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Abstract

Bonnet, M.H. - The Effect of Sleep Fragmentation on Sleep and Performance in Younger and Older Subjects - Groups of 12 normal 55-70 year old and young adult subjects had their sleep experimentally disturbed at a rate of approximately 14 times per hour to determine the residual effects of moderate sleep disturbance and to determine any differential impact as a function of age.  Normal age-related changes in sleep were seen on baseline and recovery nights.  In the second night of sleep disturbance, the older subjects had a smaller increase in total awakenings than young adults.  Older subjects had a slower increase in auditory arousal threshold as sleep disturbance progressed.  The older subjects also tended to have less performance deterioration on morning testing than did young adults, and this difference was significant for numbers of correctly completed addition problems.  These evidences led to the conclusion that, while both age groups were sensitive to moderate sleep disturbance, the older individuals appeared somewhat less sensitive than the young adults.
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     It is well known that sleep fragmentation is a concomitant of aging.  It is also known that respiratory disturbance and muscle jerk disturbance are more frequent in older individuals (1, 9) and can be associated with excessive daytime sleepiness (EDS) (8, 13).

     Several studies have shown that experimental fragmentation of sleep in young adults leads to decreased performance and EDS (2, 5, 6).  In general, therefore, one would expect that experimental fragmentation of sleep in older subjects would also result in similar decrements.  However, other work suggests that older individuals may actually require less sleep than younger people and therefore may actually be less sensitive to loss of sleep than young adults (3, 4, 7).

     The current study sought to compare sleep and performance in a group of young adults and a group of older adults during and after two nights of experimental disruption of sleep.  It was hypothesized that both groups of subjects would be impaired following the disturbance but that the older subjects might actually tolerate the disturbance condition more easily than the younger subjects.

Method

Subjects

     Two groups of 12 healthy male subjects were solicited from newspaper ads and employment agencies.  Both groups completed a Selected Medical History, Sleep Behavior Questionnaire, Brief Michigan Alcohol Screening Test, Brief Drug Abuse Screening Test and depression scale from the MMPI.  Subjects were considered for the study if they had an habitual 6-9 hour sleep routine including usual sleep latencies of 30 minutes or less and 2 or fewer awakenings per night.  Subjects in the young group were between 18 and 28 years of age (22 +- 2.2 yrs) while subjects in the older group were between 55 and 70 years of age (63 +- 5.0 yrs).  All subjects were required to be infrequent nappers, to not have symptoms of sleep apnea or nocturnal myoclonus, to have no history of alcohol or drug abuse, and to score under 27 on the depression scale of the MMPI.  Potential subjects with uncontrolled medical illness were eliminated.  However, patients under long term therapy with medications which were not sedating or psychotropic in nature were considered.  Individuals meeting these criteria and without significant uncorrected vision or hearing loss were invited to the laboratory for an explantion of the study, informed consent, and practice on the various measures used.

     Subjects agreeing to participate were scheduled for a laboratory adaptation night followed by four experimental nights. Adaptation recordings were screened for the presence of significant sleep apnea or periodic leg movements so that subjects with those disorders would be eliminated from the study, but no such subject was found.

Design

     After adaptation, each subject spent 4 consecutive nights at the sleep laboratory.  The nights were baseline, two sleep disturbance nights, and recovery.  Sleep records were scored for sleep stages using standard criteria (12).  Additional sleep variables reported include total time in bed (which was held constant for a subject), number of awakenings (greater than 30 seconds), number of sleep stage changes, and latency to REM.

Procedure

     Each subject slept in the same, private, sound attenuated room throughout the study.  Sleep was scheduled for each subject based upon his normal sleep times between 2200 and 0900.  Time in bed was increased by 30 min on disturbance nights so that total sleep time would be closer to baseline total sleep time.  On the sleep disturbance nights, subjects were allowed 10 min of undisturbed sleep (sleep onset defined as a visually well-defined sleep spindle, K-complex or rapid eye movement) followed by a 20 min period of sleep disturbance via audiometer.  Subjects were awakened at the end of the 10 min sleep period by an ascending series of 1000 Hz tones from a Belton model 109 screening audiometer and gave a 1-7 verbal rating of sleep state (2).  Following the verbal rating, subjects were allowed to return to sleep but were awakened again at the end of each minute of sleep for the remainder of the 20 min disturbance period.  Ten minute sleep periods and 20 min disturbance periods alternated throughout the remainder of the night.  It was required that all subjects had at least 10 min of disturbance before arising in the morning.

     Each morning immediately after final awakening, subjects spent 30 min performing Wilkinson Addition and 30 min performing Wilkinson Auditory Vigilance.  They were then given a sleep latency test followed by the Clyde Mood Scale, Stanford Sleepiness Scale, and 10 min of simple reaction time.

Data Analysis

     Sleep stages were scored by Rechtschaffen and Kales criteria, including the standard requirement of a 75uV amplitude for scoring delta.  Data for sleep values and performance variables were analyzed by a 1-between, 1-within repeated measures analysis of variance.  The between variable was group (young adult or older) and the within variable was condition (Baseline, Disruption Night 2 and Recovery).  Significant group and condition effects were determined using the Greenhouse-Geisser computed degrees of freedom for the corresponding F-value at the p<.05 level.  In all analyses, Neuman-Keuls pairwise comparisons, based on Greenhouse-Geisser computed degrees of freedom, were performed at the p<.05 level to determine significant group and condition effects.

RESULTS

Arousals

     Experimental arousals were examined by hour during both disruption nights.  While both groups had equal numbers of 20 min periods available for arousals to occur, it was possible for differential numbers of arousals to occur in a 20 min block if subjects fell asleep more rapidly after an arousal.  In the analysis for arousals, it was found that there were significant main effects for night [F(1,22) = 4.29, p = 0.05; respective means for night 1 and night 2 were 80 and 87 arousals] and group [F(1,22) = 5.86, p<0.05; respective means for Young Adults and Older Subjects were 15.8 and 12.2 arousals per hour].  A significant Night by Time of Night by Age Group interaction was found for auditory arousal threshold [F(5,66) = 4.45, p<0.01].  Auditory threshold data is plotted in Figure 1.  Basically, auditory arousal threshold increased rapidly during the early hours of the first disturbance night in the young adults and reached an asymptote of about 90 dB.  Pairwise comparisons indicated that threshold increased significantly in the young adults from hour 1 to hour 2 and hour 2 to hour 3 on the first disruption night.  Thresholds were higher in the young adults than in the older subjects from hour 2 on the first night throughout disruptions.  Thresholds were lower in the older subjects and showed no characteristic increase until hour 2 on disruption night 2.

Sleep Variables

     Sleep stage data for groups and conditions may be found in Table 1.  F-values and significance levels are also noted.  Three significant group by condition interactions were found.  Young adults had increased stage 3 and 4 as compared to the older subjects, and the difference was greatest on the recovery and baseline nights.  Young adults had significantly fewer awakenings than older subjects on baseline, but by disruption night 2, young adults had significantly more awakenings than the older subjects.

     Overall, it was found that the older subjects had more stage 1 and stage 2 sleep during the night and that their morning nap latencies were longer than those for young adults.

     Overall, the sleep disruption significantly increased stage 1 sleep, wake time, stage changes, and latency to REM; and decreased total sleep, stage 2, and REM similarly in both groups (see Table 1).

Performance and Mood

     Performance and mood data are presented in Table 2.  In this data, a significant group by condition interaction was found for only the number of correct additions variable [F(2,40) = 5.63, p<0.01.]  The addition data are plotted in Figure 2.  Neuman-Keuls pairwise comparisons indicated that the Older Subjects completed more additions than the Young Adults at all comparison points.  Also, performance improved significantly in the Older Subjects from baseline to the second disruption night, while performance declined nonsignificantly in the Young Adults.

     There were overall group effects for Vigilance False Alarms (more in the Older group) and Incorrect Additions (more in the Older group).  Significant deleterious effects of the sleep disruption were seen in both groups on Reaction Time and Vigilance Hit Rate (see Table 2).

     On the mood scales, the only significant effect was a reduction on sleepiness, as measured by the Stanford Sleepiness Scale, in both groups following the recovery night as compared to the other conditions.

DISCUSSION

     Fragmented sleep and concomitant daytime sleepiness are frequently reported by 50-80 year-old patients.  The current study sought to determine whether healthy older individuals would be more susceptible to an acute period of experimentally fragmented sleep than would be a comparison group of normal young adults.  Experimental disruptions in the current study occurred at a relatively constant rate of 12-15 events per hour.  In terms of sleep disorder evaluations, this rate of disturbance would be considered relatively mild.  Nonetheless, this rate of disturbance resulted in significant residual performance loss on Reaction Time and Vigilance Hit Rate after two nights of disturbance in both groups of subjects.  Some increase in morning sleepiness was seen in both groups by morning nap latency decreases of 2 to 3.5 min, but this difference did not reach statistical significance (p<0.1).

     Of central interest in the current study is the fact that the Older Subjects generally appeared to tolerate the sleep disturbance paradigm better than the Young Adults.  The Older Subjects actually improved their addition performance across disturbance nights while performance declined in Young Adults.  On other performance and mood tests, decrements associated with sleep disturbance were always greater in the Young Adults (although not enough so to produce significant interactions).  In terms of physiological variables, it was also apparent that increases in auditory arousal threshold, which have been traditionally linked with increasing sleep loss (7, 15) or increasing sleep fragmentation (2), were seen early in the first disruption night in the young subjects but not until the second disturbance night in the older subjects.  It is unlikely that the slower threshold increase in older Ss could be attributed to other factors, such as a lag in response buildup, because auditory threshold is a direct sensory variable.

     Several factors might explain these differential age effects. One might posit that the Young adults performed more poorly because their time in bed was 19 minutes less than the older Ss, but it is unlikely that this difference would cause the Young Group to perform more poorly because their total sleep time was still greater than that of the Older Group.  One might posit that the Young Group performed more poorly because they had more frequent arousals during the night.  This explanation is unlikely, however, because the experiment was designed so that both groups had discrete 20 min periods into which experimental arousals were placed. As such, the Young Group had more experimental arousals because they fell asleep more quickly during their 20 min disturbance periods and therefore had to be aroused more frequently (as such, this is another indicator of increased drive to sleep).  There is no evidence which suggests that additional one minute sleep periods will make following day function worse than similar periods of wakefulness.  On the other hand, the Older Group actually had more non-experimental brief arousals than the Young Group because natural brief arousals increase as a function of age.  In the current study, young adults had about 9 brief arousals per hour on baseline nights as compared to about 25 brief arousals per hour in older Ss.  However, these increased arousals must be seen as a continuing background in the Older Group on baseline as well as experimental nights and cannot account for the reported results.  In terms of overall sleep stages, the Older Group did have increased stage 1 and stage 2 with decreased slow wave sleep as compared to the Younger Group.  However, these are normal changes in sleep stage distribution which are expected to occur with aging (10, 11) and are probably not of relevance to daytime function.  The number of awakenings variable was of interest because it indicated that while disruptions increased awakenings in both groups, the increase was not as great in the older subjects.  This finding, along with a smaller decrease in total sleep time on disruption nights as compared to baseline nights, tends to imply that the older subjects may have been able to "replace" some of their natural awakenings with the experimental disturbance and therefore better preserve their sleep.  This may have allowed them to accumulate less total daytime deficit.

     It might be considered unusual that the Older Group had better addition performance and increased morning nap latencies as compared to the Young Adults even under baseline conditions.  The overall performance differences may have occurred because groups were not matched on intelligence.  Alternatively, both differences may be due to group circadian rhythm differences, which indicate that older individuals will have higher body temperature in the early morning than young adults and lower temperatures later in the day (14).  Although morning oral temperature differences were not significant in the current study (97.5 in older subjects versus 97.3  in young adults), there was a trend for the older subjects to have higher morning temperatures, as would be expected.  Increased sleepiness in the young adult subjects may also reflect some chronic partial sleep loss, which is common in young adults.  Finally, it has been shown elsewhere that healthy older individuals are equally or more resistant to acute sleep loss effects as compared to young adults and may indeed have improved psychomotor performance under sleep loss conditions near the circadian through (7).  The current data serve to replicate that sleep loss finding and extend it to periodic sleep fragmentation.  They also indicate that generalizations about mood and performance in different age groups really need to be referenced to underlying circadian rhythms.

REFERENCES

1.  Ancoli-Israel, S., Kripke, D.F., Mason, W. & Kaplan, D.J.  Sleep apnea and

     periodic movements in an aging sample.  Journal of Gerontology,1985, 40,

     419-425.

 2.  Bonnet, M.H.  The effect of sleep disruption on sleep, performance and

     mood. Sleep,1985, 8, 11-19.

 3.  Bonnet, M.H.  Recovery of performance during sleep following sleep

     deprivation in older normal and insomniac adult males.  Perceptual and

     Motor Skills,1985, 60, 323-334.

 4.  Bonnet, M.H.  The effect of 64 hours of sleep deprivation upon sleep in

     geriatric normals and insomniacs.  Neurobiology of Aging,1986, 7, 89-96.

 5.  Bonnet, M.H.  Performance and sleepiness as a function of frequency and

     placement of sleep disruption.  Psychophysiology,1986, 23, 263-271.

 6.  Bonnet, M.H.  Performance and sleepiness following moderate sleep

     disruption and slow wave sleep deprivation.  Physiology and 

     Behavior,1986, 37, 915-918.

 7.  Bonnet, M.H. & Rosa, R.R. Sleep and performance in young adults and older

     insomniacs and normals during acute sleep loss and recovery.  Biological

     Psychology, in press.

 8.  Carskadon, M.A., Brown, E.D. & Dement, W.C.  Sleep fragmentation in the

     elderly: relationship to daytime sleep tendency.  Neurobiology of 

     Aging,1982, 3, 321-327.

 9.  Carskadon, M.A. & Dement, W.C.  Respiration during sleep in the aged

     human.  Journal of Gerontology,1981, 36, 420-423.

10.  Kales, A., Wilson, T., Kales, J.D., Jacobson, A., Paulson, M., Kollar, E.

     & Walters, R.  Measurement of all-night sleep in normal elderly persons.

     Effects of aging.  Journal of the American Geriatric Society, 1967, 15,

     405-414.

11.  Prinz, P.N. & Raskind, M.  Aging and sleep disorders.  In R.C. Williams &

     I. Karacan (Eds). Sleep Disorders Diagnosis and Treatment.  New York:

     John Wiley & Sons, 1978, 303-322.

12.  Rechtschaffen, A. & Kales, A.  A manual of standardized terminology,

     techniques and scoring system for sleep stages of human subjects (Eds).

     Los Angeles, California:  Brain Information Service/Brain Research

     Institute, University of California at Los Angeles, 1968.

13.  Stepanski, E., Lamphere, J., Badia, P., Zorick, F., & Roth, T.  Sleep

     fragmentation and daytime sleepiness.  Sleep, 1984, 7, 18-26.

14.  Vitiello, M.V. Smallwood, R.G. Avery, D.H., Pascually, R.A., Martin, D.C.

     & Prinz, P.N.  Circadian temperature rhythms in young adult and aged men.

     Neurobiology of Aging, 1986, 7, 97-100.

15.  Williams, H.L., Hammack, J.T., Daly, R.L., Dement, W.C., & Lubin, A.L.  

     Responses to auditory stimulation, sleep loss, and the EEG stages of

     sleep.  Electroencephalography and Clinical Neurophysiology, 1964, 16,

     269-279.

Table 1 - Sleep Values in Young and Older Subjects 

as a Function of Sleep Disruption

                      YOUNG                    OLD           F      F     F

                BL   D1   D2   R1     BL   D1   D2   R1    COND   GROUP  INT

TIB            411  422  426  400    430  444  447  423    39.5*  0.62   0.29

TST            372  326  303  373    363  304  324  387    35.7*  0.14   1.75

LAT 1         11.0  8.0  7.7 27.5   15.4 11.1  7.7  7.6    1.52   0.96   2.61

MIN 1           20   74   68   11     45   83   91   33    49.4*  7.73*  0.02

MIN 2          212  194  178  190    243  182  198  245    12.8*  4.11*  2.46

MIN 3           43   18   19   50     10    4    5   18    19.5*  20.3*  3.92*

MIN 4           28    3    8   38      1    0    0    4    7.77*  14.3*  4.86*

MIN R           67   32   28   82     64   18   30   84    32.6*  0.00   0.12

MIN W           31   87  118   16     51  129  115   28    71.4*  0.93   0.92

MIN M            2    1    1    1      1    0    1    2    1.49   0.19   1.49

AWAKENINGS     5.5   30  40.1 4.8   10.9   33  29.2 6.8    72.4   0.24   5.63*

STAGE CHANGES  112  284  278  112    106  204  218  102    88.7*  2.44   3.00

LAT REM        117  147  145   60    106  199  133   58    14.4   0.48   0.07

NAP LAT 2      7.7  2.7  4.2  6.8   13.7  12.6 11.7 12.6   3.05   19.8*  1.22

* P < or = 0.05

Table 2 - Performance and Mood Data in Young and Older Subjects 

as a Function of Sleep Disruption

                          YOUNG               OLD            F     F       F

                   BL   D1   D2   R     BL   D1   D2   R   COND  GROUP    INT

REACTION TIME     278  291  304  284   282  288  289  284  3.77*  0.04   1.08

VIG HIT RATE       55   45   37   50    65   54   58   59  5.13*  2.67   1.20

VIG FALSE ALARMS   10    8    6    4    26   29   25   20  2.75   5.05*  0.31

ADDS CORRECT       92   81   88   93   113  126  134  138  4.58*  2.97   5.63*

ADDS INCORRECT      8    7    7    8    13   16   13   16  0.63   4.51*  0.46

SSS               2.6  3.5  2.9  2.5   2.3  2.4  2.5  2.2  1.39   0.87   0.02

CLYDE SLEEPY       48   49   50   45    48   50   49   42  4.56*  0.15   0.13

FRIENDLY           46   46   48   49    51   49   48   51  0.57   0.24   0.63

ANGRY              51   51   48   49    44   45   44   43  1.05   3.33   0.34

CLEAR THINKING     55   51   51   50    52   49   51   50  1.91   0.07   0.45

UNHAPPY            39   39   39   39    37   37   37   39  0.44   0.19   1.18

DEPRESSED          54   50   50   53    48   47   47   48  1.53   3.74   0.51

* P < or = .05

FIGURE LEGENDS

Figure 1 - Auditory arousal threshold by hour and disruption night in young and older subjects.  Young adult thresholds were significantly higher at all test points except the first.  Significant increases were seen in the young adults at hours 2 and 3 on the first night and at hour 2 in the second night in older subjects.

Figure 2 - Correct additions performed by young and older subjects.  Significant effects are noted in the text.
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