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Summary

The ability to maintain wakefulness under baseline and sleep deprivation conditions was examined in a group of 14 normal young adults. Subjects participated in both standard and manipulation Maintenance of Wakefulness tests after being awake for 7, 19, and 31 hours. In the manipulation Maintenance of Wakefulness tests, Ss performed varying degrees of physical activity at the onset of stage 1 to allow them to preserve wakefulness. As expected, ability to maintain wakefulness declined as time awake increased. With amount of time awake held constant, wakefulness was enhanced most after standing and doing knee bends, less after standing, less after sitting up, and least after subjects were spoken to. The improvement in alertness after doing knee bends as compared to being spoken to was of the same relative magnitude as the decrease in alertness after one night of total sleep deprivation. As expected, heart rate also increased consistently as activity increased. Each subject had a negative correlation between their EEG sleep latencies and their minimum r-r interval during the manipulation (i.e., the higher the heart rate, the longer the latency). These data were interpreted as a demonstration of the impact of discrete phasic arousal on the ability to maintain wakefulness.
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There is a relatively clear understanding of the major factors that control sleepiness -- the length of time awake, the time of day, and the length of the preceding sleep period. In fact, several investigators have constructed models which use this information to predict sleepiness under various conditions.  In these models (1), sleepiness accumulates as a homeostatic drive. A circadian pacemaker effect overlays the homeostatic drive. The models based on these components are generally effective in predicting the degree of sleepiness under controlled conditions. However, as is clear to anyone who ever sat through a boring lecture or attended an all-night party, there is more to sleepiness than slowly accumulating homeostatic effects. Everyone routinely attempt to maintain a comfortable level of alertness throughout the day by the behavioral choices we make. The morning cup of coffee to increase arousal and alertness is ubiquitous. In a more subtle manner, our pattern of meetings, class length, breaks, locomotion, and social interaction are oriented around our ability to attend and restore failing attention by use of various physiologically arousing and relaxing activities.

Little research has examined physiological activation and the means by which it serves to maintain wakefulness (or conversely, to mask sleep). In a recent study, Bonnet & Arand (2) tested the impact of a state increase in physiological activation upon sleepiness as measured by the MSLT. When Ss had MSLT evaluations after lying in bed for 15 min and watching television, their latencies were very short (6.7 min) and would have resulted in 42% of these normal Ss being classified as having idiopathic hypersomnia. However, when the same Ss were allowed to walk around the hospital for 5 min prior to a MSLT, their latencies were significantly longer (13 min) and their heart rate was faster throughout the MSLT. It was concluded that the sympathetic nervous system arousal produced by standing and walking, as indexed by the increased heart rate, was sufficient to mask the basal level of sleepiness and produce the large increase in latency on the MSLT.

Under controlled conditions, heart rate has commonly been used as an operational definition of arousal. For example, studies have shown that heart rate is higher in people who are sitting up (as compared to lying down (3)), standing (4, 5), performing tasks such as mental arithmetic (6, 7) or involved in real world activities varying in difficulty (8, 9). In the current study, heart rate once again served as an independent indicator of arousal. 

In the current experiment, the relative role of sleepiness and arousal in the ability to maintain wakefulness was measured by independently varying arousal (activity) and sleepiness (total sleep deprivation). It was hypothesized that the ability to maintain wakefulness would be directly related to the level of physiological arousal and inversely related to the degree of sleep deprivation.

Methods

Subjects: Potential subjects were solicited from the university environment and completed an extensive sleep and medical questionnaire. Selected subjects were required to be healthy, 18- to 35-year-old male or female normal sleepers without significant history of shift work or benzodiazepine use. Potential subjects using more than 250 mg of caffeine were excluded. Selected subjects denied problems with their sleep. Specifically, they reported that their sleep latency was less than 30 min. and that they were not bothered by frequent awakenings or awakening early in the morning. They reported that they usually did not take naps on weekdays. They reported that their usual time in bed on weekdays was between 7 and 9 hours. Individuals meeting these criteria and expressing an interest in participating in the study were invited to the laboratory to complete a practice session before being scheduled for the study.

Time: All protocol and nap times cited in this paper have been specified for a subject who went to bed at 2300 and arose at 0700. For subjects who normally retired at a different time, bed time and wake up time were adjusted to approximate their normal weekday times. Testing and sleep latency tests were correspondingly moved to maintain similar circadian timing for all Ss on all nights. 

Design:  Subjects spent four nights and two days in the laboratory. The initial night was an adaptation night. Ss were screened for normal sleep patterns, easily recognizable transition from wake to stage 1 sleep, and absence of sleep pathology (including sleep apnea and periodic limb movements). This data is not included in data later referred to as “baseline,” but it was similar to the baseline data. On the following morning, subjects completed computer tests and were allowed to leave the laboratory until the evening with the request that they avoid naps and unusual behavior such as variation in usual activity, exercise, stress, or eating. When Ss returned, they had EEG recording electrodes applied, performed practice computer tests and were put in bed at their normal bed time for a baseline night of sleep. After awakening at their normal time of arising, Ss were kept awake, except for described tests of alertness, for the next 40 hours. A night of undisturbed recovery sleep followed the period of sleep deprivation.

During the two days and sleep deprivation night, all Ss remained at the laboratory where they took part in a modified maintenance of wakefulness protocol (MWT) and performed brief computer tests. The daytime schedule is summarized in Table 1. During this day, Ss were fed standard meals. There were a total of three blocks of MWT observations which started at 1200, 2400, and 1200. Each block contained three MWT observations. In the first and third MWT observation in each block, Ss were placed on their back flat in bed with the room light on and told to look at a point on the ceiling and to remain awake. Ss were discouraged from moving or otherwise maintaining muscle activity as a means of remaining awake. These MWT observations were terminated at the end of 50 min or at the first sign of non-stage 1 sleep. 

The second MWT in each of the three blocks was designated as the ‘manipulation’ MWT. This test differed from the others in that ongoing EEG from the subject was monitored closely for the appearance of 3 sec of clear stage 1 EEG. When the technician recognized the EEG change s(he) gave the subject instructions over the intercom. Five instructions were given. One instruction was a simple verbal comment, "You're doing fine" (‘Talk' Condition). The other instructions required the subject to make discrete movements: a) sit up in bed and then lay back down (‘Sit’); b) stand up beside the bed and then lay back down (‘Stand’); c) stand beside the bed and do 3 rapid knee bends and then lay back down (‘Knee bends’); or d) lie in bed and raise knees 3 times (‘Knee raises’). The verbal comment was used as a control for the verbal instructions given in the other conditions. The Sit, Stand, and Knee bends conditions were designed to index graded increases in heart rate which were hypothesized to produce graded increases in physiological arousal. The Knee raises condition was a control condition to help measure the impact of habituation and to produce about the same degree of arousal as produced in the Sit condition. 

At the conclusion of the baseline night, all Ss were trained to produce consistent sitting, standing, and knee bend/raises movements. During this training, it was stressed that each movement should take about 15 sec (i.e., Ss were trained to sit up and lay back down slowly but to move more quickly when doing knee bends, etc.). During the manipulation MWT, each S was assigned a planned schedule of 19 movements, listed in Table 2, to perform. The majority of these movements (10) involved the ‘sit’ command, which was always given first and repeated after each of the other manipulations. The ‘knee raises’ command was given twice during each MWT: near the beginning and end to assess the degree of habituation which occurred across the session. The other commands (Doing Fine, Stand, Bends) were given twice each. Half of the Ss had a set of manipulations during their manipulation MWT in which the 'stand' observations occurred earlier in the protocol than the 'knee bends' manipulation and the other Ss had the reverse order. Each request for a movement was preceded by the required appearance of a stage 1 EEG pattern, so the test proceeded at the rate at which Ss returned to this EEG state. The EEG measure reported is the length of time in seconds from the offset of the required movement (or the verbal comment) to the next appearance of 3 sec of stage 1 EEG. If the stage 1 EEG did not reappear, the S remained in bed until the end of the allotted time for the MWT, no latency was assigned, and the MWT was incomplete (data were not analyzed).

EEG and EKG were recorded throughout all of the blocks. Each block started with 20 min. of standard computer tests and was followed by a bathroom break (see Table 1), electrode replacement, and the first MWT (a maximum of 50 min. in length). After a minimum of 25 min of break time, the manipulation MWT began. The initial manipulation MWT (prior to sleep deprivation) frequently took longer than its allotted time. To improve data collection, the manipulation MWT was therefore extended, if necessary, into the break time and the time for the third MWT. As a result, some Ss did not have a third MWT in all blocks.

All subjects were assigned their own room for the course of the study. Each room contained a standard hospital bed and furniture including a desk with an Apple IIGS computer. Subjects participated in the study as individuals. Subjects completed tests and questionnaires at their individual computer workstation under technician observation. Meals and breaks were scheduled in another area of the laboratory, which was also within technician observation. Caffeinated beverages were not available. Ss were given standard meals three hours prior to each of the manipulation MWT observations.

Performance and mood were assessed with a battery of measures including the digit symbol substitution task from the WAIS (5 min. (10)), VAS subjective sleepiness (10-point visual analog scale), Profile of Mood States (POMS), and oral temperature. In this study, the tests were used primarily to provide a period of consistent control activity. These data were not analyzed.

Sleep recordings (LE - A2, RE - A2, C3 - A2, OZ - A1, V5 - right clavicle, and time code) were made during nocturnal sleep periods and MWT evaluations. On the first night in the laboratory, airflow, chest movements and leg EMG were also measured so that any subject found to have sleep apnea or periodic leg movements could be excluded from the study. No subjects were excluded for these reasons. All sleep and MWT recordings were scored in 30 sec epochs using Rechtschaffen and Kales (11) criteria.

MWT tests: Following standard calibrations (12), Maintenance of Wakefulness tests were performed. Ss were allowed a maximum of 50 min. in bed in the non-manipulation tests. However, Ss were awakened earlier and the test terminated if sleep spindles, k-complexes, or REMs occurred. Sleep latency was scored in 30 sec epochs to the onset of any stage of sleep (usually stage 1).

During the manipulation MWT, latency in seconds to the first 3 sec of stage 1 EEG (i.e., alpha drop with eye rolls or appearance of theta with eye rolls) was determined following each manipulation. This will be referred to as the EEG data.

EKG data collection: Throughout the daytime test sessions, EKG data were digitized by a National Instruments NB-MIO-16 AD Board sampling at a rate of 500 samples per second. A time code was digitized by a second channel on the AD board and also printed out on the polygraph paper to allow second by second matching of digitized EKG with sleep stages and events. The EKG and time code data were collected by LabView 3.0 software running on a Macintosh II computer and stored on optical disk. 

After collection, the EKG and time data were visualized and checked for artifacts with the LabView software and output to a separate peak detection program used to construct the tachogram and associated time code. The beginning of each manipulation in the manipulation MWT was located. Baseline heart rate was determined from the 9 beats preceding the manipulation. The shortest r-r interval (maximum heart rate) during the manipulation was also recorded.

Analyses: Data were analyzed by repeated measures ANOVA with terms for condition (Talk, Sit, Stand, or Knee bends), time awake (7 hrs time awake, 19 hours of time awake or 31 hours of time awake), presentation number (first or second presentation of the non-'sit' manipulations) and interactions. There were more than two observations for the 'Sit' and 'Talk' conditions. For analyses, the values for the 'Sit' conditions which occurred between the 'Stand' commands were averaged for one data point and those which occurred between the 'Bends' commands were averaged for the second data point. The 'Talk' observation which occurred between the 'Stand' observations and the 'Talk' observation which occurred between the 'Bends' observations were analyzed for the 'Talk' condition.  Pairwise comparisons were performed with the Newman-Keuls test at the .05 significance level using the Huynh-Feldt corrected degrees of freedom. All reported results in the text will refer to statistically significant differences (p < .05) except where noted otherwise.

Results

Fourteen normal young adults, age 26, (sd 5.5) and weight 164 lbs (sd 27), participated in the study. Six subjects were female. 

Sleep data: Sleep data from the baseline night and recovery night are presented in Table 3. As can be seen from the table, subjects slept well on their baseline night and had characteristic improved sleep and sleep stage rebounds on their recovery night.

MWT data: Of the 14 Ss, 5 were too alert to complete MWT manipulation protocol at the first test point (7 hours of wakefulness). One S was too alert to complete the MWT manipulation protocol at the second time point (19 hours of wakefulness). All Ss completed the protocol at the final test point. 

Because several Ss did not complete the last MWT in the initial time block, only the first 2 MWT observations from each level of sleep loss were entered into an ANOVA. This ANOVA tested the effect of sleep loss on the MWT, and the differential effect on the standard MWT versus the first appearance of stage 1 (i.e., 3 seconds) in the manipulation MWT. This ANOVA showed a significant interaction between degree of sleep loss and type of MWT test (Fint = 3.461, p = .048). These data are plotted in Figure 1. The MWT values decreased significantly with each increase in time awake in both MWT tests. The latency on the first manipulation MWT was significantly longer than the corresponding MWT, but none of the other pairs differed.

Manipulation MWT: 

EEG data:  The EEG data from the manipulation MWT were analyzed by an ANOVA including all three amounts of time awake (N = 9) and by an ANOVA including only the latter two amounts of time awake (N = 13). In the ANOVA with three levels of time awake, there were no significant interactions, but significant main effects were found for all three factors: a) EEG latencies decreased reliably as time awake increased (F = 36.02, p < .001) - overall means were 136 sec, 68 sec, and 48 sec as time awake increased b) EEG latencies were decreased in the second presentation of each manipulation as compared to the first (F = 6.17, p < .025);- overall means were 92 and 76 sec; c) EEG latencies varied as a function of condition (F = 33.33, p < .001) - means were 43, 58, 106, and 132 sec respectively in the Talk, Sit, Stand, and Knee Bend Conditions. Pairwise comparisons showed that all conditions differed except the Talk and Sit conditions. In the ANOVA testing 2 levels of sleep deprivation, there was a) a significant main effect for time awake (F = 6.056, p = .03) - overall means were 70 sec, and 54 sec as time awake increased; and b) a significant interaction between presentation number and condition was found (Fint = 6.666, p < .01) - see Figure 2. Latencies were significantly increased in each condition compared to all other conditions (i.e., Talk vs. Sit vs. Stand vs. Bends). Latencies were significantly shorter in the second presentation for the Bends and Sit but not for the Talk and Stand conditions.

Habituation was tested by comparing EEG latencies in the Sit condition, which was given 10 times per manipulation MWT and the Knee Raises Condition, which was given only near the beginning and end of the manipulation MWT. Specifically, the values for the 'Sit' manipulations which preceded and followed each 'Knee Raise' were averaged and compared with the corresponding value from the 'Knee Raise' (see Table 2). If significant habituation to the experimental procedure affected results, one would expect an interaction in the test comparing the Sit and Knee Raises condition where EEG latencies following the Sit condition would decrease much more over the many trials than they would over the two presentations of the Knee Raises condition. As with the earlier EEG data, two ANOVA's were done. In the ANOVA with three levels of time awake, there were no significant interactions. As expected, a significant main effect was found for time awake and for the second presentation as compared to the first. Also, there was no significant difference between conditions (F = 1.666, NS). In the ANOVA including 2 levels of sleep deprivation, there was again no significant interaction involving the two conditions, but there was a significant main effect for condition (F = 7.768, p < .02). EEG latencies after the Sit and Knee Raise Conditions were respectively 51 and 62 sec overall.

EKG Data: The EKG maximum data were analyzed in a manner analogous to the EEG data. In the ANOVA with three levels of time awake, there were no significant interactions, but significant main effects were found for the time awake and condition factors: a) EKG maximum was lower at the 2400 test time as compared to both 1200 observations, which did not differ (F = 24.37, p < .001) - overall means were 93.3 bpm, 89.6 bpm , and 95.5 bpm as time awake increased b) EKG maximum was not decreased in presentation two of each manipulation MWT as compared to the first presentation (F = 2.655, NS);- overall means were 93.3 and 92.3 bpm; c) EKG maximum varied as a function of condition (F = 348.6, p < .001) - means were 74, 94, 102, and 109 bpm respectively in the Talk, Sit, Stand, and Knee Bend Conditions. Pairwise comparisons showed that all conditions differed significantly. In the ANOVA including 2 levels of sleep deprivation, there was a) a significant main effect for time awake (F = 31.43, p < .001) - overall means were 88.4  and 95.5 bpm as time awake increased; b) EKG maximum was not decreased in presentation two of each manipulation MWT as compared to the first presentation (F = 1.413, NS);- overall means were 92.2 and 91.5 bpm; c) EKG maximum varied as a function of condition (F = 137.8, p < .001) - means were 73, 93, 102, and 107 bpm respectively in the Talk, Sit, Stand, and Knee Bend Conditions. Pairwise comparisons showed that all conditions differed.

Correlation between EEG and EKG measures: The large number of observations from each subject during each manipulation MWT provided sufficient data to perform within subjects correlations between the EEG latencies and the EKG maximum values with the specific prediction that the EEG latencies would be longer as the interval between heart beats became shorter (i.e., as heart rate increased). These correlations were performed using the data from the 2 talk presentations, the 2 standing presentations, the 2 knee bend presentations, the 2 knee raise presentations and the averages of the sit episodes which came immediately prior to and after the above 8 episodes for a total of 16 observations per subject per level of time awake. Correlations were done for each subject with complete data at each level of time awake. All 36 of these correlations were in the same direction. The resulting 1 - 3 correlations for each subject were averaged (to give a single value for each of the 14 Ss). The mean (after r to Z transformation) of these 14 average correlations was r = -.520. The t-value for comparing this correlation against the expected correlation of r = 0 was t = 19.93, p < .0001. However, this average correlation accounted for only about 27% of the common variance.

Discussion

The nocturnal sleep data indicate a normal baseline night of sleep and  expected recovery sleep stage changes after sleep deprivation.

The EKG data showed expected significant increases in heart rate consistent with the physical activity required for each of the manipulations. In general, increasing activity was always related to a higher EKG maximum rate as expected. Maximum heart rate did not differ as a function of presentation number, and differences in the maximum were probably not related to sleep deprivation either because the EKG maximum was the same on the baseline day as it was 24 hours later after sleep deprivation. The significant decrease in EKG maximum at the 2400 test time compared to both 1200 test times probably reflects the circadian rhythm for heart rate.

The major finding of the study is that the verbal and physical activity consistently produce a characteristic EEG arousal response and a return to wakefulness for a period of time which is related to the magnitude of physiological arousal. The data reinforce the notion that noise in the environment or movement during MWT tests will produce characteristic arousal which may obscure reliable measurement of the ability to maintain wakefulness. At another level, these data attest to the effectiveness of position change in helping to increase alertness. Although it is gratifying that sitting or standing can return full wakefulness for a period of time, the absolute amount of time that alertness returns was generally not impressive. Even in a situation where Ss had only been awake for 7 hours after a normal night of sleep, sitting up only returned wakefulness for 94 sec in our MWT environment and standing only returned wakefulness for 3 minutes. By 0200, sitting and standing produced wakefulness for only 48 and 82 sec respectively, and these values are similar in the 9 Ss available for the first observations and the 13 Ss available for the second observations.

The EEG manipulation data also indicated that latencies decreased significantly from first to the second presentation of conditions. This change was numerically small in relationship to the sleep deprivation effect, but it does suggest that other components may play a role in sleepiness/alertness. It is unlikely that changes occurring within an hour could be attributable to increasing time awake or circadian effects. If this were due to changes in state arousal secondary to laying down in a monotonous environment as suggested elsewhere (2), one would expect to see changes in the measure of the arousal system over the same time period. However, the EKG maximum analysis showed no significant change over the same time period, although the maximum heart rate was about one beat per minute slower during the later part of the MWT. There was also no significant change in baseline heart rate measured prior to each of the manipulations. Another possible explanation for decreasing latencies across the MWT is habituation. However, the role of habituation in the present experiment was specifically tested by comparing latencies after the Sit manipulation to those after the infrequently used Knee Raises manipulation. No significant ANOVA interactions suggesting habituation were found. In fact, latencies after the knee raises condition were actually reduced somewhat more from beginning to end than were latencies after the corresponding Sit trials. A final untested factor which could contribute to reduced alertness during the latter part of each trial could be termed a Sleep Onset Process factor. It is possible that the repeated partial entries into stage 1 were associated with initiating the sleep process and that the initiation of this process facilitated later sleep onsets. This explanation is a hypothetical construct not tested in the current study, but it is consistent with the construct of sleep inertia in that both posit the extension of sleep process factors into wakefulness.

The condition effects for EEG latency and EKG maximum were similar in direction and magnitude for each of the subjects as determined by consistent correlations averaging r = -.520. This correlation does not mean that the heart rate change caused a return to wakefulness but presumably that the physical activity caused a change in arousal. For example, standing up is a common maneuver to produce sympathetic nervous system activation (13), which results in an increase in heart rate and may also produce the return of a waking EEG related to the degree of CNS arousal. The fact that the correlation accounts for a relatively small amount of the total variance may be due to the fact that heart rate is only a correlate in this study and may reflect simple physical activity and not cognitive or emotional influences, which also may play a significant role in the determination of heart rate level or changes.

The EEG data are more complex than the EKG data in that several significant ANOVA findings were present. As expected from the design of the study, the ability to extend wakefulness by the physical maneuvers was decreased in a systematic manner by sleep deprivation. After one night of total sleep deprivation, the ability to maintain wakefulness in the current experimental paradigm was reduced from 136 to 48 sec. A similar numeric relationship in the ability to maintain wakefulness was seen when the Knee Bend Condition was compared to the Talk condition (latencies of 132 and 43 sec respectively). Thus, one could maintain that the ability to maintain wakefulness is increased to the same extent by standing and doing knee bends as it is decreased by one night of total sleep loss. However, very different processes are responsible for this apparent numeric similarity. The impact of sleep deprivation is a slowly accumulating and relatively consistent increase in sleepiness. The data from the current study show that physiological arousal can mask the underlying sleep tendency. However, the physiological manipulations used in the current experiment represent transient changes which only masked sleepiness for a discrete period of time. The arousal measures in the current study were specifically chosen to be easily produced, easily reproduced, and short-acting to produce a clear and relatively simple experiment. However, if sympathetic nervous system arousal is increased by caffeine, sleepiness is masked as a function of the dose and half-life of caffeine (14, 15). Patients with psychophysiological or idiopathic insomnia appear to have chronically elevated levels of physiological arousal (16, 17) and this appears to produce chronically elevated MSLT values in these patients (17, 18, 19, 20) by a similar but more persistent increase in arousal.

On a practical level, these data inform us of the role of simple physical acts in the preservation of wakefulness (or, conversely, in masking sleep tendency). On another level, these data show that the standard tests of alertness - be they performance-based, MSLT, or MWT - can be significantly influenced (i.e., biased towards increased wakefulness) by activity. Standard instructions for MSLT and MWT do not contain activity constraints, but probably should. For example, in the current study, it was typical for subjects to proceed through their entire manipulation MWT without ever displaying a 30 second EEG epoch which could be scored as stage 1. Carefully placed movement clearly can produce wakefulness over an extended period of time even after sleep deprivation.

At a theoretical level, the current data replicate the recent demonstration that walking has a significant impact upon MSLT results (16). The studies are consistent in showing that the measurement of alertness (and sleepiness) is based upon time awake (process S), circadian effects (process C), and state level of arousal. Separate data from insomnia patients indicate that one must also consider the trait level of arousal as a factor in the measurement of sleep tendency (16).

In summary, position change was used to modulate wakefulness over the course of an extended MWT observation. Length of wakefulness produced was directly related to degree of physiological activation as indexed by maximum heart rate, perhaps via sympathetic nervous system activation. It is hypothesized that many stimuli routinely combine to produce sufficient sympathetic activation to easily maintain wakefulness. The nature, strength, and interrelationship of these many variables remain to be determined. 
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Table 1  Daytime Schedule*

07:00  MWT practice 

11:00 - 11:30 Lunch

12:00 - 12:20 Computer tests (Visual activation scale, POMS, and Oral 



temperature)

12:20 - 12:25 Bathroom break

12:25 - 12:35 Electrode Replacement

12:35 - 12:40 Calibrations

12:40 - 13:30 MWT 1 (baseline)

13:30 - 13:45 Bathroom

13:45 - 13:55 Electrode testing/tech interaction

13:55 - 14:00 Calibrations

14:00 - 15:45 MWT 2 (manipulations)

15:45 - 15:50 Bathroom

15:50 - 16:00 Electrode testing/tech interaction

16:00 - 16:05 Calibrations

16:05 - 16:55 MWT 3 (baseline)

*The entire protocol was repeated starting at 2400 and 1200 on the next afternoon

TABLE 2  Order of Arousal Events

Sit

Knee Raises

Sit

Talk***

Sit

Stand*

Sit#

Talk

Sit#

Stand*

Sit

Knee Bends**

Sit#

Talk

Sit#

Knee Bends**

Sit

Knee Raises

Sit

* Half of the Ss had Stand and half had Knee Bends at these points.

** Half of the Ss had Knee Bends and half had Stand at these points.

*** This observation was not used in the analyses to maintain 2 observations 

per condition.

TABLE 3  Sleep Parameters: Mean values with standard deviation () and t-value






BASELINE

RECOVERY

t

TOTAL SLEEP (Min)

444
(27)

469
(5.1)

3.673*

% STAGE 1


13.8
(5.9)

7.6
(4.7)

7.397*

% STAGE 2


48.4
(6.8)

48.8
(8.1)

0.217

% STAGE 3


9.0
(3.9)

10.9
(4.4)

1.702

% STAGE 4


3.7
(5.8)

9.0
(8.0)

3.076*

% REM



19.8
(3.6)

22.2
(4.2)

2.496*

SLEEP LATENCY (Min)
11 
(11)

3.3
(2.2)

2.505*

SLEEP EFFICIENCY

94.8
(4.2)

98.6
(1.0)

3.812*

REM LATENCY (Min)

93
(34)

62
(24)

3.925*

AROUSAL INDEX

10.1
(4.4)

6.6
(4.4)

5.925*

* p < .05

TABLE 4  Heart Rate Maximum Means

Condition
BL

SD1

SD2

Mean

Talk

73.2

72.2

76.9

74.1










   *

Sit

99.6

89.6

96.2

94.0










   *

Stand

102.9

98.7

104.9

102.0










   *

Bends

109.3
1
05.1

111.9

108.7

Mean

93.3
  >
89.6
  <
95.9



BL = Baseline; SD1 = 24:00 test point; SD2 = 12:00 test point after sleep deprivation;  * indicates significant condition differences (see text)
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Figure 1:  Sleep latency on standard and manipulation MWT tests during sleep deprivation. BL = Baseline; SD1 = 24:00 test point; SD2 = 12:00 test point after sleep deprivation; MWT.1 = Maintainance of Wakefulness Test without manipulations; MWT.M = Maintainance of Wakefulness Test with manipulations; * indicates significant time or condition differences (see text).
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Figure 2:  Latency of return to Stage 1 sleep as a function of experimental manipulation and early or late trial within the manipulation MWT.

