
Contribution of male sex, age, and obesity to mechanical
instability of the upper airway during sleep

Jason P. Kirkness1,3, Alan R. Schwartz1, Hartmut Schneider1, Naresh M. Punjabi1, Joseph
J. Maly1, Alison M. Laffan1, Brian M. McGinley1, Thomas Magnuson2, Michael Schweitzer2,
Philip L. Smith1, and Susheel P. Patil1

1Division of Pulmonary and Critical Care Medicine, Baltimore, Maryland 2Department of Surgery, Johns
Hopkins School of Medicine, Baltimore, Maryland 3Western Australia Sleep Disorders Research Institute,
Sir Charles Gairdner Hospital, and School of Anatomy and Human Biology, University of Western Australia,
Perth, Western Australia, Australia

Abstract
Male sex, obesity, and age are risk factors for obstructive sleep apnea, although the mechanisms by
which these factors increase sleep apnea susceptibility are not entirely understood. This study
examined the interrelationships between sleep apnea risk factors, upper airway mechanics, and sleep
apnea susceptibility. In 164 (86 men, 78 women) participants with and without sleep apnea, upper
airway pressure-flow relationships were characterized to determine their mechanical properties
[pharyngeal critical pressure under hypotonic conditions (passive Pcrit)] during non-rapid eye
movement sleep. In multiple linear regression analyses, the effects of body mass index and age on
passive Pcrit were determined in each sex. A subset of men and women matched by body mass index,
age, and disease severity was used to determine the sex effect on passive Pcrit. The passive Pcrit was
1.9 cmH2O [95% confidence interval (CI): 0.1-3.6 cmH2O] lower in women than men after matching
for body mass index, age, and disease severity. The relationship between passive Pcrit and sleep
apnea status and severity was examined. Sleep apnea was largely absent in those individuals with a
passive Pcrit less than -5 cmH2O and increased markedly in severity when passive Pcrit rose above
-5 cmH2O. Passive Pcrit had a predictive power of 0.73 (95% CI: 0.65-0.82) in predicting sleep apnea
status. Upper airway mechanics are differentially controlled by sex, obesity, and age, and partly
mediate the relationship between these sleep apnea risk factors and obstructive sleep apnea.
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OBSTRUCTIVE SLEEP APNEA (OSA) is a complex multifactorial disorder characterized
by recurrent pharyngeal obstruction during sleep. It is well recognized that sex, obesity, and
age are risk factors for this disorder. Obesity and specifically central adiposity increase both
the prevalence and severity of sleep apnea (38). Men have a three- to fourfold increased
prevalence of sleep apnea than premenopausal women (11,61), although the prevalence of
sleep apnea in postmenopausal women approaches that of men (3,42,58). Age is also a known
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risk factor for sleep apnea in cross-sectional and longitudinal studies (35,57). Nevertheless,
the mechanisms by which these risk factors increase sleep apnea susceptibility are not known.

Upper airway obstruction during sleep can result from alterations in either passive mechanical
pharyngeal properties or disturbances in neuromuscular control. Anatomic alterations,
including tonsillar hypertrophy, craniofacial abnormalities, and central adiposity, may increase
the propensity toward pharyngeal collapse. Specifically, fatty deposits around the neck and
pharyngeal lumen may increase upper airway collapsibility (26,27,46,47,59). In addition,
central adiposity reduces lung volume (1,16,24), which predisposes to upper airway collapse
and increases sleep apnea severity (17,18). These anatomic factors may account for observed
increases in pharyngeal collapsibility in sleep apnea compared with normal individuals (12,
14,23,37,55,60). A recent study suggests that alterations in upper airway structural properties
may determine sleep apnea severity independent of obesity, sex, and age; however, the passive
upper airway mechanical properties were not precisely assessed (60). In previous work,
differences in upper airway collapsibility between men and women have been reported,
although the small sample size did not allow investigators to account for influences of obesity
and disease severity simultaneously (25).

To assess the independent effects of multiple known major risk factors for sleep apnea (obesity,
sex, and age), the present study examined the relationship between these risk factors and passive
upper airway properties in a large cohort of normal subjects and sleep apnea patients. The
passive mechanical properties of the upper airway were assessed by determining the pharyngeal
critical pressure under hypotonic conditions (passive Pcrit) (6,36,37,51). We hypothesized that
male sex, age, and obesity were associated with increased mechanical instability of the upper
airway. We further hypothesized that the relationship between sleep apnea risk factors and
OSA would be mediated, in part, by elevations in passive Pcrit. We tested our hypotheses in a
sample of subjects with and without sleep apnea and found marked differences in the
modulation of passive Pcrit by sex, obesity, and age. Some of the results of this study have
been presented in abstract form (29,30).

METHODS
Subjects

We conducted an analysis of a sample of 108 sleep apnea patients (67 men, 41 women) and
56 normal subjects (19 men, 37 women) previously recruited for other protocols from the Johns
Hopkins Sleep Disorders Center and the general community, respectively. Subjects with a
history of a concurrent sleep disorder were excluded. OSA was defined as a non-rapid eye
movement (NREM) respiratory disturbance index (RDI) greater than 10 events/h. Informed
written consent was obtained for the protocols, which were approved by the Johns Hopkins
Institutional Review Board.

Measurements
Polysomnography—Subjects were evaluated by full-montage inlaboratory nocturnal
polysomnography. Sleep staging, respiratory events, and arousals were scored using standard
criteria (41). Respiratory arousals were identified according to American Academy of Sleep
Medicine criteria (2) and respiratory events using previously reported criteria from our
laboratory (40). An apnea was defined as cessation of airflow for 10 s or more. A hypopnea
was defined as a discernible reduction in airflow in association with a ≥4% desaturation and/
or arousal.

Upper airway assessment of nasal pressure and airflow—Patients returned for a
second polysomnography night to determine their passive Pcrit during NREM sleep as
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previously described (6,36,37,51). Airflow was monitored with a pneumotachograph (no. 5,
Hans Rudolph, Kansas City, MO) attached to a differential pressure transducer placed between
a tight-fitting nasal mask (Comfort Classic, Respironics, Murrysville, PA) and a continuous
positive airway pressure (CPAP) unit designed to apply pressures between -20 and +20
cmH2O. Respiratory effort was monitored via a Hyatt-type esophageal balloon (Ackrad
Laboratories, Cranford, NJ) placed via a pernasal approach for monitoring esophageal pressure
and/or a piezoelectrode abdominal and thoracic strain gauge. Patients slept in the supine
position with one pillow during measurement periods. All monitored parameters on this night
were recorded directly on a computer software system (Windaq, Dataq, Akron, OH; or
Somnologica, Medcare, Buffalo, NY).

Protocol
Passive Pcrit—During stable NREM sleep, the nasal mask pressure was increased until flow-
limited breathing was eliminated (holding pressure) (6,36,37,51). Thereafter, nasal pressure
was rapidly reduced to specific levels for five breaths and returned to holding pressure for at
least 1 min of stable NREM sleep at holding pressure. At least two series of stepwise reductions
in nasal pressure to at least three distinct nasal pressure levels separated by 1-2 cmH2O were
collected in each subject.

Analyses
Upper airway collapsibility components of the passive pressure-flow
relationship—The passive pressure-flow relationship of the upper airway was determined
by plotting the maximal inspiratory airflow (VImax) from breaths 2-5 during the pressure drop
against nasal pressure during stable NREM sleep, as previously described (36,37). The passive
Pcrit was determined as the zero-flow intercept from the linear regression of VImax vs. nasal
pressure. To ensure that adequate quality pressure-flow relationships were used to derive the
passive Pcrit, we required at least three distinct nasal pressure levels, and that the lowest nasal
pressure level obtained was within 3 cmH2O of the calculated passive Pcrit.

Statistical Analyses
Descriptive statistics were used to characterize the patient sample, using means with SDs unless
otherwise stated. Passive Pcrit was found to be normally distributed in men (P = 0.46) and
women (P = 0.14) by the Shapiro-Wilkes test, a test for normality. The bivariate relationships
between sleep apnea risk factors [age, sex, and body mass index (BMI)] and passive Pcrit was
initially examined using the Pearson product-moment correlation. Multivariable linear
regression was used to examine the relationship between the passive Pcrit and predictors (age,
sex, BMI). To account for sex-related differences in BMI and sleep apnea severity, analyses
were stratified by sex to examine the associations between passive Pcrit, age, and BMI. Further
subanalyses were performed in younger women to examine the potential impact of menopause
on BMI and age relationships to passive Pcrit. Specific subgroups were analyzed for women
up to the median age of menopause (51 yr old) and for those who had reached the 10th percentile
for menopause (45 yr old) (8,15,32). Multivariable linear regression models were then
constructed in men and women to examine whether BMI and age were independently
associated with passive Pcrit as continuous and categorical variables.

In examining the independent effects of sex on passive Pcrit, we recognized that differences
in BMI and RDI distribution could be due to selection bias and might explain observed
differences in passive Pcrit in men and women. To account for differences in BMI and RDI
severity between men and women (see Table 1) and minimize the effects of selection bias, a
subsample of men and women were matched (Table 2) on RDI and BMI, based on the smallest
Euclidian distance (53).
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To examine whether upper airway mechanics mediate the relationship between known sleep
apnea risk factors, sleep apnea status, and sleep apnea severity, we determined the relationship
between passive Pcrit and sleep apnea status and severity. Pearson product-moment correlation
and logistic regression (odds ratio; OR) were used to quantify the relationship between passive
Pcrit and sleep apnea status (RDI > 10 events/h) and severity for NREM, REM, and total sleep.
Receiver operating characteristics of passive Pcrit in predicting sleep apnea status were
determined to obtain predictive power, sensitivity, specificity, and the percent correctly
classified [(true positives + true negatives)/total subjects]. In particular, we determined the
sensitivity and specificity for a passive Pcrit threshold of -5 cmH2O as previous literature has
demonstrated this threshold to predict sleep apnea status (37,48,50).

Linear and logistic regression models were checked to ensure that the residuals were normally
distributed and met the assumptions of regression analysis. The bivariate and multivariable
data are displayed as means ± standard error of the mean (SE) with 95% confidence intervals
(95% CI). All statistical analyses were performed using STATA 9 (Stata, College Station, TX).

RESULTS
Anthropometric and sleep study characteristics for the entire study population and stratified
by sex are shown in Table 1. The study sample was comprised of an approximately equal
number of men (n = 86) and women (n = 78) and encompassed a broad range of age, BMI, and
sleep apnea disease severity. The prevalence of obesity (BMI ≥ 30 kg/m2) for the entire sample
was 75.6% (87.1% and 65.1% in women and men, respectively). The women were of similar
age to the men but were more obese and had less severe OSA. There were 108 subjects with
obstructive sleep apnea (41 women vs. 67 men; age 44.2 ± 10.0 yr, range 19-62 yr; BMI 41.1
± 11.7 kg/m2, range 23-58 kg/m2; NREM RDI 59.4 ± 32.1, range 10.2-138.9 events/h) and 56
subjects without obstructive sleep apnea (37 women vs. 19 men; age 38.8 ± 9.8 yr, range 23-70
yr; BMI 37.3 ± 10.7 kg/m2, range 19-71 kg/m2; NREM RDI 3.4 ± 2.6, range 0-9.9 events/h).

Passive Pcrit and Sleep Apnea Risk Factors in the Entire Sample (Men and Women)
The passive Pcrit significantly correlated with BMI (r = 0.37; 95% CI: 0.23-0.50; P < 0.0001)
but not age (r = 0.12; 95% CI: -0.03-0.27; P = 0.12) for the entire group (n = 164). In addition,
the passive Pcrit was significantly higher in men (-0.4 ± 3.2 cmH2O) than women (-2.2 ± 3.1
cmH2O) with a difference of 1.8 ± 0.5 cmH2O (P < 0.001; Fig. 1, left).

In multivariable analyses, we confirmed that male sex, BMI, and age were independently
associated with the passive Pcrit (see Table 3, model 1). In particular, the passive Pcrit was
considerably higher in men than women after adjusting for age and BMI (2.63 cmH2O; 95%
CI: 1.75-3.51 cmH2O; P < 0.0001, Table 3, model 1). The passive Pcrit also increased with
BMI independent of sex and age [1.40 cmH2O higher per 10 kg/m2 increase in BMI (95% CI:
1.01-1.78 cmH2O per 10 kg/m2; P < 0.001)]. As BMI increased, however, the passive Pcrit
increased more in men than women (0.78 cmH2O per 10 kg/m2 increase in BMI; see Table 3,
model 2, interaction term, P = 0.048). Finally, the sex- and BMI-adjusted passive Pcrit
increased with age [0.52 cmH2O higher per decade (95% CI: 0.10-0.93 cmH2O per decade;
P = 0.015)]. Because of differences in the distribution of BMI and sleep apnea severity between
the men and women, the associations between the passive Pcrit and sleep risk factors (age and
BMI) were further analyzed in each sex separately.

BMI and Age Effects on Passive Pcrit in Sex-Stratified Samples
Multivariable analyses were performed to examine whether BMI and age were independent
predictors of passive Pcrit in men and women. In men, the passive Pcrit varied directly with
BMI (Fig. 2, right). In sex-stratified models, men continued to demonstrate a trend toward
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greater increases in passive Pcrit per change in BMI compared with women (P = 0.067; data
below).The age-adjusted passive Pcrit was 1.67 cmH2O higher per 10 kg/m2 increase in BMI
(95% CI: 1.20-2.15 cmH2O per 10 kg/m2, P =0.0001). In contrast to BMI, age was not
associated with passive Pcrit in the men (Fig. 3, right) (P = 0.58).

In women, both BMI and age were independent predictors of passive Pcrit (Fig. 2, left, and
Fig. 3, left). The age-adjusted passive Pcrit was 0.95 cmH2O higher per 10 kg/m2 increase in
BMI (95% CI: 0.32-1.57 cmH2O per 10 kg/m2; P = 0.004). To determine the influence of
menopause on BMI-related changes in passive Pcrit, we performed a subanalysis in women
less than 45 yr old and found that the passive Pcrit rose by 2.06 cmH2O per 10 kg/m2 increase
in BMI (95% CI: 1.35-2.78 cmH2O per 10 kg/m2; P < 0.0001). In contrast, there was no
significant rise in passive Pcrit with BMI in women over 45 yr old.

Compared with men, women demonstrated a significant elevation in BMI-adjusted passive
Pcrit with age of 0.92 cmH2O higher per decade (95% CI: 0.31-1.54 cmH2O per decade; P =
0.004). In contrast to BMI, age was not a significant determinant of passive Pcrit in the
premenopausal subgroup (<45 yr old). Nevertheless, age became a significant determinant
when the age range was extended to include all women less than 51 yr old and remained
significant with the inclusion of women greater than 51 yr old, suggesting that perimenopausal
changes may account for age-related elevations in passive Pcrit in women.

Sex Effect on Passive Pcrit in Matched Subsample
To assess the independent effect of sex on passive Pcrit, we accounted for differences in the
distribution of BMI and sleep apnea severity between men and women (Table 1) by closely
matching a subsample of men with women of comparable BMI and RDI (Table 2), a strategy
that produced subgroups also matched for age (Table 2). Comparing matched male and female
subgroups, we found that the age-adjusted passive Pcrit was 1.9 ± 0.9 cmH2O lower in the
women compared with men (95% CI: 0.1-3.6 cmH2O, P = 0.02; Fig. 1, right). To minimize
the influence of menopause on sex-related differences in passive Pcrit, we compared the passive
Pcrit in men and women from the matched subsample who were less than 45 yr old. The passive
Pcrit was 2.7 ± 1.0 cmH2O lower in women compared with men (95% CI: 0.7-4.7 cmH2O,
P = 0.009).

Passive Pcrit and Sleep Apnea Severity
To determine whether upper airway mechanics mediate the relationship between known sleep
apnea risk factors and sleep apnea severity, we examined the relationship between passive Pcrit
and sleep apnea status and severity. Sleep apnea was largely absent in those whose passive
Pcrit was less than -5 cmH2O, and increased markedly in severity when the passive Pcrit rose
above this -5 cmH2O threshold in the entire sample stratified by NREM RDI (r = 0.46, 95%
CI: 0.33-0.57, P < 0.001), REM RDI (r = 0.36, 95% CI: 0.21-0.49, P < 0.001), and total RDI
(r = 0.46, 95% CI: 0.33-0.57, P < 0.001; see Fig. 4).

Using an RDI > 10 events/h to define the presence of sleep apnea, a 1 cmH2O increase in
passive Pcrit was associated with an increased odds for sleep apnea in NREM (OR: 1.45; 95%
CI: 1.26-1.69; P < 0.001), REM (OR: 1.41; 95% CI: 1.21-1.64, P < 0.001), and total sleep (OR:
1.43; 95% CI: 1.24-1.66; P < 0.001). The passive Pcrit had a predictive power of 0.73 (95%
CI: 0.65-0.82) in predicting a total RDI > 10 events/h with similar results for NREM RDI and
REM RDI. A passive Pcrit threshold of -5 cmH2O correctly classified sleep apnea disease
status in 76.7% of subjects with a sensitivity of 96.5% and specificity of 30.6%.
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DISCUSSION
Our study examined the modulation of passive Pcrit, a measurement of upper airway structural
loads, by sex, age, and obesity. The major findings in the study were that passive Pcrit was
markedly elevated in men compared with women independent of disease or obesity. We also
found that obesity was associated with progressive elevations in passive Pcrit in both men and
women and demonstrated that the increase in passive Pcrit with obesity was greater in men
than women. In contrast to men, age was associated with elevations in passive Pcrit in the
women, particularly in the perimenopausal years. Of note, a markedly negative passive Pcrit
(less than -5 cmH2O) appears to protect against sleep apnea, whereas increases in the passive
Pcrit above this threshold predict increases in sleep apnea prevalence and severity. Our findings
suggest that passive Pcrit is differentially controlled by sex, age, and BMI, and that alterations
in passive Pcrit partly mediate the relationship between these sleep apnea risk factors and OSA.

Sex Differences in Passive Pcrit
Men and women may differ in both the anatomic and neuromuscular control of upper airway
patency during sleep (31,39). In the present study, neuromuscular activity was minimized
(60) by adopting methods for measuring the passive mechanical properties of the airway during
sleep (49). Utilizing a similar approach, investigators previously noted an ∼3-cmH2O elevation
in passive Pcrit in BMI-matched men compared with women; however, this difference did not
remain after subjects were matched for sleep apnea severity (25). Our study overcame
limitations in sample size and allowed us to model the effects of sex, BMI, and age on passive
Pcrit. Given the ample sample size, we were able to deploy several distinct analytical
approaches to unraveling the relationships between passive Pcrit and known sleep apnea risk
factors. In separate approaches, we adjusted, stratified, and rigorously matched for specific
factors in order to determine the impact and mediators of upper airway structural control by
sex, age, and BMI. Multiple analytical approaches were utilized to demonstrate a robust ∼2-
to 3-cmH2O elevation in Pcrit in men compared with women, independent of age, BMI, and
sleep apnea severity, indicating increased mechanical instability of the pharynx. Sex
differences in upper airway mechanical control may be related to differences in pharyngeal
length and surrounding soft tissue structures (26,27,31,43,45) or to sex-related differences in
fat distribution (see below).

Effect of Obesity and Age in Men vs. Women
Obesity was associated with elevations in passive Pcrit in both the men and women, reflecting
its effect on upper airway structural properties and mechanical loads (6,12,14,23,28,36,37,
51,60). Several structural differences can account for observed elevations in passive Pcrit with
obesity. First, the pharynx is more elongated in men compared with women (31), leaving a
greater region exposed to upper airway collapse. Second, increased fat deposits around the
upper airway in obese compared with lean individuals may increase extraluminal tissue
pressure and increase Pcrit (10,26,27,33,44,46,47,56). Third, truncal fat and central adiposity
(especially in men) may be associated with decreased lung volumes and diminish caudal
traction on the upper airway, compromise upper airway patency (7,17,20), elevate Pcrit (23,
44,45,52,56), and increase sleep apnea severity (18). Thus obesity imposes mechanical loads
on the upper airway through its effect on lung volume, extraluminal tissue pressure, and/or
pharyngeal size.

Although the effects of obesity were similar between men and women, age was associated with
a higher passive Pcrit in the women but not in the men. Elevations in upper airway mechanical
loads may be related to a redistribution of body fat from the gluteofemoral to intra-abdominal
compartments with age, particularly as women pass through menopause (9). These alterations
in body fat can account for the observed age-related elevations in passive Pcrit, which were
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only detected when women in the perimenopausal age range were included in our analysis. As
fat redistributes from peripheral to central compartments with age (5), decreases in lung volume
and/or increases in neck and peripharyngeal fat may account for observed increases in passive
Pcrit. As women age, sleep apnea susceptibility may increase as the passive Pcrit rises or
compensatory neuromuscular responses wane (37).

Passive Pcrit and Sleep Apnea Pathogenesis
A major finding was that the prevalence and severity of sleep apnea rose as the passive Pcrit
increased above -5 cmH2O. These findings are consistent with prior work demonstrating a
similar threshold for disease at this level (37), and a somewhat higher passive Pcrit threshold
for REM-related sleep apnea (14). Our findings imply that the passive Pcrit mediates effects
of sleep apnea risk factors on disease susceptibility. Nevertheless, some subjects with
elevations in passive Pcrit did not have sleep apnea. This latter finding is consistent with the
notion that while passive upper airway structural loads predispose to sleep apnea, the
development of upper airway obstruction in subjects with elevations in passive Pcrit can elicit
active neuromuscular responses that mitigate the obstruction and protect from sleep apnea
(37,51,54).

Limitations
Our findings imply that sex, obesity, and aging increase the individual’s susceptibility to sleep
apnea in part by elevating the passive Pcrit in men and women. These conclusions arise from
cross-sectional analyses of associations in a cohort in which recruitment bias may exist.
Nevertheless, our conclusions are strengthened by the large study group recruited for detailed
physiological measurements, the wide range of age and weight, and the multiplicity of
confirmatory analytic approaches afforded by our large sample size. In separate analyses, we
minimized the impact of confounding and recruitment bias on our conclusions by adjusting for
potential confounders in the entire sample population, stratifying by sex, and by rigorously
matching on obesity, sleep apnea severity, and age between sex groups. Another limitation of
the present study is that it did not account for measurements of neck size or body fat distribution
(e.g., waist circumference) since these measurements were not available for the entire cohort.
Future investigations will be necessary to identify anatomic and soft tissue compartments that
influence mechanical loading of the upper airway. In addition, we did not have precise
information regarding menopausal status in the women in this study sample. Nevertheless, we
documented particular vulnerability in women in the perimenopausal years. Finally, we
recognize that while the passive Pcrit represents a measure of upper airway structural
properties, it may be partially influenced by neuromuscular tone since it is determined under
conditions of neuromuscular hypotonia rather than atonia. Nevertheless, neuromuscular effects
were not likely to confound our measurements of passive Pcrit, which were comparable to
those previously reported under conditions of general anesthesia (12-14,19) and neuromuscular
blockade (22).

Implications
Our findings have major implications for our understanding of the mechanisms mediating OSA
susceptibility in male, overweight, and aging populations. Epidemiological studies have
demonstrated that age and obesity are associated with sleep apnea (4,61,62) and that changes
in weight result in parallel changes in sleep apnea severity (34,38). In prior work, investigators
have attributed increases in upper airway collapsibility with weight gain (in obesity) (48) to
alterations in mechanical loads or neural control (37). In particular, obesity has been associated
with an ∼0.5-cmH2O·kg-1·m-2 decrease in upper airway critical pressures (48), which may
have been due to improvements in the passive Pcrit and/or active responses to airway
obstruction (21,37). The present findings suggest that less than 50% of the overall Pcrit
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response to weight loss may be attributed to reductions in the passive Pcrit, which decreases
by only ∼0.1-0.2 cmH2O per unit fall in BMI (kg/m2). The remaining ∼0.3- to 0.4-cmH2O
reduction in Pcrit per unit fall in BMI (kg/m2) with weight loss may be attributed to concomitant
improvements in upper airway neuromuscular control. Longitudinal studies will be required
to establish the independent effects of age and weight on the passive and active control of upper
airway patency during sleep.
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Fig. 1.
Women have decreased pharyngeal critical pressure under hypotonic conditions (passive Pcrit)
compared with men. A ∼2.0-cmH2O increase in passive Pcrit was observed in men compared
with women (P < 0.02) in the entire group (left) and the male and female subgroups matched
for respiratory disturbance index (RDI) and body mass index (BMI) (right). Values were
adjusted for age and BMI. Line = median; box = 25th-50th percentiles; whiskers and cap =
95th percentile. Additional data points are represented that were outside the 5th and 95th
percentiles. Bars = frequency histogram; dotted line = normal distribution plot; *P < 0.05.
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Fig. 2.
Passive Pcrit vs. BMI in men and women. In men and women, there was a significant correlation
between the passive Pcrit and BMI (adjusted for age) for the entire sample of men and women.
The magnitude of the change in Pcrit (solid lines) was 1.67 cmH2O per 10 kg/m2 change in
BMI [95% confidence interval (CI): 1.20-2.15 cmH2O per 10 kg/m2] in men (right) vs. 0.95
cmH2O per 10 kg/m2 change in BMI (95% CI: 0.32-1.57 cmH2O per 10 kg/m2) in women
(left). Note that the distribution of the subjects in the subset matched for RDI and BMI (closed
symbols) did not differ from the distribution in the entire subject groups (open and closed
symbols) for both men and women. Dashed lines represent 95% CIs.
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Fig. 3.
Passive Pcrit vs. age relationship in men and women. In the entire group, there was a significant
correlation (solid line) between passive Pcrit and age (adjusted for BMI) in women, but not
men (no line drawn). Note that the distribution of the subjects in the subset matched for RDI
and BMI (closed symbols) did not differ from the distribution in the entire subject groups (open
and closed symbols) for both men and women. Dashed lines represent 95% CIs.
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Fig. 4.
Passive Pcrit vs. RDI in all subjects. Sleep apnea prevalence (RDI > 10 events/h; see horizontal
dashed line) and severity in non-rapid eye movement (NREM; left), rapid eye movement
(REM; middle), and total sleep (right) increased with elevations in passive Pcrit. The presence
of sleep apnea and sleep apnea severity increased markedly as passive Pcrit increased above
-5 cmH2O (see vertical dashed line), although there was substantial variability (○, women; ■,
men).
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Table 2
Anthropometric data for matched subset

Women (n = 30) Men (n = 30)

Mean ± SD Range Mean ± SD Range

Age, yr 42.3±11.5 19.0-70.0 41.8±9.4 21.0-68.0
BMI, kg/m2 39.9±12.2 23.1-71.5 39.9±11.1 23.1-60.3
RDI, events/h 41.5±41.9 0.4-138.9 44.2±42.3 0-123.9
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