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Abstract

Objectives: The sensitivity and specificity of overnight monitoring of arterial oxygen saturation (SaO2) using an oximeter were evaluated

in elderly subjects who are being investigated for possible sleep apnea syndrome (SAS).

Methods: Seventy-five consecutive elderly subjects with habitual snores (47 men, 28 women; mean (^SE) age 75.5^ 0.9 years (range

65–94 years)) were studied. The SaO2 was measured with an oximeter and a chart recorder during the night immediately before detailed

polysomnographic studies. The SaO2 recordings were classified by two observers as positive or negative using a number of significant

oxyhemoglobin desaturation (SDS) of more than 2, 4, and 6%. The sensitivity of the oximeter alone for the recognition of the SAS was

calculated as the number of true positive SaO2 records divided by the total number of positive definitive (polysomnographic) records. The

specificity was defined as the number of true negative SaO2 records divided by the total number of negative definitive records.

Results: Of the 75 subjects, 24 had moderate SAS (apnea index ðAIÞ . 15) and 55 had mild to moderate SAS (AI . 5). The sensitivity and

specificity of the dosimeter as a screening test were determined with the two diagnostic thresholds of the AI. For AI exceeding 5 or 15, the

respective sensitivity by using the criterion of SDS of more than 4% was 85.5 or 91.7%, with corresponding specificity of 85.0 or 92.2%.

Conclusions: The nocturnal oximeter monitoring allows recognition of elderly subjects with a mild to moderate SAS, and 4% desaturation

of SaO2 is a candidate index to detect a significant number of apneas in elderly SAS patients with an oximeter.q 2002 Elsevier Science B.V.

All rights reserved.
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1. Introduction

Because sleep disorders are extremely common in the

elderly, complaints of insomnia and daytime sleepiness

have been found to increase within the aging sample in

surveys [1–3]. Sleep apnea syndrome (SAS) is known to

increase with advancing age, contributing to excessive

daytime sleepiness, cardiovascular dysfunction and the

impairment of health-related quality of life (HRQoL) [4–

12]. Increased mortality rates reported in patients with

severe SAS are probably due to the greater magnitude of

cardiovascular complications [13–15]. Although SAS itself

and SAS-related symptoms may be hazardous for elderly

persons, elderly patients with SAS are often overlooked

and undiagnosed. It is reasonable to assume that earlier

detection of SAS in elderly persons is important for success-

ful treatment. In principle, polysomnographic studies are

needed for the detection and classification of sleep apnea

and associated disorders [16], but these studies are relatively

expensive in cost and time, and often inconvenient for both

subjects and observers. The explosive growth of the aged

population prevents the availability of polysomnography for

all elderly patients, especially those who live far from our

laboratory. From this perspective, a simple method of

screening SAS would be beneficial. Although oximetry is

a candidate to diagnose SAS, the results of the previous

studies have been variously reported. The sensitivity of

oximetry alone for the recognition of SAS ranges from 40

to 100% [17–25]. In addition, the clinical significance of

oximeter monitoring for detecting SAS in elderly subjects

has not been extensively reported.

The purpose of this study is to assess the value of single

overnight oximeter monitoring in predicting whether signif-

icant sleep apnea is present in the elderly.
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2. Method

2.1. Subjects

Seventy-five consecutive elderly subjects (47 men, 28

women; mean (^SE) age 75.5^ 0.9 years (range 65–94

years)) were studied during the night after obtaining

informed consent. All were habitual snorers; other demo-

graphic and anthropometric data are shown in Table 1. We

observed the arterial oxygen saturation (SaO2) recordings of

these subjects referred for investigation of possible sleep

apnea, which were obtained the night immediately preced-

ing more detailed nocturnal polysomnographic studies on

the second and third nights. In subjects who slept for less

than 6 h, as determined by EEG and EOG, repeat oximetry

or polysomnography was performed to assess whether poor

sleep led to a misdiagnosis or inaccurate estimation of

disease severity. Sixty of 75 patients were free of cardiopul-

monary diseases. They did not have abnormal spirometric

results or histories of cardiopulmonary diseases. Five

patients with reduced left ventricular function were stable

clinically (belonging to Class 2 or more according to the

New York Heart Association functional classification) and

in sinus rhythm. Ten patients had stable chronic obstructive

pulmonary disease (COPD) which was determined by the

patients’ history, the usual radiographic and pulmonary

criteria, and exertional dyspnea with signs of over-distended

lung volume. No patients with COPD had a forced expira-

tory volume in 1 s (FEV1) to more than 60% predicted. We

chose the best of three maximal flow-volume curves using a

dry rolling seal spirometer (DRS-360, Fukuda Sangyo,

Japan) before the sleep study. The best index is defined as

the curve with the highest sum of forced vital capacity

(FVC) and FEV1 [26].

2.2. Study design

All patients were admitted for three or more consecutive

nights. SaO2 was recorded with an oximeter (953 Finger

Flex Sensor; Healthdyne Technologies) with an output

analog signal connected to a chart recorder (Multicorder

MC 6716, Graph Tec Corp., Japan). The oxygen saturation

signal was digitally sampled at 1 Hz. The recorder speed

was set at 6 cm/h and the subject recorded the start time. The

finger probe was attached with the assistance of a nurse or

doctor before the subject went to sleep. Nursing staff inter-

mittently checked the placement of the probe during the

night, but the subject was not under constant supervision.

To minimize the oximeter artifact, the nurses checked the

chart records every 5 min and re-checked the patients’

movements and the probe position when accelerated dips

of oximeter recordings were found. Polysomnography was

performed on the second night. Polysomnography on the

second night consisted of 8 h of overnight monitoring

using a standard technique. Respiratory effort was measured

using respiratory inductance plethysmography (Respitrace

Crop., USA), and airflow at the nose and mouth was

measured with thermistors [27]. Surface electrodes were

applied to obtain EEG, EOG, and ECG, and we also

recorded the heart rate. SaO2 was recorded with the pulse

oximeter (953 Finger Flex Sensor; Healthdyne Technolo-

gies). The oxygen saturation signal was digitally sampled

at 1 Hz. A polygraph recorded data on paper using a 12-

channel chart recorder (Nihonkoden, Japan) and on floppy

disk via an IBM-compatible personal computer data acqui-

sition system (NEC 9801, NEC, Japan). The recording

included four channels of EEG, two channels of EOG,

one channel of ECG, one channel of airflow by thermistor,

three channels of effort by respiratory inductance plethys-

mography, and one channel of SaO2.

Apnea was defined as the cessation of oronasal airflow for

more than 10 s. Desaturation was not a criterion for scoring

apnea. In this study mild SAS was determined by an apnea

index (AI) greater than 5/h; moderate SAS was determined

by an AI greater than 15/h. Patients were diagnosed on the

basis of an AI exceeding 5 or 15 events per hour, and the

sensitivity and specificity of oximeter monitoring for the

detection of SAS were examined for both mild and moder-

ate SAS.

2.3. Definition of significant oxyhemoglobin desaturation on

oximeter recording

The number of significant oxyhemoglobin desaturation

(SDS) was determined by drops in oxyhemoglobin satura-

tion of more than 2, 4, and 6%. Drops in SaO2 lasting more

than 5 s were counted.

2.4. Analysis using the number of SDS

The observers were unaware of the aim of the study.

Recordings of both nights were examined separately, with-

out knowledge of the other night’s recording. Oximetry

records from the first night were coded and analyzed

‘blind’ by two experienced observers and classified in one

of two categories: positive, SAS present; negative, SAS not

present. A second observer checked samples of the record.

The criteria for positive scores were.7.5,.10, and.15

SDS/h for moderate SAS and.1,.2.5,.3, and.5 SDS/h
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Table 1

Anthropometric and pulmonary function dataa

n 75

Male/female 18/6

Age (years) 75.0^ 8.7

Height (cm) 155.8^ 7.6

Weight (kg) 53.5^ 9.2

BMI 22.1^ 4.1

FVC (L) 2.37^ 0.49

%VC (%) 80.9^ 1.8

FEV1 (L) 1.94^ 0.34

FEV1/FVC (%) 81.8^ 4.1

a Data are presented as the mean^ SD. BMI, body mass index; FVC,

forced vital capacity (L); FEV1 (L), forced expiratory volume in 1 s.



for mild SAS. The sensitivity of oximetry alone for the

recognition of the SAS was calculated as the number of

true positive SaO2 records divided by the total number of

positive definitive (polysomnographic) records. The speci-

ficity was defined as the number of true negative SaO2

records divided by the total number of negative definitive

records.

To test the reproducibility of our findings, observers unfa-

miliar with the aim of the study re-examined the SaO2 data

and also compared the second night’s data with the third

night’s polysomnographic data in 61 subjects to examine

night-to-night variability. All values are expressed as the

mean^ SE.

3. Results

Of the 75 elderly patients studied, 20 were normal with

AI , 5. Twenty-four subjects had moderate SAS (AI . 15)

and 31 had mild SAS with AI , 15 but .5. Thus, a total of

55 subjects had mild to moderate SAS (AI . 5). When the

SaO2 recordings were classified as positive or negative,

using a number of SDS of more than 2% desaturation

from baseline SaO2, the sensitivity was 92–98.7% with

corresponding specificity of 56–30.7% for AI . 5, and

85.3–98.7% with corresponding specificity of 70.7–52%

for AI . 15. Sensitivity was very high, but there were

many cases of false positive results (Fig. 1). When we

judged SDS as a drop in SaO2 of more than 4%, the sensi-

tivity was 61.8–96.4% with corresponding specificity of

100–40.0% for AI . 5 and 37.5–100% with corresponding

specificity of 100–72.5% for AI . 15. Sensitivity is

increased by reducing the frequency of SDS events required

to count a positive result, but the corresponding specificity

decreases. The balance between sensitivity and specificity

can be acceptable (Fig. 2). When we used the number of

SDS defined as a drop in SaO2 of more than 6%, the sensi-

tivity was 37.3–62.7% with corresponding specificity of

100–70.7% for AI . 5, and 30.7–78.7% with corresponding

specificity of 100–85.3% for AI . 15. Although specificity

seemed reasonable, sensitivity was not high enough to

exclude SAS from normal subjects (Fig. 3).

Because apneas and SDS in one patient are not always

similar to those in another, a scatter plot with a regression
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Fig. 1. The sensitivity and specificity for various criteria of a significant

number of oxyhemoglobin desaturations to differentiate patients with an AI

of more than 5 (open squares) or 15 (closed squares) from normal subjects

(AI , 5). Open squares represent frequencies of desaturation of 2% or

more from baseline from bottom to left: 5/h, 3/h, 2.5/h, 1/h. Closed squares

represent frequencies of desaturation of 2% or more from baseline from

bottom to left: 15/h, 10/h, 7.5/h, 5/h. Mild SAS, subjects with an AI of more

than 5; moderate SAS, subjects with an AI of more than 15; SDS, 2% or

more desaturation.

Fig. 2. The sensitivity and specificity for various criteria of a significant

number of oxyhemoglobin desaturations to differentiate patients with an AI

of more than 5 (open squares) or 15 (closed squares) from normal subjects

(AI , 5). Open squares represent frequencies of desaturation of 2% or

more from baseline from bottom to left: 5/h, 3/h, 2.5/h, 1/h. Closed squares

represent frequencies of desaturation of 4% or more from baseline from

bottom to left: 15/h, 10/h, 7.5/h, 5/h. Mild SAS, subjects with an AI of more

than 5; moderate SAS, subjects with an AI of more than 15; SDS, 4% or

more desaturation.

Fig. 3. The sensitivity and specificity for various criteria of a significant

number of oxyhemoglobin desaturations to differentiate patients with an AI

of more than 5 (open squares) or 15 (closed squares) from normal subjects

(AI , 5). Open squares represent frequencies of desaturation of 2% or

more from baseline from bottom to left: 5/h, 3/h, 2.5/h, 1/h. Closed squares

represent frequencies of desaturation of 6% or more from baseline from

bottom to left: 15/h, 10/h, 7.5/h, 5/h. Mild SAS, subjects with an AI of more

than 5; moderate SAS, subjects with an AI of more than 15; SDS, 6% or

more desaturation.



line for the number of SDS vs. the number of apneas is

shown in Fig. 4.

The difference among observers in the interpretation of

records (number of SDS) of oximeter monitoring was less

than 1%. The night (day 2) to night (day 3) variability of the

numbers of apneas in polysomnographic studies was less

than 11% (5.8^ 0.4%). These results do not affect the

analysis of sensitivity and/or specificity of oximeter moni-

toring for SAS.

4. Discussion

Among patients with hypersomnolence, SAS is the most

common diagnosis made in sleep disorder centers. Sleep

disordered breathing (SDB), including SAS, is often

observed in the elderly population and may impair psycho-

logical as well as cardiovascular functions, sometimes caus-

ing potentially life-threatening events [4–15]. Detection of

SDB among elderly subjects is important, not only to treat

SAS but to detect and avoid risk factors. Although poly-

somnography is required to reveal and characterize SAS

[16], it is expensive, time-consuming, and unavailable to

patients living far from the sleep laboratory. In addition,

some elderly persons cannot tolerate repeated polysomno-

graphic studies. It would be desirable to have a simple

screening test for sleep apnea in order to examine a greater

number of elderly people.

Recently, non-invasive oxygen saturation monitoring,

pulse oximeter, has been developed and used for screening

and assessing SAS [17–25]. Séries et al. [23] reported a 98%

sensitivity in oximetry diagnosis for obstructive sleep

apnea, but a specificity of only 48% in 240 consecutive

patients. On the other hand, Issa et al. [24] reported that

the combination of snoring and oximetry monitoring for

diagnosing SAS had an 84–90% sensitivity with a specifi-

city of 95–49%. The difference may depend on the apnea

hypopnea index (AHI) diagnostic criterion employed. A

recent prospective study reported that the respiratory distur-

bance index (RDI), determined by an automated algorithm

for analyzing digital oximetry, showed an excellent correla-

tion of AHI determined by polysomnography [28]. Thus, the

analytical use of oximetry data may also be important.

However, the value of oximetry monitoring has not been

extensively evaluated in the elderly.

An ideal screening test should have a high sensitivity with

a reasonable specificity. Oximetry monitoring alone may

identify many elderly patients with mild to moderate SAS,

confirming the results of previous studies of the young and

adults [17–25]. However, appropriate criteria of oxyhemo-

globin desaturation for detection of SAS have not been

determined. In the current study, we chose three different

criteria for SDS for SAS. Our overall results suggest that 2%

desaturation from baseline SaO2 is sensitive, but not specific

to differentiate SAS from normals, whereas 6% desaturation

from baseline SaO2 has high specificity but low sensitivity.

There were many false positive cases judged by the 2%

desaturation criterion and many false negatives judged by

the 6% desaturation criterion. Compared with the two

previous desaturation criteria, 4% desaturation from base-

line SaO2 was able to detect elderly subjects with SAS with

a good sensitivity and a reasonable specificity. The 4%

desaturation of baseline SaO2 may be an appropriate index

to detect elderly subjects with SAS by using an oximeter.

There is still controversy in published papers about the

defining criteria for SAS [29]. The originally proposed

criterion of more than five episodes of apnea per hour of

sleep is now generally regarded as too strict, and an AI

above ten or 15 is considered more realistic [30,31].

When we used the original criteria for the elderly, numerous

subjects could be diagnosed with SAS. In the present study,

we found 55 subjects with mild SAS, determined by an AI

of greater than five per hour. These numbers reached 73.3%

of the total sample in this study. However, some of the

patients did not exhibit any symptoms and were not consid-

ered to have clinically significant SAS. When we defined

moderate SAS as an AI of greater than 15 per hour, 24

subjects out of a total of 75 (32%) were found to have

moderate SAS. These patients exhibited some of the clinical

features of SAS, and were considered to have significant

SAS. The relatively high prevalence of significant SAS in

the elderly with habitual snoring is in agreement with

previous studies [32,33].

Because a great number of elderly subjects should be

examined to exclude SAS, a useful screening test is neces-

sary to reduce the need for polysomnography. The current

study indicates that home oximeter monitoring may be

useful to exclude elderly patients with SDB from normal

breathing elderly, with a relatively high sensitivity. It would

be reasonable to speculate that oximeter monitoring is effec-

tive in identifying SAS, but not suitable for assessing

disease severity. Thus, we should carefully consider the

clinical limitations of nocturnal oximeter monitoring for

detecting/assessing SAS. First, oximeter dips during the

night are not always consistent with apneic events. The

number and duration of dips are affected by many factors,

including incorrect placement of the probe, impaired blood
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Fig. 4. A scatter plot with a regression line for the number SDS vs. the

number of apneas in the patients.



flow in the hand with the probe, line trouble in the oximeter

and body movements which create artifacts in the oximeter

recordings. Second, some cases of obstructive sleep apnea

syndrome (OSAS) with predominantly short apneas may

have few SDSs, resulting in misdiagnosis. Third, employ-

ment of oximetry monitoring alone implies a risk of both

false positive and false negative results. Fourth, SaO2

recordings alone cannot measure sleep time. Thus, the

number of significant oxyhemoglobin desaturations during

the night may not be the same as the number of oxyhemo-

globin desaturations during sleep. Fifth, selection criteria

for subjects may affect the results of sensitivity and speci-

ficity profiles. Sensitivity is inflated when the majority of

subjects have sleep apnea. A larger sample with a wide

range of apneas, providing more accurate sensitivity and

specificity profiles of overnight oximeter monitoring, may

be needed for further study.

In conclusion, nocturnal oximeter monitoring can be a

useful tool to identify SAS in the elderly, and a 4% desa-

turation from baseline can be useful to predict significant

sleep apnea in elderly persons.
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