  

 

Missing data was present in 4.8% of observations and were felt to be missing at 

random. Inasmuch as using a “complete case analysis” would result in exclusion of a 

significant number of participants from our analyses with a consequent reduction in 

statistical power, multiple imputation using the multiple imputation by chained equation 

(MICE) package in R was employed to generate replacement values. Comparison of the 

imputed to the original dataset did not identify any outliers in the imputed dataset and 

means of the same variables between datasets were comparable.  

 

To reduce the number of relevant predictors, overfitting of models, reduce potential 

collinearity and minimize prediction error, a Least Absolute Shrinkage and Selection 

Operator (lasso) regression was performed for both outcome variables using the glmnet 

package in R. This resulted in an analytic dataset for CVD that consisted of the 

following: age, sex, race/ethnicity, BMI, AAI, diastolic BP, smoking, SF-36 physical 

component summary (PCS), SF-36 general health rating (GenHlth), SF-36 ability to 

perform vigorous activity (VigActiv), hypertension, diabetes, depression and HDL. For 

CHD, the analytic dataset consisted of the following: age, sex, race/ethnicity, BMI, 

diastolic BP, smoking, PCS, GenHlth, VigActiv, hypertension, diabetes, triglycerides and 

HDL. 

 

For the entire cohort, logistic regression using SPSS v27 (Armonk, NY) was used to 

generate increasingly complex models of the relationship between either CVD or CHD 

and severity of OSA adjusting for the covariates identified using the lasso regression. 

For CVD, after the unadjusted model, models were generated for the sequential 

addition of demographic factors (age, sex, race/ethnicity), anthropometric factors (BMI, 

AAI, diastolic BP), social/behavioral characteristics (smoking, PCS, GenHlth, VigActiv) 

and diseases/conditions (hypertension, diabetes, depression, HDL). For CHD after the 

unadjusted model, the corresponding sequential models were demographic factors 

(age, sex, race/ethnicity), anthropometric factors (BMI, diastolic BP), social/behavioral 

characteristics (smoking, PCS, GenHlth, VigActiv) and diseases/conditions 

(hypertension, diabetes, triglycerides, HDL). Because of the possibility that adjustment 

for a hypertension and a diabetes indicator would be “overadjustment” (i.e., adjustment 

for a variable on a causal pathway), we excluded both hypertension and diabetes from 

the final set of covariates in additional analyses and these are referred to as 

“parsimonious models.” Lastly, sensitivity analyses were performed in which the natural 

log of AHI3%A was used instead of categorial levels of that factor in the above models.  
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Associations between both CVD and CHD, and OSA severity were further analyzed in 

the subgroup of participants who were not classified as having OSA based on AHI4% 

criteria but were classified as OSA using AHI3%A criteria. The moderate and severe 

categories were combined because of the small number of cases in the severe OSA 

category. Otherwise, the modelling approaches employed were identical.  

 

In Tables 2-5, odds ratios and 95% CI are presented versus the reference level of AHI 

<5 /hour. P values refer to the overall significance of the model with respect to OSA 

severity. Odds ratios, 95% CI and P values in Table 6 refer to AHI3%A expressed as 

the continuous factor lnAHI3%A+0.1 (0.1 added to mitigate 0 values of lnAHI3%A).  

 

Results 

 

Table 1 shows the univariate association of potential risk factors or characteristics with 

the presence of CVD or CHD.  

 

Table 1. Univariate Association of Various Characteristics to Prevalent 

Cardiovascular (CVD) and Coronary Heart Disease (CHD) 

 
N=6307 for all characteristics except AHI 3%/A (N=6131) 
ap≤0.05; bp≤0.01; cp≤0.001 

 

There were 962 cases (15%) of CVD and 797 (13%) cases of CHD identified. Except for 

total cholesterol, all were either more prevalent or significantly higher or lower in 

participants with CVD or CHD. For both CVD and CHD, markedly higher prevalence 

rates were noted for sex (higher in men), hypertension, diabetes, depression, smoking 
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(higher in ever smokers) and ability to engage in vigorous activity. Conversely, white 

race and good health status were much less common among those with CVD or CHD. 

Differences observed for the remaining characteristics were of lesser magnitude. 

 

Figure 1 shows the prevalence rates of CVD or CHD as a function of OSA severity 

using the AHI3%A criteria. Both conditions were associated with increasing higher rates 

of disease as OSA became more severe. 

 

 
 

Figure 1. Percentage of participants with either cardiovascular (CVD) or coronary heart 

(CHD) disease according to increasing severity of obstructive sleep apnea defined 

using a hypopnea definition characterized by a minimum 3% oxygen desaturation or an 

arousal (AHI3%A) 

 

Table 2 shows the crude and adjusted odds ratios and their 95% confidence intervals 

for increasing complex models of the relationship between CVD and AHI3%A. The 

unadjusted model showed a strong, progressive association with increasingly severe 

OSA. However, as the models became increasingly complex, this relationship was 

attenuated and only approached statistical significance in the fully adjusted model 

(+Medical Conditions). Removal of hypertension and diabetes to create the 
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Parsimonious model restored some of the association with a return of statistical 

significance. 

 

Table 2. Adjusted Relative Odds (95% Confidence Interval) of Self-Reported 

Prevalent Cardiovascular Disease According to 3% or Arousal Apnea Hypopnea 

Index Severity Categories 

 

aDemographics model adds age, sex, race (White vs. American Indian) 
bAnthropometrics model adds BMI, Ankle Arm Index, diastolic blood pressure 
cSocial/Behavioral Factors model adds smoking, SF36 Physical Component Summary, SF36 

General Health, SF36 Vigorous Activity 
dMedical Conditions model adds hypertension, diabetes, depression and HDL 
eParsimonious model includes factors in previous models, but removes hypertension and diabetes 
fN=6307 

 

Presented in Table 3 are the models demonstrating the relationship between CHD and 

AHI3%A.  

 

Table 3. Adjusted Relative Odds (95% Confidence Interval) of Self-Reported 

Prevalent Coronary Heart Disease According to 3% or Arousal Apnea Hypopnea 

Index Severity Categoriesf 

 
aDemographics model adds age, sex, race (White vs. American Indian) 
bAnthropometrics model adds BMI, diastolic blood pressure 
cSocial/Behavioral Factors model adds smoking, SF36 Physical Component Summary, SF36 

General Health, SF36 Vigorous Activity 
dMedical Conditions model adds hypertension, diabetes, triglycerides and HDL 
eParsimonious model includes factors in previous models, but removes hypertension and diabetes 
fN=6307 
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Similar to the findings for CVD, there was a progressively higher odds of having CHD as 

severity of OSA increased. The fully adjusted model (+Medical Conditions) was not 

significant, but the Parsimonious model approached statistical significance. 

 

There were 3,326 participants who did not have OSA as defined by AHI4% criteria. 

Within this cohort, 2247 were classified as OSA using the AHI3%A criteria; 1966 

(87.4%) were mild, 271 (12.0%) were moderate and 10 (0.4%) were severe. For this 

subgroup, Table 4 presents the increasingly complex models illustrating the relationship 

between the presence of CVD and increasing OSA severity.  

 

Table 4. Adjusted Relative Odds (95% Confidence Interval) of Self-Reported 

Prevalent Cardiovascular Disease According to 3% or Arousal Apnea Hypopnea 

Index Severity Categories in Participants Without Obstructive Sleep Apnea 

According to 4% Desaturation Criteriaf 

 

aDemographics model adds age, sex, race (White vs. American Indian) 
bAnthropometrics model adds BMI, Ankle Arm Index, diastolic blood pressure 
cSocial/Behavioral Factors model adds smoking, SF36 Physical Component Summary, SF36 

General Health, SF36 Vigorous Activity 
dMedical Conditions model adds hypertension, diabetes, depression and HDL 
eParsimonious model includes factors in previous models, but removes hypertension and 

diabetes 
fN=3326 

 

Because of the relatively small number of cases with severe OSA, the moderate and 

severe cases were combined for these analyses. The unadjusted model showed a 

strong relationship with OSA severity; as model complexity increased, this finding was 

attenuated and only approached statistical significance in both the fully adjusted 

(+Medical Conditions) and Parsimonious models. As demonstrated in Table 5, similar 

findings were observed for CHD; the unadjusted model showed a strong association 

which was attenuated as the models became more complex; the fully adjusted 

(+medical conditions) and parsimonious models approached statistical significance. 
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Table 5. Adjusted Relative Odds (95% Confidence Interval) of Self-Reported 

Prevalent Coronary Heart Disease According to 3% or Arousal Apnea Hypopnea 

Index Severity Categories in Participants Without Obstructive Sleep Apnea 

According to 4% Desaturation Criterionf 

 

aDemographics model adds age, sex, race (White vs. American Indian) 
bAnthropometrics model adds BMI, diastolic blood pressure 
cSocial/Behavioral Factors model adds smoking, SF36 Physical Component 

Summary, SF36 General Health, SF36 Vigorous Activity 
dMedical Conditions model adds hypertension, diabetes, triglycerides and HDL 
eParsimonious model includes factors in previous models, but removes 

hypertension and diabetes 
fN=3326 

 

In sensitivity analyses, the natural log of AHI3%A was used as the index of OSA 

severity in lieu of a categorial representation. As shown in Table 6, in the entire cohort, 

for both CVD and CHD, a significant linear relationship with increasing severity of OSA 

was demonstrated in parsimonious models, but not the fully adjusted models. In the 

subgroup who did not have OSA as defined by AHI4% criteria but did have OSA using 

the AHI3%A criteria, linear relationships noted for both CVD and CHD in the fully 

adjusted and parsimonious models. For CHD in the fully adjusted model, the 

relationship was statistically significant and approached statistical significance in the 

others.  
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Table 6. Linear Adjusted Relative Odds (95% Confidence Interval) of Self-

Reported Prevalent Cardiovascular and Coronary Heart Disease According to 3% 

or Arousal Apnea Hypopnea Index Severity 

 
aCohort restricted participants without OSA according to AHI4% criteria, N=3326  
bCovariates for CVD: age, sex, race, BMI, ankle-arm index, diastolic blood 

pressure 

smoking, SF36 Physical Component Summary, SF36 General Health, SF36 

Vigorous Activity 

hypertension, diabetes, depression and HDL; Covariates for CHD: age, sex, 

race, BMI, diastolic blood pressure,smoking, SF36 Physical Component 

Summary, SF36 General Health, SF36 Vigorous Activity, hypertension, 

diabetes, triglycerides and HDL 
cExcludes diabetes and hypertension from fully adjusted model 

 

Discussion 

 

In this large community-based study, we demonstrated that OSA defined by apneas and 

hypopneas characterized by 3% desaturation events or arousals is associated with an 

increased likelihood of self-reported CVD and CHD after controlling for a number of 

relevant covariates. Importantly, in a subset of this cohort who did not have OSA as 

defined by apneas and hypopneas requiring a minimum 4% oxygen desaturation but did 

have OSA using the 3% desaturation or arousal criteria, we found that the association 

with both CVD and CHD remained, albeit weaker. Nevertheless, our analyses overall 

suggest that the regulatory requirement by the Centers for Medicare and Medicaid 

Services (CMS) in the United States of using a 4% desaturation definition to identify 

patients with OSA denies a substantial proportion of these individuals the opportunity to 



Southwest Journal of Pulmonary and Critical Care/2020/Volume 21 97 

be treated for their OSA and thus reduce the risk of worsening or recurrence of their 

CVD or CHD.  

 

Results from several large cohort studies including SHHS have found that OSA is 

associated with the presence of CVD and CHD, and that this association is stronger 

when the AHI as a metric of OSA severity increases (1, 2). These previous studies have 

used a definition of hypopnea that requires a minimum 4% oxygen desaturation (16-18). 

This definition has been adopted by CMS and other insurers to identify individuals as 

having OSA (5). However, the AASM recommends defining hypopneas with a minimum 

3% desaturation or an arousal (4). This is based on evidence indicating that daytime 

sleepiness and other symptoms of OSA are associated with this less stringent definition 

of OSA (6). This distinction has important clinical implications because there are a large 

number of patients who do not meet the AHI4% criteria and but do meet the AHI3%A 

criteria (7, 19). In the former case, they are not considered to have OSA, but do have it 

in the latter.  

 

To our knowledge, our study is the first to assess the association between OSA using 

the AHI3%A criteria and CVD and CHD. We found that as OSA severity increased, 

there was a greater likelihood of having CVD and CHD after adjusting for a number of 

relevant covariates. We acknowledge that in the fully adjusted model, this association 

only approached statistical significance. However, in our parsimonious model which 

removed the presence of hypertension and diabetes, likely mediators of this 

relationship, the association was strengthened. Sensitivity analyses using the natural 

log of AHI3%A validated the results we observed with categories of AHI severity. It has 

been well-established that hypertension and diabetes are independent risk factors for 

the development of CVD and CHD. However, a number of studies have demonstrated 

that OSA is a risk factor for the development of both hypertension and diabetes (1, 20). 

Therefore, both of the latter conditions lie on the causal path by which OSA may 

increase the risk for the development of CVD and CHD. Hence, we believe that 

inclusion of both these conditions in our fully adjusted model may be over-adjustment 

and that our parsimonious model best represents the association between OSA defined 

by AHI3%A and CVD or CHD. 

 

We identified there was a large subset of our cohort that had OSA using the AHI3%A 

definition, but not the AHI4% definition of hypopnea. In this subset, we also observed an 

association between OSA severity and both CVD and CHD. This finding is analogous to 

the relationship we recently observed between OSA and the prevalence of hypertension 

(19). Similar to our findings with the full cohort, the fully adjusted model for both CVD 

and CHD was not statistically significant. However, it approached or became statistically 

significant in the parsimonious models. Although most of these cases were in the mild 

OSA category, 12.4% were moderate to severe where treatment is almost always 

recommended. Individuals with prevalent CVD or CHD and OSA are at risk for further 

complications of their CVD or CHD (21-23). However, if they do not meet the AHI4% 

definition of OSA, access to OSA treatment would be denied by CMS and some 

insurers. 
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Our findings with respect to CVD and CHD are consistent with recent analyses 

demonstrating that OSA defined by AHI3%A is associated with prevalent and incident 

hypertension in the SHHS cohort (19, 24). Similar findings also have been observed in 

other cohorts providing additional evidence that use of a hypopnea definition 

incorporating a minimum 3% oxygen desaturation or an arousal is important in the 

identification of individuals with OSA (25-27). 

 

Although there is substantial evidence emerging that intermittent hypoxemia plays an 

important role in the cardiovascular consequences of OSA (28), the importance of 

arousals remains uncertain (29). Arousals involve an increase in the sympathetic 

activity and a decrease in the parasympathetic activity (28) and there is some evidence 

linking them in the development of hypertension (30). Data from our study would 

suggest that they may contribute to the development of CVD or CHD as well.  

 

Some (31, 32), but not all (33) studies have suggested that the impact of OSA on the 

development of CVD or CHD is in part enhanced by the presence of sleepiness. 

However, in our initial assessment of potential covariates using a lasso regression, 

sleepiness did not emerge as a significant factor. Thus, our findings do not support the 

contention that sleepiness is an important factor impacting the relationship between 

OSA and CVD or CHD.  

 

Our study does have a few limitations. Most important is that we identified prevalent 

CVD and CHD by self-report. While it is possible that some misclassification occurred, 

we do not think it was large. A large number of potential covariates were considered for 

inclusion in the models; we used a lasso regression to reduce the possibility of over-

adjustment and collinearity. Furthermore, the possibility of residual confounding 

remains. Finally, this is a cross-sectional analysis, and causality cannot be assumed. 

 

This study has several strengths. It uses a large, well characterized cohort with the 

availability of data from a number of potential covariates. Additionally, the cohort had a 

diverse racial/ethnic, age and sex distribution. Polysomnography was used to document 

the presence of OSA, and not more limited sleep apnea testing. 

 

In summary, OSA as defined by apneas and hypopneas requiring a minimum 3% 

oxygen desaturation or arousal is associated with an increased likelihood of having 

CVD or CHD. Use of a more restrictive definition requiring a minimum 4% desaturation 

will misidentify a large number of individuals with OSA, and CVD or CHD. These 

individuals may be denied access to therapy which may prevent worsening of their 

underlying CVD or CHD.   
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Abbreviation List 

 

AHI   Apnea Hypopnea Index 

AHI3%A  Hypopneas with at least a 3% oxygen desaturation or an arousal 

AHI4%  Hypopneas with at least a 4% oxygen desaturation 

AAI   Ankle arm index 

BP   Blood pressure 

BMI   Body mass index 

CHD   Coronary heart disease 

CVD   Cardiovascular disease 

CMS   Centers for Medicare and Medicaid Services 

ESS   Epworth sleepiness scale 

GenHlth  General health rating subscale of SF36 

Glmnet A statistical package used in R that fits a generalized linear model 

via penalized maximum likelihood 

HDL   High density lipoprotein 

Lasso   Least Absolute Shrinkage and Selection Operator 

MICE   Multiple imputation by chained equation 

OSA    Obstructive sleep apnea 

PCS   Physical component summary of the SF36 

R An open source programming language used for statistical 

computing and graphics 

SHHS   Sleep Heart Health Study 

VigActiv  Vigorous activity rating subscale of the SF36 
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