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Abstract

PURPOSE—The body mass index (BMI), an estimate of body fat, provides a rather imprecise 

indication of risk for obstructive sleep apnea (OSA). We examined whether other measures, 

including waist and neck circumference, provide improved indicators of risk in treatment-naïve 

OSA subjects.

METHODS—We studied 59 OSA subjects [age, 48.8±10.0 years; BMI, 31.9±6.6 kg/m2; apnea-

hypopnea-index (AHI), 38.5±23.0 events/hour; sleep efficiency index (SEI, n=52), 78.6±14.4%; 

lowest oxygen saturation (SaO2 nadir), 79.5±8.0%; systolic blood pressure (BP), 127.4±15.7 

mmHg; diastolic BP, 80.1±9.1 mmHg; 43 male), and determined waist and neck circumferences 

(waist, 107.4±15.3 cm; neck, 41.8±4.7 cm), daytime sleepiness [Epworth sleepiness scale (ESS), 

8.7±4.6], sleep quality [Pittsburgh sleep quality index (PSQI), 8.5±4.1], depression levels [Beck 

depression inventory II (BDI-II), 6.6±5.7), and anxiety levels [Beck anxiety inventory (BAI), 

6.2±7.2]. We used partial correlation procedures (covariates, age and gender) to examine 
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associations between BMI, waist, and neck circumferences vs. AHI, sleep, and neuropsychological 

variables.

RESULTS—BMI, waist, and neck circumferences were significantly correlated with SaO2 nadir 

(BMI; r=−0.423, p=0.001; waist; r=−0.457, p<0.001; neck; r=−0.263, p=0.048), AHI (BMI; 

r=0.349, p=0.008; waist; r=0.459, p<0.001; neck; r=0.276, p=0.038), and systolic BP (BMI; 

r=0.354, p=0.007; waist; r=0.321, p=0.015; neck; r=0.388, p=0.003). SEI was significantly 

correlated with waist circumference (r=0.28, p=0.049), but higher with BMI (r=0.291, p=0.04).

CONCLUSIONS—No other significant waist or neck correlations emerged. This study suggests 

that waist and neck measures correlate better than BMI with select disease severity (SaO2 nadir 

and AHI) in OSA subjects. The findings offer an easily-measured, ancillary means to assess OSA 

risk.

Keywords

Depression; Anxiety; Body mass index; Apnea hypopnea index; Systolic blood pressure

INTRODUCTION

Obstructive sleep apnea (OSA) is a chronic condition characterized by narrowing or 

obstruction of the upper airway causing intermittent airflow cessation with repeated 

diaphragmatic efforts to breathe during sleep, leading to successive, decreased arterial 

oxygen saturation followed by resaturation on arousal. In the United States, sleeping 

disorders are common, affecting about 10% of middle aged men and 3% women [1], with 

80% of cases of at-least moderate OSA severity still undiagnosed [2]. Undiagnosed and 

untreated OSA results in severe ancillary medical outcomes, and is a massive economic 

burden; treating OSA patients after early diagnosis has been reported to save billions of 

dollars annually [3], and a better understanding and effective treatment of OSA can 

significantly improve society’s health.

The need for improved indicators for OSA risk can be viewed in the context of 

cardiovascular changes in the condition. OSA triggers a marked surge in sympathetic 

nervous system activity and increases systolic and diastolic blood pressure (BP). High blood 

pressure is a leading cause of stroke, and a decrease in blood pressure can reduce 

cardiovascular complications. A 2-mmHg reduction in diastolic BP can result in a 17% 

decrease in hypertension prevalence, a 6% reduction in coronary heart disease risk, and a 

15% decrease in stroke and transient ischemic attack [4]. Hypertensive OSA patients present 

with increased short-term blood pressure variability during sleep [5], with higher night-time 

systolic and 24-h diastolic blood pressure variations [6]. The progression of high blood 

pressure leads to neuropsychological issues, such as depression and anxiety [7, 8]. 

Depressive symptoms are often associated with excessive daytime sleepiness and poor 

quality of sleep [9], and both are prevalent in OSA condition. The major factors causing 

daytime sleep symptoms are intermittent nocturnal hypoxia, sleep fragmentation, and 

autonomic dysregulation [10]. In addition, OSA is associated with cognitive dysfunction 

majorly effecting working memory, short-term memory, and global cognitive functioning. 

The severity of sleep fragmentation induced by OSA have deleterious impact on attention/
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vigilance, delayed long-term visual and verbal memory, visuospatial/constructional abilities, 

and executive function [11]. The range of neuropsychologic and physiologic deficits 

mandates easily-assessed indicators of OSA risk. Here, we measured blood pressure, 

daytime sleepiness and sleep quality, mood regulation, and cognitive functioning, which are 

commonly found deficient in the condition, and related those deficits to simple physical 

body measures.

Obesity is a major OSA risk factor, with a 40–45% OSA prevalence worldwide [12–18]. A 

standard measure for screening obesity is the body-mass-index (BMI), which is correlated 

with OSA disease severity. However, the measure only partially reflects obesity, as it 

measures excess body weight, but not body fat. Adipose tissue distribution of predominantly 

central fat deposition around the neck, trunk, and abdominal viscera is not accounted by 

BMI, and regional distribution of body fat measured by waist and neck circumference is a 

better determinant of OSA severity than generalized obesity [19–21].

While OSA is linked to daytime sleepiness, sleep disturbances, deteriorated cognition, and 

mood deficits, there is a paucity of knowledge as to which anthropological features strongly 

correlate with OSA symptoms and severity. Thus, our aim was to examine whether BMI or 

waist and neck measures correlate strongly with disease severity, sleep, cognitive, and 

neuropsychological scores in newly-diagnosed, treatment-naive OSA subjects. Although 

many epidemiological studies have shown relationships between OSA and anthropometric 

indices [22–25], reported the cut-off BMI values, neck circumference, and waist 

circumference in patient with OSA [26, 27], based on our knowledge, this is the first study 

exploring associations of BMI, neck, and waist measures with elaborated OSA 

characteristics, including apnea-hypopnea index (AHI), sleep efficiency index, arousal 

index, lowest oxygen saturation rate (SaO2 nadir), baseline SaO2 levels, ΔSaO2, heart rate, 

systolic and diastolic blood pressure, daytime sleepiness, sleep quality, OSA risk levels, 

depression and anxiety symptoms, and cognitive impairments.

MATERIALS AND METHODS

Subjects

We studied 59 newly-diagnosed, treatment-naive OSA subjects. Demographic, physiologic, 

neuropsychologic, sleep, and cognitive data are summarized in Table 1. All OSA subjects 

showed moderate (AHI>15 and <30) to severe (AHI>30) severity through overnight 

polysomnography (PSG), and were recruited from the Sleep Disorder Laboratory at the 

University of California Los Angeles (UCLA) Medical Center. Self-reported questionnaires 

were filled by each subjects with information regarding history of diabetes, thyroid status, 

and alcohol intake. OSA subjects were not on any medications which impacted 

cardiovascular or mood regulation, such as β-blockers, α-agonists, angiotensin-converting 

enzyme inhibitors, vasodilators, or serotonin reuptake inhibitors. OSA subjects with a 

history of stroke, heart failure, diagnosed brain condition, metallic implants, or body weight 

more than 160 kg (scanner limitation) were excluded from the study. All subjects provided 

informed written consent prior to the study, and the protocol was approved by the 

Institutional Review Board of the UCLA.
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Overnight Polysomnography

All OSA subjects underwent overnight sleep studies, consisting of at-least a 7 hour 

monitoring period of electroencephalogram (central and occipital), electromyogram, 

electrocardiogram (lead II), right and left extra-ocular eye movement, thoracic and 

abdominal wall movement, air flow, O2 saturation, end-tidal CO2 levels, snore volume, 

bilateral leg movement, and sleep position. All acquired PSG data were digitized and 

evaluated by a board-certified sleep physician at the UCLA Medical Center. The ratio of the 

total number of apnea and hypopneas to the total sleep time in hours were calculated to 

obtain AHI scores. Subjects with AHI values between 5–14 events/hour, 15–30 events/hour, 

and >30 events/hour were categorized as mild, moderate, and severe OSA, respectively. 

SaO2 nadir and baseline SaO2 levels were obtained from the sleep study, and ΔSaO2 values 

were calculated by subtracting SaO2 nadir from SaO2 baseline. The sleep efficiency index 

(SEI) was measured by obtaining percentage of total time in bed actually spent in sleeping, 

and the arousal index (AI) was calculated as the total number of arousals scored per hour of 

sleep.

BMI, Waist, and Neck Circumference Measurement

We measured waist circumference in all OSA subjects by placing a measuring tape at the 

midpoint between the costal margin and iliac crest in the mid-axillary line, with subjects in 

the standing position, and the measures were obtained at the end of normal expiration. Neck 

circumference was also measured in the standing upright position; subjects were asked to 

look straight ahead, with shoulders down, but not hunched. The measuring tape was placed 

midway around the neck, between the mid-cervical spine (C3) and mid anterior neck, below 

the level of thyroid gland, however avoiding the shoulder/neck muscles to obtain precise 

values. Weight (kg) and height (m) were measured after removing the shoes, and BMI 

(kg/m2) was computed by dividing the weight with the square of height.

Heart Rate, Systolic, and Diastolic Blood Pressure

Heart rate (HR), systolic and diastolic blood pressure values were collected in the seated 

position, with the left arm flexed at the level of heart. These measures were collected using 

an automated device, with the cuff wrapped one inch above the antecubital fossa on each 

subject, and data were recorded.

Sleep Quality, Daytime Sleepiness, and OSA Risk Assessment

Two self-administered questionnaires were used to investigate sleep quality and daytime 

sleepiness in all OSA subjects. Sleep quality was assessed using the Pittsburgh sleep quality 

index (PSQI) [28], and daytime sleepiness was evaluated with the Epworth sleepiness scale 

(ESS) [29]. A score >5 and >9 were considered abnormal for PSQI and ESS, respectively. 

The Berlin questionnaire was administered to evaluate the risk of having OSA, which 

incorporates questions about snoring (category 1), daytime somnolence (category 2), and BP 

(category 3). Positive scores in two or more categories were considered to be high risk; 

otherwise, subjects were scored as low risk [30].
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Examination of Mood and Anxiety

Depressive and anxiety symptoms were evaluated using the Beck Depression Inventory 

(BDI-II) [31] and Beck Anxiety Inventory (BAI) [32], respectively. These questionnaires are 

self-administered, with 21 questions in each inventory, and scores for each question varying 

from 0–3, with each total score ranging from 0–63 depending on severity of symptoms. 

Subjects with values >9 for BDI-II or BAI were considered to have depressive or anxiety 

symptoms, respectively.

Cognitive Assessment

Trail-making tests (TMT) A and B were used to evaluate cognitive function, including 

executive function, visual search, mental flexibility, scanning, and speed of processing. TMT 

A consists of 25 circled numbers spread randomly on a page that must be connected 

sequentially, and TMT B is similar to TMT A, except the numbers are alternated with letters 

[33]. The scores are based on total time taken for finishing the task (lower score indicates 

better performance), where values >31s for TMT A, and >63s, for TMT B are considered as 

abnormal [34]. The Montreal Cognitive assessment (MoCA) test was also used to examine 

cognitive domains, including attention and concentration, executive functions, memory, 

language, visuo-constructional skills, conceptual thinking, calculations, and orientation in 

OSA subjects. A global MoCA score ≥26 was considered normal [35].

Statistical Analyses

The Statistical Package for the Social Sciences (SPSS, v24.0, Armonk, NY, USA) was used 

for assessment of demographic, biophysical, physiological, mood, sleep, and cognitive 

variables. Partial correlation (covariates, age and gender) procedures were used to evaluate 

the relationships between BMI and waist and neck circumference vs AHI, sleep, mood, 

cognitive, and physiologic variables. Neck and waist circumferences and BMI values were 

compared between low- and high-risk OSA groups determined from Berlin scores using 

analysis of covariance (ANCOVA; covariates, age and gender).

RESULTS

Among 59 OSA subjects enrolled in this study, one male and one female subject was 

diagnosed with Type-2 diabetes and one female was in pre-diabetic condition. Of 52 OSA 

subjects, two female and one male subjects reported with history of thyroid disorders. Two 

male and one female subject reported themselves as heavy drinker/alcoholic, and 19 subjects 

identified as social drinker with number of drinks varying from 2–3 times per week to per 

month.

Relationship Between Biophysical Measures and Heart Rate and Blood Pressure

Systolic BP showed significant correlations with waist, neck, and BMI measures, and neck 

circumference showed the highest correlation coefficient with optimal statistical significance 

level among all three measures. Diastolic BP and resting heart rate correlations did not reach 

significant levels with any anatomical measures (Table 2).
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Relationship Between Biophysical and Overnight Sleep Measures

All three measures, including BMI, neck, and waist measures, showed significant 

correlations with AHI, SaO2 nadir, and ΔSaO2, but waist circumference showed the 

strongest correlation coefficient with the optimal statistical significance level. SEI showed 

significant correlations with waist circumference and BMI, and BMI had higher correlation 

coefficients at the same statistical significance levels as waist circumference (Table 3).

Associations Between Morphological Measures and Cognitive Scores

Cognitive scores obtained from the MoCA (waist, r = 0.03, p = 0.85; neck, r = −0.13, p = 

0.32; BMI, r = 0.02, p = 0.91) and all MoCA subdomains, including visuospatial executive 

function (waist, r = −0.12, p = 0.38, neck, r = −0.16, p = 0.24, BMI, r = −0.15, p= 0.28), 

naming (waist, r = 0.30, p = 0.03, neck, r = 0.20, p = 0.14, BMI, r = 0.22, p = 0.10), attention 

(waist, r = −0.08, p = 0.58, neck, r = −0.26, p = 0.06, BMI, r = −0.01, p = 0.95), language 

(waist, r = −0.06, p = 0.65, neck, r = −0.23, p = 0.09, BMI, r = 0.05, p = 0.74), abstraction 

(waist, r = 0.12, p = 0.38, neck, r = −0.07, p = 0.62, BMI, r = 0.04, p = 0.75), delayed recall 

(waist, r = 0.11, p = 0.41, neck, r = 0.10, p = 0.48, BMI, r = 0.04, p = 0.76), and orientation 

(waist, r = 0.09, p = 0.51, neck, r = 0.03, p = 0.81, BMI, r = 0.10, p = 0.48), and TMT A 

(waist, r = 0.15, p = 0.27; neck, r = 0.19, p = 0.15; BMI, r = 0.17, p = 0.21) and TMT B 

(waist, r = −0.03, p = 0.80; neck, r = 0.08, p = 0.55; BMI, r = −0.13, p = 0.35) did not show 

statistically significant correlations with any of the morphological measures.

Associations Between Morphological Measures and Mood and Sleep Symptoms

Mood and sleep scores showed non-significant correlations with all three morphological 

measures (Table 4).

Assessment of Low- and High-Risk OSA with Morphological Measures

Waist and neck circumferences and BMI did not differ significantly in low- and high-risk 

OSA group, as evaluated using Berlin questionnaire [low-risk (n=5)], high-risk (n=28), 

mean ± SE, p, waist, 98.4±6.1, 106.1±2.5, 0.25; neck, 40.3±1.5, 41.3±0.6, 0.57; BMI, 

28.2±2.3, 31.6±0.9, 0.19).

DISCUSSION

Neck and waist circumferences showed high correlations between multiple OSA 

neuropsychological and physiological measures, with stronger correlations in some of these 

measures as compared to BMI. Neck circumference showed the strongest correlation with 

systolic BP among all three measures, with optimal statistical significance levels. Waist 

circumference showed the strongest correlations with AHI, SaO2 nadir, and Δ SaO2 levels, 

as compared to neck circumference and BMI. BMI showed stronger correlations only with 

SEI, as compared to neck and waist circumferences.

Biophysical Measures and Blood Pressure

The OSA condition eventually leads to hypertension, with transient elevations of systolic 

and diastolic BP with each obstructive event, and sustained elevations continuing during 
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wakefulness. The chronic nature of hypertension likely derives from over-activity of the 

sympathetic nervous system, a consequence of damage to neural structures regulating 

sympathetic tone, likely induced by oxidative stress and inflammation [36]. Our study 

reveals a positive correlation of systolic BP with neck and waist circumferences and BMI. 

Neck circumference emerged with the strongest correlation coefficients and optimal 

significance level among the three measures with systolic BP, suggesting that neck 

circumference should be preferred over BMI for predicting BP in OSA.

Morphological and Overnight Sleep Measures

AHI, an indicator of sleep apnea severity, is closely associated with body weight [37]. A 

10% increase in weight can lead to a 32% increase in AHI, and a 10% decrease in weight 

can result in a 26% decrease in AHI scores [38]. Neck and waist circumferences are newly-

identified clinical features that may be associated with AHI. Several recent studies showed 

correlations of AHI with BMI, neck, and waist circumference, which is consistent with our 

study [22, 23, 39, 40]. However, there are mixed reports on better correlates, with few 

studies showing neck circumference as better correlated with AHI [23, 24, 39, 40], and 

others showing waist circumference as a better correlate [22, 41], findings which are 

consistent with our study. In addition, there are a few studies where BMI values are better 

correlates of AHI than waist and neck circumferences [42, 43]. In the midst of different 

anthropologic measures, our findings suggest that waist circumference to be better correlated 

with OSA symptoms and severity among three measures i.e. waist and neck circumference, 

and BMI.

SEI, which reflects the time spent sleeping in bed, is correlated positively with waist 

circumference and BMI. SEI has several sleep stage components, including N1, N2, N3, and 

REM sleep. The positive correlations of SEI with BMI and waist circumference provide an 

indication towards longer sleep duration than normal, and have implications for obesity, 

diabetes, hypertension, and cardiovascular diseases [44].

The lowest saturations (SaO2 nadir) levels accompanying apnea during sleep are correlated 

with all three measures in our study. Waist circumference correlated strongly among all 

measures with high significance levels, suggesting that subjects with higher waist 

circumference achieve lowest oxygen saturation levels, and result in more hypoxia. The 

delta change in SaO2 in our study showed significant correlations with all three measures, 

with waist circumference possessing the strongest correlation coefficient with higher levels 

of significance among all three measures.

Polysomnograms, considered the gold-standard measure for OSA diagnosis, have their own 

limitations. Polysomnography is time consuming, labor intensive and expensive, and 

requires an overnight stay in a sleep laboratory [37]. Finding an anthropologic measurement 

which shows good correlations with OSA severity, sleep measures, and neuropsychological 

state would be a useful contribution. Although these measurements cannot replace a 

polysomnogram, they may be useful in initial screening of OSA.

Further studies may reveal differences between male and female adipose distributions which 

might affect OSA characteristics. BMI, in combination with upper extremity adipose 
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distributions were more deterministic of OSA in men; whereas, for women, BMI was the 

only significant predictor [45]. Distinguishing these attributes can help further studies better 

understand the processes underlying the greater risk for males in a number of OSA 

symptoms [45]. Tailoring the diagnostic approach for OSA patients according to gender or 

perhaps even race may improve accuracy.

CONCLUSIONS

The data suggest that waist and neck circumferences show improved correlations with select 

disease severity (SaO2 nadir and AHI) in OSA patients than BMI, and provide impetus to 

alter the standard measurements used to assess OSA patients. These findings indicate that 

waist and neck circumferences are strongly associated with disease severity. The 

morphologic features may provide useful indicators of risk for symptoms of OSA, and help 

define patients who are most likely to benefit from polysomnography evaluation.
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ABBREVIATIONS

AHI Apnea-hypopnea index

AI Arousal index

BAI Beck anxiety inventory

BDI-II Beck depression inventory (II)

BMI Body mass index

BP Blood pressure

ESS Epworth sleepiness scale

HR Heart rate

MoCA Montreal cognitive assessment

OSA Obstructive sleep apnea

PSG Polysomnography

PSQI Pittsburgh sleep quality index

SaO2 nadir Lowest oxygen saturation rate

ΔSaO2 SaO2 baseline - SaO2 nadir

SEI Sleep efficiency index
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TMT Trail making tests
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Brief Summary

a. Current Knowledge/Study Rationale: Body mass index (BMI) was initially 

considered an indicator of risk for obstructive sleep apnea (OSA); however, 

recent studies have shown better correlation of neck and waist measures with 

OSA disease severity than BMI. Among all these, none of the studies 

explored in-depth relationships of BMI, neck & waist measures with OSA 

sleep severity, bio-physiologic measures, mood, and cognition status in the 

condition.

b. Study Impact: The findings suggest that waist and neck circumferences are 

strongly associated with OSA disease severity. The morphologic features may 

provide useful indicators of risk for OSA symptoms, and may help define 

patients who are most likely to benefit from polysomnography evaluation.
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Table 1

Demographics, biophysical, physiologic, neuropsychologic, sleep, and cognitive variables from OSA subjects.

Variables OSA subject (n=59) (mean ± SD)

Age (years) 48.8 ± 10.0

Gender (M/F) 43/16

BMI (kg/m2) 31.9 ± 6.6

Waist Circumference (cm) 107.3 ± 15.3

Neck Circumference (cm) 41.7 ± 4.6

Heart rate (beats/min) 73.6 ± 12.4

Systolic BP (mmHg) 127.4 ± 15.7

Diastolic BP (mmHg) 80.1 ± 9.1

AHI (events/h) 38.5 ± 23

SEI (%) 78.9 ± 14.5 (n=53)

AI (arousal/h) 35.2 ± 20.2 (n=43)

SaO2 nadir (%) 79.5 ± 8.0

SaO2 Baseline (%) 94.6 ± 2.0

Δ SaO2 (%) 15.1 ± 7.4

PSQI 8.5 ± 4.1

ESS 8.7 ± 4.6

BDI-II 6.6 ± 5.7

BAI 6.2 ± 7.2

TMT A (sec) 26.0 ± 9.3

TMT B (sec) 62.5 ± 27.2

MoCA score

Global 26.0 ± 3.5

Visuospatial 4.1 ± 1.0

Naming 2.9 ± 0.3

Attention 5.3 ± 1.1

Language 2.4 ± 0.9

Abstraction 1.9 ± 0.5

Delayed Recall 3.4 ± 1.5

Orientation 5.9 ± 0.2

OSA, obstructive sleep apnea; SD, standard deviation; BMI, body mass index; BP, blood pressure; AHI, apnea hypopnea index; SEI, sleep 
efficiency index; AI, arousal index; SaO2 nadir, lowest oxygen saturation during sleep; SaO2 baseline, average oxygen saturation during awake; 

ΔSaO2, difference of oxygen saturation between SaO2 nadir and baseline; PSQI, Pittsburgh sleep quality index; ESS, Epworth sleepiness scale; 

BDI-II, Beck depression inventory II; BAI, Beck anxiety inventory; TMT A, Trail-making test A; TMT B, Trail-making test B; MoCA, Montreal 
Cognitive Assessment.
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Table 2

Correlations between physiological measures and heart rate and blood pressure in OSA subjects.

Variables HR (r, p) Systolic BP (r, p) Diastolic BP (r, p)

Waist 0.07, 0.59 0.32, 0.02 0.15, 0.26

Neck 0.22, 0.11 0.40, 0.002 0.22, 0.11

BMI 0.20, 0.15 0.35, 0.007 0.21, 0.12

HR, heart rate; BP, blood pressure; r, correlation coefficient; p, significant level
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Table 4

Associations between biophysical measures and mood and sleep symptoms in OSA subjects.

Variables PSQI (r, p) ESS (r, p) BDI-II (r, p) BAI (r, p)

Waist 0.22, 0.11 0.23, 0.09 −0.08, 0.55 0.23, 0.08

Neck 0.16, 0.23 0.25, 0.07 0.05, 0.70 0.23, 0.09

BMI 0.16, 0.25 0.17, 0.21 −0.09, 0.50 0.12, 0.38

PSQI, Pittsburgh sleep quality index; ESS, Epworth sleepiness scale; BDI-II, Beck Depression Inventory II; BAI, Beck Anxiety Inventory; r, 
correlation coefficient; p, significant level.
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