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Abstract

     Eleven young adults had their sleep briefly disturbed following each two minutes of accumulated sleep for two consecutive nights on three different weeks.  During one week the disturbance was a brief awakening followed by a subjective response.  During another week, subjects were required to make a quarter body turn response.  During the final week, the disturbance was an ongoing EEG change.  As expected, the three disturbance conditions differentially impacted sleep with the most sleep disturbance seen in the awakening condition and the least disturbance seen in the EEG change condition.  Morning vigilance performance and nap latency were decreased and fatigue was increased as compared to baseline following all three disturbance conditions.  However, no significant condition interaction was found for any performance variable or for morning nap latency.  For the mood scales, significant condition interactions indicated that subjects reported being sleepier only after the awakening condition.  The data were interpreted as providing evidence that the restorative function of sleep is equally impaired by any periodic change in ongoing EEG, and that impairment does not require a return to waking consciousness.  However, mood, as a subjective rating, is dependent upon conscious events which occur during the sleep period.
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    Several studies have documented that periodically disturbed sleep is less restorative than non disturbed sleep.  It has been shown that daytime decrements are increased to approximately the level of total sleep loss when sleep is disrupted each minute (1,2).  Residual sleepiness was less when 10-minute or 2 1/2 hour periods of consolidated sleep were allowed (2).  It appears that the performance and sleepiness effects documented were directly related to the rate of periodic fragmentation of sleep and not simply to the total number of arousals, the amount of total sleep, or any specific sleep stage parameters (2,3).

    Similar experimentally produced daytime functional impairment has been shown by other investigators in a similar design (4), and similar sleep fragmentation is associated with increased sleepiness in patients with sleep apnea (5,6).  Our study with apnea patients suggested that patients with severe sleep apnea rarely sleep as long as 10 minutes without having their sleep disturbed.  Patients with mild to moderate apnea have periods during their sleep of 20-90 minutes without disruption and report significantly less daytime impairment.  Again, sleep stage differences could not be documented in mild versus severe sleep apneic groups.

    While strong evidence supports the role of fragmentation in preventing restoration during sleep, relatively little is known about parameters of fragmentation except for the effects of rate of disturbance.  For example, all of the Bonnet studies (1,2,3) have used a standard arousal paradigm in which subjects are awakened via an audiometer and must give a coherent verbal response, such as rating depth of sleep, before returning to sleep.

    Patients with severe obstructive sleep apnea and significant daytime sleepiness may have awakenings, arousals, EMG increases and/or bradytachycardia following obstructive apneas.  Any or all of these events may be required to inhibit restoration during sleep.  One pilot study in which up to 500 nocturnal leg jerks were passively produced in normal young adults (7) did not show daytime performance loss or mood decrement.  The failure to produce daytime effects may have resulted from the fact that subjects rapidly habituated to the leg movements, which produced no sleep stage parameter difference from baseline by the second experimental movement night.  Alternatively, the lack of daytime influence from the nocturnal leg movements may have arisen from the fact that leg jerks were produced at 30 second intervals for about 30 minutes with interspersed breaks of 30-45 minutes in which movements were not produced.

    The current study was designed to examine a new interval of disruption and to systematically compare three types of sleep disturbance.  The three disturbance paradigms chosen were:  1) the standard awakening/subjective response paradigm previously described (Awake Condition);  2) a condition which required the subject to make a quarter body turn in response to the tone produced by the audiometer (Movement Condition).  This condition was chosen to mimic the EMG increase and heart rate change commonly seen in patients with sleep apnea;  3) a condition which required only a change in ongoing EEG in response to the audiometer (EEG Condition).

Method

    Eleven young adult subjects between the ages of 18 and 28 were chosen to participate for three consecutive weeks.  Subjects were normal sleepers who rarely took naps as determined by a sleep questionnaire.  All subjects scored within the normal range on the depression scale of the MMPI.

Design and Procedure

    Subjects normally participated in the study in pairs.  After an unscored laboratory adaptation night, subjects spent four nights in the laboratory during each of the three weeks.  The four nights were baseline (BL), two consecutive disruption nights, and one recovery night.  Subjects had recording electrodes attached one hour before bedtime on each night so that standard sleep recordings (8) could be made.  Subjects also completed the Clyde Mood Scale and a simple reaction time task each evening.  Subjects were put to bed at their normal bedtime (range 2300 to 0100).  Each morning subjects were awakened at their normal time of awakening (range 0600 to 0800) and immediately performed 30 minutes of Wilkinson Addition, 30 minutes of Wilkinson Vigilance, and had a sleep latency test before the recording electrodes were removed.  At this point subjects repeated the Clyde Mood Scale and reaction time task.  Following baseline and recovery nights, subjects were free to leave the laboratory after they had completed testing.  Following disruption nights, subjects were allowed to leave the laboratory during the day with a reminder to avoid naps and to call the laboratory if they had episodes of sleepiness.

Performance Measures

    Subjects performed the same battery of tests each day.  They included Wilkinson Addition (30 minutes and scored for number correct), Wilkinson Vigilance (30 minutes and scored for Hit Rate), and Simple Reaction Time (the 10-minute task described by 9).  Following vigilance each morning, subjects attempted to fall asleep.  The nap was terminated at the end of the first epoch of stage 2 sleep or at the end of 15 minutes, whichever came first.

Disruption

    The criteria for awakening in the three disruption conditions were as follows:

     Awake Condition - Subject awakened 2 minutes after the appearance of a well-defined spindle, K-complex, or rapid eye movement.  When awakened, the subject responded with a number between 1 and 7 to rate his sleep/wake state when awakened (see 1 for further details).  

     Movement Condition - Subject presented tones via audiometer 2 minutes after the appearance of a well-defined spindle, K-complex, or rapid eye movement.  The subject was required to perform a 1/4-body turn, calibrated each night and verified by the EMG channel on the polygraph, to terminate each trial.  

     EEG Condition - Subject presented tones via audiometer 2 minutes after the appearance of a well-defined spindle, K-complex, or rapid eye movement.  The tone intensity was increased until an ongoing change in EEG was seen.  Permissible changes included the appearance of alpha, a stage change, or EEG speeding of any measurable duration.  

    Subjects were aroused on disruption nights with a Beltone Model 109 screening audiometer through an earphone insert earpiece taped into their preferred ear.  1000 Hz tones were presented according to the following rule:  Tones were begun at the approximate sleep threshold (40-60 dB) and were increased in 10 dB steps until the subject responded appropriately.  If the subject responded to the first tone presentation on the initial trial, tone intensity was decreased 10 dB from that level for the next trial.  If the subject did not respond to the first tone presentation on the previous trial, the tone series was initiated at the intensity level which resulted in the correct response.  If the S did not awaken, intensity was increased in 10 dB steps.  With this procedure, it was usually possible to produce an appropriate response in within 10-15 seconds.  Ss responded at the first tone presentation on about 50% of trials and on the second presentation on most of the remaining trials.

Results

Arousals 

     The experiment was designed in the hope that a similar number of experimented arousals would be produced in each condition in each night.  An overall ANOVA for total number of arousals on each experimental night did not reveal a significant experimental condition effect (F ,   =1.66, p>.1).  Arousals per experimental night ranged between 108 and 130.  However, a significant experimental condition by disruption day interaction was found for arousal threshold (F ,  =4.285, p<.05, Greenhouse-Geisser criterion).  Thresholds were higher in the EEG condition on the first disruption night (60 dB versus 48 dB and 50 dB in the awake and movement conditions respectively) but did not increase significantly from the first to the second disruption night (66 dB on the second night).  Thresholds increased significantly in the awake and movement conditions from the first disruption night to the second (48 dB to 58 dB in the awake condition and 50 to 72 dB in the movement condition).

     As hypothesized, there were consistent increases in heart rate accompanying the body movements in the movement condition.  Heart rate increased from an overall sleep baseline of 52.4 BPM selected 60 sec before body movements in the second movement night to a maximum heart rate of 78.4 BPM during the body movement.

Sleep Variables

    Means for the set of sleep variables selected for analysis can be found in Table 1.  The baseline and recovery sleep variables were examined first to determine whether the baseline and recovery nights could be combined for comparison with disruption nights.  Several significant differences (noted in Table 1) were found.  An overall reduction of percent Wake and percent Stage 1 and an increase in percent Stage 4 were found on the recovery night.  Significant condition interactions were found for percent REM (Interaction F =3.41, p<.05) and  Movement (Interaction F, =4.04, p<.05).  REM was increased significantly on the recovery night as compared to baseline following the Awake Condition.  Movement % was reduced on the recovery night in the EEG condition.

    Because significant recovery night effects were found, sleep values on the second disruption night were compared to the baseline values.  A repeated measures ANOVA with effects for week (2df), disruption condition (2df), and interaction (2df) was performed for each sleep variable.  Means and condition and interaction F-values are shown in Table 1.  As expected, the sleep disruption procedure had significant impact on almost all sleep parameters.  Of more interest, is that significant interactions were found for percent REM (F ,  =3.74, p<.05), percent M(F ,  =3.68, p<.05), stage change rate (F ,  =16.2, p<.001), and number of awakenings (F ,  =27.4, p<.001).  Neuman-Keuls pairwise comparisons for REM revealed that REM was reduced in all disruption conditions but that the REM reduction was greater in the awake and movement conditions than in the EEG condition.  For percent movement time, pairwise comparisons revealed that an increase which was  significant only in the Movement Condition.  Stage changes were greatest in the Awake Condition (.71 per minute), less in the Movement Condition (.59 per minute), less in the EEG Condition (.44 per minute) and least on baseline nights (about .26 per minute).  Similarly awakenings (15-second criterion) were greatest in the Awake Condition (84), less in the Movement Condition (54), less in the EEG condition (36) and least on baseline nights (about 10).

Performance and Mood

    Across experiment learning effects are common on vigilance, addition and reaction time measures.  To control for these effects, data were analyzed by taking the data from all of the baseline and recovery nights and calculating the best fit linear regression line through those points.  This linear regression equation was then used to predict performance on the disruption nights based on baseline values.  The baseline predicted values and performance  values following the second disruption night were entered into an ANOVA analogous to that performed for sleep stages.  Reaction time was transformed to its inverse before analysis and re-transformed before being entered into Table 2.  It can be seen from Table 2 that a highly significant reduction was found for vigilance hit rate (F1,10=11.15, p<.01) as a function of disruption.  However, no significant interactions, which would indicate differential effects of the three disruption conditions, were found for any of the performance variables.  Significant experimented effects were not found for number of correct additions or reaction time.  However, a main effect for disruption (F1,10 =14.93, p <.01) was found for latency to stage 2 in the morning nap, which was analyzed to compare nap latencies following the second disruption night to the average of nap latencies following baseline and recovery nights.

    Results from the Clyde Mood Scale and Stanford Sleepiness Scale can be seen in Table 3.  In terms of evening measures, subjects were significantly less friendly, less angry, less clear thinking and more sleepy on the Stanford Sleepiness Scale (SSS) on the evening of the second disruption night than on baseline.  On the morning following the second disruption night, subjects were less unhappy and more sleepy on the Clyde Mood Scale than on baseline.  Two significant condition interactions were also found.  Subjects reported being significantly less friendly than baseline on the Clyde Mood Scale and more sleepy than baseline on the SSS\only\in the Awake Condition.

Discussion

    The current experiment sought to  document the extent of residual performance decrement as a function of three different types of periodic nocturnal sleep disturbance.  The three disruption conditions were effective in producing different types of periodic arousals as can be seen from the sleep stage data (Table 1).  It would be assumed that full awakenings would distort sleep EEG most and this was indeed found.  Number of awakenings, wake time, and stage changes were clearly greatest in this condition.  The experimental Movement Condition was chosen as an intermediate condition which would require clear EMG and heart rate increase (12) but not full awakening.  In terms of EEG effects,  the Movement Condition resulted in a significant increase in percent M but otherwise the condition was less disruptive than the Awakening Condition.  As expected, consistent heart rate increase was seen during movements,.  The average 26 BPM increase is similar to the heart rate change seen in patients with both nocturnal myoclonus and sleep apnea (12).  The EEG condition, which required only a change in ongoing EEG, was planned to be least disruptive to sleep.  In terms of wake time, awakenings, stage changes and percent REM this was clearly the case.  However, the periodic disruption paradigm resulted in elimination of stage 4 sleep in all conditions.

     In terms of auditory threshold, subjects were more deeply asleep on the first disruption night in the EEG condition.  This probably reflects the fact that a complete awakening was not required at the previous arousal so that threshold remained higher (11).  Of equal interest was the finding that thresholds did not increase significantly on the second night in the EEG Condition as they did in the other conditions.  Rapid increases in auditory threshold have been characteristic in previous disruption studies (1,2) and have been interpreted as an increasing sleep debt.  If interpreted as such in the current study, the threshold data would agree with the EEG data in indicating decreased disturbance in the EEG Condition as compared to the other conditions.

    Subjects clearly preferred the EEG Condition and disliked the Awake condition.  Several subjects reported an almost "normal" night of sleep in the EEG Condition.  These subjective impressions were borne out by the morning mood data, in which significant condition interactions were also found.  While subjects reported being significantly more irritated (i.e., less friendly) and more sleepy following the Awakening Condition, they reported being non-significantly more friendly than baseline in the EEG Condition and non-significantly less sleepy (SSS) than baseline in the Movement Condition.  The EEG threshold and mood data are therefore consistent in indicating less experimental impact of the EEG Condition as compared to the Awakening Condition.

    The performance and nap data do not agree with this graded intensity interpretation of the data.  The interaction F-values are all less than 1.0.  Morning nap latencies were actually shortest in the EEG Condition.  One explanation for these data is that subjects base their perception of their sleep on consciously remembered events (i.e., awakenings) which occur during the night (10).  This would account for the subjective data.  However, restoration of function during sleep requires periods of nondisturbed sleep in excess of 10 minutes (2,3).  It appears that the type of disturbance required to fit this definition is not 1) an EEG plus behavioral awakening or 2) not an increase in EMG or heart rate.  It does appear that any repetitive stimulation of sufficient magnitude to precipitate any change in ongoing EEG is sufficient to make sleep non-restorative.  Of equal importance, mild but periodic disruptions may not even be interpreted by subjects as being significant disruptors but still may result in objective sleepiness and performance loss.  This situation may be analogous to that of patients with obstructive sleep apnea in that such patients also often report no problem with their nocturnal sleep but do have significant objective daytime sleepiness which may not be fully recognized by the patient.  Also, objective EEG sleep stage amounts cannot predict how sleepy the patients will be during the day (5), and this seems to reduce the prediction power of physiological predictive of daytime function.

     The current data replicate several previous studies which have shown significant loss of daytime function following periodically disturbed sleep (1,2,3).  Once again, the magnitude of daytime performance loss was not related to specific sleep parameters, which differed significantly across the three conditions.  Daytime performance in the three conditions was equivalent, and this would be expected if the underlying control variable is period of continuous sleep as opposed to total time asleep.  The performance and sleepiness data presented indicate, that decrements following 2 minute sleep periods are intermediate between those previously found at 1-minute disruption intervals.  For vigilance hit rate (about a 16% loss compared to about 40% and  6% loss in respective 1- minute and 10 minute disruption experiments) and morning nap latency (about a 43% reduction compared to respective 62% and 41% reductions).  However, values tended to be closer to those found in the 10-minutes studies (2,3), and are actually less that those found in the 10-minutes studies for correct additions (a 4% reduction versus 19% in 1-minute and 8% in 10-minute studies).  These studies (1,2,3) taken together with the current study indicate that a greater change in functional loss is seen between 1 and 2-minute intervals than is seen between 2 and 10-minute intervals.  This implies a curvilinear recovery function (2) which is changing rapidly between 1 and 2-minute disturbance periods.
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