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Abstract

Many means of measuring sleep onset have been described.  Generally, physiological measures such as EEG, EMG, and auditory threshold agree that sleep onset occurs at the point of alpha drop.  However, subjective reports of sleep onset almost never agree well with the physiological measures.  In one study of normal young adults, it was found that sleep onset was perceived about four minutes after the appearance of the first sleep spindle.  However, patients who report sleep onset insomnia invariably report taking much longer to fall asleep than their EEG findings indicate.  In an initial study of sleep onset insomniacs, the insomniacs were found to overestimate their sleep onset latency whether their subjective estimates were made either on the following morning or at an awakening at the point of the first sleep spindle.  A second experiment determined that the insomniacs do not simply misperceive all intervals of time.   In fact, the only interval they misperceived was their nighttime sleep onset latency.  A study currently in progress has used these findings to train sleep onset insomniacs to more correctly perceive their sleep onset by awakening them at discrete points during sleep and wake.  Initial results indicate that the patients can learn to identify sleep and wake periods.  After training the patients tend to have decreased overestimation of their sleep onset latency and feel that they will be significantly more likely to fall asleep within 30 minutes on a given night.

Being able to reliably measure the onset of sleep is clearly a central component of modern sleep research.  Because there is usually strong agreement between behavioral quiescence; muscular relaxation; alpha drop; respiratory decrease; and auditory threshold increase, sleep onset may be considered to be well-defined.  Unfortunately, subjective report of sleep onset frequently does not agree well with the physiological measures.  It is not unusual for people to report being awake when awakened from sleep (Rechtschaffen, 1968; Campbell, 1981; Anch, 1980).  Some patients, usually depressed, claim to not sleep at all during nights in which physiological indicators suggest several hours of sleep.  One of the most persistent areas of disagreement between objective and subjective report in patients with reported difficulty falling asleep is in estimates of the length of time it initially takes to fall asleep at night.  At least nine studies have documented median EEG sleep onset latencies of 51 min compared to subjective median estimates of 82 min (Carskadon et al, 1976; Frankel et al, 1976; Hauri & Cohen, 1977; Mendelson et al, 1984; Monroe, 1967; Nease et al, 1981; Olmstead et al, 1980; Spielman et al, 1980; Tietz et al, 1980) in such patients.

We initially began our examination of the area of sleep onset by observing carefully delineated periods of sleep in normal young adults.  It should be noted that all studies to be reported here time EEG intervals from the appearance of the first sleep spindle rather than the point of alpha drop because alpha may decrease for reasons other than sleep onset (like opening the eyes) and because a substantial proportion of normal young adults do not produce significant alpha at any time.  In the initial study (Bonnet & Moore, 1981), 12 subjects spent 5 nights each in the laboratory.  Ss were awakened at specified intervals ranging from the first sleep spindle and 1 min after the first spindle to 140 min after the first spindle.  When Ss were awakened, they were asked if they were asleep at that point.  If they answered no, they were asked how long it had been since they technician had told them good night.  If they said "yes", they were asked how long it had taken to fall asleep and how long they had been asleep.  Figure 1 is a plot of the percent of Ss reporting themselves to be asleep as a function of how long they were asleep when awakened.  It can be seen from the figure that while only 40% of Ss reported being asleep 1 min after the first sleep spindle, 100% of Ss reported being asleep 25 min after the sleep spindle criterion.  By classical perceptual criteria, the threshold of sleep onset (i.e., the point with 50% of Ss reporting asleep) would be between 4 and 8 min.  Ss were always awakened by an audiometer using an ascending method of limits procedure.  Figure 2 plots auditory arousal threshold at the same awakenings displayed in figure 1.  It can be seen that auditory threshold has reached 70% of its stable stage 2 sleep value after 1 min of sleep.  The data reinforced the notion that physiological changes such as muscle relaxation and auditory threshold increase occur rapidly at sleep onset but that cognitive/perceptual changes occur more slowly and that there is little subjective certainty of sleep for at least the first 8 min of sleep even in normal young adults.  It should also be noted that these young adults could clearly differentiate longer periods of sleep and that many studies have shown that normal young adults can relatively accurately estimate their nocturnal sleep latencies (Baekeland & Hoy, 1971; Frankel et al, 1976; Monroe, 1967).

In our next studies, we sought to compare the ability of sleep onset insomniacs and normals to estimate their sleep latencies (Moore, 1981; Moore et al, 1981).  One of the problems involved in estimating sleep latency in most studies is that the estimates are collected in the morning about eight hours after the actual event.  Many things might happen during those eight hours including multiple awakenings, movements, and various forms of disturbance.  Alternatively, it might just be very difficult for some people to accurately report an event which happened that long ago.  Therefore, the first study examined the ability of an age-matched (18-35 yrs) group of 12 normals and 12 insomniacs to estimate their latency to sleep onset both at the normal early morning time and when awakened at their first sleep spindle on counterbalanced nights.  All Ss had previously had a screening night in the laboratory to rule out other sleep disorders as a cause of the insomnia.  Several other variables, such as oral temperature and anxiety level, which were potentially related to sleep-related estimates were measured or controlled.  Ss were drug free for two weeks prior to the study and were allowed no naps, alcohol or caffeine during the study.  Watches and clocks were not allowed in the sleeping rooms.  All estimates were made from the point where the technician told the S good night over the intercom system.  This point was also marked on the recordings by the technician as the beginning of the sleep recording.  Oral temperature was measured immediately prior to the beginning of the recording each night and immediately after each estimate of sleep latency.  Anxiety levels were measured each evening and each morning.  For all sleep latency measures, the values to be presented are geometric means (inverse of the mean of the log transform) because sleep latency estimates are not normally distributed.

Interestingly, it was found that overall EEG-determined sleep latencies did not differ significantly in the two groups of Ss (18 vs 26 min).  However, as expected, the normal Ss subjective estimate of their sleep latency was significantly shorter than the insomniac Ss (14 vs 38 min, F = 17.64).  Of primary interest in the study was the fact that there was no significant interaction between time of estimate (sleep spindle and morning) and experimental group; i.e., the insomniacs overestimated their sleep onset latency both in the morning and at the first sleep spindle at night.  It was found, however, that both groups estimated that their sleep onset latencies were longer when they made the estimate in the morning.  This probably resulted from the fact that few of the Ss thought they were actually asleep yet when they were awakened for their nocturnal sleep spindle estimate, but it was also possible that there might be a circadian rhythm to time perception in general and that insomniacs might differ from normals in either the amplitude or phase of that rhythm.  

If the circadian rhythm explanation were valid, then one might expect that there would be body temperature differences in the two groups.  Significant differences between insomniacs and normals in oral temperature were not found at any test point.  In fact, body temperature at "lights out" was 98.4o in both groups and was actually 0.2o degrees lower in insomniacs at the first sleep spindle.  Two previous studies had found a significantly higher oral temperature in insomniacs as compared to normals at sleep onset (Monroe, 1967; Johnson & Church, 1979) while two studies did not (Johns et al, 1971; Mendelson et al, 1984).  The oral temperature findings are relevant because Monroe and others have hypothesized that insomniacs have increased physiological activation at sleep onset and that it is the activation, as most easily indexed by temperature, which is related to the overestimation of sleep latency.  While the time perception literature also suggests that there is a positive correlation between body temperature and magnitude of temporal estimate (Pfaff, 1968), those findings cannot explain the data in the current study.  

Significant differences in anxiety were found.  The insomniacs were more anxious than the normal sleepers, but the only effect was a main effect (F1,22 = 10.11).  Therefore, it was possible that anxiety was playing a significant role in the estimates of sleep onset as suggested by other temporal perception studies involving anxiety (Falk & Bindra, 1954; Langer et al, 1961).

A second experiment was performed to determine whether insomniacs were simply poor estimators of time.  If general anxiety level were the major factor in determining overestimation, then one might suppose that insomniacs would overestimate all intervals of time.  However, it was also possible that insomniacs might simply become more anxious when left alone for relatively long periods of time (i.e., the 20 minutes while they were usually trying to fall asleep) and might therefore only overestimate longer intervals.  Several investigators have shown circadian rhythms in time perception (Aschoff et al, 1972; Masao, 1978).  Because it was possible that the insomniacs circadian curve of time perception was different from normals, and that the rhythm differences accounted for the results of the initial experiment, it was also important to look at time estimation in insomniacs at several different times during the day.  Alternatively, it might be that insomniacs simply become more anxious in bedroom settings and therefore might only overestimate intervals when estimating in a bedroom setting.  Finally, it is possible that insomniacs might react only to the sleep specific demand situation and therefore might only overestimate when under the pressure to attempt to fall asleep.  These several possibilities easily translated into the experimental conditions for the second study (Moore, 1981; Moore, Bonnet, & Warm, 1982).  

The screening, age range, and subject requirements which were specified in the previous experiment were carried over to the second experiment, and 12 new insomniacs and 12 new normals were recruited.  Ss participated for one day.  During that day, Ss estimated short intervals (5 - 35 sec) and a long interval (19 min) five times (0700, 1100, 1500, 1900, and 2300).  Ss also took a nap at noon in which they were given 19 min to fall asleep.  Half of the Ss did all of their time estimating in a neutral laboratory setting while the remaining Ss did all of their time estimating in a bedroom setting.  All intervals that were estimated were unfilled (i.e., the beginning and end of each interval were marked by a burst of white noise, but there were no intervening events).  All estimates were individually made on log sheets which were analogous to those used in the first study.  The estimating procedures were practiced by all Ss within 48 hrs of participation in the study.  To replicate and extend other findings in the first study, anxiety and oral temperature were measured at the beginning and end of each testing session and nap across the day.

The results of this study with comparison data from the first experiment for nocturnal sleep onset estimates can be seen in Figure 3.  For all estimates, the ratio of subjective estimate to objective interval length was calculated.  The resulting values were used in analysis of variance with terms for group (normal vs insomniac), place of estimate (bedroom vs non-bedroom setting), and time of test.  For the short intervals and long intervals, no significant effects were found for group, place, or time of day.  For oral temperature, there was no significant effect for group (F < 1.00), but there was the expected effect for time of day (F4,80 = 15.18).  As in the first study, it was found that the insomniacs scored significantly higher on the state anxiety scale of the Spielberger State-Trait Anxiety Scale.  The significant effect was the main effect (F1,20 = 8.22).  The anxiety ANOVA effects for place of estimate (F1,20 = 1.42), for time of day (F4,80 = 1.82), and for interactions were not significant.  In the afternoon nap attempt, both insomniacs and normals estimated relatively well.  The insomniacs slightly overestimated the interval and the normals estimated almost exactly correct.  The result was that there was no significant difference in the subjective to objective sleep latency ratio for normals and insomniacs (t22 = 0.72).  As expected from the other data, there were no nap associated temperature differences, but anxiety again differentiated the groups (t22 = 2.54).

Sufficient observations of time estimates, oral temperature measures, and anxiety scores were available so that Spearman rank order correlations could be calculated for each subject across the day.  The correlations were then tested for direction (to determine if a positive or negative relation between pairs of variables existed for either insomniacs or normals).  No indication of significant association between subjective time estimates and either state anxiety or body temperature were found in either group.

The two studies together suggest that insomniacs do overestimate their sleep onset latency but that this overestimation is directly linked to events which take place specifically during the first 20-30 min in bed at night as the insomniac attempts to fall asleep.  No evidence was found which suggested that insomniacs misperceived any time interval during the day as compared to normal sleepers.  This implies a) that insomniacs do not simply misperceive time; b) that insomniacs do not misperceive long intervals as compared to normals; c) that insomniacs do not become more anxious or misperceive time in the presence of sleep-associated stimuli (i.e., in a bedroom); d) that insomniacs do not even perceive a nap sleep onset as similar to a nocturnal sleep onset even though the setting contains both the bedroom stimulus and the demand to sleep.  The implication is that the nap may have been viewed as a unique sleep situation without the usual demands (e.g., if I do not fall asleep quickly, I will feel terrible in the morning).  This view is supported by the fact that none of the participating Ss reported normally taking naps.

The data also seem to imply that neither oral temperature nor anxiety is directly related to the misperception of nocturnal sleep onset in these insomniacs.  While the insomniacs were significantly more anxious than the normals, they were more anxious than the normals at all measuring points.  This means that the insomniacs were more anxious than the normals at many points when the perception of time was just as accurate as the perception of the normal Ss.  These data leave open the possibility that there is a complex interaction in which the insomniacs are stably more anxious than normals but might react differently only when the lights go out and they are faced with their nocturnal sleep period.  Conversely, it is possible that the insomniacs simply ruminate more at their nocturnal sleep onset in a way that is not directly measured by a state anxiety scale.  Finally, it is possible that the insomniacs have a poor wake-sleep perceptual interface and simply do not know when they actually enter the sleep state.  At the subjective level, at least, insomniacs may slide slowly into sleep instead of falling asleep.

Recently, we have begun to consider sleep onset as more of a cognitive/perceptual difficulty in insomniacs without other sleep disorders or significant psychopathology.  To the extent that some individuals may be having a more cognitive/perceptual problem, it is possible that these insomniacs can be taught to more accurately subjectively identify the point of their own sleep onset and thereby more accurately estimate their sleep latency.  Furthermore, if this perceptual ability can be taught, it may by definition eliminate the insomnia complaint because the long subjective sleep latencies will no longer exist.  A current study (Downey & Bonnet, 1989) is directed toward improving perception of the sleep/wake interface.

As in the previous studies, participants have been carefully screened not to have other sleep disorders such as periodic leg movements or sleep apnea.  Patients with significant psychopathology, as measured by screening MMPI tests, have also been eliminated.  In the current study, insomniacs were between 18 and 40 years of age and had reported insomnia for more than a year.  On a sleep laboratory screening night, subjects were required to overestimate their objective sleep latency by at least 50% but to have a relatively normal sleep efficiency (>85%) once they had fallen asleep.  The final criterion was used in an attempt clearly define the insomnia as a sleep onset rather than a sleep maintenance insomnia.

After an adaptation night, Ss were randomly assigned to either a control first or a treatment only condition.  The next laboratory night was an undisturbed baseline night.  On the following laboratory night, Ss in both control and treatment conditions were awakened 27 times during the night according to criteria to be described.  The control and treatment conditions differed in two respects.  First, in the treatment condition, Ss were shown their sleep recording from their adaptation night and various sleep events were defined for them.  At the same time, typical mental content at the various sleep points was described.  For example, at a representative period of alpha, Ss were told that alpha represented relaxed wakefulness and that when "awakened" at that point people would usually report thinking about things and being in general control of their thoughts.  The initial sleep spindle point was described as being different in that thoughts might be drifting or without direct control or no longer completely linked together or with earlier thoughts or concerns.  Thoughts 5 min after the initial sleep spindle were characterized as showing more loss of control or contact.  Occasionally these latter awakenings might not be accompanied by a clear thought or might seem cognitively unusual.  Second, Ss in the treatment condition were given appropriate feedback concerning their sleep/wake state from the experimenter after each awakening while Ss in the control condition were not.  

The awakenings were designed to occur at three time points around sleep onset to give Ss three different consistent cognitive surrounds as described previously and to help them clarify their own sleep onset process.  The three awakening possibilities were labelled "A", "B", and "C".  "A" was a point that was preceded by a minute of clear alpha.  "B" was the first well-defined sleep spindle.  "C" was 5 minutes after the first well-defined sleep spindle.  "A", "B", and "C" trials were block randomized.  Nine total trials were given early in the night, nine total trials were given in the middle of the night, and the remaining nine trials were given early in the morning.

After all laboratory nights, Ss completed standard morning questionnaires concerning their night of sleep and with estimates of their sleep onset latency.  Following the treatment/control night described above, Ss were allowed a normal night at home to recover from and sleep disturbance effects from the awakening procedure.  Following the home night, Ss returned to the sleep laboratory for an undisturbed night of sleep followed by normal morning estimates.  Sleep latency estimates from this last night were used to determine changes in perceived sleep latency.  

Ss having their control condition first had the training condition at least one week later.  Ss having their treatment condition first could not be scheduled for a control condition (because they were already trained to identify the cognitive surround of sleep onset).

To date, four Ss have completed the control followed by the treatment condition order, and one S has completed the treatment condition only order.  The data indicate that the insomniacs are indeed able to learn to differentiate the "A", "B", and "C" sleep conditions.  Ss have improved their correct sleep state differentiation percent from 46% on the control week to 93% on treatment weeks.  The 93 percent correct on treatment weeks implies that a very good discrimination can be made.  Of course, the more important issue is the subjective to objective sleep latency ratio.  The subjective/objective ratios were also decreased.  The mean ratio was 4.0 following the final lab night in the control condition and 1.8 following the final lab night in the treatment condition (F1,4=13.26).  While this seems to imply that the patients had greatly improved estimates, the subjective/objective ratio on the baseline night directly preceding the treatment night was 2.1, and that was not significantly different from the 1.8 value following treatment.  The numbers should stabilize with a larger number of Ss.  

Of additional interest, Ss were asked to estimate the probability with which they thought they would be able to fall asleep in less than 30 min on a given night across the course of the study.  Those estimates ranged from 18 - 28% prior to the treatment night.  On the final laboratory night the estimate was 59% (F1,4=22.62).  This finding corresponds to reports from Ss that they felt more in control of their sleep behavior.  One S has had a long term (5 month) followup.  That S reported that sleep remains improved; that there are still some bad nights but that nights are not all bad as they previously were.  On sleeping in the sleep laboratory once again, the S could still identify the "A", "B", and "C" conditions with 85% accuracy, and that S had a subjective/objective latency ratio of 1.5 compared with a ratio of 3.3 at the end of the experiment proper.

If you ask yourself how long it took to fall asleep last night, you will probably be faced with a definition based primarily on absence (i.e., I do not remember much happening after I went to bed so I probably fell asleep quickly).  Accurate retrospective judgments of periods without clear markers are difficult, and it is surprising how well most people can make such judgments.  Our studies have shown that when normal Ss are given clear markers and immediate judgments, there is still a 4-8 minute period around sleep onset when cognition is changing and determination of sleep state is uncertain.  In most people, accepting such an error has little impact.  In patients with insomnia, the errors in definition of state are much greater, and such errors in perception may form the basis for the long-term use of hypnotics or other medication.  As such, the problem of sleep onset in patients with insomnia is real.  The work reported here has been with a small and select group of insomniacs who appear to suffer primarily from a misperception of sleep onset problem.  These patients almost certainly have a problem which is linked to events occurring during their sleep onset, and the present data suggest that those events are probably cognitive in nature.  As such, it is likely that a cognitively based treatment, perhaps the one described here, can be of benefit.  However, some cautions are in order.  There is no evidence that the results described herein will apply to patients with major depression or a long history of medication use.  It is also unlikely that a cognitive treatment program would be extremely helpful to patients with disorders which significantly fragment sleep, because each brief arousal may bring a return of conscious events which may become mixed with the sleep onset definition.  It is rather hoped that individuals can begin to apply objective behavioral methods in diagnosing and treating some forms of insomnia and that these methods will serve as a starting point for developing behavioral treatments for the more difficult insomnias.
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FIGURE CAPTIONS

FIGURE 1  Plot of percentage of subjects subjectively reporting themselves to be asleep at awakening as a function of time after EEG sleep onset.  The open circle corresponds to the initial spindle awakening.  Used with permission from Bonnet & Moore, 1982.

Figure 2  Plot of auditory arousal threshold level when awake and after various intervals of sleep.  The open circle corresponds to the initial spindle awakening.  Used with permission from Bonnet & Moore, 1982.

Figure 3  Subjective to objective sleep onset latency ratios in groups of insomniacs and normals at sleep onset, at a daytime nap onset, for long intervals during the day, and for short intervals during the day.  Data from Moore, Bonnet, Warm & Kramer, 1981; Moore, Bonnet, & Warm, 1982; and Moore, 1981.

