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Summary: Mincteen children 8 pirls, 11 boys) were evaluated ima lotal of 47
three-day sessoms acioss three summers. Children were ranked According to
Tanner's stages of secondary sexval characteristics. Mocturnal sleep was re-
corded from 2200 to 0ED0 hr cach neght. Multiple sleep ency lests were given
at 2 hr intervals from 083 each day, Mocturnal sleep time and BEM sleep tiine
reminned constant across Tanner stages. Slow wave sleep time declined pro-
gressively across Tanmer stapes, with a 4% reduction from prepuberly fo
maturity. Daytime sleepiness was significantly greater in subjecis at Tanner
stapes 3 and 4 than ol Tanner stages | and 2. Subjects at Tanner stage 5 tended
to be as sleepy oz Tanner stape 3 and 4 subjects but did not differ simificantly
from the less mature subjects. No pender differences were found in daytime
sleepiness for children at similar Tanner stapes. More mature children were
significantly sheepier at 1330 ond 1330 than in the late alterooon and evening
Key Words: Sleepiness— Puberiy—Adolescence—Maturation—Tanner

sLiging.

Several sleep laboratory studies (Williams et al., 1972, 1974: Karacan ot al.,
1975) have evaluated nighttime sleep during puberty and have found few striking
changes in sleep structure. These studies and surveys of sleep habits (Katchado-
ran, 1977; Anders et al., 1978) have noted a marked reduction of sleeping time
during adolescence. If these changes in habitual sleeping time do not represent &
declining biological need for sleep. it is possible that a cumulative sleep debr leads
lo adolescent daytime sleepiness,

Daytime sleep tendency in pubertal subjects has not been as carefully evaluated
as nocturnal sleep. A study of sleep and daytime behavior at the Stanford Sleep
Research Center has recently begun a controlled assessment of changes that may
be related to pubertal status. By holding constant the opportunity to sleep at night,
we have atfempted Lo determine whether pubertal changes in daytime sleepiness
may occur in the absence of reduced nectumal sleep.
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54 M. A CARSKADON ET AL

METHODS AND SURJECTS

Mineteen normal children with no personal or family history of sleep distur-
bance participated in the study performed during three consecutive summers.
Eight girls (10.9— 15.8 vears) and 1] boys (10.2 - [5.7 years) were studied. Five
girls and 8 bovs were evaluated for three vears; | girl and | boy were studied two
years; and 2 girls and 2 boyvs were observed one vear, Puberial status of secondary
sexual churactenstics was determined al physical examination in the second and
third study years using a standardized asscssment sysiem developed by Tanner
{1962). This system employs five stages of sexual maturity hased on evaluations of
breast and pubic hair development for girls and pubic hair and genital develop-
ment 0 males. Stage | indicates a lack of secondary sexual characleristics (pre-
pubertal), and Tanner stage 5 represents adull sexual maturation, Tanner stages
for vear | were estimated vsing norms for the timing of secondary sexual devel-
opment [ Barnes, 1975), which generally resulted in2ither no change or subfracting
one number from the second vesr Tanmer stage. The distribution of subjects
cvalusted al cach Tanmer stage was as follows: stage 1, eight subjects, repeat
measures o four subjects, total v = 12; Tanner stage 2, total # = [0; Tanner stage
3, nine subjects, repeal messures on one, lal 7 = 10 Tanner stage 4 = six
subpects, repeat measures on two, total 7 = eight; Tanner stage 5 — six subjects,
repoatl messurss on one, lolal 1 = seven,

Each summer the subjocts staved at the Stanford Summer Sleep Camp for al
legst three days, during which noclurnal sleep and daytime behavior were
evaluated. Each Slcep Camp scssion involved 3 or 4 children who were confinu-
pusly observed by smadent technician/counsclors. (Games and enlerlainment were
provided durning intervals in the lesting schedule,

(in cach night, total bedtime was 10 hr, from 2200 1o 0300 hr. Sleepiness was
assessed using a sleep latency test (Carskadon and Dement, 1977) s1x umes each
day at 2 hr intervals beginning at 0930, The electroencephalogram (EEG), elec-
trooculogram (EOG), and electromyogram (EMO) were recorded and scored
{using a 3 sec sconng epoch) in the stundard manner {Rechtzchaffen and Kales,
1968). Subjects were recorded in individusl, sound-attenuated, darkeoed bed-
rooms. Al the starl of each sleep latency test, subjects were instructed to “pleass
lie quietly, keep your eyes closed, and try to fall asleep.” Sleep latency was
measured as the elapsed ime from lights oul te the first 30 sec epoch of stage |
sleep (see Carskadon and Dement, 1979, for a discussion of slesp-onsel criteri).
(im the first day of each session, children were permitted to slecp until 20 min after
lights out; on subsequent days, the sleep lulency lests ended after three consecu-
tive epochs of stage | sleep or an elapsed time of 20 min. The first day's [ests were
used o screen for the cccurrence of sleeponser REM peniods that indicale the
presence of narcolepsy (Mitler et al., 1979),

Ohservations from cach child and cach vear were analyeed separately, vielding
a total m of 47. This procedure avoided the problem of a chronological or vear-lo-
vear bias. Mocturnal sleep diata were averaged within suhjects across the second
and third nights of cach session. Comparison of sleep data grovped by Tanner
slages was accomplished wsing one-way analvsis of vanance, Muluple sleep la

Steep, Wal, & Mo @, PR



PUBERTAL CHANGES IN DAYTIME SLEEPINESS 455

fency tesl seores (latency o stage 1 sleep) were tuken from the third day and were
described using survival curve methodology, which determined the proportion of
subjects remaining awake al each hall-minute mterval from the start of the lesis,
Diflerences among survival curves for the Tanner stages were evaluated using the
nonparametric Kolmogorov-Smirnoy stanstical comparison. A 005 two-tail sig-
mificance level was used throughout,

RESLULTS

Selected nocturnal sleep parameters for each Tanner stage group are summa-
rized in Table 1. Total sleep time showed no significant vanation across Tanner
stapes. Slow wave (stages 3 and 4) sleep time declined progressively from Tanner
stage | tostage 4 0F = 5,83 df = 4, 42; p = 0001 ), with an overall decrease of over
40%%. No individual subject has been recorded across the five Tanner stages. In 3
female subjects recorded ot Tunner stages 2—4 or 2, 3, and 5, average slow wave
sleep times for the throe years confirmed this trend. In addition, slow wave sleep
time appearcd (o be unaffected by sleep obtained on the first day’s sleep latency
tesls, Mean slow wave sleep time on the second night was 118 min and on the third
night 112 min. Btage 2 sleep time increased significantly {(F — 2.52;df = 4, 42; p =
0.0%) across the five Tanner stapes, while REM sleep lime was unchanged.

Oin the first day of sleep latency testing of cach Slecp Camp session, no subject
showed slegp-onsel KEM periods. Sleep latency lest scores from the third day of
testing, grouped by Tanner stage, ere shown in Fig. 1. Children at Tanner stages 1
and 2 rarely tell asleep on the multiple sleep latency tesis and never fell asleep in
fewer than 9 min. At Tanner stages 3 and 4, the children fell asleep with signifi
contly grester speed and frequency on the daytime sleep latency tests. The sleep
latency test curve for children af Tanner stage 5 was not significantly different
from the curves for Tanner stages 1 and 2, but they clearly tended toward more
rapid and more frequent sleep onsets. Similar curves computed for chronological

TABLE 1. Selecied rociurnal sleep parameters goross Torner 5iages

Tanmer stage
1 | 3 4 %
Slezp parameter im = LX) [m = E) in 107 LK B r =T}

Total skeep me (mind

Mean 542 S5 5511 44 &E 11

S0 i3 25 1.3 3 26
Stuge I sloop lme (min)

Mean 241 il 2 m IRl

S 36 H) 35 24 4]
Slow wave sleep time {man)

Mean 137 127 1035 o T

a0 Al 24 it i 17
EEM sleep time {min}

M=nn 117 114 126 13 [ 3

S0 20 20 I8 11 Ll

Means and standand devislions given m minutes.
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Fit:. 1. Relation of sieep lniency esr scores to Tanner stage. Sle=p lntency tesl sonres from the third
day are plotted for Tanner stage groaps. The honzontal axis represents the elapsed time from *lights
vul” o stape | sleep vnsel. The verlical axie gives (e proportion of the groop who rentained awakc &l
a given Lime (L) afier lights nut. Thus, fer example, Tammer stage | subjects did ool fall asleep on 925 of
the tests, while Tanner stage 4 subjects remained awake the full 20 min on only 48% of the tests.
Asterrsks indicale a sigmfcant difference from stape | and I curves.

age revealed no significant age-related differences, although there was & trend for
the oldest group to fall asleep more often.

The sleep latency test dela were also analyzed for pender differences. The sleep
lateney curves (Fig, 2) show no significant gender differences at any Tanner stage.
{Tanner stages [ and 2 were combined because few girls were included in the
Tanner stage | group.)

A Dimad analysis of sleep lulency test dula examined the effecis of ime of day.
Lutencies from cach of the six daily sleep latency tests arc ilustrated in Fig. 3 for
suhjects at Tanner stages | and 2 (T 1-2) and stages 3—5 (T 3—5). The more
mature group had o significantly greater tendency o fall asleep than the group of
sibjects al Tanner stages | and 2 on the tests given atl 1330 and 1530. For the
Tanncr 3—5 subjects, across-day comparisens demonstrated that the sleep ten-
dency was significantly greater at 1330 and 1530 than a1 1730 and 1930; the two
murning lests in this group fell between these extremes but did oot dilfer sypnili-
cantly. Im the Tanner |- 2 subjects, there were no across-day differcnces.

Sleep. Val. I, Mo 4, 1680
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FIG. 2. Relation of gleep llency besi scores 1o Tanner stage and gender. [ats Fom Fig, | are
displayed by grouping the subjects acoarding 10 penider and Tanner stnge, Thi curves demonsirais mo
differences anributable W gender.

DISCUSSION

The nocturnal sleep data showed a number of interesting results. First, given
the stible bediimes and arising times, lotal nighttime sleep did not vary across
Tanner stages. This linding suggests that reduced habitual sleep time reported hy
adolescents may be related more (o environmental factors [social, academic, and
peer pressures) than to a declining “need" for sleep. The slow wave sleep find-
ings, which demonstrated an almost Enear decrease across Tanner stage, superfi-
lally contradict the findings of Williams er al. (1972, 1974), who reported @ slight
merease in stage 4 sleep from preadolescence to midpuberty. The Williams group,
however, based bedtimes on habitual sleeping hours and reported percentage
amounts of sleep stages. Thus, the absolute changes in slow wave sleep were
similar te the data reported here, but reflect an “increase’ of stage 4 when
reported relative to total sleep lime.

Before discussing the multiple sleep latency test findings, it is important to
address the issue of whether this measure 15 a valid reflection of daytime sleepi-
ness. One might suggest that the decreased sleep latencies simply represent a
learned response to the test situation. 17 this were the case, wo would expect 1o see
sleep latencies decrense across days, from the first to the third day, and from year
to year. Figure 3 illustrates that the sleep latencies do not become progressively
shorter across the days. We have also found no consistent trend for shorter sleep
latencies from the first to the third testing days, (The opposite trend seems to be

Sleep, Vol 2, Mo, 4, 1950
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FIG. 3. Sleep Mlency lest scores across davs, Dala from Figs. [ and 2 oare displayed by prouping
results nccardimg 10 the time of day of the sleep lnbency test in subjecis ai Tanner stages | and 2 and
stibjects ol Tanmer stapea 3- 5, Tamner 35 subjeers fell asbesp fasrer across days, afhough the
dilTerences were significant onby ab 1330 and 1330 hr. Ho ssgmlicant Thme-ol-day daifereoces werne Towand
in the Tamner | -2 subjecis. Im Tanmer 31— 5 subjects, sleep onsets accurred sarlier and more freguently
on the tests af 1330 ond 15 hr shiam at PT3) or 19390 k.

true in several children whose slegp was restricted on nights hefore coming to
Sleep Camp.} Finally, in children whose Tanoer stage rubing staved constant for
two or three years, there was no tendency For shorter sleep latencies [rom one
year to the next.

Severul studies support the e validily of the multiple sleep latency test as a
measure of slegpiness. Carskadon and Dement {1979 showed a marked decrease
of sleep latencies during sleep deprivation, followed by a gradual recovery to hasal
vilues., A similar fnding has been reported in children undergomg sleep loss
(Carskadon e al., 1978). Sleep restrictivn also affects multiple sleep latency test
scores (Carskadon et &l 1977), resulting in latencies intermediate between base-
Ime values and Lhose seen during total sleep loss. Finally, in patients with nar-
colepsy and sleep apoga syndromes who complain of excessive daytime sleepi-
ness, the multiple sleep latency tests consistently confirm the complaint (Dement
ct al., [978; Richardson et al., 197E].

The present study showed a marked tendency for children to demonsirate day-
time slecpiness at a specific time of pubertal development, i.e.., with the matura-
tion ter Tanner stage 3. This change in dayiime sleepiness did nol appear to be
related o pociurnal sleep time, which remained constant across Tanner stages.
Certain variations of nocturnal sleep structure paralleled the developmental sluges
and may he related to daytime sleepiness. For exampic, the tandem decline of
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stow wave gleep and daytime sleep latencies in association with maturation might
support & “restorative”’ role of slow wave slecp. A relationship among nocturnal
sleep struciure changes, sleepiness, and hormonal changes, such as the pubertal
aurpmentation of nocturnal gonadofrepic hormone secretion ( Bovar e al., 19725,
should also be considered,

The time-of-day sleep latency test findings in Tanner 3 5 subjects parallel those
seen in older adolescents (Carskadon and Dement, 197%), adull control subjects
{Richardson et al., 1978), and eldedy individuals (Carskadon et al., in press). In
gach of these groups there is a tendency for greater slegpiness in the early and
midafternoon than in the morning or evening. Pubertal maturation appears to be
scoompanied by a reduction in the capacity for the type of sustained daytime
aleriness seen in younger children. Perhaps an afternoon siesta would improve
daytime functioning in older individuala.

The relationship between pubertal status and daytime sleepiness may have
imphications for prospective studies of the development of narcolepsy, in which
sleepiness 15 a cardinal symptom. (ne might speculate that the transition to Tan-
ner stage 3 may he a particularly vulneralde time in the development of par-
colepsy. Sours (1963) has shown that nercolepsy usually has an age of onsct near
the time of puberty. Perhaps there iz an additive effect in which the pubertal
ingrease of dayume sleepiness results in the overt cxpression of a proviously
latent excessive sleep tendency.

In summary, the findings of thiz study suggest that daytuime sleep lendency in
adolescents increases in the absence of sny change in nocturnal total slecp time.
Thus, the stercotypic incrcasc of sleep tendency in adolescence appears to be
related to bwo major factors: (1) & maturational avgmentation of dayume sleepi-
ness and (2§ partial sleep loss associted with curtailment of total sleep time. The
physivlogical basis of the former is unclear at this time; the latter appears 1o result
from cnvironmental factors.
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