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Summary: Mild sleep disordered breathing is very common in the elderly, but little is known about the course of 
the disorder over time. Twenty-four elderly people from a population-based study were recorded three times over 
an 8.5-year period. There were no significant changes in either apnea index or in respiratory disturbance index 
(RDI) over time, even when controlled for body mass index. For most subjects, there was great variability over 
time in the number of respiratory disturbances. The sensitivity of RDI ~ 15 at visit I predicting RDI ~ 15 at visit 
3 was only 20%. The predictive value was 50%. Sleep disordered breathing measured at a single point in time is 
rather weakly predictive of the severity of breathing disorder 4-8 years later. Key Words: Sleep disordered breathing
Elderly-Mortality-Natural history-Longitudinal studies. 

Very little is known about the natural history of sleep 
disordered breathing (SDB). A few studies have looked 
at night-to-night variability of SDB. Wittig et al. (1) 
found a reliability of 0.86 for apnea indices among 
patients with> 100 apneas a night, but a much lower 
correlation of 0.33 among patients with < 100 apneas 
per night. Mosko et al. (2) found greater night-to-night 
variability with only 43% of these patients meeting 
criteria for sleep apnea on night one, also meeting cri
teria again on following nights. Aber et al. (3) found 
no change in the mean apnea index from night to night, 
but did find that 35% would have changed classifica
tion. Others have also reported night-to-night vari
ability of sleep apnea (4-6). Ancoli-Israel and col
leagues found that correlations of sleep apnea from one 
night to another were rs = 0.80 for hospital in-patients 
and rs = 0.73 for nursing home patients. Lee and Gi
blin, on the other hand, reported that in healthy men, 
one night was sufficient to rule out sleep apnea (7). 
Given the night-to-night variability of sleep apnea, it 
becomes even more important to understand what 
happens to the severity of the disorder over longer time 
periods. 

Few studies have reported data on the natural history 
of sleep apnea. Correlations over time would reflect 
both the day-to-day and year-to-year variance. Rosen
thal et al. (8) followed 23 patients with mild sleep apnea 
for 2 years and found that they showed improvement 

in their apnea index, independent of weight change. 
Rosenthal et al. (8) concluded that in the absence of 
weight gain, mild SDB is not a progressive disease. 

Bliwise et al. (9) followed elderly subjects for 2.8 
years and middle-aged adults for 8.1 years. There was 
a statistically significant increase of2.3-3.8 apnea points 
in both groups, but such a small increase would not 
be clinically significant. Mason et al. (10) reanalyzed 
the Bliwise data and found the correlation of sleep 
apnea over time was only 0.37 (not significant) for the 
middle-aged group and 0.64 (p < 0.01) for the group 
of elderly. Phoha et al. (11) followed older community 
residents with mild sleep apnea at initial evaluation 
and found a statistically significant, but clinically mild 
increase in respiratory disturbance index over 3 years. 
Bliwise et al. (12) found similar results in older indi
viduals followed over 5 years. Zorick et al. (13), on the 
other hand, followed patients with mild sleep apnea 
over 2 years and found that, independent of weight, 
apnea indices were significantly reduced, indicating an 
improvement in the syndrome. Ancoli-Israel et al. (14) 
followed elderly patients over 2-3 years and found that 
20% showed an increase in apnea index, 20% showed 
a decrease and 60% remained the same. Some of the 
differences among samples reflect regression to the mean 
among samples with high initial indices. 

Mason et al. (10) followed a group of 30 elderly 
subjects, also with mild SDB. These subjects were orig-
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inally part ofa larger study of prevalence of sleep apnea 
in the elderly (15), which began in 1981. Subjects were 
randomly selected, and sleep was recorded in the sub
jects' own homes with unattended monitoring. Four 
and a half years later, the 30 subjects were reevaluated 
with the same technology (10). There was no significant 
difference (either increase or decrease) in either apnea 
index or in respiratory disturbance index (RDI). The 
correlation between the RDI at initial evaluation and 
4.6 years later was 0.69 (p < 0.001). The correlation 
for apnea index at initial evaluation and 4.6 years later 
was 0.50 (p < 0.05). Thirty-six percent of the original 
30 had met criteria for sleep apnea at the initial eval
uation. Only 16% of the original 30 elderly met criteria 
for sleep apnea at follow-up. Such data suggested that 
spontaneous remission may have been occurring. We 
now have the opportunity to report on the third re
cording of this same group of subjects. 

METHODS 

Subjects 

Subjects were originally 427 men and women 65 
years old and over, who had been randomly selected 
and interviewed by telephone between 1981 and 1985. 
Each had been interviewed about sleep and health and 
was recorded for one night. The original sample had a 
mean age of72.5 years when first recorded (SD = 6.1; 
range = 65-95) (15). Approximately 4.6 years later, 
134 were recontacted and 40 (30%) agreed to be restud
ied. All 40 subjects who completed a second recording 
were invited to be restudied a third time. The protocol 
was approved by the Committee on Investigations of 
Human Subjects of the University of California, San 
Diego. 

Apparatus 

Each elderly volunteer was studied with the modified 
Respitrace/Medilog portable recording system (16), 
which recorded two channels of respiration (thoracic 
and abdominal), one channel of tibialis electromy
ograph (EMG) and one channel of wrist activity (to 
distinguish wake from sleep). Data were stored on an 
analog tape-recorder and played back onto a Grass 
model 78 polygraph. This methodology, previously 
validated against traditional polysomnography, shows 
high reliability: apnea index, r, = 0.80 (p < 0.01), 
myoclonus index, r, = 0.64 (p < 0.005), total sleep 
time, r, = 0.82 (p < 0.0 I), and wake after sleep onset, 
r, = 0.61 (p < 0.01) (17). 

On this third follow-up visit, blood oxygen satura
tion levels were also recorded for one of the two nights 
of recording. A portable finger pulse oximeter (Ohme-
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da 3700) and portable notebook computer were used. 
The oximeter sampled blood oxygen saturation levels 
every 2 seconds throughout the night and, to minimize 
loss of data, stored the data in memory and on disk. 
PROFOX, an oximetry program, was used to compute 
the number of desaturation events >4% and lasting 
< 3 minutes, the mean durations of de saturation events, 
and the percent time spent at different saturation levels 
(18). 

Procedure 

Visit 1 occurred between 1981 and 1985. Visit 2 
occurred between 1985 and 1988. Visit 3 occurred in 
1990 or 1991. Each of the 40 original subjects seen at 
visit 2 was recontacted for visit 3. Twenty-four were 
available for re-study. Once they agreed to continued 
participation, they were re-interviewed about sleep and 
medical history, including medication use and any 
change in medical status since the previous visit. The 
Geriatric Depression Scale (19,20) and the Mini-Men
tal Status Examination (21) (which were not previously 
used) were also administered at visit 3. 

Subjects were recorded in their own homes with the 
modified Respitrace/Medilog system. Twenty subjects 
were recorded for two nights but four could only be 
recorded for one night. Oximetry, which was not avail
able at visits 1 or 2, was recorded during visit 3 on 
one of the two nights. Each sleep record was scored for 
total sleep time (TST), wake time (W ASO), number of 
awakenings, number and type of apneas, number and 
type of hypopneas and number of leg jerks. Apnea 
index (AI-number of apneas per hour of sleep), re
spiratory disturbance index (RDI-number of apneas 
and hypopneas, or number of respiratory disturbances 
per hour of sleep) and myoclonus index (number of 
leg jerks per hour of sleep) were computed. When two 
nights of data were available, the mean of the two 
nights was used. 

Data analyses 

Changes in AI, RDI and other variables over time 
were analyzed using the restricted maximum likeli
hood (REML) method (22). This method allows ran
dom rates of change, unequally spaced observations 
and missing data. Pearson correlations were used to 
examine the consistency of variables over time. 

RESULTS 

Compliance 

Of the 40 subjects who completed a second follow
up recording, 24 (60%), (10 women and 14 men) agreed 
to be studied a third time, 11 (28%) refused further 
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TABLE 1. Respiratory indices by visit 

Visit 1 Visit 2 Visit 3 
(n = 24) (n = 23) (n = 23) 

AI mean 3.27 2.76 3.07 
SD 3.22 4.59 7.17 
Median 2.24 1.06 0.90 
Range 0-10.55 0-17.34 0-35.00 

RDI mean 13.41 13.41 10.44 
SD 9.16 9.78 9.27 
Median 11.30 10.86 7.34 
Range 2.06-38.25 0-38.58 0.68-42.07 

Abbreviations: AI = apnea index, SD = standard deviation, RDI 
= respiratory disturbance index. 

participation and five (12%) had died. The 11 subjects 
who refused a third study did not differ from the sub
jects who completed visit 3 in mean apnea index, in 
mean respiratory disturbance index or in general health 
status. Due to equipment failure, data on one subject 
was lost at visit 2 and data on another subject was lost 
for visit 3. 

Demographics 

Visit 3 occurred a mean of 3.6 years (SD = 1 year, 
range = 2.1-5.2 years) after visit 2 and 8.5 years (SD 
= 0.4 year, range = 7.6-9.4 years) after visit 1. At the 
time of visit 1, the mean age of the 24 subjects was 
70.1 years (SD = 3.0, range = 65-77). At the time of 
visit 2, the mean age of the 24 subjects was 75.0 years 
(SD = 2.9, range = 71-83). At the time of visit 3, the 
mean age of the subjects was 78.7 years (SD = 3.1, 
range = 74-86). At the third visit, the mean mini
mental status score was within the normal range (mean 
= 28.4, SD = 2.0) and the mean Geriatric Depression 
Scale score indicated no depression (mean = 4.2, SD 
= 4.1). 

Body mass index (BMI; kglmeter2) significantly in
creased from visit 1 to visit 2 (p < 0.001). The mean 
BMI for visit 1 was 22.03 (SD = 3.12, range = 17.78-
30.35, median = 21.21); mean BMI for visit 2 was 
26.01 (SD = 3.62, range = 21.15-34.37, median was 
25.28); mean BMI for visit 3 was 26.99 (SD = 3.99, 
range = 21.00-39.83, median = 26.61). 

Changes in sleep apnea 

The REML analysis showed no significant differ
ences in either AI or RDI over time, even when con-

TABLE 2. 

Visit 1 
Visit 2 

Intervisit Pearson correlations for respiratory 
disturbance index (p-value) 

Visit 2 

0.75 (0.001) 

Visit 3 

0.46 (0.05) 
0.65 (0.005) 

TABLE 3. Percent with RDI ~ 15 on visit I, 2 and 3 

Visit 2 
RDI ~ 15 RDI < 15 

RDI ~ 15 26% 17% n = 10 
Visit I 

RDI < 15 9% 48% n = 13 

Visit 3 
RDI ~ 15 RDI < 15 

RDI ~ 15 9% 34% n = 10 
Visit 1 

RDI < 15 9% 48% n = 13 

Visit 3 
RDI ~ 15 RDI < 15 

RDI ~ 15 18% 18% n=8 
Visit 2 

RDI < 15 5% 59% n'" 14 

trolled for BMI. In other words, there were no signif
icant changes in amount of respiratory disturbance 
during sleep over the 8.5-year follow-up period. Means 
for each visit are presented in Table 1. 

Pearson correlations were computed between AI for 
successive visits and RDI for successive visit. Corre
lations between visit 1 and visit 2 for AI (n = 23) were 
not significant; however, there was a significant rela
tionship between visit 2 and visit 3 for AI (r = 0.51, 
p < 0.05). Correlations between all visits for RDI were 
significant, indicating that RDI was the more stable 
measure of long term respiratory disturbance (see Ta
ble 2). 

For visit 3, night-to-night correlations were com
puted for those 20 subjects with two nights of record
ings. The night-to-night correlation for AI was r = 0.96 
(p = 0.001) but for RDI, r = 0.65 (p = 0.005). 

During visit 1, 38% of the subjects had RDI :::: 15, 
but 35% met this criterion at visit 2 and 22% met this 
criterion at visit 3. Twenty-six percent met the diag
nostic level of RDI :::: IS on both visit 1 and visit 2 
(chi-square = 4.96, p = 0.026), and 18% met the cri
teria on visit 2 and visit 3 (chi-square = 5.32, p = 
0.021) (Table 3, Fig. 1). The ability to detect sleep 
apnea at visit 3 based on RDI at visit 1 (i.e. test sen
sitivity) was only 20%. The specificity (i.e. the ability 
to detect no sleep apnea) was 85%. The predictive value 
of RDI :::: 15 at visit 1 predicting RDI :::: 15 at visit 3 

TABLE 4. Oximetry values (per night) at visit 3 

Number of desaturations 
(SaO,) 

Mean SaO, (%) 
Lowest SaO, (%) 
Mean low SaO, (%) 
Mean duration (seconds) 
% time at SaO, >90% 

Me-
Mean SD dian Range 

102.0 
93.6 
73.3 
88.7 
46.9 
92.0 

121.3 
1.9 

13.9 
2.5 

10.9 
10.7 

64.5 
93.6 
78.0 
88.9 
51.1 
97.3 

25.0-439 
90.5-96.5 
40.0-86.0 
84.3-92.7 
28.3-61.6 
71.2-99.9 
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was 50%. The predictive value of having RDI < 15 at 
visit 1 and visit 3 was 58%. 

Oximetry was only recorded at visit 3, therefore, no 
longitudinal comparisons can be made for these mea
sures. Table 4, however, shows the oximetry values 
for descriptive purposes. 

Changes in sleep 

REML analyses were computed for TST, W ASO and 
number of awakenings counted during the night (Table 
5). TST significantly decreased by 1.8 hours from visit 
1 to visit 2, but increased again in visit 3 (p = 0.045). 
The number of awakenings decreased by 15-20 awak
enings from visit 1 to visit 2 to visit 3 (p = 0.004). 
There were no significant changes in WASO. 

Changes in reports of snoring and 
napping behavior 

There was a trend for reports of snoring to increase 
from snoring 12.7 nights a month (SD = 13, median 
= 8) to 14.3 times a month (SD = 14.2, median = 8.5) 
8.5 years later (p = 0.062). Loud snoring increased as 
a function of time and increases in BMI, from 7.7 times 
a month (SD = 13.3, median = 0) reported at visit 1 
to 11.7 times a month (SD = 13.8, median = 4.25) at 
visit 2, but then decreased to only 2.7 times a month 
(SD = 8.3, median = 0) at visit 3 (p = 0.031). There 
were no differences in reports of the number of naps 
taken either on purpose or inadvertently (i.e. no dif
ferences in reports of excessive daytime sleepiness). 

DISCUSSION 

These longitudinal data indicate that mild SDB did 
not consistently get significantly better or worse with 
age, even as weight (as measured by BMI) increased. 
These data confirm earlier results that indicated that 
there is great variation in apnea indices over 8.5 years 
follow-up. Although those with little or no sleep apnea 
at visit 1 were most likely to have little apnea at sub
sequent visits, and vice versa, subjects fell into different 
classes at different follow-up visits. The predictability 
of a single recording was rather poor after 8.5 years. 

The apnea index showed better night-to-night reli
ability; however, the respiratory disturbance index was 
more stable over longer time periods. In this sample, 
the RDI was a more stable predictor of longitudinal 
severity than apnea index. 

Sleep measures also changed over time. Others have 
noted that total sleep time decreases and number of 
awakenings increase with age (23,24). Our data indi
cate that TST did vary with age, but the direction of 
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FIG. 1. Respiratory disturbance indices during visits 1, 2 and 3. 
Individual subjects showed great variability. 

change varied inconsistently. The number of awak
enings, in fact, decreased with age. This lends support 
to the notion that sleep disturbances seen in the elderly 
may more likely be consequences of sleep disorders, 
such as SDB, rather than consequences of aging per se. 

We continue to study our sample of 24 elderly. It is 
imperative to have a complete understanding of the 
longitudinal course and variability of sleep apnea. With 
sufficient follow-up, other changes may appear. We will 
continue to follow and study these elderly individuals 
to learn more about the longitudinal effects of sleep 
disordered breathing. In 1992, each will be recontacted 
for a fourth visit. 

Acknowledgements: This study was supported by NIA 
AG02711, NIA AG0841S, NHLBI HL4491S and the Re
search Service of the Department of Veterans Affairs. 

TABLE 5. Sleep measures by visit 

Visit I Visit 2 Visit 3 

TST (p = 0.045) 
Mean 476.6 367.8 448.7 
SD 122.9 105.3 79.3 
Median 458.3 406.5 467.2 
Range 255-673 109-525 205-617 

Number of awakenings 
(p = 0.004) 

Mean 51.6 35.9 15.4 
SD 25.2 17.0 9.2 
Median 47.0 33.0 13.3 
Range 17-105 10-82 2-38 

WASO (ns) 
Mean 154.4 86.2 71.6 
SD 115.3 74.5 51.2 
Median 144.3 76.0 59.9 
Range 26-407 26-381 11-23 

Abbreviations: TST = total sleep time, SD = standard deviation, 
W ASO = wake after sleep onset, ns = not significant. 
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