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The aim of the present research was to study sleep/wake 
cycle parameters of adolescents and to examine biologic 
and social influences on their changing sleep patterns. 
This was a longitudinal study of sleep characteristics of 
a group of 66 adolescents (mean age, 13 years and 6 
months). The adolescents underwent a physical exami- 
nation, had their pubertal development classified accord- 
ing to Tanner stages, and answered a sleep questionnaire 
on three timepoints at 6-month intervals. Sleep onset oc- 
curred about 1.0 hr later, wake-up time about 3.0 hr later, 
and sleep length was 1.0-1.5 hr longer on weekends when 
compared with weekdays. About 60% of the adolescents 
reported daytime sleepiness, mainly from 8:00 a . m .  to 
10:00 a.m. and from 2:00 p.m. to 4:00 p.m. on school days. 
Morning sleepiness on school days occurred at a time of 
the day that corresponded to sleep on non-school days. 
Additionally, there was a displacement toward later 
hours of the wake-up time and a sleep-length increase 
during weekends from the first to the third timepoint. 
Social factors such as home conditions and scheduling of 
school and non-school activities did not change through- 
out the period of pubertal development studied. Changes 
of sleep patterns detected may therefore represent an on- 
togenetic trend along puberty. 
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Certain traits of the human sleep pattern seem to be 
established during adolescence. Sleep-onset time 
tends to be delayed as adolescents grow older, and 
they report a decrease in sleep quality, insufficient 
sleep length, and increasing daytime sleepiness (1- 
5). According to the International Classification of 
Sleep Disorders (6), the prevalence of the delayed 
sleep phase syndrome (DSPS) in adolescents is 
about 7%. This sleep disorder is characterized by a 
delay in sleep-onset time compared to usual time 
but satisfactory sleep quality or duration if the per- 
son is free to sleep without interruption (6,7). It is 
assumed that daytime sleepiness can produce poor 
school performance and can lead to behavioral prob- 
lems (7). Modifications of adolescents' sleep patterns 
have been related to greater social pressures, as well 
as normal ontogenetic trends. Nevertheless, there 
are only a few longitudinal studies in which the 
sleep/wake cycle of adolescents has been evaluated 
with reference to the subjects' physical develop- 
ment. The aim of the present research is to study 
sleep/wake cycle parameters of adolescents and to 
evaluate possible changes that might occur during 
pubertal development. It describes the demographic 
characteristics, sleep habits, and complaints of a 
group of adolescents during the period under study. 
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Table 1. Chronological Age in the First Semester 

Age Female Male All 
(year) n f (%) n f (%) n f (%) 

12 12 37.5 11 32.4 23 34.8 
13 14 43.8 14 41.2 28 42.4 
14 2 6.2 6 17.6 8 12.1 
15 4 12.5 1 2.9 5 7.6 
16 - -- 2 5.9 2 3.1 
Total 32 100.0 34 100.0 66 100.0 

Methods 

Subjects 

Sixty-six healthy adolescents participated in the 
study performed over a period of approximately 1 
year. The general purpose and conditions of the re- 
search were explained to the school's staff, students, 
and parents. Written consents were given by the 
school administration and by the parents. Thirty- 
two gifts and 34 boys from 12 to 16 years old (77.2% 
from 12 to 13 years old at the beginning of the study) 
participated voluntarily in the survey (Table 1). 
These adolescents went to the same public school 
in the morning (7:20 a.m. to 12:30 p.m.) from Mon- 
day to Friday. They studied in two different grade 
classes of the middle school (according to the Bra- 
zilian educational system: 6th and 7th grade classes). 

Measures Used 

The adolescents underwent  a physical examination, 
had their pubertal development classified according 
to Tanner stages (8,9), and answered a sleep ques- 
tionnaire on three consecutive timepoints at about 
6-month intervals (semesters): mid-September, be- 
ginning of April, mid-September. These months 
were selected in order to avoid the Daylight Saving 
Time and the effects of transition from holidays to 
the school semester (they represent a time-lag of 
about 1.5 months in the beginning of the school 
semester). The sleep questionnaire covered the fol- 
lowing aspects: (a) demographic characteristics, 
such as age, sex, number of people living in the 
house, number of people sharing the bedroom, and 
illumination and sounds in the bedroom; (b) time 
spent in different daily activities, such as television 
watching, homework, sports, and "extra-school" 
classes (Arts, Music, foreign languages, etc.); (c) 
sleep/wake cycle parameters: sleep onset, wake up, 
nap onset, and nap wake-up time, awakenings at 
night, daytime sleepiness, sleep quality; and (d) 

medicine consumption related to sleep problems. 
Sleep schedules' answers were provided in multiple 
choice format, each choice representing an interval 
of 15 min: sleep-onset time alternatives ranging from 
7:00 p.m. to 3:00 a.m., wake-up time ranging from 
6:00 a.m. to 2:00 p.m., and nap onset and wake-up 
time ranging from 12:00 p.m. to 6:30 p.m. The day- 
time sleepiness question had the following format: 
"Do you usually feel sleepy during daytime, even 
without going late to bed at night?". There were 6 
alternatives: "No," or "I feel sleepy from 8:00 a.m. 
to 10:00 a.m.", . . . .  "I feel sleepy from 4:00 p.m. to 
6:00 p.m." Sleep quality was measured by the fol- 
lowing question: "Do you think that you sleep:" and 
the following possible answers: "very well, well, fair 
to well, fair to bad, bad, very bad." 

Statistical Analyses 

Test and retest reliability of the queStionnaire was 
assessed during the first semester (10,11). n coeffi- 
cient was calculated and questions with K > 0.50 
were used for analysis; additionally two questions 
with n coefficients near moderate level were also 
analyzed (daytime sleepiness, K = 0.48; and sleep 
quality, K = 0.45). School days and non-school days 
were analyzed separately. One-way analysis of var- 
iance (ANOVA) for repeated measures on the same 
elements was applied for the factors day of the week 
and semester to verify the influence of these factors 
in the means of sleep variables. When F ratio ex- 
ceeded the critical value, tests on differences be- 
tween pairs of means (Newman-Keuls method) 
were used (12). Sleep quality, daytime sleepiness, 
sleep disorders, home conditions, and extra-school 
activities were also investigated. Their stability over 
the study period was investigated by means of Coch- 
ran's Q test for related samples (13) in the case of 
binary variables, such as sound (silent or noisy 
room), illumination (dark or clear room), daytime 
sleepiness (sleepy or not sleepy), and nap (nap taken 
or no nap). 

Results 

General Health and Pubertal Status 

Clinical evaluation showed that adolescents were in 
good health during the survey period. Their heights 
and weights were within the standard Brazilian pat- 
terns for their age (14). The first physical examina- 
tion revealed that all the subjects had already 
reached at least Tanner stage 2 for at least one of 
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Table 2. Females' Pubertal Stages (n = 32) 

Tanner s~ges 

Semester T1 T2 T3 T4 T5 

Breast $1 - 9% 38% 38% 16% 
$2 - 3% 6% 63% 28% 
$3 - 3% 3% 47% 47% 

Pubic hair $1 - - 31% 41% 28% 
$2 - - 22% 25% 53% 
$3 - - 12% 16% 72% 

$1, $2, and $3 represent first, second, and third semesters. 
T1, T2, T3, T4, and T5 represent Tanner stages 1, 2, 3, 4, and 

5, respectively. 

Table 4. Daytime Sleepiness 

$1 $2 $3 

Time of the day n f (%) n f (%) n f (%) 

8:00 a.m.-10:00 a.m. 12 18 9 14 7 11 
10:00 a.m.-12:00 p.m. 1 1 2 3 1 1 
12:00 p.m.- 2:00 p.m. 5 8 5 8 4 6 
2:00 p.m.- 4:00 p.m. 12 18 14 21 17 26 
4:00 p.m.- 6:00 p.m. 2 3 2 3 - - 

More than 1 alternative 7 11 9 14 9 14 
Not sleepy 27 41 25 38 28 42 

Total 66 100 66 101 66 100 

$1, $2, and $3 represent the first, second, and third semesters, 
respectively. 

the characteristics invest igated.  Pubertal  s tages dis- 
t r ibution and  progress ion  are s h o w n  in Tables 2 
and  3. 

H o m e  Condit ions  

The major i ty  of the families (95%) were  compr i sed  of 
2 to 5 people .  In the first semester ,  91% of the stu- 
dents  considered their  b e d r o o m  silent and  88% con- 
s idered it dark. Adolescents  did not  repor t  changes  
in their b e d r o o m s '  i l lumination and  sound  over  the 
three semesters .  The s tuden ts '  h o m e  condit ions re- 
ma ined  very  similar t h roughou t  the survey.  

Non-Schoo l  Activities 

No one  worked  for pay.  The s tudents  spent  on av- 
erage 3.5 hr  per  day  watch ing  television and  a m e a n  
of 1.5 hr  per  day  doing homework .  O n e - w a y  AN-  
OVA for repea ted  measures  s h o w e d  no significant 
influence of the semes te r  on the t ime spent  on tele- 
vision watch ing  and  on the t ime spent  doing home-  
work ,  in o ther  words ,  the a m o u n t  of hours  spent  
on  these  activities was  the same  for the three con- 

Table 3. Males' Pubertal Stages (n = 34) 

Tanner stages 

Semester T1 T2 T3 T4 T5 

Genitals S1 - 21% 26% 41% 12% 
$2 - 18% 23% 47% 12% 
$3 - 9% 15% 53% 23% 

Pubic hair $1 3% 27% 23% 23% 23% 
$2 - 9% 27% 35% 29% 
$3 - 9% 18% 38% 35% 

$1, $2, and $3 represent first, second, and third semesters. 
T1, T2, T3, T4, and T5 represent Tanner stages 1, 2, 3, 4, and 

5, respectively. 

secutive semesters  analyzed.  In the first semes te r  
58% of the s tudents  practiced sports  outs ide school 
and  63% wen t  to extra-school classes. There  was  no 
observable  change  in the a m o u n t  of t ime spent  in 
these activities over  the semesters .  

Sleep Quality,  Sleepiness  and Nap 

No one  repor ted  be ing a poor  sleeper.  Sleep quality 
was  cons idered  very  good by  32%, good by  54%, 
and  fair to good by  14% of the adolescents  in the 
first semester .  The majori ty  denied  hav ing  sleep 
p rob lems  (85%) in an open -ended  question.  There  
was  no repor t  of medicine  consumpt ion  related to 
difficulties in falling asleep or remain ing  awake.  Ha-  
bitual n ight  awaken ings  were  repor ted  by  53% of 
the s tudents:  6% woke  up  every night,  17% occa- 
sionally each week  and  30% occasionally each m o n t h  
in the first semester .  Dayt ime sleepiness (from 8:00 
a.m. to 6:00 p .m. )  was  mos t  f requent  f rom 8:00 a.m. 
to 10:00 a.m. and  f rom 2:00 p .m.  to 4:00 p .m.  (Table 
4). The n u m b e r  of adolescents  that  repor ted  day t ime  
sleepiness  r emained  stable for the three semesters  
ana lyzed  (Q = 0.48, df = 2, p > 0.05). The early 
af te rnoon s leepiness  episodes  cor respond  to the 
mos t  f requent  nap  t ime on weekdays .  There were  
inter individual  differences related to the f requency 
of naps  on weekdays :  some adolescents  (20%) re- 
por ted  taking naps  in the three semesters  surveyed ,  
44% took naps  in one or two semesters ,  bu t  not  in 
the other(s), and  36% never  took naps  dur ing  the 
s tudy  span.  N a p  f requency on school days  and  on 
non-school  days  did not  change according to the 
semester .  O n e - w a y  A N O V A  for repea ted  measures  
s h o w e d  no significant effect of the semes te r  on nap  
onset  t ime, wake -up  time, and  nap  length of those  
adolescents  w h o  repor ted  taking naps  in the three 
semesters  (n = 13). 
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Figure 1. Fluctuation of the sleep~wake cycle along the days of the week 
in the first, second, and third semesters. Bars represent the sleep period. 
Sleep-onset time (SOT) mean is plotted on the left side of the thick bar 
and wake-up time (WT) mean on the right side. Thin bars correspond 
to the standard deviation of SOT (left side) and of WT (right side). 

Day of the Week 

A sleep schedule displacement toward later hours 
and a sleep-length increase were observed on week- 
ends in comparison to weekdays (Figure 1). One- 
way ANOVA statistics for repeated measures 
evinced a significant effect of the day on the week 
on sleep-onset time (SOT) [F(2, 130) = 124.24 p < 
0.001], Wake-up time (WT) [F(2, 130) = 196.15 p < 
0.001], and nocturnal sleep length (NSL) [F(2, 130) 
= 37.41 p < 0.001]. SOT, WT, and NSL were sta- 
tistically different between weekdays and weekends  
(p < 0.01) according to Newman-Keu l s  proce- 
dure. Friday/Saturday's Sleep WT was different 
from Saturday/Sunday 's  Sleep WT (p < 0.05), except 
for semester 2. Differences between Friday/Satur- 
day 's  NSL and Saturday/Sunday's  NSL were not 
significant. 

Semester 

Sleep characteristics averages calculated for each se- 
mester are shown in Table 5. The influence of the 
semester was significant on some of the sleep vari- 
ables: Friday/Saturday's Sleep WT IF(2, 130) = 11.47 
p < 0.001], Saturday/Sunday 's  Sleep WT [F(2, 130) 
= 8.89 p < 0.001] and  Friday/Saturday's NSL [F(2, 
130) = 4.8 p < 0.02]. 

Some significant differences between the three 
semesters were revealed by Newman-Keu l s  meth- 

Table 5. Noctural Sleep Schedules per Semester 
(n = 66) 

Variable 

$1 $2 $3 
hr rain hr rain hr rain 

(SD) (SD) (SD) 

Sleep onset time 
Weekday 22 14 22 23 22 18 

(00 54) (00 55) (01 03) 
Friday/Saturday 23 20 23 38 23 33 

(01 03) (01 01) (01 02) 
Saturday/Sunday 23 57 24 07 24 10 

(01 14) (01 04) (01 19) 

Wake-up time 
Weekday 06 15 06 11 06 13 

(00 19) (00 17) (00 21) 
Friday/Saturday 08 39 09 02 9 18 

(01 17) (01 17) (01 23) 
Saturday/Sunday 09 02 09 15 09 36 

(01 22) (01 24) (01 24) 

Nocturnal sleep length 
Weekday 08 00 07 47 07 55 

(00 56) (00 51) (01 03) 
Friday/Saturday 09 18 09 23 09 45 

(01 07) (01 13) (01 20) 
Saturday/Sunday 09 04 09 08 09 25 

(01 16) ~01 14) (01 11) 

SD, standard deviation. 
$1, $2, and $3 represent the first, 

respectively. 
second, and third semesters, 

od. There was a WT displacement towards later 
hours  comparing semester I to the other semesters: 
Friday/Saturday's Sleep WT happened  23 min later 
in semester 2 (p < 0.01) and  29 rain later in semester 
3 (p < 0.001), while Saturday/Sunday 's  Sleep WT 
occurred 13 min later in semester 2 (non-significant) 
and  34 min later in semester 3 (p < 0.001). As ex- 
pected, owing to the school schedule, WT on week- 
days remained almost the same (differences ranging 
from 2 to 4 ra in- -not  significant) along the three 
semesters. Friday/Saturday's NSL was longer in se- 
mester 3 comparing to semester 1 (difference be- 
tween means was 27 rain, p < 0.025). 

D i s c u s s i o n  

The adolescents surveyed were heal thy and nor- 
mally developed for their age group. They all went  
to the same school on the same schedule and did 
not  work. The majority did not  report difficulty in 
falling asleep or maintaining sleep, a l though 60% 
reported daytime sleepiness. The number  of indi- 
viduals feeling sleepy varied along the course of the 
day. If this sleepiness were reflecting only fatigue 
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owing to school activities, we should expect equally 
frequent sleepiness during the school period or a 
linear increase. This was not, however, the case. The 
number of adolescents that felt sleepy was greater 
during the first two hours (from 8:00 a.m. to 10:00 
a.m.) than in the following two hours (from 10:00 
a.m. to 12:00 p.m.) of the morning. The early after- 
noon sleepiness episode (from 2:00 p.m. to 4:00 
p.m.) corresponds to a well-known chronobiological 
phenomenon (the Post-Lunch Dip) (15). Our results 
are similar to those of Allen and Mirabile (16). The 
17- to 18-year-old adolescents of their sample were 
least alert around 10:00 a.m. (64% at 8:00 a.m. and 
9:00 a.m.) and most alert after 3:00 p.m. 

We found a sleep schedule displacement toward 
later hours and an increase of nocturnal sleep on 
weekends compared with weekdays. There appears 
to be consensus that the adolescent's sleep schedule 
and length of sleep vary along the week, regardless 
of different population characteristics and type of 
study (1-3,5,17,18). The pattern of smaller amounts 
of sleep on weekdays and greater amounts on week- 
ends (restriction-extension) has been related to ad- 
olescents' sleepiness. Our study supports this view, 
as morning sleepiness on school days occurred at a 
time of the day that corresponded to sleep on non- 
school days. Additionally, the adolescents surveyed 
did not complain of chronic sleep disturbances that 
could be responsible for sleepiness. These facts sug- 
gest that the wake-up hour is too early on school- 
days, which may account, at least in part, for morn- 
ing sleepiness of this group. 

While the student's home conditions, school 
schedule, and time spent in some non-school activ- 
ities remained similar along the survey, some sleep 
characteristics changed. WT on weekends occurred 
later and NSL was longer in the third semester than 
in the first one. These modifications happened only 
during weekends suggesting that school schedules 
did not allow their manifestation during weekdays. 

Sleep schedule displacement as adolescents grow 
older has been described by some authors while 
sleep length increase has not. Strauch and Meier (3) 
reported a continuous decline in sleep length on 
weekdays, on weekends and during vacations of a 
group of adolescents followed up for 10 years and 
surveyed every 2 years. The sleep-length decrease 
was less pronounced on weekends and during va- 
cations than on weekdays. Comparing adolescents 
aged 10-13 years old, Anders et al. (17) observed a 
significant decline only on weekday sleep length. 
They also showed significant differences in sleep 
time between the youngest group and the oldest on 

either school or non-school nights. Levy et al. (2) 
verified a decline of sleep length per week and an 
increase of sleep need in a group of 12- to 18-year- 
old adolescents. Strauch and Meier (3) found that 
54.3%-74.5% of their sample's adolescents would 
like to sleep more. This sleep need was neither re- 
lated to difficulty in falling asleep nor to frequent 
awakenings at night. It is interesting that while these 
studies showed a decline in sleep length, they also 
showed that perhaps this decline did not correspond 
to the adolescent's sleep need. 

As home conditions and the temporal organiza- 
tion of school and non-school activities remained 
similar throughout the survey, at a time when the 
adolescents were rapidly changing their maturity 
stage, we suggest that the observed sleep schedule 
displacement (later wake-up time) may be an on- 
togenetic trend corresponding to puberty. We also 
suggest that the sleep-length decrease found in oth- 
ers studies (but not in our present survey) may be 
related to social factors and/or long-term maturative 
processes. The verification of these sleep modifica- 
tions suggests the need for further discussion about 
the organization of school schedules. In this age 
group, there seems to be a temporal conflict between 
an ontogenetic trend and the school schedule (the 
majority of schools in Brazil begin classes between 
7:00 a.m. and 7:30 a.m.). This opposition between 
social obligations and sleep requirements tends to 
increase during development and may contribute to 
daytime sleepiness seen in adolescents. The conse- 
quences of this situation for the students' well-being 
and school performance should be carefully studied. 
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