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Running Head:  CONSOLIDATED VS NOCTURNAL NAPS

This study compared alertness and psychomotor performance over an extended work period in which participants received either a 4-hour afternoon nap or four 1-hour naps during the night.  It was hypothesized that alertness and performance would be superior during the night following the 4-hour afternoon nap and that overall level of performance would be related to the amount of sleep obtained.  It was found that when a series of 1-hr naps were taken during the normal night period, oral temperature and psychomotor performance also declined.  However, performance was relatively improved on the following evening.  In contrast, with an effective 4-hr prophylactic nap, performance remained near baseline levels across the night.  It was concluded that the placement of sleep periods during extended work be based on knowledge of when maximal performance would be required.
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Several recent studies have shown that the placement of nap sleep periods can be beneficial in helping to maintain performance over short periods of sleep loss (up to 52 hours of wakefulness).  Specifically, the placement of a variable-length nap in the late afternoon before a 52 hour continuous operation had a direct linear impact on alertness and performance during that operation (Bonnet, 1991, Dinges, Orne, Whitehouse, & Orne, 1987).  Other studies have shown that the combination of prophylactic naps and the use of caffeine during the night can greatly improve nocturnal performance (Bonnet, & Arand, 1994).  However, despite that fact that many health professionals, drivers, and safety personnel are allowed to nap during their nocturnal work shifts until their attention is required, there is little empirical data to support the benefit of this type of work/sleep schedule as compared to schedules requiring sleep prior to the nocturnal work shift.  The current study was designed specifically to compare performance over a 24-hour continuous work period in groups either given a 4-hour nap prior to the onset of the work period or 4 1-hr naps during the nocturnal part of the operation.  

It was predicted that subjects sleeping prior to the work period, which began at 20:00, would have increased alertness throughout the night but that this effect would decrease by 07:00 - 08:00 (Bonnet, 1991).  It was also predicted that 1-hour naps during the night would result in sleep inertia (i.e., decreased alertness and performance) after awakenings during the course of the night but might result in improved performance later in the day that followed.

In the current study three groups of normal young adults participated in a continuous operation.  After a normal night of baseline sleep, one group of Ss were allowed to take 4 1-hr naps during the nocturnal part of the 24-hour operation.  Another group of Ss took a prophylactic 4-hr nap before the 24-hour operation.  A third group received 0.125 mg of Triazolam prior to a prophylactic 4-hr nap before the 24-hour operation.  The intent of this design was to compare three 4-hour nap strategies and to determine the relationship between specific schedules of sleep and succeeding alertness and performance.

METHOD

Subjects:  Subjects were three groups of twelve healthy, 18-30 year-old males without significant history of sleeping problems, shiftwork, or frequent naps.  Potential Ss using more than 250 Mg of caffeine equivalent were excluded.  All subjects completed an informed consent after the study had been explained to them.  Ss also completed a 4-hour session of practice on tests to be used in the study before starting the study. 

Design:  Subjects were scheduled for a laboratory adaptation night, which was preceded by additional test practice.  After the adaptation night, a final 90-minute test practice session was followed by an adaptation nap latency test.  The study proper involved spending three consecutive nights and two days in the laboratory (usually Thursday night through Sunday morning).  The initial night was a baseline sleep night scheduled according to the subject's habitual sleep/wake time.  On the following morning, subjects completed baseline testing on all performance and mood measures and had their baseline nap latency test between 0800 and 1200 hours.  Subjects in the two prophylactic nap groups were allowed to leave the laboratory until 1500, when they returned to the lab to be readied for a 4-hour nap, which began at 1600 and ended at 2000.  Medication (Triazolam or matched placebo) was administered at 1530.  Ss in the group receiving 4 1-hour naps during the night (4x1 Group) returned to the lab at 1900.  Beginning at 2000, all subjects followed the same schedule of alternating performance test blocks, Multiple Sleep Latency Test (MSLT) observations, and meals/breaks for 24 hours before being allowed a night of recovery sleep scheduled at their normal sleep time.  The differences in conditions were that Ss in the group that did not have a nap between 1600 and 2000 were allowed to stay in bed for one hour on each of their first 4 MSLT observations while Ss in the other groups were awakened at sleep onset.  

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 in groups of 1-4 individuals.  Subjects completed all tests and questionnaires at their individual computer workstation in their room under technician observation.  Non-startling procedures, such as calling the subject's name, were used by the technicians to awaken faltering subjects.  Meals and breaks were scheduled in another area of the laboratory, which was also within technician observation.  Caffeinated beverages were not available.  This study was approved by the Hospital Institutional Review Board.

Tests:  Performance and mood were assessed with a battery of measures including logical reasoning (a 30 min version of the modified Baddeley task (Baddeley, 1968)),  hand tremor (2 min insertion of a stylus into a 4 mm opening with percent of side touching time measured), the digit symbol substitution task from the WAIS (5 min (Wechsler, 1981)), tapping (preferred rate for 10 min), computer modified Wilkinson Addition (60 min (Wilkinson, 1970)), visual vigilance (60 min (Scerbo, Warm, & Fisk, 1987)), subjective Sleepiness/Alertness (10-point analog scale), Profile of Mood States (POMS), and oral temperature.  The tests were administered in repeated batteries across the 24-hour operation.

For all subjects on all measures except MSLT, performance during continuous operations was automatically scored by the computer and output in a format suitable for statistical analysis.  The MSLT was scored for the latency to stage 1 sleep to maximize the sensitivity of the test during the relatively short sleep loss with prior sleep.

EEG Recordings:  Four-channel sleep recordings (LE - A2, RE - A2, C3 - A2, OZ - A1) were made during nocturnal sleep periods, naps, and MSLT evaluations.  Ten MSLT evaluations were made during the study proper.  The first occurred at 1000 on the baseline day.  The remaining 9 MSLT tests began at 2200 that night (following the prophylactic nap) and continued at 3-hour intervals until 2200 one day later.

Analyses of performance data:  Mean baseline performance and MSLT data are presented in Table 1.  These data were collected between 0800 and 1200 following
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 the baseline sleep night.  All performance and physiological variables except sleep EEG values were analyzed and are expressed as the proportion of change from baseline (i.e., observation divided by baseline score) to help control for individual differences.  Data for these variables were analyzed by ANOVA with terms for Group (1 df), Time of Test (df dependent upon number of administrations of a given test), and interaction.  Pairwise comparisons were performed with the Newman-Keuls test at the .05 level using the Greenhouse-Geisser degrees of freedom.  All reported results in the text will refer to statistically significant differences unless noted otherwise.  Results on the many performance tests were similar.  Therefore only data from MSLT, vigilance, additions, logical reasoning, tremor, Digit Symbol Substitution, subjective Sleepiness/Alertness, POMS subjective fatigue, and POMS subjective vigor will be presented in this report.

Results

Sleep:  Sleep data are presented in Tables 2 and 3.  Table 2 shows baseline sleep
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 stage data.  Significant differences in baseline sleep were found for percentage stage 2 and stage 4 sleep and the number of stage changes.  The 4x1 Group had an increase in percentage of stage 4 and a corresponding decrease in percentage stage 2 compared to the other groups.  However, all of  these sleep stage percentage values are within two standard deviations of reported norms (Williams, Karacan, & Hursch, 1974).  The group with the 4-hr nap without triazolam had an increased number of stage changes on their baseline night compared to the other two groups.

Data from the 4 hour naps and sum of the four 1-hour naps are found in Table 3.  The use of triazolam 0.125 mg increased total sleep in the 4-hr nap by about 1 hour as compared to the other 4-hr nap group.  However, neither 4-hr nap condition had total sleep which was significantly different from the sum of the four 1-hr naps in the 4x1 Group.  The 4x1 Group had increased percent stage 3 and 4 as compared to the 4-hr naps  Correspondingly, stage 2 was decreased in the 4x1 Group compared to the others.  Stage 2 in the 4-hr nap after triazolam Group was also increased compared to the 4-hr nap without triazolam Group.  Wake during sleep was increased in the 4-hr nap without triazolam Group compared to the other groups, and the number of awakenings was decreased in the 4x1 Group compared to both other groups.

Psychomotor Performance:  A summary of performance tests, mood scores, and physiological measures can be found in Table 4.  All measures displayed a significant 
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effect of time of testing.  This expected effect, which reflected common sleep deprivation and circadian influences, is not documented in the table.  Significant group by time of test interactions were found for 5 of the 10 variables presented in Table 4.  For performance variables, significant interactions were found for number of correct additions, Vigilance P(A), and Digit Symbol Substitution.  Correct Additions as a proportion of baseline are presented in Figure 1 and  Digit Symbol Substitution as a proportion of baseline are presented in Figure 2.  Both figures display congruent 
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changes in performance over time.  For correct additions, performance in the three groups was similar at 23:00.  In the 4x1 Group, performance fell significantly in the 05:00 - 07:00 range in a normal circadian pattern and then returned to baseline later in the day.  For the 4-hr nap with triazolam Group, little change in performance was seen across the 24-hour test period, and performance remained slightly above baseline levels.  For the 4-hr nap without triazolam Group, performance slowly fell over the 24-hour test period so that it was significantly worse than both other groups at 17:00.  For the DSST test, performance in the 4-hr nap without triazolam Group was significantly better than both the triazolam and 4x1 nap Group at the first (22:00) test point.  Performance in both 4-hr nap groups remained generally better (significant for the 4-hr nap without triazolam Group at 22:00 and for both 4-hr nap groups at 7:00 and 10:00) than the 4x1 Group until 13:00 on the following afternoon.  No significant group differences were found later, although, as with additions, performance remained above baseline in the 4-hr nap with triazolam Group, slowly decreased in the 4-hr nap without triazolam Group, and slowly increased in the 4x1 Group.  The overall pattern for the vigilance test was similar to that seen for additions.

For the mood measures, no significant group by time interactions were found; that is, while Ss did report increased fatigue over the course of the study, the increases were similar in each group.

A significant group by time interaction was found for oral temperature, and the temperature data is plotted in Figure 3.  The temperature data are consistent with the
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 performance data in showing no difference at 21:30 (the first test point) followed by a deeper trough in the 4:45 - 09:30 time period in the 4x1 nap Group (significant at both points).  Temperature remained higher in the Triazolam Group compared to the other groups during the day, and was significantly elevated compared to both other groups at 10:45 and 15:30 and compared to the 4x1 nap Group at 16:45.
A significant group by time interaction was also found for the MSLT (F16,264 = 1.74 P < .05).  The data was similar to the Digit Symbol Substitution data (Fig. 2) in that the prophylactic nap groups had longer latencies in the early part of the study and the 4x1 Group tended to have longer latencies toward the end of the study.  However, the only statistically significant finding based on the post hoc testing was that the 4-hr nap with triazolam Group had a longer MSLT latency than the other groups at the 10:00 am nap (5.1 vs 2.2 and 2.9 min).

DISCUSSION

The results of this study are consistent in demonstrating expected effects of prior sleep and circadian time on sleep, sleep propensity, and performance.  Specifically, sleep efficiency during the prophylactic naps was low and SWS was reduced as compared to the naps placed during the normal sleep period.  Body temperature and performance were decreased during the night when naps were placed there as the naps probably served to reinforce the underlying trough in the circadian rhythm.  Finally, performance on the following evening showed a relative improvement in the 4x1 Group compared to the 4-hr naps, probably because the 4 1-hr naps were more proximal (Hartley, 1974).

These data imply that the length and placement of naps in long work periods can be made in a manner which will maximize alertness at a desired point in time.  For example, these data suggest that it is wise to allow workers to take naps during their all-night work shift only if one is relatively unconcerned about their nocturnal performance but wishes to produce improved performance on the following afternoon.  The converse would be true if the nap were to be placed prior to the nocturnal work shift.  Most of the sleep loss and circadian associated decrement could be limited by having workers actually sleep for at least 3 1/3 hours in an afternoon nap.

The benefit of 200 min of sleep with the use of triazolam compared to 140 min of sleep without triazolam seems larger in terms of improvement than one would expect from an additional 60 min of sleep.  This may represent a chance group difference, but could also be a function of more consolidated sleep or medication activity.

The data in this study are generally not consistent with common ideas about the role of SWS or REM sleep being differentially recuperative or restorative.  No correlations between amounts of SWS during the naps and performance at the end of the tour were significant.  Certainly, in terms of partial, nocturnal sleep periods, the presence of SWS precipitates sleep inertia and was therefore related to poor performance.  Figures 2 and 3 together imply that there is a stronger relation between body temperature and performance in the 4x1 Group (because more circadian rhythmicity is apparent).  Individual subject correlations between oral temperature and DSST performance confirm this finding.  Ten of 11 Ss with evaluable oral temperature in the 4x1 Group had a positive correlation between temperature and DSST performance (Binomial probability, p = .006, median r = .527).  Such a positive relationship did not exist for the 4-hr nap groups.  In fact, the group of correlations from the 4-hour nap groups both differed significantly from the group of correlations from the group with 1-hr naps (Mann-Whitney U-values respectively U = 27.0 and U = 32.0; p = .028 and p = .036; median correlations r = .108 and r = .125).
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Table 1  Baseline Values


4 Hr Nap
4 Hr Nap +    4x1 Hr Nap          F
 P



Group
Triazolam
Group
Performance
MEAN (SD) MEAN (SD)
MEAN (SD)


Logical Reasoning
217 (90)
210 (99)
221 (105)
0.04
.1


Additions Correct
168 (65)
152 (74)
152 (44)
0.27
NS


Vigilance P(A)
 .92 (.06)
.93 (.08)
.91 (.06)
0.17
NS


Tremor
 .11 (.08)
.10 (.11)
.20 (.20)
1.07
NS


DSST
118 (20)
113 (23)
116 (29)
0.58
NS

Mood

Sleepy/Alert
6.4 (2.4)
7.1 (1.9)
6.5 (2.1)
0.34
NS


POMS Vigor
18.2 (4.3)
22.1 (5.2)
18.1 (5.7)
2.38
NS


POMS Fatigue
11 (7.6)
8.1 (4.4)
9.7 (4.8)
0.78
NS

Oral Temperature
97.9 (0.7)
97.6 (0.6)
98.3 (0.7)
2.53
.1

Table 2  Baseline Nocturnal Sleep Stages Prior to Consolidated or Nocturnal Nap Conditions


4 Hr Nap
4 Hr Nap +  4x1 Hr Nap
 F
 P
DIFFERENCES



   Group
Triazolam     Group


Total Sleep Time
432
449
423
1.17
NS

% Stage 1
10.3
7.1
9.0
1.40
NS

% Stage 2
49.2
55.4
40.7
8.44
.001
40.7<all

% Stage 3
5.0
5.3
7.0
0.94
NS

% Stage 4
7.9
8.4
17.2
7.07
.01
17.2>all

% Stage REM
20.8
19.7
19.5
0.20
NS

% Stage Movement
0.8
0.1
0.9
0.61
NS

Sleep Latency
10.8
13.3
24.5
1.97
NS

Wake Time
27.6
13.5
24.4
1.14
NS

Stage Changes
140
116
115
4.44
.02
140>all

Time in Bed
471
476
472
0.07
NS

Sleep Efficiency
.94
.97
94
1.27
NS

# Wakes
18
14
13
0.40
NS

Latency to REM
124
94
139
1.50
NS

Arousal Index
12.4
9.3
7.0
3.22
.06

Table 3  Total Sleep Values in 4-Hour Prophylactic Naps Versus 4 Nocturnal 1-Hour Naps


4 Hr Nap
4 Hr Nap +    4x1 Hr Naps
          F           P  DIFFERENCE



Triazolam

Total Sleep Time
143
200
174
4.80
.02   200>143

% Stage 1
8.9
8.3
10.2
0.47
NS

% Stage 2
31.8
47.6
21.4
9.80
.001
ALL

% Stage 3
3.0
4.8
7.6
3.42
.05    7.6>3.0

% Stage 4
8.3
9.6
31.6 
22.68
.001 31.6>ALL

% Stage REM
9.4
15.0
17.4
2.72
NS

% Stage Movement
.4
.4
.3
0.34
NS

Sleep Latency
28
5.8
12 (Mean)
1.04
NS

Wake Time
87
34
20
7.93
.01     87>ALL

Stage Changes
56
64
51
1.51
NS

Time in Bed
238
239
240
1.85
NS

Sleep Efficiency
.62
.86
.91 
7.80
.01
   .62<ALL

# Wakes
13
12
1.2 
7.23
.01

Arousal Index
18
8.0
7.7
1.75
NS

Table 4  Anova Summary for Work Shift Measures


4 Hr Nap
4 Hr Nap +  4x1 Hr Nap   F Int
P
F Group
P


Group
Triazolam
Group
Performance


Logical 


    Reasoning
0.83
1.12
0.84
1.706,99
NS
3.23
.05



Additions 

        Correct
See Figure 1

3.146,99
.01





Vigilance P(A)



3.426,99
.01




Tremor (N=10)



0.538,108 
NS
0.862,27
NS


DSST
See Figure 2

2.7718,238 
.001


Mood


Sleep/Alert
0.83
0.82
0.81
1.3020,330
.18
0.022,33
NS


POMS Vigor
0.86
0.75
0.79
1.238,132   
NS
0.272,33
NS


POMS Fatigue
2.19
2.66
1.74
1.618,132
.13
0.512,33
NS

Oral 

   Temperature
See Figure 3

1.8216,258.03


MSLT



1.9216,264.05


Figure Legends

Figure 1:  Correct Addition values (proportion of pre-study baseline) for the 4-HR Nap, 4--HR Nap + Triazolam and 4x1-Hr Nap Groups.  Significant differences are noted (*) in the Figure.

Figure 2:  Correct Digit Symbol Substitution values (proportion of pre-study baseline) for the 4-HR Nap, 4--HR Nap + Triazolam and 4x1-Hr Nap Groups.  Significant differences are noted (*) in the Figure.

Figure 3:  Oral body temperature values (proportion of pre-study baseline) for the 4-HR Nap, 4--HR Nap + Triazolam and 4x1-Hr Nap Groups.  Significant differences are noted (*) in the Figure.
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