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Abstract

     Many studies have shown a relationship between fragmented nocturnal sleep and daytime sleepiness.  In the current study, 9 patients, aged 55-79, were identified with fragmented nocturnal sleep secondary to periodic leg movements and objective daytime sleepiness as verified by Multiple Sleep Latency Test.  Patients had twelve weeks of treatment with  0.125 mg of triazolam following two screening nights and two placebo baseline nights.  Two final placebo nights were placed five nights following the last medication night.  The medication increased total sleep time and sleep efficiency throughout the administration period as compared to average placebo values.  Total leg movements were not changed by triazolam.  Generally, daytime performance, as measured by a vigilance task, and objective alertness, as measured by MSLT, were improved following the use of triazolam.  No adverse reactions or significant side effects were noted.  It was concluded that triazolam 0.125 mg, when used for up to 3 months, could improve sleep and daytime function in older patients with periodic leg movements, fragmented sleep, and daytime sleepiness.

INTRODUCTION

     Carskadon et al (1, 2) found that 33% of healthy older individuals without sleep complaint had over 100 events during sleep which caused awakening or brief arousal.  Those events included involuntary, periodic movement of the legs (periodic leg movements) and pauses in respiration (sleep apnea).  Periodic leg movements (PLMS) have been found to increase as a function of age with 5% of 30-50 year-old samples, 29% of 50+ year samples and 44% of 65+ year-old samples showing a clinically diagnostic number of leg movements (3).  The leg movements are relevant because they frequently result in brief arousal or awakening, although the awakening and the cause of the awakening are usually not remembered in the morning.

     Decreased daytime alertness is a frequent complaint in persons over 55 years of age.  The Carskadon et al (1, 2) studies found that those older individuals who had frequent arousal during sleep also had pathological levels of sleepiness during the day.  There was a significant negative correlation between daytime nap latencies (the measure of sleepiness) and the number of transient arousals on the prior night.

     Other studies of experimental sleep disturbance in normal young adults also support the contention that decreased daytime alertness is directly related to the number of brief arousals which occur during sleep (4).  It has been shown that significant daytime compromise can be found in individuals with as few as 40 brief arousals during the night (5).  The latter study also indicated that as little as 2-3 hours of consolidated sleep could minimize daytime sleepiness, at least in young adults.

     About 33% of patients diagnosed as having PLMS complain of excessive sleepiness (6).  It is very likely that a period of consolidated sleep might increase sleep restoration in such patients.  Patients with excessive sleepiness secondary to PLMS have traditionally not been considered as candidates for benzodiazepine therapy because the long metabolic half-lives of common benzodiazepines could cause additional residual daytime sleepiness.  As a result, most treatment studies of PLMS have studied insomniacs (7, 8, 9, 10, 11) and/or avoided objective verification of sleepiness (12, 13, 14). 

     In a recent study (15), the acute effects of the short-acting benzodiazepine, triazolam 0.125 mg and 0.25 mg, were evaluated in a group of objectively sleepy patients aged 55-75 with verified periodic leg movements, fragmented sleep, and objective daytime sleepiness.  In a 3-night administration period, triazolam increased total sleep time and improved daytime alertness and performance.  

     Periodic leg movements are a chronic condition.  While current research studies have shown symptomatic improvement on an acute basis, long term treatment is required or symptoms are certain to return when medication is discontinued.  As such, it is relevant to determine the effectiveness of triazolam in a more chronic design in patients with periodic leg movements and daytime sleepiness.  The current study examined a 12-week chronic administration of triazolam 0.125 mg in a group of patients with disturbed sleep and daytime sleepiness secondary to periodic leg movements during sleep to determine whether the medication could consolidate sleep and improve daytime alertness with chronic administration.  The 0.125 mg dose was chosen based upon its efficacy in the acute study, consideration of increased triazolam plasma levels in the elderly (16), and the desire to avoid possible medication withdrawal problems (17).

METHOD

Subjects

     To be considered for the study, patients were required to be between 55 and 79 years of age and to report daytime sleepiness.  Patients had typically been referred to the sleep disorder center with a report of daytime sleepiness and, usually, a report of restless sleep or leg jerks during sleep.  The patients had a physical exam and routine laboratory tests.  Subjects were required to be in good health.  They did not suffer from chronic pain or any uncontrolled neurologic, hematologic, hepatic, renal, pulmonary, or cardiovascular disease.  At the time of study, patients were not using any prescription tranquilizers or hypnotics.  Potential subjects with significant psychopathology, uncontrolled diabetes, thyroid dysfunction, or evidence of narcolepsy were excluded.

     Potential subjects had a sleep history taken and were given a psychological screen.  Consenting subjects were scheduled for two consecutive sleep laboratory screening nights followed by daytime testing and MSLT.  Entry into the study proper required the presence of periodic leg movements as traditionally defined (18) with the additional requirements that the periodic leg movements result in at least 80 brief EEG arousals or awakenings and that Multiple Sleep Latency Test (MSLT) median latencies of less than 10 minutes were found.  Patients with more than 5 mixed or obstructive apneas per hour of sleep, 5 or more central apneas per hour of sleep, or a combination of 6 or more central and obstructive apneas per hour of sleep were excluded from the study.

Study

    Each patient was recorded for five 2-day periods in the study proper and thus spent 10 nights and 10 days in the laboratory.  On the first two nights, Ss received either triazolam 0.125 mg on both nights (5 Ss) or placebo on both nights (4 Ss).  All subjects received placebo at home for the next five nights.  On the two laboratory nights which followed, Ss receiving placebo on the first two nights received triazolam 0.125 mg and vice versa.  The assignment of medication and placebo conditions to subjects in the initial 2-week cross over period was random and double-blind.  Following this, all subjects received active medication for the next 12 weeks.  Subjects spent two nights in the laboratory after 6 weeks on medication (Middle Drug) and the two final medication nights in the laboratory (Late Drug).  After the last medication night, all Ss again received placebo at home for five nights before two final placebo lab nights.  The final two laboratory nights were designed to be a baseline recording period so that changes in sleep from the beginning of the study (laboratory adaptation) and learning on the psychomotor tests could be appropriately assessed (19, 20). 

     Subjects were instructed to take no psychotropic or sedating medication for 7 days prior to the beginning of the study and throughout the course of the study.  Subjects also refrained from alcohol ingestion for 2 days prior to the study and during the laboratory sessions.  Subjects were asked to continue normal caffeine consumption during the study.  Patients arrived at the laboratory each evening approximately one hour prior to their normal bedtime (range from 2100 - 2300) and were prepared for standard polysomnographic recordings (21) including EEG; EOG; EMG; EKG; airflow, as measured by SomniprobeTM nasal and oral thermistor; chest and abdominal movements (cardiopneumograph or SomniguageTM); left and right anterior tibialis EMG; and %SaO2 (Biox model II or Ohmeda 3700).  Patients received placebo or medication 30 minutes prior to lights out.  Sleep records were scored for all standard polysomnographic variables (22).  Apneas, leg movements from either leg and all brief EEG arousals were scored in each record.  Leg movement scoring criteria included an initial increase in leg EMG to at least double the background EMG lasting 0.5 to 5.0 sec.  All leg movements during sleep were scored with the standard requirement that leg EMG increases occurred before any other sign of arousal but without regard to bursts (series of leg movements sometimes required for scoring (18)), because occasional isolated leg jerks associated with awakening or arousal exist in all patients with PLMS and are missed by traditional scoring (15).  An EEG arousal was defined as a 3-second change in ongoing EEG including a burst of alpha, EEG speeding or chin EMG increase.  Reliability of leg movement scoring and EEG arousal scoring was assessed along with reliability of sleep stage scoring.  It was found that the scoring of leg movements and arousals was more difficult than scoring of normal sleep stages.  As a result, an 85% level of agreement was accepted.  On occasions when reliability was below this level, disagreements were checked and rectified and the record was rescored by the primary scorer.

     Following each laboratory night, subjects remained in the laboratory throughout the day for a postsleep questionnaire, Multiple Sleep Latency Test (MSLT at 0800, 1000, 1200, 1400, 1600) (23), 30 min addition tests (0700, 1100, 1430) (24), 30 min auditory vigilance tests (0730, 1130, 1500) (24, 25), and, short term memory tests (1030, 1550) (26).  The addition tests were scored for number of correctly completed and attempted problems, the auditory vigilance was scored for hit rate and false alarm rate, and the short term memory test was scored for number of words correctly recalled.

     Subjects completed sleep logs for two weeks prior to beginning the study and for two week periods early in the study (week 4-5) and late in the study (week 10-11). Subjective comparisons from premedication, early medication, and late medication were therefore possible. 

     During the home medication periods, subjects returned to the laboratory each two weeks to pick up a new bottle of medication and to receive or drop off sleep logs.  At this time, pills were counted and any problems were assessed.  While in the laboratory, subjects received individually packaged medication.

RESULTS

     A total of 9 (7 male and 2 female) subjects were qualified and enrolled in the study.  Subjects were an average of 66 years of age (range 59-76) and weighed an average of 174 lbs (range 110 - 220).

     Data from the study proper were analyzed by repeated measures analysis of variance.  Nocturnal sleep, leg movement, and respiratory variables were analyzed by first comparing the two placebo baseline nights with the two late withdrawal nights (nights 6 and 7 off medication).  This analysis was done to determine the existence of any late rebound insomnia or laboratory adaptation effects.  The initial analysis had terms for time (baseline or withdrawal), night (first or second) and interaction.  Summary placebo sleep data are presented in Table 1.  The baseline data give no evidence for any medication rebound 



TABLE 1 HERE

extending for six days after the medication was discontinued.  Sleep was significantly improved on the postmedication baseline nights.  Total sleep time was increased from 332 to 350 minutes (p < .01), latency to sleep onset was decreased, and stage 3 sleep was increased as compared to the premedication baseline nights.   These results indicate continuing patient habituation to the sleep laboratory setting over the study periods (19, 20) as predicted.  Therefore, it was felt that the most reasonable comparison to the medication conditions was to average baseline and recovery values and to compare the average values to the medication values.  The medication analyses had terms for medication condition (2 df), night of administration (1 df) and night by condition interaction.  No significant night by condition interactions were found, and the interaction variance was therefore pooled with error to test the main effects for night and condition.  Where significant F-values were found at p < .05 with Greenhouse-Geisser criterion, pairwise comparisons were performed with the Neuman-Keuls procedure at the .05 level and based upon Greenhouse-Geisser degrees of freedom.  Significant differences are noted in the tables.

Sleep Data

     A summary of sleep stage values in the three conditions can be seen in Table 2.  It can be 
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seen that while time in bed was held constant, there was a significant increase in total sleep time of about 45 minutes in the early medication condition.  Total sleep remained significantly increased through the late medication condition (31 min increase) as compared to placebo.  This increase in sleep was primarily in percentage Stage 2, which was also increased (p < .1) in medication conditions as compared to placebo.  Increased total sleep

was also reflected in significantly increased sleep efficiency throughout the medication administration period and significantly decreased wakefulness throughout medication use.  Wake during the night was examined in total and by thirds of the night (Wake 1/3, Wake 2/3, Wake 3/3).  Wake time was primarily reduced during the first 2/3 of the night (significant only for the second period), but tended to remain lower than the placebo level throughout the night.

     In terms of awakening/disturbance variables, triazolam had no significant effect on total awakenings (i.e., number of 30-sec or greater periods scored wake in the sleep record), early final awakening (wake time in the morning immediately prior to "lights on" time), or sleep stage changes.  

Respiratory Events

     Triazolam had no significant impact on central apnea index, obstructive apnea index, longest apnea, baseline oxygen saturation level, minimal oxygen saturation level, or number of desaturations below 85% or greater than 6 % SaO.

Leg Movement and Arousals

     Leg movement and arousal data are summarized in Table 3.  It can be seen that triazolam 
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did not decrease leg movements during sleep.  The medication was also ineffective in reducing the total number of brief EEG arousals, and, in fact, a significant increase in EEG arousals was found in the late drug condition compared to placebo.  When total leg jerks and total EEG arousals were corrected for the increased total sleep time seen in the medication conditions (Leg index =  Leg Jerks per hour of sleep and Arousal Index = EEG arousals per hour of sleep), similar results to the raw values were found, and there was still an increase in EEG arousals per hour of sleep in the late drug period.  Finally, in an attempt to look at the distribution of arousals independent of the effects of both leg jerks and total sleep time, an arousal index corrected for leg jerks and total sleep time was constructed.  When EEG arousals were corrected for both total sleep time and total leg jerks (EEG-Leg Index = EEG arousals per leg jerk per hour of sleep), a significant reduction was found in the early medication period compared to the late medication period and placebo.  

Sleep Log Sleep Data

     Sleep log data are summarized in Table 4.  During medication administration, patients 
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tended to go to bed later (p's < .1 only) and get up earlier (p < .05).  As a result, total sleep was reduced from 8.7 hrs prior to the study to 8.2 hrs during the first log period and 7.8 hrs in the final log period with the latter value being significantly lower than pre-study (p < .05).  Daytime nap time was also reduced from 45 min to 30 min per day by the end of the study (p < .05).

Subjective Ratings of Sleep

     Subjective sleep report data can be found in Table 5.  In terms of subjective sleep rating, 
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significant medication effects were not found for any variable, although there were trends towards better sleep on most variables during the medication administration periods.

Daytime Performance

     The analysis of the performance data differed from the analysis of the sleep in two respects.  First, a significant learning effect exists for the performance tasks used in the study.  To control for learning effects, a regression line was standardly fit through the four placebo days in the study (5, 27).  This regression equation was then used to predict performance on post-medication days.  The placebo predicted performance values were then compared to the actual observed performance values.  Second, because the tasks were repeated during each day, terms for time of task administration and interaction were also added to the ANOVA model.  Effects not related to triazolam (i.e., learning) are not included in the table.

     The daytime testing data is summarized in Table 6.  For vigilance hit rate there was an 
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overall significant effect for medication condition.  Hit rate increased from 58% on placebo observations to 66% on medication observations (F= 27.95, p < .01), and the change was consistent throughout each test day and throughout the 3-month medication administration period.  For vigilance false alarms, there was also on overall significant increase throughout medication administration (F= 6.38, p <. 01).  False alarms increased from 9 to 14% following medication nights.  To determine whether sensitivity increased (as opposed to an overall increase in responsivity), P(A), an unbiased estimate of sensitivity independent of response productivity (Scerbo, Warm, & Fisk,1987), was calculated for each observation.  For P(A), once again, an overall significant medication effect was found (F= 4.29, p < .05).  P(A) increased from .80 in the placebo condition to .82 following medication.

     For short term memory, there was a significant medication by time condition interaction (F= 4.42, P < .05).   Pairwise comparisons revealed that more words were correctly recalled on the short-term memory task in the triazolam condition at the mid study observation point (12.8 words) then were recalled on placebo control for that point (11.8 words) or in the medication conditions early on later in the study (10.8, 11.6 words).

     For the addition test there was a significant day by medication interaction. After medication, subjects completed 86 correct addition problems per session on their initial lab days in the early, middle and late medication periods (versus 89 on initial placebo days) and improved to 91 correct problems on second lab days in the early, middle and late medication periods (versus 90  on second placebo days). 

     Multiple Sleep Latency Test data are plotted in Figure 1.  The data were transformed by log transformation prior to analysis due to non-normal distribution and have been retransformed for the table and figure.  A significant study condition by nap time interaction was found (F= 2.75, P <  .05).  Pairwise comparisons indicated that latencies in the late medication condition were longer than in all other conditions at the noon test point and that latencies in the middle drug period were longer than placebo at the 1600 test point.  However, latencies in the early medication condition were shorter than all other conditions at the 1400 test point and shorter than the middle medication condition at the 1600 test point.  Generally, nap latencies were decreased compared to placebo during the early medication period and increased compared to placebo in the middle and late medication periods, particularly later in the afternoon.

DISCUSSION

     The present study has shown that patients with periodic leg movements during sleep and significant daytime sleepiness can have their nocturnal sleep improved by triazolam 0.125 mg.  It extends our previous finding of improved sleep to include 12-weeks use of triazolam 0.125 mg.

     During the 12-week trial on medication, total sleep time remained significantly increased compared to placebo values.  The increase in total sleep ranged from 31 to 45 minutes and compares to an increase in total sleep time of 20 minutes in our earlier acute study in similar patients (15).  In both studies the increased total sleep was reflected in decreased wake time and increased sleep efficiency.  In both studies the increased sleep time consisted primarily of stage 2.  In the current study, stage 2 increased from 48% on placebo nights to 50-55% during medication administration (P < .1), while in the earlier acute study, stage 2 increased from 47% to 52% (P < .01).  Other sleep stages were not modified in either study.  

     In the current study, there was an increase in total sleep time from baseline to the post-withdrawal placebo condition.  This 18-min increase in total sleep probably reflects continuing acclimatization to the laboratory rather than a continuing triazolam effect because it is unlikely that triazolam, with a very short metabolic half-life, would continue to act for a week after discontinuation.  We have previously shown a 21-min increase in total sleep time in a group of patients taking placebo over a 15-night laboratory stay (19).  This linear increase in total sleep of about 1.4 minutes per lab night compares very well with the 18 minute increase over 10 nights (1.8 min per night) in the current study.  The similarity of the total sleep time results between our completely placebo controlled study (19) and our early/late placebo condition in the current study implies that the early/late placebo design is indeed comparable to a complete placebo control condition.  It should also be noted in the current data, however, that the increase in total sleep time with triazolam ranged from 21 to 35 minutes over the post-withdrawal total sleep time.  Even the late drug period total sleep time was significantly greater than the final placebo night total sleep time (t = 3.39, p < .01).  One non-EEG study of a higher dose of triazolam found continuing efficacy of triazolam over a 12-week administration period (28).  Other evidence of increased medication plasma levels in older individuals also suggests that the 0.125 mg dose is a reasonable dose level in elderly subjects and should display continuing efficacy as is seen in higher doses in younger subjects (16).  

     As seen in our earlier study and in other studies of benzodiazepines (9), triazolam did not reduce total leg movements seen during the night.  As in our earlier study (15), total EEG arousals during the night and arousal index were not reduced by the medication, and in fact were significantly increased as compared to placebo during the late medication administration period.  It is possible that the increase in leg movements and brief arousals may be associated with the increase in total sleep (i.e., there is more time available for events and changes in leg movements).  However, the proportion of EEG arousals per hour of sleep increased during the course of medication administration from below placebo levels in the early medication period to significantly above placebo levels at the end of medication use, and this is perhaps more indicative of a drug tolerance effect.     

     In contrast to the acute study, the EEG changes found in the study were not strongly evidenced in the subjective reports from the laboratory periods, although significant effects were found in the sleep log data.  The absence of significant effects in the laboratory subjective values can be attributed to several variables including: a) more similar conditions in this study than in the acute study; b) increased variance in the current study secondary to common life stresses (much more difficult to control in a 15-week versus a 5-week study); c) shift in subject baseline comparison level secondary to long term medication use; d) small number of Ss.  Significant effects in the sleep log data reflect comparison of 2-week periods on medication compared to pre-study values.  As such, there are fewer but more clear comparisons with more stable data.  The reported decrease in daytime nap length and total sleep per day could reflect increased consolidation or efficiency of nocturnal sleep which therefore reduced the requirement for daytime naps.  This would explain why nocturnal sleep time was increased in the laboratory while total sleep per day was decreased in the sleep log reports.  Unfortunately, the sleep log data are not placebo controlled and it is possible that Ss improved their sleep hygiene simply because they were participating in a study.

     The daytime performance and multiple sleep latency test data give mild support to the continued efficiency of triazolam 0.125 mg throughout the study.  There was an overall increase in vigilance performance, even when controlled for response productivity, throughout medication as compared to the placebo condition.  Short term memory was significantly improved in one medication period compared to placebo although this may have been due to chance.  The number of correct additions was significantly decreased at one medication point compared to placebo.  Nap latencies tended to be longest late in the medication administration period (longer than placebo in all naps), and this was significant at the noon nap.  However, nap latencies tended to be shorter than placebo at the early medication period, and this was significant at the 1400 test point.  These MSLT data could be interpreted as a slowly accumulating effect of the relatively small improvement is sleep over the extended medication administration period.

     It was hypothesized that triazolam would consolidate sleep by decreasing brief arousals and that the improved sleep would result in increased daytime alertness.  In this study, the medication did increase sleep and perhaps moved sleep more into the normal nocturnal period, but there was little evidence in terms of awakenings, arousals, or leg jerks that sleep was more consolidated.  As such, the data do not really test the sleep continuity theory (5).  It could be hypothesized that the small improvement in vigilance performance and on the MSLT were the result of small but consistent increases in nocturnal sleep time. 

     Treatment of PLMS has typically been difficult.  Because of the chronic nature of the disorder, long-term use of a medication is usually considered when PLMS are severe.  The use of a low dose of triazolam is inviting because of the lack of significant hangover effect.  The current data suggest that it is possible to treat older patients for up to three months with triazolam without significant hangover or change in effectiveness.  However, immediate withdrawal effects were not examined in the current study.

     In this study, some individual Ss, particularly those with more severe PLMS, improved appreciably and requested to remain on the medication.  The patient with the most severe disease in this study has continued the use of triazolam 0.125 mg for one year.  His extensive sleep log and self report data suggest continuing medication effectiveness over that period of time.  Patients with milder disease tended to show less improvement and less desire to continue medication use.  Are the risks associated with benzodiazepines worth the potential benefits in these patients?  The primary risks currently associated with benzodiazepines include hangover sedation, tolerance/withdrawal, and sedation/amnesia if one must arise during the night.  Hangover is not a particular problem with 0.125 mg of triazolam, and tolerance/withdrawal did not seem to be a significant issue within the confines of the design of the current study.  Possible sedation and amnesia effects if a patient were required to get up during the night exist with benzodiazepines.  In general, such effects should be minimized with the 0.125 mg dose of triazolam.  Also, no sedation or amnesia problems were reported during the course of the current study.  It is clear, however, that one must balance the nocturnal sedation against the potential for improved function during the day with the use of medication in the individual patient.

     The magnitude of all effects reported in this study is small; i.e., the increase in total sleep is small and the corresponding changes in performance and alertness are also small.  The effects reported are almost certainly secondary to the low dose of medication, which was specifically chosen to avoid hangover or tolerance problems.  However, continuing efficacy of a low dose of medication in a small group of experimental subjects probably means more in application to real world settings than do large changes in sleep times, which would much more likely be accompanied by hangover and tolerance.  Nonetheless, treatment decisions need to be based on the fact that relatively small changes were seen and that the degree of benefit may not outweigh contraindicating factors in many patients.

     Together, all the data suggest that triazolam 0.125 mg can be used with continuing effectiveness for a period of up to three months in patients with some daytime sleepiness associated with periodic leg movements.  The data suggest that, even though the medication will not reduce the total number of leg movements, the medication will increase total nightly sleep throughout the period of administration.  As a result, daytime naps may be somewhat reduced and daytime performance somewhat improved.  While evidence for any significant side effects was not found during the current study, there was one indication that nap latencies might be shorter early in the morning shortly after initiation of the therapy.  However, this result should be interpreted in the light of our earlier acute study which found daytime nap latencies to be longer after the acute use of triazolam 0.125 mg, particularly in the late afternoon.  A previous study of triazolam 0.25 mg in elderly insomniacs found no change in MSLT latencies with acute use of triazolam at 0930 and 1130 with significant increases in MSLT latencies during afternoon tests (29).  

     One other study (30) has examined the continual effectiveness of nitrazepam in patients with PLMS over a 6-month administration period.  That study, although not placebo controlled, also reported continuing efficacy of nitrazepam, 2.5 - 10 mg titrated to individual response, in increasing sleep efficiency over the 6 month time frame.  Together, these studies indicate that benzodiazepines can have continuing effectiveness in ameliorating the sleep disturbing effects of PLMS.
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Table 1   Premedication/Postmedication Sleep Values

Variable                         Premedication   Postmedication   F                P  

                                                                                        COND

Total Sleep Time (Min)
332 

350
         
  9.7

.01

Latency to Stage 1 (Min)  
12



4
 11.6

.009

% Stage 1                 
17
     
 14

1.4

NS

% Stage 2            
47
        
 49

1.0

NS

% Stage 3           
1
    
 2.6

9.2

.02

% Stage 4                   
0
      


0
      4.0

.08

% Stage R                 
10
     
   10
     .19

NS

Latency to REM (Min) 
134


100
    
  1.13

NS

Wake During Sleep (Min) 
112
   
104

.94

NS

Early Morning Wake (Min)
4



3
      .13

NS    

Stage Changes        
172

174
 
.03

NS

Sleep Efficiency       
75
   


77
      1.06

NS

Awakenings              
43
          


33
      1.75

NS

Num. of Leg Movements    
250
     
284
    
1.33

NS

Leg Index                   
49
       


51
      .17

NS

Num. of EEG Arousals   
184
     
264
      
4.09

.08

Arousal Index            
33
       
45
     
2.83

NS

Table 2   Sleep Variables   

Variable                            Placebo*       Early       Middle       Late           F        P Differences

                                                               Drug        Drug         Drug       COND

Time in Bed (Min)          
457
          465
   
     
470
463
     
.62
NS    

Total Sleep Time (Min) 
340
        
385
       
 377

371
     
7.37
     .01 
PL<all

Latency to Stage 1 (Min)  
8
      
10
           
9
   8
      
.26
        NS

% Stage 1                
16
          
20
         
15
 16
      1.40
        NS

% Stage 2                
48
          
50
         
55
 53
      2.82
        0.1  

% Stage 3                  
2
            
1
           
1
  2
      2.30
        NS

% Stage 4                  
0
            
0
           
0
  0
      1.00
        NS

% Stage REM            
10
          
12
         
10
  9
      1.79
        NS

Wake During Sleep (Min)
108
     
73
        
84
 84
      7.68
       .01
PL>all

Sleep Efficiency      
76
          
84
        
82
 82
     10.6
        .01
PL<all

Early Morning Wake (Min)
4
             0
         
1
   2
      2.05
        NS

Stage Changes        
173
        
180
     
173
198
      2.04
        NS

Awakenings              
38
          
38
        
30
  36
      1.70
        NS

Wake 1/3 (Min)         
43
          
30
        
27
  32
      1.72
        NS

Wake 2/3 (Min)        
31.5
         
21
     
 19.5
  21
      3.46
        .04
PL>all

Wake 3/3 (Min)      
33.5
         
22
     
37.5
  31
      1.06
         NS

* Average of 4 Placebo nights

PL = Placebo

Table 3  Leg Movements and Arousals

Variables                      Placebo     Early       Middle       Late       F                     Differences

                                                       Drug        Drug         Drug   COND        P

Num. of Leg Movements 
270
         312
    


312
    

277
1.17 

NS

Leg Index                   
50
          52
      

 52
      

48
0.20

NS

Num. of EEG Arousals 
225
        213
   


246
    

288
3.77 

.04 
LD>ALL

Arousal Index            
39
          34
      

  39
      

46
5.04

.01 
LD>PL=ED

EEG Arousals 

Corrected for TST

and Leg Jerks         
0.16
  

 0.12
   


0.15 
  

0.17
4.77

.01 
ED<PL=LD  

PL = Placebo; ED = Early Drug; LD = Late Drug

Table 4    Sleep Log Data

               Prestudy, Medication Wks 4-5, and Medication Wks 10-11

                                    Prestudy    Med 1     Med 2         F                    Differences


                                                                                COND     P

Bed Time                    
22:36
 


22:37
  
23:02
    
2.71


.1

Sleep Latency (Min)         
20
         
18
      
15
    
   1.05


NS

Awakenings                  
2.5
       
2.1
           2.1
    
    0.81


NS

Wake Time (Min)            
29
            20
         

21
    
1.55


NS

Arising Time                 
6:34
   


6:08
 

 6:18
    
    3.70
   
.05   
Med1<PL

Nap Time (Min)                 
45
    

42
       
30
    
3.93


.05    
Med2<PL

Total Sleep

per Day (HR)                 
8.70
     

  8.20
     
7.78
    
5.19


.02   
Med2<PL

PL = Placebo

Table 5  Subjective Sleep Values

                                        Placebo    Early    Middle     Late         F               

                                                         Drug      Drug      Drug     COND        P

Sleep Latency (Min)  
40       
18    


40   

24     

1.95  

NS

Awakenings             
4.4     
4.2 


7.0   

4.8     

0.88     
NS

Wake Time(Min)            
67       
39      

84      
60    

 
2.15     
NS

Total Sleep (HR)           
6.3      
6.5    

6.2  

6.4    

0.59      
NS

Depth*                       
2.1     
2.0      
2.2     
2.0     

0.36      
NS

Sleep Quality*             
3.1    
2.6     

3.0    

3.0     

0.76      
NS

AM Alertness*            
4.5    
4.0    

4.4    

4.6     

1.95      
NS

Medication    

Effectiveness+         
1.2    
1.3   


1.2   

1.6     

0.86      
NS

* On these scales, lower numbers correspond to increased sleep quality, depth, etc.

+ On this scale, higher numbers correspond to increased efficacy.

Table 6   Daytime Performance*








Early


Mid


Late




F
                      Differences








Study


Study


Study


COND

P


Vigilance Hit Rate

    

Drug    


.67
   

.65
      .66



27.95


P<.01 




DRUG>PL

      
PL   


.59
     
.58
      
.58


False Alarms

  
Drug 



.15
   
 
.13
      .14
 


6.38



P<.01  


DRUG>PL

    
PL    



.09
    

 .09
      .10
   

Vigilance P(A)       

   

Drug 


.82
     
 .82
      
.82
  


4.29



P<.05  


DRUG>PL

     
PL    


.80
     
.81
      
.79
  

Short Term Memory 

     
Drug 


10.8
    12.8
    11.6
  

4.42



P<.05 



DRUGMS>PMS=DRUGLS

      
PL   


11.1
    11.8
    12.3


Additions Attempted



Drug  


92
      
99
 



99



NS




NS 

       
PL    


95
     
 99
   
101


Additions Correct 

    
Drug  



82.5
    92
  

91



NS




NS

 
PL 




85
   

 90
  

93
                          

                       

DRUG      PL

  

DAY 1   

86
     89
  F(DAY*DRG)=8.00  



P<0.01 

DRUGD1<DRUGD2

      
DAY 2 

91
     90
                                         
 



DRUGD1<PLD1

PL = Placebo; ES = Early Study; MS = Mid Study; LS = Late Study; D1 = Day 1; 

D2 = Day 2

*The placebo values listed in this table are values calculated from regression equations based on pre- and post-study baseline observation periods and do not reflect a paralled placebo group (see text).

                                        FIGURE CAPTION

Figure 1.  Multiple sleep latency test across the day following placebo or triazolam 0.125 mg.  Significant differences are noted (*).

