
Elevations in Neutrophils with Obstructive Sleep Apnea: The 
Multi-Ethnic Study of Atherosclerosis (MESA)

Glaucylara Reis Geovanini, MD, PhD1, Rui Wang, PhD1, Jia Weng, PhD1, Russell Tracy, 
PhD2, Nancy S. Jenny, PhD, FAHA3, Ary L. Goldberger, MD4, Madalena D. Costa, PhD4, 
Yongmei Liu, MD, PhD5, Peter Libby, MD6, and Susan Redline, MD, MPH1,7

1Department of Medicine, Division of Sleep and Circadian Disorders, Brigham and Women’s 
Hospital, Harvard Medical School, Boston, MA, USA

2Department of Biochemistry, Larner College of Medicine, University of Vermont, Burlington, VT, 
USA

3Department of Pathology and Laboratory Medicine, Larner College of Medicine, University of 
Vermont, Burlington, VT, USA

4Margret and H.A. Rey Institute for Nonlinear Dynamics in Medicine, Beth Israel Deaconess 
Medical Center, Harvard Medical School, Boston MA, USA

5Wake Forest University School of Medicine, Department of Epidemiology and Prevention, 
Division of Public Health Sciences, Winston-Salem, NC-USA

6Department of Medicine, Cardiovascular division, Brigham and Women’s Hospital, Harvard 
Medical School, Boston, MA, USA

7Department of Medicine, Beth Israel Deaconess Medical Center, Harvard Medical School, 
Boston-MA, USA

Abstract

Background—Obstructive sleep apnea (OSA) associates with increased risk of cardiovascular 

diseases (CVD). Immune abnormalities and surges in sympathetic activity accompany OSA and 

CVD. We hypothesized that OSA associates with leukocytosis partially by abnormalities in 

autonomic nervous system (ANS) function that would suggest a pathway linking OSA and CVD.
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Methods—Participants from the Multi-Ethnic Study of Atherosclerosis (MESA), a prospective 

cohort of individuals initially without overt CVD, underwent polysomnography and assays for 

white blood cells (WBC) and subsets. Heart rate (HR) and heart rate variability (HRV), indirect 

measurements of ANS, were obtained from overnight electrocardiography. A formal statistical 

mediation analysis tested the indirect effect that mean HR and HRV measures contribute to 

associations between OSA and leukocytosis.

Results—The analytical sample consisted of 1,298 participants (54% female), ages 54–93years, 

14% with severe OSA (apnea-hypopnea-index, AHI≥30). Severe OSA associated with a higher 

prevalence of obesity, diabetes, and increased levels of WBC total and subsets. Neutrophil count 

associated with severe OSA after adjusting for confounders (p=0.017). Mean HR positively 

associated with OSA indices and neutrophils. A mediation analysis revealed an “indirect” effect of 

mean HR that explained an estimated 11% of the association between AHI and neutrophils. 

Overnight hypoxia also associated with neutrophil count (p=0.009), and mean HR explained 14% 

of the association between neutrophils and hypoxia.

Conclusions—In the MESA cohort, OSA measures associate with elevated neutrophil counts 

and increases in overnight mean HR. These data link innate immune dysregulation with OSA and 

provide a potential pathophysiologic pathway between CVD and OSA.
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1. INTRODUCTION

Obstructive sleep apnea (OSA) occurs in over 50% of patients with hypertension1,2 and over 

30% of patients with coronary artery disease.3,4 Longitudinal studies demonstrate that OSA 

independently predicts an increased incidence of cardiovascular disease (CVD).5,6 OSA 

might contribute to CVD through the consequences of airway occlusion, which include 

negative intrathoracic pressure swings, intermittent hypoxia, and sleep fragmentation.7 

Preliminary observations also suggest that OSA contributes to abnormal interactions of 

leukocytes with endothelial cells, a process that promotes atherogenesis.8,9 Yet, the specific 

pathways by which OSA operates to increase CVD risk remain uncertain.

OSA involves inflammation.10–12 A meta-analysis highlighted a role for circulating 

inflammatory mediators in the pathogenesis of atherosclerosis in OSA patients.11 In contrast 

to the literature on serum markers of inflammation,10–12 few reports have explored how 

leukocyte counts, which reflect inflammatory processes, vary with OSA severity in large 

samples of individuals.13 Inflammation drives atherothrombosis and leukocytes participate 

pivotally in lesion formation and complications.14 Since the sympathetic and 

parasympathetic arms of the autonomic nervous system (ANS) influence immune 

interactions,15 and as abnormalities of the ANS occur with OSA,16,17 immune dysregulation 

associated with ANS function might link OSA and CVD. Prior research has not evaluated 

the inter-relationships among leukocytes, ANS function, and OSA. Therefore, we tested the 

hypothesis that leukocyte counts rise relative to OSA severity, and that increased overnight 

heart rate and altered heart rate variability (HRV) mediate in part these associations.
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2. METHODS

2.1. Study Population

The sample was a subset of participants in the Multi-Ethnic Study of Atherosclerosis 

(MESA). As previously described,18 MESA is a multi-site prospective study designed to 

investigate the prevalence and progression of subclinical CVD in a racially/ethnically 

sample. Participants, ages 45 to 84 years, were enrolled from six US-communities (2000–

2002). At Exam 5 (2010–2013), all MESA participants other than those reporting regular 

use of oral appliance (n=4), oxygen use (n=4), and PAP device use (n=95) were invited to 

participate in the MESA Sleep Ancillary Study, which included polysomnography. After 

exclusions, 2,261 participants were recruited and technically acceptable polysomnography 

data were available for 2,057 participants, with 1,964 records meeting quality standards for 

HRV. Of these, 1,298 individuals also had blood assayed for white blood cells (WBC).

Subject characteristics, body mass index (BMI), hypertension, diabetes mellitus (DM), 

smoking status, alcohol use, and medications were ascertained at Exam 5 using standardized 

questionnaires, blood assays, and relevant measurements. Smoking was defined as never, 

former (no smoking within the past 30 days), or current. Alcohol drinking was defined as 

current use (yes/no), as part of a history questionnaire (“Do you presently drink alcoholic 

beverages?”). The estimated glomerular filtration rate was calculated using the Modification 

of Diet in Renal Disease (MDRD equation) indexing per 1.73m2 for body surface area. Type 

2 DM was classified by the 2003 American Diabetes Association, defined as fasting glucose 

≥126mg/dL or use of hypoglycemic agents.19 Resting blood pressure was measured three 

times in the seated position and the average of the second and the third served as systolic 

blood pressure (SBP) and diastolic blood pressure (DBP). Hypertension was defined as 

SBP>140mmHg, DBP>90mmHg or use of anti-hypertension medication.20 Institutional 

Review Board approval was obtained at each study site and written informed consent was 

obtained from all participants.

2.2. Sleep measurements

Polysomnography was conducted using a 15-channel monitor (Compumedics Somte 

System; Compumedics Ltd., Abbotsville, AU). The recording included 

electroencephalography, bilateral electrooculograms, chin electromyography, bipolar 

electrocardiography, thoracic and abdominal respiratory inductance plethysmography, 

airflow measured by thermocouple and nasal pressure cannula, finger pulse oximetry, and 

bilateral limb movements. Sleep stages, arousals and respiratory events were scored 

according to published guidelines.21,22 Apneas were scored when the thermocouple signal 

flattened for >10 seconds. Hypopneas were scored when nasal pressure flow signal 

decreased by 30% or more for a period of at least 10 seconds. OSA severity was assessed 

with the apnea hypopnea index (AHI), which included all apneas regardless of desaturation 

and hypopneas accompanied by at least a 4% drop in oxygen saturation.21,22 OSA severity 

was defined by conventional categories: none (AHI<5), mild (AHI≥5 to <15), moderate 

(AHI≥15 to <30), and severe (AHI≥30).23 Related indices, including oxygen desaturation 

(percentage of time less than 92%: Pc time SpO2<92%) and arousal index (number of 

arousals per hour of sleep) were also analyzed.
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2.3. Leukocyte Measurement

Leukocytes were assessed in blood samples collected at Exam 5 at a central laboratory. 

Assays included total WBC count and leukocyte subsets (eosinophils, neutrophils, 

lymphocytes, and monocytes) were determined as complete blood count with differential 

analysis.18

2.4. Overnight Heart Rate and Heart Rate Variability

As part of polysomnography, continuous electrocardiography signals were recorded at 

256Hz. QRS complexes (R-points) were detected using Compumedics Somte software 

version 2.10. The R-points were manually reviewed by trained technicians and classified as 

normal sinus, supraventricular or ventricular premature complex. HRV indices were 

calculated in consecutive 5-minute windows across the sleep period. Studies with <2h of 

sleep or with fewer than 1,000 normal-to-normal (NN) intervals were excluded (n=17 

individuals). The beat annotations were reviewed by an expert technician who manually 

annotated each QRS complex. From these files, we analyzed only NN intervals for both time 

and frequency domain indices. The latter were computed using the Lomb periodogram,24 

which is ideal for analysis of time series with missing data. To minimize the influence of 

respiratory events, we further performed a sensitivity analysis that compared results with and 

without respiratory events. The restricted analysis represents the 47%of windows with no 

respiratory events.

We analyzed time and frequency domain variables averaged over all sleep stages. Following 

the recommendations of the HRV Task Force,25 we computed the time domain measures that 

included: mean heart rate derived from the average of instantaneous heart rate derived from 

beat-to-beat analysis; the standard deviation of NN intervals (SDNN); the square root of the 

mean of the squares of the successive differences between adjacent NN intervals (rMSSD); 

the percentage of absolute differences in successive NN values >50ms (pNN50). Frequency 

domain measures included: low frequency (LF) spectral power of the NN interval time series 

between 0.04 to 0.15 Hz; high frequency (HF) spectral power of the NN intervals between 

0.15 and 0.4Hz; and LF/HF ratio. HF and LF spectral power indices were shown in absolute 

and normalized values. Normalized were calculated as follows: HFnu= (HF/(HF+LF)) and 

LFnu= (LF/(HF+LF)).25 We explored other time domain variable (pNN20), since there is 

evidence that thresholds as low as 20ms or less rather than the standard 50ms threshold 

enhanced discrimination between a variety of normal and pathological conditions.26

2.5. Statistical Analysis

Categorical variables were presented as frequencies and percentages and compared by chi-

squared statistic. Continuous variables were compared using the independent t-test or the 

Mann-Whitney non-parametric test. Given that severe OSA associates more consistently 

with CVD outcomes than milder levels,27 logistic regression analysis was conducted 

considering the dichotomous outcome, severe OSA (AHI ≥30). Linear regression analysis 

was used to assess the associations between indices of OSA (by AHI category, oxygen 

desaturation, and arousal index) as exposures with leukocyte numbers (WBC total and 

subsets), modeled as outcomes. Covariates were age, sex, race/ethnicity, smoking status, 

BMI, hypertension, DM, and medications that associate with heart rate, such as beta 
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adrenergic blockers and any calcium channel blockers. Similarly, linear regression was used 

to assess the association of overnight mean heart rate and HRV indices as predictors, with 

OSA indices as the outcome, adjusting for the same covariates listed before. Natural log 

transformations were applied to WBC total, leukocytes subsets, and AHI to achieve 

approximate normality. Heart rate and HRV measures that associated significantly with AHI 

were further evaluated as potential mediators in the association between OSA and 

leukocytes, using a methodology described by Baron and Kenny.28,29 Point estimates and 

95% confidence intervals for mediated effects were calculated using resampling methods 

described by Mackinnon et al.30 Analyses were conducted with SPSS (V.18.0, SPSS, 

Chicago, Ill) and SAS (V.9.4, Cary, NC). All probability values were two-sided; a P-value 

less than 0.05 was considered significant.

3. RESULTS

Characteristics of the analytic sample according to OSA severity are shown in Table 1. The 

characteristics of the full MESA sleep sample and analytical sample are shown in 

supplemental material; the analytical sample is similar to the larger MESA sleep exam 

sample in regards to demographic and health-related factors (Table 1S). OSA associated 

with older age, male sex, measures of adiposity, and hypertension. Univariate analysis 

showed significant associations of WBC, neutrophils, and monocytes with OSA severity 

(Table 2S-supplemental material). After adjusting for traditional confounders, only 

neutrophil counts remained associated with severe OSA (Table 2). Similarly, an increasing 

neutrophil count associated significantly with higher AHI level (continuously measured) in 

an adjusted multiple linear regression model (Table 3S-supplemental material). Since 

neutrophil count associated most strongly with OSA in the foregoing analyses, we selected 

neutrophil count as our outcome for testing whether the association between OSA indices 

and leukocytes is mediated by ANS measures. Then, we tested whether indices of OSA were 

predictors in a multivariate linear regression analysis with neutrophil count as the outcome 

(Table 4S-supplemental material). Neutrophil count was significantly associated with AHI, 

hypoxia, and severe OSA (AHI ≥30), but not arousal index.

Given that neutrophil count associated significantly with several indices of OSA severity, we 

further evaluated their relationships with mean heart rate and HRV. Adjusted analyses 

showed that higher overnight mean heart rate, higher SDNN, higher LFnu and lower HFnu 

associated with a higher adjusted odds of severe OSA (Table 3) Of these indices, only mean 

heart rate also significantly associated with neutrophils (Table 5S-supplemental material).

Given the significant associations between OSA and neutrophils, and between neutrophils 

and mean heart rate, we then conducted formal mediation tests. Presentation of the results 

use a visual depiction model proposed by Mackinnon et al30 (Figure 1), with each step of the 

analysis shown in the supplemental material. These analyses, adjusted for potential 

confounders, yielded an estimate that mean heart rateexplains11% of the association 

between AHI level and neutrophils. Similar analyses evaluated overnight hypoxia and severe 

OSA (AHI ≥ 30) as markers of OSA. Adjusted analyses showed similar associations for 

hypoxia as for AHI (Figure 1), with mean heart rate explaining 14% of the association 

between hypoxia and neutrophils (Tables 6S and 7S-supplemental material). Adjusted 
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models, testing associations between severe OSA (AHI≥30) and neutrophils, however, did 

not provide evidence for a significant mediation effect by mean heart rate, possibly due to 

reduced power (Table 8S-supplemental material). We did not test arousal index in the model, 

since it did not associate with the outcome (neutrophils).

Sensitivity analyses using HRV measurements derived only from 5-min windows of the 

polysomnogram without respiratory events did not yield appreciable differences in 

associations based on HRV data derived from the full polysomnogram (Tables 9S and 10S-

supplemental material).

4. DISCUSSION

Analysis of a large and well-characterized community sample identified a novel association 

between OSA and elevations in neutrophil counts, but not in total or other WBC subsets, in 

models adjusted for multiple confounders. Furthermore, overnight indices of heart rate 

provided the opportunity to test whether markers of cardiac sympathovagal balance might 

influence this association. Several indices of HRV time and frequency domains associated 

significantly with OSA severity. Of these variables, only mean heart rate significantly 

associated with neutrophils. A formal mediation analysis yielded the estimates that mean 

heart rate explained 14% of the association between hypoxia and neutrophils and 11% of the 

association between AHI and neutrophils. Together, these findings: a) identify elevations in 

neutrophil count as a more specific marker of OSA-associated inflammation than total 

WBC; b) suggest that mean overnight heart rate, a proxy of sympathetic activity, associates 

with neutrophils and OSA; c) and indicate that sympathovagal balance, as measured by 

overnight heart rate, partially mediates the association between neutrophils and OSA 

measures.

Overall, these findings support a growing literature that implicates inflammatory processes 

with OSA,9–13 and provide new mechanistic insight of the “inflammatory reflex.” This 

concept posits that vagal activity exerts anti-inflammatory actions.31,32 Thus, a net increase 

in sympathetic activity, or vagal withdrawal, should augment inflammation. The links shown 

here between elevations in overnight mean heart rate, a readily derived electrocardiographic 

index of integrated cardiac autonomic status, support this novel mechanistic connection 

between OSA and inflammation.

The stronger associations observed for neutrophils compared to total or other WBC subsets 

with OSA has interest given enhanced appreciation of in the participation of granulocytes in 

innate immunity in atheroclerosis.33,34 Neutrophils, as part of the innate immune response, 

participate in the first line defense in acute inflammatory conditions. Recent evidence also 

supports their role in chronic inflammatory conditions such as atherosclerosis, as direct 

mediators or by “second-wave” modulation of mononuclear cell functions.34 Recent studies 

of neutrophil-driven atherogenesis and thrombotic complications suggest that these 

inflammatory cells provoke endothelial dysfunction, by: 1) generation of reactive oxygen 

species and increasing vascular permeability; 2)activating macrophages and promoting foam 

cell formation, thus aggravating plaques; or 3) through neutrophil-derived mediator release 

promoting endothelial damage and contribution to weakening of the fibrous cap.34–36 An 
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emerging understanding of leukocyte arterial infiltration in atherosclerotic lesions has 

stimulated interest in controlling hyperlipidemia-dependent neutrophilia.34,35 Furthermore, 

neutrophil counts, even in the normal range, associate strongly with the incidence of 

myocardial infarction,37 heart failure,37 and total mortality.38 Our findings showing that 

OSA is associated with elevated neutrophils, provide a potential explanation for the higher 

CVD risk in this patient population, and suggest that targeting inflammatory pathways in 

OSA patients could reduce CVD burden in these patients.

Prior experimental studies identified inflammatory cell-activation and endothelial 

dysfunction in OSA patients,8, 39 a process that may augment atherogenesis. Yet few studies 

have focused on neutrophils and OSA.40–45 Most prior studies relating OSA to neutrophils 

have limited sample size40–42, 45 or overlap with asthma syndrome43 or only focus on 

significant associations between neutrophil-to-lymphocyte ratio and OSA.44,45 Our work 

adds novel aspects to this literature by examining the associations of leukocyte total and 

subsets in a large, well-characterized, diverse cohort with a wide spectrum of OSA severity, 

and further, in relation to measures of cardiac ANS function. It is possible that associations 

between neutrophils and OSA may relate to subclinical airway infection or to unidentified 

systematic inflammatory disease. However, participants were recruited from community 

settings were studied when in stable health. The prevalence of chronic diseases other than 

heart disease and diabetes was low. While infection is implicated in adenotonsillary 

hypertrophy occurring in children with OSA, its role in adult OSA is not clear.

The HRV Task Force describes the bases for variation of HRV parameters, noting that LF 

reflects both sympathetic and vagal modulations; LF/HF ratio reflects sympathovagal 

balance; HF reflects vagal modulation; and rMSSD and pNN50 (time domain measures) 

correlate with HF (frequency domain measure)25. However, HRV parameters are 

increasingly appreciated to have complex and as yet incompletely resolved physiological 

significance, mainly because of the influence of respiration-related changes of heart rate, 

cardiorespiratory synchronization, and cyclical variation of heart rate with sleep apnea.46 

Our study did not address new methodologies for overcoming these limitations but analyzed 

standardized parameters across a range of models, including sensitivity analyses that 

restricted to epochs without respiratory events. Both time and frequency domain variables 

associated significantly with severe OSA in adjusted analyses, suggesting altered 

sympathovagal balance. A formal mediation analysis identified that mean heart rate 

explained a significant portion of the variation in the association between OSA and 

neutrophil elevations.

The finding that mean overnight heart rate best explained the association between OSA and 

neutrophils is consistent with a growing literature supporting the prognostic value of mean 

resting heart rate. Overnight heart rate has been shown to be a significant independent 

predictor of increased mortality and cardiovascular risk in a population based study.47 

Similarly, resting heart rate has been shown to have predict major cardiovascular events in 

patients with asymptomatic aortic stenosis.48 Our data further highlights that use of a 

relatively simple measurement of autonomic activation may further inform studies of OSA-

related cardiovascular risk. This interpretation is consistent with prior reports of augmented 

sympathetic activation occurring in OSA as measured using elegant techniques such as 
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microneurography49 or via circulating catecholamine levels,50 and thought to be due to 

intermittent hypoxia with cycles of hypoxia/reoxygenation, promoting vascular oxidative 

stress and inflammation.7–11, 17 Restoration of ventilation after airway occlusion also can 

trigger peripheral chemoreflex activation and subsequent sympathetic activation.17

In summary, our findings indicate that readily measured indices such as elevations in 

neutrophils and overnight mean heart rate may aid in the characterization of the 

pathophysiology of OSA.

4.1. Strengths and Limitations

The study has several strengths, including its large and diverse sample, and rigorous analysis 

of overnight heart rate and HRV and use of standardized polysomnography. Analyses were 

adjusted for potential confounders that could influence both inflammatory pathway and the 

autonomic nervous system and employed a rigorous mediation analysis. However, important 

limitations merit consideration. The observational nature of the study limits causal inference. 

While inflammation is most commonly considered a response to OSA-related stressors, 

inflammation might contribute to the pathogenesis of OSA. The heart rate and HRV 

measures only indirectly assess the ANS, and several factors may influence these indices. 

The limitations of traditional HRV measurements (time and frequency domain) are 

documented in older adults and those with heart disease,51 and may relate to subtle 

anomalies caused by non-vagal mediated sinus arrhythmia. This influence is more likely to 

affect specific indices of HRV than average heart rate. While multiple measures of HRV 

associated with OSA, only mean overnight heart rate associated with neutrophil counts. This 

finding may be related to the supposition that changes in heart rate, while non-specific, 

provide a more useful assessment of autonomic status in general population than specific 

indexes of components of HRV.52 Given that aging may change HRV,53,54 the older age of 

our study population may have mitigated the ability of the available parameters to measure 

cardiac ANS. Measurement of HRV also depends on the effects of sleep-disordered 

breathing. Yet, a sensitivity analysis did not indicate that the observed relationships varied 

substantively when data were restricted to areas of the polysomnogram without respiratory 

events. Furthermore, a full panel of inflammatory markers was not available to explore 

“downstream” pathways. Residual confounding due to unknown confounders may result in 

incomplete adjustment and overestimation of these associations.

5. CONCLUSIONS

In summary, analyses of a large community sample demonstrate that OSA independently 

associates with elevations in neutrophil counts. Mediation analysis identified autonomic 

activation, as assessed by subtle, but significant increases overnight heart rate, as a potential 

contributor to inflammation in OSA. These data point to the value of studies aimed at further 

elucidating the role of autonomic/immune mechanisms in OSA. Use of immune markers 

may provide strategies for improve risk stratification and identify mechanistic targets for 

attenuating OSA-related atherogenesis.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic Depiction Showing how mean HR Mediates the Relationship between OSA 

measures and Neutrophil counts.
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Table 1

Participants Characteristics by OSA Severity (AHI Category)

Overall
(n=1,298)

AHI < 30
(n=1,120)

AHI ≥
30 (n=178) p-value

Age, y 68 ±9 68 ±9 69 ±9 0.722

Male sex, % 46 43 68 <0.001

BMI, kg/m2 29 ±5 29± 5 33 ±6 <0.001

Waist circumference, cm 100 ±14 100 ±14 110 ±14 <0.001

Hypertension, % 58 58 63 0.180

Diabetes Mellitus, % 21 20 31 <0.001

eGFR, ml/min Race, % 82 ±21 81 ±20 84 ±22 0.194

White 38 39 29

Chinese 1 1 1 0.009

African American 29 29 27

Hispanic 32 31 43

Smoking status, %

Never 42 43 35

Former 51 50 58 0.125

Current 7 7 7

Alcohol, % 45 45 52 0.056

Any hypertension medication, % 54 54 60 0.143

Beta-blocker, % 16 16 15 0.838

Calcium channel blockers, % 17.5 17 18 0.691

Digitalis, % 0.1 0.1 0 0.690

Statin, % 37 36 39 0.518

Data are shown in mean ±SD for continuous variables and percentages for categorical. P-value by independentt-test for continuous and by Chi-
Square for categorical variables. AHI= apnea hypopnea index; BMI= body mass index; eGFR= estimated glomerular filtration rate indexing per 

1.73m2 for body surface area.
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Table 2

Multivariate Logistic Regression Analysis Relating severe OSA (AHI ≥ 30, outcome) to leukocytes/subsets 

(n=1,298)

OR 95% CI lower, upper P-value

Immune cells, ×103/μL

WBC total 1.037 0.984, 1.093 0.178

Neutrophils 1.152 1.026, 1.284 0.017

Monocytes 1.387 0.752, 2.557 0.294

Lymphocytes 0.995 0.906, 1.094 0.923

Eosinophils 0.698 0.201, 2.422 0.571

Analyses adjusted by age, sex, race/ethnicity, smoking status, BMI, HTN, DM, bb, and any ccb.

OSA= obstructive sleep apnea; AHI= apnea-hypopnea index; AHI ≥30= severe OSA; OR= odds ratio; CI= confidence interval; WBC= white blood 
cells; BMI= body mass index; HTN= hypertension; DM= Diabetes Mellitus, bb= beta-blocker; ccb= calcium channel blocker;
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Table 3

Multivariate Logistic Regression Analysis Relating Severe OSA (AHI ≥30, outcome) to heart rate/HRV 

measures (n=1,298)

OR 95% CI
lower, upper P-value

HRV (time domain)

Mean heart rate (bpm) 1.023 1.004, 1.043 0.019

SDNN (ms) 1.008 1.003, 1.013 0.002

rMSSD (ms) 1.003 0.999, 1.006 0.189

pNN20, % 0.999 0.990, 1.007 0.734

pNN50, % 1.000 0.989, 1.012 0.984

HRV (frequency domain)

LF nu 5.210 1.433, 18.942 0.012

LF (ms2) 1.000 0.999, 1.000 0.126

HF nu 0.192 0.053, 0.698 0.012

HF (ms2) 1.000 0.999, 1.000 0.301

LF/HF ratio 1.083 0.996, 1.177 0.062

Analysis adjusted by age, sex, race/ethnicity, smoking status; BMI; HTN, DM, bb, and any ccb. OSA= obstructive sleep apnea; OR= odds ratio; 
CI= confidence interval; HRV= heart rate variability; NN= normal-to-normal intervals; SDNN= the standard deviation of NN intervals; rMSSD= 
the square root of the mean of the squares of the successive differences between adjacent NN intervals; pNN20= the percentage of absolute 
differences in successive NN values >20ms; pNN50= the percentage of absolute differences in successive NN values >50ms; LF= low frequency 
power (between 0.04 to 0.15 Hz); HF= high frequency power (between 0.15 to 0.4 Hz); nu= normalized units; ms= milliseconds. BMI= body mass 
index; HTN= hypertension; DM= Diabetes Mellitus, bb= beta-blocker; ccb= calcium channel blocker;
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