Bonnet, M.H.  Infrequent periodic sleep disruption:  Effects on sleep, performance, and mood. Physiology and Behavior, 1989, 45, 1049-1055.

Infrequent Periodic Sleep Disruption:  Effects

on Sleep, Performance and Mood *

M.H. Bonnet, Ph.D.

Running Head:  Infrequent Sleep Disruption

* Supported by the Veterans Administration Merit Review Board

Abstract

     In the first of two experiments, 12 normal young adults had their sleep periodically disturbed for two nights in the laboratory at three different rates:  10 min of sleep followed by 20 min of disturbance, 20 min of sleep followed by 40 min of disturbance and 40 min of sleep followed by 80 min of disturbance.  Sleep and disturbance alternated throughout the night.  While all disturbance conditions resulted in decreased daytime performance and increased sleepiness, the disturbance conditions did not differ from each other.  In the second experiment, sleep was periodically disturbed for two nights at three new rates to act as control conditions for experiment 1.  The three conditions were:  2 min of sleep followed by 4 min of disturbance, 20 min of sleep followed by a single awakening, and 40 min of sleep followed by a single awakening.  Sleep and disturbance again alternated throughout the night.  As expected, sleep was less disturbed and daytime decrements were smaller in the conditions allowing 20 and 40 min of sleep followed by a single awakening.  The data from both experiments were interpreted as support for sleep continuity theory; i.e., as the length of periods of consolidated sleep decrease, residual decrements increase.

Descriptors:  Sleep, Sleep disruption, Sleep deprivation, Sleep Continuity Theory, Sleep Disorders, Sleep fragmentation

     Studies with both normal young adults (Bonnet, 1985, 1986a) and patients (Bonnet, Downey, Wilms, & Dexter, 1986; Carskadon, Brown, & Dement, 1982; Stepanski, Lamphere, Badia, Zorick, & Roth, 1984) have shown that severely fragmented sleep results in degraded performance and mood.  It has been shown that increasing the rate of fragmentation results in larger decrements (Bonnet, 1986a) and that fragmentation effects appear to operate irrespective of sleep stage composition (Bonnet 1986a, b).  However, the systematic investigations reported to date have not looked at intervals of consolidated sleep which are longer than 10 minutes, and only one study has attempted to compare schedules of arousals which are equal in number but differentially distributed across the night (Bonnet 1986a).  In that study, it was found that performance was worse when arousals were distributed equally across the night than when 2 1/2 hours of undisturbed sleep was followed by very frequent arousals.  However, number and circadian time of arousal varied in the conditions and neither of the schedules approximated the pattern of arousals seen in patients with pathological sleep (Bonnet et al., 1986).

     The current studies were designed to examine infrequent experimental sleep disturbances in normal young adults and to compare discrete intervals of sleep with total nightly arousals controlled.

Experiment 1

     In this study, consolidated sleep periods of 10, 20, or 40 min were permitted.  Total experimental arousals were controlled by following each 10, 20, or 40 min sleep period with a respective 20, 40, or 80 min period in which arousals were performed after each 1 minute of sleep.  Thus it was intended that length of consolidated period of sleep but not total amount of sleep or number of arousals should vary.

Method

Subjects

     Twelve young adult subjects, aged 18-28 yrs, were chosen to participate for 3 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 for 3 consecutive weeks.  The order of conditions (10/20, 20/40, and 40/80) were randomly assigned.  After an unscored laboratory adaptation night, subjects spent 4 nights in the laboratory during each of the 3 weeks.  The 4 nights were baseline (BL), 2 consecutive disruption nights, and a recovery night.  Subjects had recording electrodes attached one hour before bedtime on each night so that standard sleep recordings (Rechtschaffen & Kales, 1968) could be made.  They were put in bed at their normal bedtime (range 2300 to 0100).  Each morning subjects were awakened at their normal time of awakening (range 0600 to 0800) except as noted.

Performance Measures

     Subjects performed the same battery of tests each day.  They included Wilkinson Addition (30 min, scored for number correct), Wilkinson Vigilance (30 min, scored for hit rate), simple reaction time (the 10 min task described by Lisper & Kjellberg, 1972), the Stanford Sleepiness Scale and the Clyde Mood Scale.  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 min, whichever came first.

Disruption

     Subjects were allowed to sleep for the specified interval for the given condition (i.e., 10, 20, or 40 min) with the measurement interval beginning at the first well-defined spindle, K-complex or rapid eye movement.  After the specified period of sleep, subjects were awakened and then allowed to fall asleep for 1 min intervals for the remainder of the 20, 40, or 80 min disruption period.  Sleep onset was defined, as earlier.  At the end of 20, 40, or 80 min (clock time), the subject was again allowed to sleep for 10, 20, or 40 min.  Sleep periods and disruption periods alternated across the night with the single constraint that each subject was required to have at least 10 min of disruptions immediately before arising each morning.  This requirement insured that subjects always began morning tests after a series of disruptions.  Time in bed was increased by 30 min on disruption nights to make total sleep time closer to baseline levels.

     Subjects were awakened 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 awoke.  If the subject awakened to the first tone presentation on the initial trial, tone intensity was decreased from that level for the next trial.  If the subject did not awaken to the first tone presentation on the previous trial, the tone series was initiated at the intensity level which resulted in the awakening response.  If the subject did not awaken, intensity was increased in 10 dB steps.  With this procedure, it was usually possible to awaken subjects within 10-15 seconds.  Subjects were awakened at the first tone presentation on about 50% of trials and on the second presentation on most of the remaining trials.  For purposes of this study, a subject was considered "awake" when he gave a coherent subjective verbal rating of his sleep/wake state (rated on a 1-7 scale).

Results

Data Analysis

          Data were analyzed with a repeated measures ANOVA with a factor for Experimental Night (Baseline, Disruption Night 2, and Recovery) and Condition (10/20, 20/40, and 40/80).  All F-values were interpreted based on Greenhouse-Geisser computed df, with p<.05 set as the level of significance.  Where indicated, Newman-Keuls pairwise comparisons were performed at the p<.05 level using the Greenhouse-Geisser df.

Experimental Arousals and Threshold

     Overall, experimental arousals averaged 15.3 per hour of sleep (15.8, 15.0, and 15.3 in the respective 10/20, 20/40, and 40/80 conditions).  Significant overall condition differences did not exist.  However, in the hour by hour analysis of arousal frequency, a significant condition by time interaction was found [F(10,50) = 17.66, p<.0000].  This interaction reflected the fact that in the 40/80 condition, subjects slept for 40 min prior to any arousal and therefore averaged only 8 arousals during the first hour of the night.  This was balanced by the second hour of sleep with 20 arousals.  Auditory arousal thresholds also did not differ overall for condition [F(2,20) = 0.39; respective means 84.0 dB, 86.5 dB, and 82.5 dB].  Again, however, a condition by time interaction was found [F(10,37) = 3.47, p<.01].  As with the frequency variable, the pairwise differences indicated that arousal thresholds were higher in the 40/80 group than in the other groups in the first hour of sleep and lower during the second hour of sleep.  A significant night by time interaction [F(5,23) = 8.01, p<.0000] indicated that thresholds increased rapidly during the first night (from 64 dB during the first hour of sleep to 88 dB during the final hour of sleep) and more slowly in the second night of disturbance (from 84 dB to 94 dB).

Sleep Data

     Sleep data are summarized in Table 1.  It can be seen that all sleep values were significantly impacted by the sleep disturbance and that expected sleep recovery effects were seen on the recovery night.  Of primary importance, significant night by condition interactions were not found for any sleep variable.

Performance, Sleepiness and Mood Data

     Morning performance and mood data can be seen in Table 2.  A significant overall decline was found in morning nap latency.  These data are plotted in Figure 1.  In general, nap latencies declined from 6-7 min on baseline to 3-4 min following disruption.  Again, no significant condition interactions were found, although significant effects of the sleep disturbance per se were found on Vigilance Hit Rate (Figure 2), Correct Additions (Figure 3) and the Sleepy scale of the Clyde Mood Scale.

Discussion

     Experiment 1 was successful in manipulating periods of sleep and arousals so that total experimental arousals in the three conditions were equal despite consistent differences in sleep length period.  As expected the experimental arousals changed the distribution of sleep.  However, significant condition by night interactions were not found for any sleep, performance, or mood variable.  There was a nonsignificant tendency for SWS and REM sleep to be more reduced in the 10/20 condition compared to the other conditions.  However, this tendency was not reflected in the mood or performance data.

     Significant declines in performance were found overall on both addition and vigilance tasks.  These declines indicated that either a) 40 min periods of sleep are insufficient for sleep restoration to occur or b) that a total nightly sleep of about 160 min in 10, 20, or 40 min blocks plus a number of nonrestorative 1 min sleep periods results in an overall decrease in daytime function.  Experiment 2 was designed, in part, to differentiate these possibilities.

     The results of Experiment 1 imply that there is no difference in restorative value of 4 10-min sleep periods as compared to 2 20-min sleep periods or 1 40-min sleep period.

Experiment 2

      Experiment 2 consisted of three control conditions designed to help clarify the results of Experiment 1.  In the first two control conditions, subjects from experiment 1 were again given 20 or 40 min sleep periods without disturbance, but each 20 or 40 min period was followed by a single awakening instead of 40 or 80 min of awakenings.  As such, the effect of 20 and 40 min sleep periods not accompanied by frequent arousal could be determined.  In the final control condition, subjects from experiment 1 were given a sleep disturbance schedule which allowed 2 min of sleep followed by 4 min periods of awakening after each 1 min of sleep.  This final condition was designed to give approximately the same number of experimental awakenings as seen in experiment 1 but with much shorter periods of interspersed consolidated sleep.

Method

Subjects

     Seven of the subjects who participated in Experiment 1 consented to participate in the first two conditions of Experiment 2.  Five of the seven subjects who participated in the first two conditions of Experiment 2 participated in the final condition.

Design and Procedure

     Subjects normally participated in the study in pairs for two consecutive weeks for the first two conditions of Experiment 2 (conditions balanced across subjects as closely as possible).  Condition 3 followed in a non-consecutive week.  Other procedural details were as in Experiment 1.

Disruption

     In the 20 min sleep and 40 min sleep conditions, subjects were allowed to sleep 20 and 40 min respectively with measurement beginning at the first well-defined spindle, K-complex, or rapid eye movement.  At the end of each period of sleep, a single awakening was performed according to the methodology described earlier.  In the 2/4 condition, subjects were allowed to sleep for 2 min, and this was followed by a 4 min period of disruptions exactly as described in Experiment 1.  As in the initial study, sleep and arousals alternated according to each schedule throughout the night.  Time in bed was increased by 15 min on disruption nights for the 20 and 40 min conditions and by 30 min in the 2/4 condition to make total sleep time closer to baseline levels.  Each arousal was performed according to the methods described earlier.

Results

Data Analysis

     Analogous procedures to Experiment 1 were used for data analysis for Experiment 2.  For the 20 and 40 min conditions, the analysis of variance contained 5 conditions (the 3 conditions from Experiment 1 plus the 20 and 40 min conditions for Experiment 2).  In the 2/4 condition, 2 of the 5 subjects took naps in excess of 2 hours preceding the second disruption night.  Their data were therefore eliminated from the analysis and tables.  It was felt that the data from the 3 remaining subjects were inappropriate for statistical analysis.  These data are presented for comparison purposes only.

Arousals

     Overall, experimental arousals averaged 1.3 per hour, 2.4 per hour and 23 per hour in the 20 min, 40 min and 2/4 conditions respectively.  Auditory arousal thresholds displayed a complex function of change across the disruption nights.  Three significant 2-way interactions were found for threshold [Condition by Night F(4,28) = 3.92, p < .05; Condition by Time F(20,45) =3.33, p < .01; Night by Time F(5,30) = 429, p < .01].  Illustrative data for the 20/40 and 20 min conditions are plotted in Fig 4.  It can be seen that relatively stable thresholds were seen across the nights in the 20 min condition (no significant time differences by Neuman-Keuls pairwise comparisons), while characteristic experimental increases in threshold were seen in the 20/40 condition (the first time point on each night was significantly lower than all others and the second time point was lower than the final time point).  Data from the 2/4 condition are also plotted (open circles) for illustrative purposes.  The condition by night interaction indicated significant increases in arousal threshold from disruption night 1 to disruption night 2 in the 10/20, 20/40 and 40/80 conditions but not in the 20 and 40 min conditions.

Sleep Data

     Sleep data from Experiment 2 are summarized in Table 3.  Significant experimental night by condition interactions were found for variables including Total Sleep Time, Minutes of Stage 1, Minutes of REM, Minutes of Wake, and Number of Awakenings.  In all cases, these interactions indicated that Baseline values did not differ from disruption or recovery values in the 20 and 40 min conditions, while the earlier reported significant differences for the 10/20, 20/40, and 40/80 conditions remained.  Overall condition effects for Time in Bed, Min of Stage 2 and Min of SWS indicated overall reduction in those variables in all five conditions on the second disruption night.

Performance and Mood Data

     Morning performance and mood data can be seen in Table 4 and Figures 2 and 3.  Analyses of variance revealed no significant night by condition interactions for any of the performance or mood variables in 7 subjects across five conditions.  There was a significant night by condition interaction [F(4,16) = 4.40, p < .05] for the morning nap latency.  These data are plotted in Figure 1.  Pairwise comparisons indicated that nap latencies were significantly reduced following disruption in only the 10/20 and 40/80 conditions as compared to baseline.

     Overall significant sleep disruption effects were found for the number of correctly completed additions.  This effect indicated a decrease in addition performance following disruption compared to baseline.

Discussion

     The results of these studies are probably best summarized by Figures 1-4.  The figures attempt to provide within subject comparisons for all 6 conditions as a function of varying group size.  The general indication is that decrements were greatest in the 2/4 condition (see particularly Figures 2 & 3), about equal in the 10/20, 20/40, and 40/80 conditions, and least in the 20 and 40 min conditions.  Both from the statistics and impression, relevant decrements were not seen in the 20 and 40 min conditions.  Data from both conditions range above and below baseline on the various tests (see Figures 1-4).  Unfortunately, the number of subjects (7) was not large enough for expected statistically significant condition interactions on the performance analyses to appear.  The single significant interaction for the daytime measures, morning nap latency, was consistent in indicating effects in the 10/20 and 40/80 conditions and no effect in the 20 and 40 min conditions.

     If one accepts the summary above, it implies a) that there is increased restorative power of sleep as one moves from 2-min to 10-min sleep periods; b) that there is no difference in restorative power as length of sleep increases from 10 to 40 min; c) that infrequent single arousals (i.e., every 20-40 min) may not impair the restorative process significantly.

     Previous studies have indirectly supported condition "a" (Bonnet, 1987; Bonnet, 1986a).  It was hoped that the current study would allow a direct test of 2 and 10 min sleep periods with total number of arousals held constant.  While the experiment was successful in holding the time set aside for arousals constant on each night, it was found that the frequency of arousals was greater in the 2/4 condition (about 23/hr) than in the 10/20, 20/40, and 40/80 conditions (about 15/hr).  Such an increase can be interpreted as a decreased drive to return to sleep during the 20, 40 and 80 min arousal periods in the 10/20, 20/40, and 40/80 conditions.  One subject described the difference between the 2/4 and the other conditions as the "perception of continuous disturbance versus the existence of discrete sleep periods followed by periods of disturbance that were easier to tolerate by trying to remain awake." 

    Contention "b", the lack of difference between 10/20, 20/40, and 40/80 conditions, seems to imply that 10 min, 20 min, and 40 min sleep periods are equally restorative.  However, previous studies have shown significant residual effects after 10 min sleep periods with single arousals (Bonnet, 1986a; Bonnet, 1986b) while the current study did not show significant residual effects in the 20 min and 40 min sleep conditions. The previous studies with 10 min sleep periods showed relatively mild cumulative decrements as compared to baseline.  Therefore, it is possible that the overall disruption effects displayed in the 10/20, 20/40, and 40/80 conditions came from loss of sleep during the 20, 40, and 80 min 1-min disruption segments and that any small additional difference from 10, 20, or 40 min sleep periods added insufficient variance to be noted.  Relatively small differences between 10, 20, and 40-min sleep periods supports the earlier described curvilinear recovery relationship, with large decrements developing rapidly in total sleep loss, 1-min disruption and to a lesser extent in the 2/4 conditions.  Relatively smaller daytime decrements have been found in the 2, 10, 20, and 40 min conditions.  The current data in concert with the previous studies suggest that there is a strong correlation between period of consolidated sleep (sleep continuity theory) and amount of performance loss, and that baseline performance level may be reached between 20 and 40 min consolidated sleep periods.

     In clinical populations with physiological sleep disturbance, it has been found that the sleep fragmentation in patients with mild to moderate disease is similar to that seen in the 10/20, 20/40, and 40/80 condition; that is, periods of consolidated sleep alternate with periods of repetitive disturbance (Bonnet et al., 1986), and patients may report awakenings with occasional difficulty in returning to sleep.  Similar moderate daytime sleepiness is seen.  It is notable that significant increases in daytime sleepiness and decreases in daytime performance were found after two nights with an arousal index of about 15 events per hour.  When seen in patients, the incidence of 15 apneas, leg movements or arousals per hour is usually seen as evidence of a "mild" disorder and may receive minimal treatment intervention.  The current data indicate that young adults and, in another study, older adults (Bonnet, in submission) may show significant daytime compromise from such "mild" disturbance.  As the severity of sleep pathology increases (Bonnet, et al., 1986), the length of the periods of consolidated sleep decrease as the number of disturbing events increases.  Sleep more resembles the 2/4 condition and daytime sleepiness-related symptoms increase.  As such, the modeled disruptions seem to produce sleep-related symptoms which are similar to some of those produced by clinical sleep pathology and imply that even relatively mild pathology may produce significant behavioral effects.
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Table 1   Sleep:  Experiment 1

                        10/20            20/40            40/80          F

                     B    D2   R      B    D2   R      B    D2   R     COND*

Time in Bed         411  426  400    407  426  408    412  431  406    68.6

Total Sleep         372  303  373    384  326  381    377  328  394    46.8

Min Stage 1          20   68   11     27   62   15     22   66    8    82.8

Min Stage 2         213  178  190    200  172  190    205  159  198    12.6

Min Stage SWS        71   28   88     70   46   96     73   53  104    54.33

Min Stage REM        67   28   82     87   44   79     76   49   82    14.02

Min Stage Wake       31  118   18     18   92   22     26  100   10    109

Number of 

Awakenings >15 sec   16   78    9     16   77   10     14   91    8    408

* all p < .05

Table 2   Morning Performance, Sleepiness and Mood:  Experiment 1

                          10/20        20/40       40/80         F       F

                        BL    D2     BL    D2     BL    D2     COND     INT

Vigilance Hit Rate      54    39     54    47     50    38     7.89*   0.42

Additions Correct       93    93     91    80     93    82     5.53*   1.43

Median RT             .326  .394   .368  .429   .369  .391     6.49*   1.53

Nap Latency            7.2   3.6    6.8   2.9    6.0   3.3    13.51*   0.21

SSS                    2.6   2.8    2.6   3.1    2.3   2.7     3.02    0.18

Clyde Sleepy            48    49     49    53     45    51     4.58*   1.08

Clyde Friendly          46    48     47    46     48    48     0.29    0.01

Clyde Angry             51    48     48    48     48    48     0.43    0.56

Clyde Clear Thinking    55    51     51    50     52    52     2.41    0.88

Clyde Unhappy           39    39     38    39     41    40     1.83    0.82

Clyde Dizzy             54    50     51    49     52    52     3.82    1.03

* p < .05

Table 3   Sleep:  Experiment 2

                     20 min           40 min           2/4           F      F

                  B   D2   R1      B   D2   R1     B   D2   R1     COND    INT

Time in Bed     367  380  368    366  382  358   346  382  354    13.4*   0.33

Total Sleep     341  342  346    335  326  333   316  283  342    21.6    3.09*

Min Stage 1      23   28   19     21   30   22    24   81   15    60.4    11.2*

Min Stage 2     189  190  180    180  162  181   165  176  152    5.64*   1.27

Min Stage SWS    70   62   75     76   59   81    69    6   89    23.4*   2.36

Min Stage REM    58   62   70     56   73   48    56   19   85    6.09    5.21*

Min Stage Wake   18   29   13     17   40   20    18  100   11    49.8    6.51*

Number of

Awakenings       14   30   15     15   25   16    15   53   10     211    30.7*

* p < .05

Table 4   Morning Performance, Sleepiness and Mood:  Experiment 2

                          20 min       40 min         2/4           F       F

                        BL    D2      BL    D2      BL    D2      COND     INT

Vigilance Hit Rate      60    51      56    68      51    32      1.38    1.54

Additions Correct       92    96     102    86     118   100      7.92*   1.72

Median RT             .490  .400    .347  .352    .414  .384      0.00    0.67

Nap Latency 2          7.3   8.1    11.5   8.9     4.2   2.8      6.81    4.40*

SSS                    2.3   2.1     1.7   2.6     1.3   3.0      2.07    0.89

Clyde Sleepy            50    50      50    55      46    58      3.11    1.19

Clyde Friendly          51    48      43    48      42    44      0.03    0.49

Clyde Angry             52    54      52    54      52    53      2.22    0.31

Clyde Clear Thinking    58    56      60    58      54    48      5.27    0.24

Clyde Unhappy           38    38      38    37      35    34      6.51    0.48

Clyde Dizzy             52    48      49    50      54    57      4.35    0.48

* p < .05

Figure Captions

Figure 1 - Morning nap latency following baseline and final disruption nights 

           in 6 conditions.  Significant differences for N=12 (**) and N=7 (*)

           are marked.

Figure 2 - Morning vigilance hit rate following baseline and final disruption

           nights in 6 conditions.  Significant differences for N=12 (*) are

           marked.

Figure 3 - Morning addition performance following baseline and final disruption

           nights in 6 conditions.  Significant differences for N=12 (*) are 

           marked.

Figure 4 - Hourly distribution of auditory arousal threshold across two nights

           of sleep disruption in the 2/4, 20/40, and 20 min conditions.  

           Significant differences are noted in the text.
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