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ABSTRACT

Average metabolic variables ([image: image1.wmf], [image: image2.wmf], and REE) were obtained for each three-minute period during consecutive nights of normal sleep, experimentally fragmented sleep, and recovery sleep in a group of 12 normal young adult males.  Naturally occurring arousals and awakenings resulted in a characteristic increase in metabolism on the baseline night.  The placement of brief, frequent experimental arousals on the following night resulted in significantly increased metabolism throughout the night and significantly decreased sleep restoration as measured by morning performance, mood, and alertness tests even though total sleep time was minimally reduced.  Metabolic variables were significantly decreased as compared to baseline on the non-disturbed recovery night which followed the sleep fragmentation night.  The data cannot be used to infer that increased metabolism during sleep causes non-restorative sleep, but the direction and time-course of metabolic change accompanying arousal are consistent with that hypothesis.
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Several lines of evidence suggest that sleep is related to metabolic variables.  In a classic phylogenetic study, Zepelin and Rechtschaffen (25) showed strong positive correlations between metabolic rate and sleep length across species.  Within humans, supporting ontogenetic evidence exists.  Walker and Berger (22) have shown a high positive correlation between total sleep time and metabolic rate (r = .98) using population mean sleep times and metabolic estimates for male populations at each decade of life.  

Within age-matched adults, however, supporting evidence for a link between metabolism and sleep variables is more limited.  Only one study (20), which examined sleep in a small group of new army recruits before, during, and after 18 weeks of basic training, has suggested direct metabolic effects on sleep length independent of several confounds.  In that study, recruits had significantly increased energy expenditure during training and increased both their lean body mass and [image: image3.wmf] max.  At the same time, their total sleep time increased by 30 min and their SWS percentage increased from 22 to 30%.

Few studies have specifically examined metabolism during sleep in humans.  There is agreement that metabolic rate falls near sleep onset and reaches a minimum early in the morning in a standard circadian pattern (14, 23, 24, 9, 12, 19, 16).  There are both circadian and sleep-related components to the decline in metabolic rate during sleep (11).  Early evidence that metabolic levels were sleep stage related (9) has not been upheld (23, 24).  However, all of these metabolic studies are limited by observation criteria which either allowed evaluation of only selected parts of the night, did not include EEG recordings, or eliminated observations not made during stable sleep stages (usually stages 2, 4, or REM).  As such, very little is known concerning the immediate and long term effects of movements, arousals, and awakenings during sleep upon metabolic variables.

In recent years, a group of patients with nonrestorative sleep secondary to periodic occluded respiration and arousal has been identified (21, 10).  In a series of studies which have modeled the sleep fragmentation found in these patients in normal young adults, we have found that brief arousals during sleep systematically reduce daytime alertness.  The reduction in daytime alertness is dependent upon 1) the frequency of the arousals; 2) the type of arousal; and 3) the age of the subject.  When periodic arousals fell at intervals greater than 20 min, no effects on daytime function were seen (8).  Orderly increasing loss of daytime function was found when the period of sleep between arousals was reduced from 20 min to 1 min (3, 5, 4, 6, 7, 8).  Brief arousals placed after each minute of sleep resulted in daytime function similar to that seen after total sleep loss (3, 4).  Any manipulation resulting in frequent changes in ongoing EEG resulted in daytime deficits (6), while no deficits were seen in a condition comprised of frequent passively produced leg movements which did not lead to EEG arousals (2).  Results from several studies indicated that effects were dependent upon the rate of sleep fragmentation and not upon associated changes in EEG sleep stages (5, 4, 6).  However, it is not known whether it was the sleep fragmentation per se which made sleep non-restorative or a correlate of sleep fragmentation such as metabolic rate or growth hormone deficit. 

In the current study, continuous metabolic observations were made throughout nocturnal sleep periods in young adult subjects.  The time course of metabolic change was observed during brief and extended spontaneous arousals, and experimental arousals were performed on one night.  It was hypothesized that the metabolic rate would be increased following any type of EEG arousal and that, if arousals occurred frequently, the metabolic rate would remain elevated throughout the night.  It was also hypothesized that the metabolic rate would be decreased during recovery sleep on the night following fragmented sleep.

METHOD

Twelve young adult male subjects between the ages of 18 and 28 were chosen to participate for four nights.  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

After an adaptation night, subjects spent three consecutive nights in the laboratory.  The three nights were baseline, sleep disruption, and recovery.  Subjects did not eat after 1800 and reported to the laboratory two hours prior to their normal bedtime.  Recording electrodes were attached 90 min before bedtime on each night so standard sleep recordings (15) could be made.  Subjects completed a presleep questionnaire.  On all laboratory nights, subjects wore a CPAP mask (Life Design System #LDS-8880), which was equipped with separate inspiratory and expiratory ports and appropriate one-way values.  The mask was attached with a standard headstrap and sealed over their nose and mouth with a fast drying silastic compound.  After the silastic compound had dried, Subjects were put in bed, and 30 min of baseline awake metabolic observations were made.  Subjects inhaled normally through the inspiratory port of the CPAP mask and exhaled through the expiratory port into tubing connected through the wall of the bedroom to a SensorMedics MMC Horizon metabolic cart.   The SensorMedics MMC metabolic cart was programmed to provide 3-min averages of VT = tidal volume (liters per breath), [image: image4.wmf] (STPD) = oxygen consumption (liters per min), [image: image5.wmf] (STPD) = carbon dioxide production (liters per min), RQ = respiratory quotient, frequency (breaths per min), REE = resting energy expenditure (kilocalories per day), and time.  When Ss were comfortable in bed, metabolic observations were begun.  As each metabolic observation was printed out, the data were automatically transferred to the laboratory computer, which stored the data and translated the time of each metabolic output into a binary code.  The computer then automatically fed the binary code to the polygraph, where it was written out so that metabolic observations could be easily synchronized with ongoing EEG.  The polygraph was turned on at the beginning of the baseline metabolic observations.  Ss were asked to remain awake and limit body movements during the baseline observations.  However, Ss did occasionally move or fall asleep.  When body movements in excess of 3 sec or sleep occurred during 3-minute epochs of baseline (presleep) metabolic recordings, the metabolic observations for that period were deleted from the calculation of baseline metabolic values.  Following 30 minutes of baseline metabolic recording, the room lights were turned out, EEG calibrations were performed, and Ss were allowed to fall asleep at their normal bedtime (range 2300 to 0100).  Continuous metabolic recordings continued for the next 7.5 hours on each night except the adaptation night.  On the adaptation night, the CPAP mask was strapped to the face and the tubing leading to the metabolic cart was attached to the face mask but not to the metabolic cart.  In the morning each subject was awakened at his normal time of awakening (range 0600 to 0800) and the CPAP mask was peeled off his face.  Morning performance tests (see below) were completed.  Following each night, subjects were free to leave the laboratory after they had finished testing.  Following disruption nights, subjects were reminded to avoid naps during the day and to call the laboratory if they had episodes of sleepiness.

Several methods were used to insure complete gas collection into the metabolic cart.  The metabolic cart automatically printed a subject disconnected message and stopped data collection whenever it did not sense breathing for 15 sec.  Both the technician and the computer evaluated data at each 3-min output.  When RQ fell below .70 or rose above 1.00 or when VT fell below .300 for a 3-min output, the technician examined the mask and respiration circuit for potential leaks.

Performance Measures

Subjects performed the same battery of tests each morning.  They included Wilkinson Addition (30 minutes and scored for number correct), Visual Vigilance (30 minutes and scored for Hit Rate, False Alarm Rate, and P(A) - (18)), and the Profile of Mood States (POMS).  Following the POMS each morning, subjects were given a nap.  The nap was terminated after the first epoch of stage 2 or REM sleep or after 15 minutes, whichever came first.

Sleep Disruption

Subjects were aroused on disruption nights with a Beltone Model 109 screening audiometer through an earphone insert earpiece taped into their preferred ear in a standard method (3, 5, 4, 6).  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 evidence of EEG arousal was seen.  The criteria for EEG arousal included the appearance of alpha, a stage change, or EEG speeding of any measurable duration (6).  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 arouse, 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.

In the disruption condition, subjects were presented tones via audiometer one minute after the appearance of a well-defined spindle, K-complex, or rapid eye movement.  Arousals, as defined earlier, were repeated throughout the night after each reappearance of well-defined spindles, K-complexes, or rapid eye movements.  

Data Analyses

Sleep, performance, and mood data were analyzed by a repeated measures ANOVA with terms for baseline, disruption, and recovery nights.  Metabolic variables were examined before and after spontaneous arousals on the baseline nights to determine the natural time course of metabolic change accompanying arousal.  Specifically, a 2-5 sec period of alpha not accompanied by awakening or increased EMG activity was defined as a “brief” arousal, and a 1 or 2 epoch period scored as wake or movement was defined as an “extended” arousal.  For each subject, an attempt was made to find the best episode of brief and extended arousal in the early part and in the later part of the baseline night.  “Best” was taken to be the proper EEG episode surrounded be as much time as possible without other arousals or awakenings.  In all cases selected, there were at least  9 minutes of non-disturbed sleep before and after each arousal chosen.  The data were analyzed by a 3-way within subjects ANOVA with terms for time period (3-min epoch containing arousal, the three following 3-min epochs, and a post-arousal baseline after at least 30 min of sleep with no arousal), brief or extended arousal, and time of night (early or late).  

The metabolic data for each complete night for each subject were reduced as follows:  a) Average rates for each metabolic variable were determined for each subject for each resting awake metabolic observation period before sleep onset on each night; b) Baseline observations containing sleep or containing body movement greater than 3 seconds were deleted before averaging; c) Metabolic observations from each 3-min period for the remaining 7.5 hours of the metabolic recording period were divided by the presleep baseline values and are expressed as "proportion of baseline"; d) Values from 3-min epochs following spontaneous arousals on the baseline night were gathered to examine the time course of metabolic change following arousals; e) Values from each quarter of the 7.5 hour recording period were averaged to obtain a value for each quarter of the night for each night for each subject.  These average values were then analyzed in a condition (baseline, disruption, recovery) by quarter of the night repeated measure analysis of variance.    A second ANOVA  examined differences in metabolism which could not be immediately attributed to movement or awakening as traditionally scored in sleep studies.  The second ANOVA was the same as the initial ANOVA except fewer data points were entered into each quarter of the night average for each subject.  Specifically, all 3-minute metabolic epochs which contained body movement greater than 3 seconds in duration or which were scored as wake by standard Rechtschaffen & Kales (15) sleep scoring rules for 30-second epochs of sleep were deleted before analysis.

RESULTS

Sleep data are presented in Table 1, and significant differences (p < .05) are noted.  As expected, the sleep fragmentation procedure resulted in large changes in sleep stage distribution including significant decreases in stage 2, 3, 4, and REM and increases in stage 1.  On disruption nights, there was a decrease in total sleep (50 min), a decrease in sleep efficiency, and an increase in all arousal-related variables.  On recovery nights, there was an increase in total sleep and sleep efficiency as compared to baseline.  There also were decreases in percentage stage 1 and increases in percentage REM as compared to baseline.

Figure 1 presents change from presleep baseline [image: image6.wmf] data from 10 Ss for whom brief and extended arousals could be found during early and later parts of the night on the baseline night.  The 3-way interaction was not significant, so error was pooled to test the 2-way interactions.  A significant length of arousal by time period interaction was found (F4,30 = 5.45, p = .01).  Pairwise comparisons showed that [image: image7.wmf] was significantly increased during the 3-min epoch containing arousal compared to baseline for both brief and extended arousals.  The increase was greater for extended arousals as compared to brief arousals and continued into the two following 3-min [image: image8.wmf] analysis periods.  No other 2-way interactions were statistically significant.  Therefore, the main effect for time of night was tested and found to be significant (F1,50 = 17.65, p < .01).  [image: image9.wmf] was decreased in the second half of the night (means for this analysis were .234 versus .219 L/min).  An attempt was made to find arousals on experimental disturbance nights for comparison purposes, but only two arousals could be found with as much as 6 min of continuous sleep following, and these events were immediately preceded by other arousals.  Limited extended arousal data (N = 7) was available from the recovery night.  The data which was available did not differ statistically from the data from the baseline night.  Specifically, there was no indication that either the peak [image: image10.wmf] value or the length of the [image: image11.wmf] elevation following spontaneous awakenings was different on the recovery night.

The baseline presleep metabolic values can be found in Table 2.  No significant differences were found in the comparison of baseline, disturbance and recovery presleep baseline values.  Mean sleep period metabolic data for [image: image12.wmf], [image: image13.wmf], and REE are presented in Figures 2, 3 and 4 respectively (solid lines).  Highly significant F-values were obtained for the main effects for Condition and Time for each analysis (Table 3).  No significant condition by time interactions were found.  Pairwise comparisons (Newman-Keuls procedure at the .05 level) showed that, for each of the three variables, levels were significantly higher than baseline on the disruption night and significantly lower than baseline on the recovery night.  Levels were significantly higher during the first quarter of the night for all variables than during any other quarter and no other quarters differed significantly.  The data for the second ANOVA, which excluded periods containing wake or movement time, are plotted by dashed lines in the figures.  The ANOVA F-values are also presented in Table 3.  The F-values were lower in all these analyses than in the initial group, but the same significant differences as described for the complete data set above were found.

Morning mood and performance data are found in Table 4.  As expected, Ss were significantly sleepier following the sleep disturbance night than on baseline (nap latency was reduced from 8.3 to 4.9 min), had significantly reduced vigilance and addition performance, and reported less subjective vigor on the POMS. 

DISCUSSION

The current study has replicated several earlier studies (14, 23, 24, 9, 12, 19, 16) in finding a circadian reduction in [image: image14.wmf] and other metabolic variables during sleep.  The early morning increase in metabolism reported in the last hour or two of sleep in some studies (23, 24) was not clearly replicated in the final quarter of the night in this experiment.  It was demonstrated in the current study that the sleep fragmentation paradigm produced typical changes in sleep stage distribution with only a small decrease in total sleep time (6, 8).  As expected, significant morning alertness, performance and mood consequences followed the sleep disruption night (6, 8).

As hypothesized, brief sleep disturbance was accompanied by significant elevation of metabolic rate.  Recovery sleep, which was characterized by decreases in stage 1 and increases in stage 4, REM, total sleep time, and sleep efficiency as is standardly seen in recovery from sleep loss or sleep disruption (3), was also characterized by a significant decrease in metabolic rate.  

Metabolism near spontaneous arousals on baseline nights in the current study was examined to determine whether the time course of natural metabolic change would be similar to the time course of effects seen in sleep fragmentation studies.  While the 3-min time window of metabolic analysis available in the current data is insufficient to allow exact momentary quantification of [image: image15.wmf] increases secondary to arousal, the data clearly indicate significant metabolic effects of both brief and extended arousals.  The data seem to indicate that metabolic effects are both greater and longer in duration following extended versus brief arousals.  However, because metabolic data were averaged over 3-min periods, it is possible that the brief arousals were accompanied by metabolic increases as great as those seen for extended awakenings but which were short enough in duration that the average level for the 3-min window was lower.  The brief arousals, which were chosen to be EEG changes without a a movement component and which were too brief to be scored as wake, movement, or stage 1 using standard Rechtschaffen and Kales sleep epoch scoring rules (15), nonetheless resulted in metabolic changes.  The extended arousals produced metabolic increases which approached presleep waking values and which remained significantly elevated for 9 minutes.  Some elevation in [image: image16.wmf] may still have existed for 12 min or longer.  Unfortunately, insufficient data existed to examine metabolic effects for several minutes after arousals on the nights during which experimental arousals were made.  It is clear, however, that when metabolic increases lasting 3 - 9 minutes are produced each minute, consistent elevation of the metabolic rate throughout the night is probable.  Previous sleep fragmentation studies (3, 4, 6) have indicated that sleep is non-restorative when brief arousals occur about once per minute.  The degree of restoration seen during sleep increases exponentially as the interval of sleep between arousal increases so that statistically significant daytime residual effects are not seen when fragmentation occurs at periods of longer than 10-20 minutes (8).  Because the type of arousal produced in these experimental fragmentation studies cannot be completely controlled (and usually includes both brief and extended arousals following well-defined periods of sleep), the time-frame of sleep restoration appears to be of a similar magnitude to the time-frame of metabolic increase following arousal.  However, the design of the current study cannot attribute causality between the metabolic, EEG, and daytime performance effects.  

The consistent similar changes in metabolism and in sleep restoration secondary to fragmentation and during recovery sleep following fragmentation are striking enough to justify studies of experimental manipulation of metabolism during sleep.  However, it is possible that other factors may account for the data.  For example, one could hypothesize that the secretion of growth hormone during sleep is the essential component which allows tissue growth and that the sleep fragmentation procedure, which essentially eliminates slow wave sleep, also eliminates growth hormone secretion usually associated with slow wave sleep.  Studies do suggest that children with sleep apnea and associated sleep fragmentation may have growth failure (13).  One recent study (1) also suggests that young adults deficient in growth hormone have both decreased SWS and increased daily sleep time.  However, a previous study which specifically varied SWS during sleep fragmentation (5) found that Ss allowed more SWS had sleep which was just as non-restorative as Ss who were allowed little SWS when both groups had equal sleep fragmentation. Also, the relative lack of growth hormone excretion in the elderly, who continue to have restorative sleep, mitigates against a direct growth hormone role in sleep restoration.

Clearly, the study could not be designed to randomize or blind disturbance and recovery nights.  It is unlikely that the increased metabolic levels throughout the disturbance nights were secondary to adaptation to the laboratory.  The finding of an overall decrease in metabolic rate on the recovery night could be attributed to continuing adaptation to the laboratory.  This interpretation is unlikely, however, because there was no difference in presleep waking metabolic levels from the baseline to the recovery night.  As such the recovery changes reported were specific to the sleep period and probably represent decreased metabolic rate secondary to decreased arousal and awakening on recovery nights.  It is also probable that the decreased metabolic rate on the recovery night was secondary to the sleep loss itself.  It has been shown that body temperature is reduced about .3o F during recovery sleep following sleep deprivation (17), and such a reduction implies decreased metabolic rate.  Further, if metabolic rate during sleep is indeed inversely related to the rate of restoration in normal young adults, one would predict both increased metabolic rates on poor nights of sleep and decreased metabolic rates when sleep is being recouped at a faster than normal rate.

One might also speculate that leaks in the mask might account for some findings.  Several data checks were performed as data were collected to insure that leaks had not developed in the system.  Occasional failure of the silastic seal did occur in pilot Ss until silastic application technique was learned more completely.  However, results from early study Ss did not differ from later Ss.  Tests with a CO2 detector device revealed that the major potential point of leakage was at the one-way inspiration valve of the CPAP mask, which could leak slightly as closing.  However, one would predict that leaks of all kinds would be most frequent on the sleep disturbance nights, when Ss moved frequently and had higher CO2 production.  Similarly, leaks should have been least frequent on the recovery nights.  As such, movement leaks would have operated against the hypotheses and findings (i.e., movement leaks would have resulted in decreased metabolic values on the disturbance nights and increased values on the recovery nights).

In summary, the current study has shown that both brief and extended arousals during sleep are accompanied by increases in oxygen use and carbon dioxide production.  The amount of increased in metabolism is related to the length of arousal, and metabolic effects may continue for nine minutes or longer after a 30 second awakening.  The time-course of metabolic change after arousal is similar to the time-course of fragmentation required to decrease the restorative function of sleep, but further study will be required to establish a causal relationship between these variables.

REFERENCES

1.
Astrom, C. and J. Lindholm. Growth hormone-deficient young adults have decreased deep sleep. Neuroendocrinology. 51: 82-84, 1990.

2.
Bonnet, M. H. "Sleep disruption by mechanical leg jerk and periodic awakening and its effect on sleep, performance and mood." Paper presented at the Association of Sleep Disorders Centers Meeting. Dallas, 1984.

3.
Bonnet, M. H. Effect of sleep disruption on sleep, performance, and mood. Sleep. 8(1): 11-19, 1985.

4.
Bonnet, M. H. Performance and sleepiness as a function of frequency and placement of sleep disruption. Psychophysiol. 23(3): 263-71, 1986.

5.
Bonnet, M. H. Performance and sleepiness following moderate sleep disruption and slow wave sleep deprivation. Physiol Behav. 37(6): 915-8, 1986.

6.
Bonnet, M. H. Sleep restoration as a function of periodic awakening, movement, or electroencephalographic change. Sleep. 10(4): 364-73, 1987.

7.
Bonnet, M. H. The effect of sleep fragmentation on sleep and performance in younger and older people. Neurobiol Aging. 10: 21-25, 1989.

8.
Bonnet, M. H. Infrequent periodic sleep disruption:  Effects on sleep, performance and mood. Physiol Behav. 45: 1049-1055, 1989.

9.
Brebbia, D. R. and K. Z. Altshuler. Oxygen consumption rate and electroencephalographic stage of sleep. Science. 150: 1621-1623, 1965.

10.
Carskadon, M. A., E. D. Brown and W. C. Dement. Sleep fragmentation in the elderly: relationship to daytime sleep tendency. Neurobiol of Aging. 3: 321-327, 1982.

11.
Fraser, G., J. Trinder, I. M. Colrain and I. Montgomery. Effect of sleep and circadian cycle on sleep period energy expenditure. J Appl Physiol. 66: 830-836, 1989.

12.
Goldberg, G. R., A. M. Prentice, H. L. Davies and P. R. Murgatroyd. Overnight and basal metabolic rates in men and women. Eur J Clin Nut. 42: 137-144, 1988.

13.
Goldstein, S. J., R. H. K. Wu, M. J. Thorpy, R. J. Shprontzen, R. E. Marion and P. Saenger. Reversibility of deficient sleep entrained growth hormone secretion in a boy with achondroplasia and obstructive sleep apnea. Acta endocrinol. 116(1): 95-101, 1987.

14.
Ravussin, E., B. Burnand, Y. Schutz and E. Jequier. Twenty-four-hour energy expenditure and resting metabolic rate in obese, moderately obese, and control subjects. Am J Clin Nutr. 35(3): 566-73, 1982.

15.
Rechtschaffen, A. and A. Kales eds. A manual of standardized terminology, techniques and scoring system for sleep stages of human subjects. Los Angeles, California: Brain Information Service/Brain Research Institute, University of California at Los Angeles, 1968.

16.
Robin, E. D., C. H. Whaley, C. H. Crump and D. M. Travis. Alveolar gas tensions, pulmonary ventilation and blood pH during physiological sleep in normal subjects. J Clin Invest. 37: 981-989, 1958.

17.
Rosa, R., M. H. Bonnet, J. S. Warm and M. Kramer. Recovery of performance during sleep following sleep deprivation. Psychophysiol. 20: 152-159, 1983.

18.
Scerbo, M. W., J. S. Warm and A. D. Fisk. Event asychrony and signal regularity in sustained attention. Curr Psychol Res Rev. 5: 335-343, 1987.

19.
Shapiro, C. M., C. G. Goll, G. R. Cohen and I. Oswald. Heat production during sleep. J Appl Physiol. 56: 671-677, 1984.

20.
Shapiro, C. M., P. M. Warren, J. Trinder, S. J. Paxton, I. Oswald, D. C. Flenley and J. R. Catterall. Fitness facilitates sleep. Eur J Appl Physiol. 53(1): 1-4, 1984.

21.
Sullivan, C. E., F. G. Issa, M. Berthon-Jones and N. A. Saunders. Pathophysiology of sleep apnea. Sleep and Breathing. Saunders and Sullivan ed. New York: Marcel Dekker, Inc., 1984.

22.
Walker, J. M. and R. J. Berger. Sleep as an adaptation for energy conservation functionally related to hibernation and shallow torpor. Prog Brain Res. 53: 255-78, 1980.

23.
Webb, P. and M. Hiestand. Sleep metabolism and age. J Appl Physiol. 38(2): 257-62, 1975.

24.
White, D. P., J. V. Weil and C. W. Zwillich. Metabolic rate and breathing during sleep. J Appl Physiol. 59(2): 384-91, 1985.

25.
Zepelin, H. and A. Rechtschaffen. Mammalian sleep, longevity, and energy metabolism. Brain Behav Evol. 10(6): 425-70, 1974.

TABLE 1  Nocturnal Sleep Values



   




 BASELINE
    DISRUPTION     RECOVERY     F-VALUE
P

 Total Sleep
 (Min)

394



344

          428

        13.45*

0.000

 % Stage 1



10.2



25.8

           7.4

        72.98*

0.000

 % Stage 2



43.2



38.9

         43.6

        23.56**
0.121

 % Stage 3



7.7



.75

          7.6  
            30.74**
0.000

 % Stage 4



8.0



0.1

        10.1

        21.22**
0.000

 % REM





18.3



8.6
           24.8               57.36*

0.000

 Sleep Latency (Min)
7.5



11.5

          4.6

         2.52


0.106

 Wake in Sleep (Min)
53.5



113

        25.9

       24.50*

0.000

 % Movement


0.7



0.9

         0.7
             0.34

       
 0.718

 Stage Changes

130



267

        123

       32.02**

0.000

 Time in Bed (Min)

455



468
          459

         1.35


0.281

 Sleep Efficiency

88.1



75.1

        94.4

       25.44*

0.000

 Awakenings


2.6



5.4
           1.7
           15.53**

0.000

 REM Latency (Min)

112



135

      67.7

         3.94+

0.036

 EEG Arousals

56



162
           46

       62.09**

0.000

 Arousal Index

8.4
 


28.4
          6.0

      139.2**

0.000

*All Conditions differ from one another

**Disruption differs from both Baseline and Recovery

+Recovery differs from Disruption

TABLE 2  Baseline Presleep Metabolic Values



   




 BASELINE
  DISRUPTION   RECOVERY  F-VALUE

P

[image: image17.wmf] (L/Min)
.

287


.287


.310

1.37
NS

[image: image18.wmf] (L/Min)

.243


.250


.267

0.61
NS

REE (Kcal/Day)

1992


2003


2179

1.48
NS

Table 3  ANOVA Values for Metabolic Variables

Variable 


     

 F 

p


  F          p

    Differences*









Condition



Time

[image: image19.wmf] all data


37.96
.000


31.82
.000
All Conditions 

[image: image20.wmf] sleep data

31.54
.000


13.45
.000
differ for all

[image: image21.wmf] all data

22.27
.000


16.16
.000
variables.

[image: image22.wmf] sleep data
  9.40
.000


  4.11
.01
For Time, the

REE all data



30.94
.000


28.26
.000
First Quarter

REE sleep data

27.39
.000


10.69
.000
differs from all























others for all variables

No ANOVA interactions were significant

TABLE 4  Morning Alertness and Performance Values



    



BASELINE
   DISRUPTION
RECOVERY

F-VALUE

P          DIFFERENCES

Vigilance P(A)

.962



.926




.913




6.16
.

01
BL > ALL

Additions Correct

 68



62





70





3.57


.05
R > D

POMS Vigor



19.2



15.5



16.9




3.44


.05
BL > D

POMS Fatigue

5.0



7.5




5.9





1.29


NS

Nap Latency (Min) 
8.3



4.9




5.2





5.54


.01 
BL > ALL

BL = Baseline; D = Disruption; R = Recovery

Figure Captions

Figure 1.  Proportion of baseline waking [image: image23.wmf] before and following individual 2-5 sec alpha arousals and 15-75 sec awakenings.  Significant differences are noted.

Figure 2.  Proportion of baseline waking [image: image24.wmf] by quarter of the night during baseline, disruption, and recovery sleep nights.

Figure 3.  Proportion of baseline waking [image: image25.wmf] by quarter of the night during baseline, disruption, and recovery sleep nights.
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