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Sleep disordered breathing (SDB) is a prevalent problem 
with clinical expression ranging from snoring to severe 

obstructive sleep apnea (OSA). The OSA syndrome affects at 
least 5% of the adult population.1 A growing body of literature 
attests to significant morbidity associated with even mild OSA. 
Undiagnosed OSA with or without symptoms has been inde-
pendently associated with an increased likelihood of systemic 
hypertension,2 cardiovascular disease,3 stroke, and diminished 
quality of life.4,5 In addition, there is a well-recognized asso-
ciation between OSA, sleepiness, and automobile accidents in 
both commercial and noncommercial drivers.6,7

Severe sleep apnea causes oxygen desaturation, which trig-
gers a catecholamine surge and elevations in blood pressure.4 
This can lead to decompensated congestive heart failure (CHF) 
and acute stroke in the susceptible indvidiual.3,4 It has been rec-
ognized that the combination of chronic obstructive pulmonary 
disease and sleep apnea worsens gas-exchange abnormalities 

during sleep in patients with chronic obstructive pulmonary 
disease, leading to increased morbidity.5 In effect, SDB is as-
sociated with a myriad of systemic complications.

In contrast with the wealth of descriptive information re-
garding SDB in the outpatient setting, relatively little is known 
regarding SDB in acutely ill patients. Most studies note the ef-
fect of the inpatient setting on sleep quality and quantity.8 Other 
studies have described a high frequency of arrhythmias in sub-
jects with SDB.9

To date, there is no description of the association between 
SDB and acute exacerbations of cardiopulmonary disease in a 
large inpatient population. The primary aims of this study are to 
assess the prevalence of SDB in patients referred for inpatient 
polysomnography in a tertiary care center and to assess the odds 
of association of SDB with the underlying acute illness, as well 
as with patient characteristics. A secondary aim is to evaluate 
the quality of sleep and type of apneas in the sample.

Methods

The study involved a retrospective chart review of polysom-
nographic reports and medical records of all patients who had 
studies done while hospitalized at Johns Hopkins Hospital or 
Bayview Medical Center between January 2003 and Septem-
ber 2004. Consent for this project was obtained from the Johns 
Hopkins Institutional Review Board.

Total sleep time, sleep stages, sleep efficiency, the presence 
of SDB, type of apnea, and occurrence of hypoxemia and ar-
rhythmias were noted. Body mass index (BMI) and inpatient 
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diagnoses were recorded as well as the specialty of the physi-
cian referring the patient for the sleep study.

After discharge, it was noted if the patient had a repeat poly-
somnogram as an outpatient and if continuous positive airway 
pressure equipment was arranged for outpatient use, when ap-
plicable.

Polysomnography

Overnight polysomnography was performed using the Com-
pumedics Portable PS-2 System (Abbottsville, Australia) at-
tended by a technologist at the bedside. Sensors were placed and 
equipment was calibrated by a certified technician. Data col-
lection included 2 central electroencephalographic leads; right 
and left electrooculograms, bipolar submental electromyogram, 
thoracic and abdominal excursions (inductive plethysmography 
bands), airflow (detected by a nasal pressure transducer and na-
sal-oral thermistor), oximetry (finger pulse oximetry), and elec-
trocardiogram and heart rate (using a bipolar electrocardiogram 
lead), and body position (using a mercury gauge sensor). The 
data were then downloaded to computers where it was scored 
and subsequently analyzed by a board-certified pulmonologist 
with sleep medicine expertise.

Scoring of the polysomnograms was done by experienced 
polysomnographic technologists. Sleep stages were scored 
according to the guidelines developed by Rechtschaffen and 
Kales.12 Stages 3 and 4 sleep were combined (slow-wave 
sleep). Arousals were identified according to American Sleep 
Disorders Association (American Academy of Sleep Medicine) 
criteria.13 An apnea was defined as a complete or almost com-
plete cessation of airflow (< 25% of baseline), as measured by 
the amplitude of the nasal and nasal-oral flow signal, lasting 
10 seconds or longer. A hypopnea was defined as a reduction 
in airflow associated with a fall in oxygen saturation of at least 
4% or an arousal.

Study Sample

All records of patients admitted to Johns Hopkins Hospital 
or Bayview Hospital who had inpatient sleep studies between 
January 2003 and September 2004 were reviewed. Patients with 
a total sleep time of less than 2 hours, patients with open tra-
cheostomies, or those whose BMI was unknown were excluded 
from further evaluation.

Definitions and Statistical Analysis

The percentage time in each sleep stage was calculated based 
on the total time asleep. Sleep efficiency was defined as the per-
centage of total time asleep, divided by the total time in bed af-
ter lights off to the time of final awakening. BMI, calculated as 
weight in kilograms divided by the square of height in meters, 
was categorized into quartiles that are commonly considered as 
identifying degree of obesity, (Class 1 ≤ 25 kg/m2, Class 2 = 25 
to 29.9 kg/m2, Class 3 = 30 to 39.9 kg/m2, and Class 4 ≥ 40 kg/
m2 ). SDB was defined as an apnea-hypopnea index (AHI) of 
10 or higher. Overall apneas were described according to which 
type of apnea was responsible for more than 50% of the events 
on the polysomnogram.

The diagnoses listed were assigned to patients by the inpa-
tient attending physician. The hospital discharge summaries 
were accessed via the electronic patient records, and discharge 
diagnosis, referral for CPAP therapy, and referral to the Hop-
kins sleep clinic were noted.

All statistical analyses were performed using the STATA 
9.0 statistical software package. Age and BMI were catego-
rized into 3 and 4 categories, respectively. AHI was catego-
rized into 4 groups corresponding to severity of SDB. Logistic 
regressions were performed to assess the extent of the rela-
tionship between having sleep apnea and the subject’s per-
sonal characteristics and disease on admission. Because of 
separation issues (or areas of perfect prediction) in the logis-
tic regression analyses stemming from the condition indicator 
variables, Fisher exact tests were also performed to evaluate 
the relationship between having sleep apnea and each variable 
of interest.

Results

Sample Characteristics

During the sample period, there were 117,444 adult admis-
sions to the Johns Hopkins Hospital (77,478) and Bayview 
Medical Center (39,966). Therefore, the number referred for 
an inpatient sleep study represented 0.086% of all adult admis-
sions. Of the 100 charts reviewed, 6 were excluded from further 
analysis due to incomplete data (missing weight, height) or due 
to the presence of an open tracheostomy. The mean age of the 
patients was 54.0 ± 13.9 years (range 20-82). There was a high-
er proportion of women (54%) than men (46%) in the sample. 
The mean BMI was 40.17 ± 10.6 kg/m2 (range 18-70 kg/m2). 
Overweight patients (BMI 25-30 kg/m2) comprised 8.5% of the 
total, and obese patients (BMI > 30 kg/m2) made up 86.2% of 
the total sample. (Table 1)

Sleep Architecture

The analysis of sleep stages are shown in Table 2. A compari-
son of the sleep stages with a distribution from a normal popu-
lation matched for age is given in Figure 1. There was a higher 
percentage of stage 1 and less rapid eye movement (REM) 
sleep, as compared with an age-matched normal population.

Table 1—Personal Characteristics of the 94 Patients Comprising 
the Study Population

	 No.	 %
Sex
	 Women	 51	 54
	 Men	 43	 46
Age, y	
	 20-49	 37	 39
	 50-69	 43	 46
	 70+	 14	 15
BMI, kg/m2

	 18-24	 5	 5
	 25-29	 7	 8
	 30-39	 36	 38
	 40+	 46	 49
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SDB Characteristics

SDB was present in 77% of patients. The majority of those 
with SDB had obstructive apneas (95%). For the group, the 
average low oxygen saturation was 89% in non-REM sleep 
and 82% in REM sleep. Forty-two percent of patients were on 
oxygen throughout the study; however, there was as equal a 
likelihood of desaturation below 90% in those on oxygen as 
compared with those not requiring oxygen supplementation.

There was a statistically significant increase in the odds of hav-
ing sleep apnea with increasing BMI (odds ratio; [OR] 9.81; 95% 
confidence interval; [CI] 1.0, 91.7) (Table 3). Comparing BMI 
class 4 with class 1, there was no clear linear increase in the odds 
of sleep apnea with a doubling of the BMI. An investigation of 
the composition of the BMI categories by age and sex categories 
did not reveal any patterns that might explain the lack of linearity 
in the relationship between BMI and odds of sleep apnea.

Multivariable logistic regression analyses of sleep apnea on 
baseline characteristics was performed (Table 4). There was a 
statistically significant increase in the OR of sleep apnea with 
every unit increase in BMI (OR 1.08; 95%CI 1.02, 1.15) ad-
justing for all other variables. Adjusting for age and BMI, men 
had a statistically significant reduced odds ratio of sleep apnea 
compared to women (OR 0.32; 95% CI 0.10, 1.0).

Analysis of SDB and Disease Condition

There was a wide spectrum of disease. The majority of pa-
tients were admitted with chronic obstructive pulmonary dis-

ease, congestive heart failure (CHF). Interstitial lung disease 
(ILD), acute pulmonary embolism, and pulmonary hyperten-
sion were the next most common diseases. The Miscellaneous 
category captured any other diagnosed conditions.

Fisher exact test was performed to evaluate the relationship 
between the existence of the condition and of sleep apnea. There 
was a statistically significant association between sleep apnea 
and CHF (p = 0.01). There was a suggestion of an association 
between sleep apnea and ILD (p = 0.07). Due to the small num-
bers with pulmonary embolism, it was difficult to establish a 
relationship between sleep apnea and pulmonary embolism (p 
= 1.00). Further analysis of the association of SDB with each 
of the disease categories adjusted for age, sex, and BMI was 
performed.

Multivariable logistic regression analyses were performed 
on 2 models for each of the 9 condition categories, with the 
following combinations of the personal characteristics as ad-
ditional independent variables:

Model 1: Disease condition (see Table 5)
Model 2: Disease condition, sex, age categories, and BMI 
categories, where the age and BMI categories were con-
verted to dummy variables using the lowest category as 
the reference.

Figure 1—Sleep-stage percentage of inpatients versus age-
matched normal control subjects. This figure shows sleep stages 
1, 2, 3+4, and rapid eye movement (REM) as a percentage of total 
sleep time in the inpatient population studied, compared with age-
matched normal controls.16 
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Figure 2—Body mass index (BMI) versus sleep apnea. This fig-
ure shows how BMI was related to the presence of sleep disor-
dered breathing in the inpatient population studied.
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Table 3—Multivariable Logistic Regression Analysis of Sleep 
Apnea with Subject’s Characteristics (N=94)

Included in model:	 Odds ratio (95% CI)
Age (years)	 1.02 (0.98, 1.06)
Age category (50-69) a	 0.87 (0.25, 3.0)
Age category (70+) a	 4.33 (0.42, 44.9)
BMI (kg/m2)	 1.08* (1.02, 1.15)
BMI category (25-29) b	 5.13 (0.26, 102.)
BMI category (30-39) b	 1.83 (0.20, 16.6)
BMI category (40+) b	 9.81* (1.0, 91.7)
Gender c	 0.32* (0.10, 1.0)

a compared to lowest age category (20-49)
b compared to lowest BMI category (18-24)
c 0 = female: 1= male
* p < 0.05

Table 2—Sleep-Stage Analysis

Characteristic	 Mean ± SD	 Range
TST, min	 225.1 ± 69.9	 124- 402
Sleep efficiency, %	 76 ± 15.6	 30-100
NREMa	 89.2 ± 10.1	 57-100
REMa	 10.9 ± 10.2	 0-43

aNREM (non-rapid eye movement) and rapid eye movement 
(REM) sleep are shown as a percentage of total sleep time (TST).
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Postdischarge Follow-Up

All of the requests for polysomnography originated from 
general medicine or medical subspecialty staff. None of the 
patients found to have SDB had repeat outpatient polysomnog-
raphy at our institution. There was documentation in 10% of 
patients with SDB of an attempt to provide home continuous 
positive airway pressure.

Discussion

Epidemiologic studies suggest at least 5% of the US popula-
tion has obstructive sleep apnea syndrome.1 It is estimated 1 
out of every 5 adults has mild OSA, and 1 of every 15 adults 
has moderate OSA.1 The prevalence of OSA in patients referred 
for outpatient sleep studies has been reported between 54% and 
85%.22,23 We found that 77% of this referred inpatient popula-
tion had SDB. Prior studies have described the poor sleep qual-
ity of hospitalized patients.2 The inpatient sample we reviewed 
was similar to other studies in that there was a higher percent-
age of stage 1 sleep than is seen in normal subjects2; however, 
unlike other studies, there was a higher average percent of slow 
wave sleep and reduced amount of REM sleep, when compared 
with age-matched normal subjects. We postulate that the deeper 
sleep noted may have been the effect of medication or rebound 
from earlier sleep deprivation.

This high prevalence of SDB is most likely due to the over-
whelming influence of obesity. There is a well-recognized body 
of literature that has shown weight to be a strong predictor for 
SDB.10,11 The data showed a statistically significant association 
between SDB and increasing BMI (OR 9.81 of SDB in morbidly 
obese subjects, compared with normal weight (95%CI 1.0, 91.7). 
In this case, there was a probable bias on the part of the referring 
physicians in targeting obese patients for inpatient polysomno-
grams, given that 86% of those referred were obese.

SDB was detected in 60% of patients of normal weight who 
were hospitalized with flares of ILD, neuromuscular disease, 
and acute pulmonary embolism. It was difficult to draw sta-
tistically significant conclusions because of the small numbers 
of subjects in these categories; however, this is a high preva-
lence in a cohort that may have had a low pretest probability 
for SDB due to their normal weight. It has been shown that 
sleep-induced reduction in minute ventilation in patients with 
underlying neuromuscular and lung parenchymal disease oc-
curs mainly due to a reduction in the tidal volume, leading to 
nocturnal desaturation.17 This pathophysiologic process may 
have been responsible for the SDB detected in this subset.

The lack of a statistically significant association between 
sleep apnea and each disease category remained in model 2 if 
seen in model 1.

For CHF and ILD, the logistic regression analyses showed 
separation issues because of the complete, or almost complete, 
predictability of 1 category, and, thus, the full models could not 
be run. The perfect correlation between sleep apnea and CHF 
could not be explained by BMI, since there was imperfect cor-
relation between increasing BMI and the probability of sleep 
apnea. The perfect correlation between sleep apnea and ILD 
could not be further explored due to the small number with 
ILD.

The relationship between BMI and the existence of sleep 
apnea, which consistently showed significance in the logistic 
regression analyses, is presented in Figure 2. This graph high-
lights not only the larger number, but also the larger proportion, 
of patients having sleep apnea with larger BMI scores.

Analysis of Severity of SDB

The severity of SDB is judged by the AHI, which is tradi-
tionally categorized into 4 categories: 0 to 10, 11 to 30, 31 to 
50, and more than 50, where the latter 3 categories represent 
mild, moderate, and severe disease. These categories were then 
compared with sex and the age and BMI categories using Fisher 
exact test to evaluate any potential relationships (Tables 5 and 
6).

Among those with SDB, women were more likely than men 
to have a higher AHI (p = 0.003). There was a nonstatistically 
significant association between a higher AHI in those young-
er than 70 years of age, as compared with older subjects (p = 
0.055). Those with a higher AHI were more likely to be in the 
BMI category greater than 30 (p = 0.005).

Description of Arrhythmias

Six percent of patients had either episodic premature ven-
tricular contractions or paroxysmal atrial fibrillation. No study 
was interrupted secondary to an arrhythmia.

Table 4—Proportion of Subjects with Sleep Apnea in Each Dis-
ease Category Versus Proportion in Sample Without Disease

Disease	 Total	 Sample with sleep	 p Valuea

	 sample, no.	 apnea, no. (%)
		  Disease	 Disease
		  absent	 present
COPD	 13	 62 (77)	 11 (85)	 0.73
CHF	 18	 55 (72)	 18 (100)	 0.01
COPD-CHF	 6	 68 (77)	 5 (83)	 1.00
Hypercapnea	 10	 67 (80)	 6 (60)	 0.22
ILD	 8	 69 (80)	 4 (50)	 0.07
HIV	 2	 72 (78)	 1 (50)	 0.40
PE	 2	 71 (77)	 2 (100)	 1.00
Pulmonary HTN	 8	 66 (77)	 7 (88)	 0.68
Miscellaneous	 27	 54 (81)	 19 (70)	 0.29

COPD refers to chronic obstructive pulmonary disease; CHF, con-
gestive heart failure; ILD, interstitial lung disease; PE, pulmonary 
embolism; HTN, hypertension. 
aFisher exact test

Table 5—Comparison of AHI Categories and Sex

AHI, kg/m2	 Sex	 p Valuea

	 Female	 Male	 0.003
0-10	 13 (30)	 25 (49)	
11-30	 5 (12)	 15 (29)	
31-50	 8 (19)	 3 (6)	
51+	 17 (40)	 8 (16)	

Data are presented as number (%). AHI refers to apnea-hypopnea 
index. 
aFisher exact test.
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In addition, further investigation of the impact of SDB on 
acute exacerbations of chronic cardiopulmonary disease is need-
ed, given the high prevalence of SDB in hospitalized patients.
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