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ABSTRACT

Background and objective: Comparing the sleep-wake cycle (SWC) and daytime sleepiness in adolescents when they attend morn-
ing classes and during school vacations.

Methods: The sleep-wake cycle was evaluated based on the student’s sleep log, and daytime sleepiness was evaluated by the Karo-
linska Sleepiness Scale (KS). Comparison between these variables was performed with 42 Brazilian adolescent students (14-19 years old)
based on a one-week period on schooldays and a one-week period on vacation days. SWC irregularity was evaluated through standard
deviation in bedtime and wake-up time on weekdays and on weekends. For statistical analysis, dependent T-test and Repeated Measures
Anova were applied (p <0.05).

Results: During the vacation period, sleep irregularity is maintained, but in contrast to the schoolday period, adolescents have
a more extended sleep period on weekdays than on weekends. Bedtime and wake-up time are delayed, and sleep duration increases
along the week. Sleepiness shows a daily pattern characterized by higher sleepiness levels at wake-up time and bedtime, and during
vacations, such levels decrease at wake-up time and at 2:00pm. Moreover, during vacations frequency of naps decreases both on
weekdays and on weekends.

Conclusion: The morning school schedule is not the sole cause for the adolescent’s sleep irregularity. Sleep habits associated with
other factors involving the adolescent’s socio-cultural context may influence such behavior. It is important to investigate the extent at
which sleep schedule irregularity starts to be detrimental to the individual’s sleep quality.
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INTRODUCTION

Although people show different physiological needs in relation
to sleep, social schedules do not take into consideration such needs
(1). For adolescents, who usually go to sleep later and wake up later
than infants (2,3), starting classes before 08:00am is doubtlessly
a problem, and this schedule can be observed in several countries
including Israel (4), USA (5), Italy (6), Brazil (7), and Korea (8).
The difficulty parents have when waking their children on time
to go to school, which is often perceived as as laziness, conceals a
problem that has been recurrent among the society, that is, partial
sleep deprivation (4-8). We frequently hear reports from parents and
teachers about adolescents’ excessive daily sleepiness (9-14) coupled
with frequent and extended naps (6,10). Other consequences of par-
tial sleep deprivation may include learning difficulties, depressive
mood, and behavioral problems (9,14).

Such conflict between social schedules and biological schedules,
termed by Wittmann and collaborators as “social jetlag” (15), is
considered the major cause for partial sleep deprivation in adolescent
students and is associated with irregularity in bedtime and wake-up
time schedules on weekdays and on weekends (1,6 8,10,15,17). This
happens because on weekends adolescents tend to compensate for the
sleep deficit accumulated during weekdays by increasing their night
sleep period by 2 hours, in addition to sleeping and waking up later
(10,18). Irregularity in bedtime and wake-up time contributes to
increased daily sleepiness (17,19) and reduced sleep efficiency (17),
and it generates unsatisfactory academic performance (19).

Even recognizing that morning school schedules are the chief
cause for adolescents’ partial sleep deprivation and sleep schedule
irregularities, practicing certain habits close to bedtime limits the
adolescent’s capacity to adjust to school schedules, thus exacerbating
the problem. For example, adolescents usually watch TV, navigate
on the internet, study until late at night (20-23), or ingest stimu-
lant substances such as coffee or soda, shortly before bedtime (20).
Such behaviors are normally associated with exposure to artificial
light, which may further delay the individual’s sleep schedule (24).
On a study conducted with adolescents, Cortesi and collaborators
(25) found that in a sample of 425 students, 34% exhibited sleep
hygiene habits associated with a high level of daytime sleepiness
and low performance.

Nevertheless, such habits may develop due toa lack of knowledge
about behaviors that impact sleep (25), or because the individual
chooses to maintain certain habits that are knowingly detrimental
to sleep quality, as in the case of individuals suffering from insomnia
(26). In a study conducted with university students, Brown and col-
laborators (27) observed that knowledge about sleep hygiene mea-
sures is related to behaviors that contribute to improve sleep quality,
such as trying to maintain a regular schedule concerning bedtime.
A similar result was observed in adults by Gallasch and Gradisar
(28) and in adolescents by Sousa and collaborators (10).

On the other hand, during vacations, when adolescents are
free from any school obligations, sleep deprivation on weekdays is
reduced or nonexistent, as the majority of adolescents can sleep as
much as they wish, according to their physiological needs. Thus, in
adolescents who attend morning classes, sleep schedules and sleep
duration are different on schooldays and on school vacations. For
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example, Hansen and collaborators (29) found that adolescents’
bedtime and wake-up times are delayed on vacations, and that their
sleep period on weekdays increases 120 minutes, and on weekends it
increases around 30 minutes, when compared to the first week after
classes start. Similarly, Crowley and collaborators (30) observed that
during vacations, the initial half sleep period and the beginning of
melatonin release occur later when compared to schooldays. In addi-
tion, these authors reported that there is a closer correlation between
sleep schedules and the beginning of melatonin release during
schooldays. That is, during vacations, the adolescents express their
endogenous tendency of delaying sleep schedules and extending the
night sleep period, reinforcing the internal temporal order that had
been disturbed by the effect of social synchronizers, such as school
schedules.

Thus, during vacations, the possibility of sleeping later on
weekdays is associated with an increase in night sleep duration,
and it may reduce irregularity in sleep schedules both on weekdays
and on weekends, as well as reduce daily sleepiness. Evaluation of
adolescents’ sleep-wake cycles during schooldays and during vaca-
tions enables an understanding of how school schedules impact
adolescents’ sleep-wake cycles and on sleepiness. Such evaluation is
quite important, as these parameters affect, and often compromise,
studetns’ performance at school, mainly in the case of students who
have partial sleep deprivation. For this reason, the objective of the
present study was to compare adolescent students’ sleep-wake cycles
(SWC) and daily sleepiness on schooldays and on vacation days.

MATERIALS AND METHODS

Participants

After project approval by UFRN Ethical Committee, 127 stu-
dents from three high school classes were invited to participate in
this study upon signing the informed consent form. Any student
included in one of the three classes could participate in the study
after it was completed by his/her parents. At the end of the study,
42 students (14-19 years old) completed the research, which was
conducted at a private school in the city of Natal, state of Rio
Grande do Norte (05°46°S 35°12°W).

Procedures

Data collection was carried out during two weeks: the first one
in the first semester of the school year (June) and the second during
the vacation period (July). SWC and daily sleepiness were evalu-
ated on both weeks.

For SWC evaluation, sleep logs were utilized (31), and for
evaluation of daily sleepiness, the Karolinska Sleepiness Scale was
applied (KSS) (32,33). The sleep log included questions related to
bedtime and wake-up time schedules, sleep latency, way of waking
up, frequency of naps, and time of naps. The Karolinska Sleepi-
ness Scale is an analog scale in which the lowest values represent
the lowest levels of sleepiness and vice-versa. In this study, the
adolescents fill in the scale upon waking up, at 8:00am, 11:00am,
02:00pm, and at bedtime.

The questionnaires to be filled in during vacations were deliv-
ered shortly before the beginning of the vacation period. During
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vacations, on the week when data collection should start, the par-
ticipants received a phone call reminding them to start filling in
the questionnaire. On schooldays, the researcher went to the classes
to remind the students and to verify that the questionnaires had
been duly filled in.

Comparison between sleep schedules on the five weekdays and
the two weekend days both during the school period and during the
vacation period was performed with the use of a dependent T-test.
SWS was evaluated by comparing the standard deviation in bed-
time and wake-up time schedules on weekends during schooldays
and during vacation days by means of a dependent T-test.

Sleepiness levels on both schedules were evaluated through a
repeated measures Anova. In addition, sleepiness on each schedule
was evaluated through a dependent T-test. The significance index
for all tests was 5%.

RESULTS

Adolescents’ sleep schedules are different on schooldays and
on vacation days. Bedtime during vacations was delayed 107 min-
utes (¢(197)= -10,57, p= 0.001); wake-up schedule was delayed
208 minutes (¢(197)= -24,44, p= 0.001); and the time that the
adolescents remain in bed increased 88 minutes (t(197)= -5,54,
p= 0.001) (Table 1).

On weekends, the adolescents’ bedtime was delayed 35 min-
utes (¢(81)= -2,18, p= 0.001), and wake-up time, 48 minutes
(¢(81)= -3,68, p= 0.001). There was not, however, a significant
difference between the time that they remain in bed on schooldays
(517 minutes) and on vacation days (537 minutes) (¢(81)= -1,06,
p>0.05) (Table 1). Figure 1 depicts the sleep patterns of an adoles-
cent on schooldays and on vacation days.

Table 1: Bedtime and wake-up time schedules; night sleep duration;
and nap schedules of adolescents on schooldays and on vacation days
(Dependent T-test, * p< 0,05).

Schooldays
(average + SD)

Vacation days

CVS Parameters (average + SD) P

Week
Bedtime schedule (h:min) 22:33+70 24:21+135 *
Wake-up schedule (h:min) 6:21+77 9:48+124 *
Time in bed (min) 489+191 577+110 *
Naps
Beginning (h:min) 13:45+116 14:24+131 ns
End (h:min) 15:24+130 16:15+144 ns
Duration (min) 98+52 110+88 ns
Weekend
Bedtime schedule (h:min) 24:09+110 24:45+137 *
Wake-up time schedule
(h:min) 8:54+106 9:42+120 *
Time in bed (min) S17+117 537+134 ns
Naps
Beginning (h:min) 13:51+125 13:48+122 ns
End (h:min) 15:46+134 15:25+116 ns
Duration (min) 126+74 119+56 ns
Irregularity
Sleeping 77+£35 81+50 ns
Waking up 99=43 6124 *
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DAY OF THE WEEK

Figure 1: Actogram representing the sleep-wake cycle of an student during

a school week (compact bars) and on a vacation week (intercepted bars).

The percentage of individuals who report waking up by them-
selves was greater during vacations than during schooldays (X?=
115, p=0.001). No difference in the way of waking up on week-
ends could be observed (X?= 1,49 p>0.05).

During vacations, sleep irregularity concerning bedtime
remained (t(42)= -0,36, p>0.05). On schooldays, however, this
pattern underwent an inversion, and sleep duration was greater
on weekends (t(80)= -2,37, p=0.01); during vacations, adoles-
cents had a more extended sleep period on weekdays (¢(80)= 3,0,
p=0.001) (Figure 2), whereas during schooldays, wake-up time
was earlier (t(42)= 4,07, p=0.001) (Table 1).

750 -
700 4

0 week
8 weekend

Timne (min)

schooldays

vacations

Figure 2: Student’s sleep duration (average + standard deviation) on
weekdays and between weekdays and weekends during schooldays and
during vacation days; (*) extended sleep duration on weekends; (**)

extended sleep duration on weekdays (dependent T-test, p< 0.05).

During schooldays, the incidence of naps was greater than dur-
ing vacations, both on weekdays and on weekends (X2=28,73,
p=0.001) (X2=11,18, p=0.001). On schooldays, the incidence
of naps was greater on weekdays than on weekends (X2=6,48,
p=0.01), and this difference was not observed during vacations
(X2=0,66, p>0.05) (Figure 3).
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Figure 3. Frequency of naps on schooldays and on vacation days;(¥)
difference between weekdays and weekends; (**) difference between

schooldays and vacation days. (Qui-square, * p<0.05).

No difference with respect to the beginning, end, and dura-
tion of naps between the two weeks could be observed (t; p>0.05)
(Table 1).

Sleepiness levels were similar on both periods (Anova, F(1,
266) = 0.69, p>0.05). A variation in sleepiness depending on the
time of the day could be observed; the highest sleepiness levels
were observed at wake-up time and at bedtime (Anova, F(4, 1064)
152,67, p=0.001) (Figure 4).
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Figure 4. Sleepiness evaluated through KSS along the day on schooldays
and on vacation days. (dependent T-test, * p<0.05).

Sleepiness levels during the vacation period were lower at
wake-up time (¢(173)= 5,53, p= 0.001) and at 02:00pm (t(157)=
5,39, p= 0.001) compared to those during the school period.
At 08:00am (¢(59)= -1,37, p>0.05), 11:00am (¢(141)= -0.45,
p>0.05), and at bedtime (¢(166)= 1,22, p>0.05), no difference
could be observed. On weekends, no difference in sleepiness levels
could be observed in any of these schedules (T-test, p>0.05), nei-
ther on schooldays nor on vacation days.

During the vacation period, the KSS referring to the 08:00am
schedule was not filled in by 68% of the adolescents, who reported
being asleep at that time (X2=182, p=0.001).
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DISCUSSION

According to Hansen et al. (29) and Crowley et al. (30),
morning school schedules do have an influence upon the adoles-
cents’ SWC, leading them to sleep earlier and have shorter sleep
duration. Irregularity in sleep schedules was maintained during
the vacation period; thus, sleepiness cannot be attributed solely
to partial sleep deprivation induced by school schedules. Daily
sleepiness decreased during the vacation period as compared to the
school period at wake-up time and at 02:00pm; on the other hand,
no difference was observed on weekends.

During vacations, a bedtime delay and an increase in sleep
duration on weekdays represent the expression of the biological
rhythm, without any influence of school schedules. Thus, the
adolescents wake up spontaneously, similatly to the adolescents
observed by Carskadon on a study comparing schooldays with
vacation days (5).

Nevertheless, freedom to “choose” bedtime during vacations
does reduce irregularity in adolescents’ sleeping schedules. In
contrast to schooldays, during vacations, when their sleep period
was greater on weekends, the adolescents slept more on weekdays.
Thus, the pattern of reducing the sleep period on weekdays and
extending it on weekends was inverted. It is probable that the
weekend ceased to be the period when they compensated for sleep
missed during the week; perhaps this has become the period when
they develop stimulant social activities such as going to parties,
navigating on the internet, or watching TV until late, a common
practice among adolescents (20-23). With this in mind, consider-
ing that one of the main recommendations related to sleep hygiene
measures is the maintenance of regularity in sleep schedules, it
would be necessary to investigate the extent to which irregularity
may be detrimental to the individual’s sleep quality. However, in
view of the adolescent’s socio-cultural context, such measure may
be difficult to implement in day-to-day life.

Even if adolescents maintain an irregular bedtime schedule, the
increase in night sleep duration during the vacation period may have
contributed to reduced sleepiness at wake-up time and at 02:00pm,
as well as decreased frequency of naps. In healthy individuals, sleepi-
ness levels show a daily pattern (32), with the highest values being
observed at wake-up time, at the beginning of the afternoon (propi-
tious moments for taking a nap), and close to bedtime. Neverthe-
less, partial sleep deprivation, common on weekdays and workdays,
may raise the daily sleepiness curve, thus facilitating sleep episodes
(33-35). On the other hand, during the vacation period, an increase
in night sleep duration on weekdays was associated with a reduction
in sleepiness levels at moments propitious to sleep and with a 50%
reduction in frequency of naps.

The changes observed in adolescents’ sleep patterns and daily
sleepiness between schooldays and vacation days confirm prior
findings on the negative effects of morning school schedules upon
these parameters (4-7,11). Corroborating such findings, experi-
ments conducted in schools evaluating later morning schedules
represent a promising alternative for minimizing this problem.
For example, Epstein and collaborators (36) observed that in
students who started classes at 08:00am, the night sleep period
was longer, they had fewer complaints about fatigue and daily
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sleepiness, and they had a lower level of difficulty in concentrating
and paying attention in classes, when compared to students who
started classes at 07:10am. Similar results were observed in US
students who started classes at 08:40am instead of 07:15am (37),
and in university students who started classes at 10:00am (38).

Nevertheless, a change in school schedules should be carefully
evaluated among each population (39), as it involves several sec-
tors of the society, making its implementation difficult. Moreover,
the change in itself may not be effective, as the students might
take advantage of later school schedules by continuing to surf the
internet, watch TV, or study until late at night (40). Even so,
the possibility of planning bedtime and wake-up time schedules
favors a reduction in sleep schedules (19,38) and an increase in its
duration (19), as observed in adolescents who attend classes in the
afternoon.

Thus, in this study and previous studies, the characteristics of
adolescent sleep patterns point to the need for implementing sleep
educational programs in schools, as some sleep habits may derive
from the adolescent’s lack of knowledge on the subject. However,
such educational programs should take into consideration the ado-
lescent’s socio-cultural context, so that sleep hygiene measures are
understood as proposals that might contribute to improve their
welfare, not as a limitation to behaviors that are part of the adoles-
cent’s day-to-day life.

In the short run educational programs may help the adoles-
cents acquire knowledge that might be utilized for promoting
behavioral changes that favor sleep, as per what was observed in
previous studies (10,25). In the long run, such knowledge might
facilitate the school schedule changing process through a gradual
and continuous enlightenment of today’s adolescents, the adults
of the future.

REFERENCES

1. Roennenberg T, Wirz-Justice A, Merrow M. Life between clocks: daily
temporal patterns of humans chronotypes. Journal of Biological Rhythms
2003;18:80-90.

2. Andrade MM, Benedito Silva AA, Domenice S, Arnhold IJ, Menna-Bar-
reto L. Sleep characteristics of adolescents: a longitudinal study. J Adolesc
Health 1993;14:401-6.

3. Carskadon MA, Vieri C, Acebo C. Association between puberty and
delayed phase preference. Sleep 1993;16:258-62.

4. Epstein R, Chilag N, Lavie P. Starting times of school: effects on daytime
functioning fifth-grade children in Israel. Sleep 1998;21:250-6.

5. Carskadon MA. When worlds collide: Adolescent need for sleep versus
societal demands. In: Wahlstrom K, editor. Adolescent Sleep Needs and
School Starting Times. Phi delta Kappa; 1999. p. 11-28.

6. Giannotti F, Cortesi F. Sleep patterns and daytime function in adoles-
cence: an epidemiological survey of an Italian high scool student sample.
In: Carskadon M, editor. Adolescent sleep patterns. Cambridge Univer-
sity Press; 2002. p. 132-147.

7. Andrade M, Menna-Barreto L. Sleep patterns of high school students
living in Sdo Paulo, Brazil. In: Carskadon M, editor. Adolescent sleep
patterns. Cambridge University Press; 2002. p. 118-131.

8. Yang C, Kim JK, Patel SR, Lee JH. Age-Related Changes in Sleep/Wake

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

L. C. de Sousa et al. | Sleep Science 2009; 2(1): 30 — 35

Patterns Among Korean Teenagers. Pediatrics 2005;115:250-6.
Wolfson AR, Carskadon MA. Sleep schedules and daytime functioning in
adolescents. Child Development 1998;69:875-87.

Sousa I C, Aratjo JE, Azevedo CVM. The effect of a sleep hygiene educa-
tion program on the sleep—wake cycle of Brazilian adolescent students,
Sleep and Biological Rhythms 2007;5:251-8.

Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from
infancy to adolescence: reference values and generational trends. Pediat-
rics 2003;111: 302-7.

Carskadon MA, Wolfson AR, Acebo C, Tzischinsky O, Seifer R. Adoles-
cent Sleep Patterns, Circadian Timing, and Sleepiness at a transition to
early School Days. Sleep 1998;21:871-81.

Dahal RE. The Consequences of insufficient sleep for adolescents: links
between sleep and emotional regulation. In: Wahlstrom K, editor. Ado-
lescent Sleep Needs and School Starting Times. Phi delta Kappa; 1999.
p. 29-44.

Liu X, Liu L, Owens J, Kaplan L. Sleep patterns and sleep problems among
schoolchildren in the United States and China. Pedriatics 2005;115:241-9.
Acebo C, Carskadon M. Influence of irregular sleep patterns on waking
behavior. In: In: Carskadon M, editor. Adolescent sleep patterns. Cam-
bridge University Press; 2002. p. 220-235.

Wittmann M, Dinich J, Merrow M, Roenneberg T. Social jetlag: Mis-
alignment of Biological and social time. Chronobiology International
2006;23:497-509.

Yang C, Kim JK, Patel SR, Lee J. Age-related changes in sleep/wake
patterns among Korean teenagers. Pediatrics 2005;115:250-6.

Manber R, Bootzin RR, Acebo C, Carskadon MA. The effects of regular-
izing sleep-wake schedules on daytime sleepiness. Sleep 1996;19:432-41.
Valdez P, Ramirez C, Garcia A. Delaying and extending sleep during
weekends: sleep recovery or circadian effect? Chronobiology International
1996;13:191-8.

Medeiros ALD, Mendes DBE, Lima PF, Aratjo, JE. The relationships
between sleep-wake cycle and academic performance in medical students.
Biological rhythm research 2001;32:26-33.

Carskadon M. Factors influencing sleep patterns of adolescents. In: Car-
skadon M, editor. Adolescent sleep patterns. Cambridge University Press;
2002. p. 4-26.

Mathias A, Sanches RP, Andrade MM. Incentivar hibitos de sono ade-
quados: um desafio para os educadores. In: Pinho SZ & Saglietti JRC,
editores. Nicleos de Ensino da Unesp. Universidade Estadual Paulista;
2006. p. 718-731.

Azevedo CVM, Sousa IC, Paul K, MacLeeish MY, Mondéjar MT, Sarabia
JA, et al. Teaching Chronobiology and sleep habits in school and univer-
sity. Mind, Brain and Education 2008;2:34-47.

Van den Bulck J. Television Viewing, Computer Game Playing, and
Internet Use and Self-Reported Time to Bed and Time out of Bed in
Secondary-School Children. Sleep 2004;27:101-4.

Louzada F, Menna-Barreto L. Sleep-Wake Cycle in Rural Populations.
Biological Rhythm Research 2004;35:153-7.

Cortesi F, Giannoti F, Sebastiani T, Bruni O, Ottaviano S. Knowledge of
Sleep in Italian High School Students: Pilot-test of a School-based Sleep
Educational Program. Journal of Adolescent Health 2004;34;344-51.
Lacks P, Rotert M. Knowledge and practice of sleep hygiene techiniques
in insomniacs and good sleepers. Behaviour Res Ther 1986;24:365-8.
Brown E, Bulbotz WC, Soper B. Relationship of sleep hygiene awareness,

sleep hygiene practices, and sleep quality in university students. Behav-

34

S|eep science VOLUME 2+ ISSUE 1+ JANUARY/FEBRUARY/MARCH 2009



SWC on schooldays and on vacation days L. C. de Sousa et al. | Sleep Science 2009; 2(1): 30 — 35

ioral Medicine 2002;28:33-8.

29. Gallash J, Gradisar M. Relationships between sleep ksnowledge, sleep
practice and sleep quality. Sleep and Biological Rhythms 2007;5:63-73.

30. Hansen M, Janssen I, Schiff A, Zee OC, Dubocovich ML. The Impact of
School Daily Schedule on Adolescent Sleep. Pedriatics 2005;115:1555-61.

31. Crowley SJ, Acebo C, Fallone G, Carskadon MA. Estimating Dim Light
Melatonin Onset (DLMO) Phase in Adolescents Using Summer or
School-Year Sleep/Wake Schedules. Sleep 2006;29:1632-41.

32. Akerstedt T, Gilberg M. Subjective and objective sleepiness in the active
individual. International Journal of Neuroscience 1990;52:29-37.

33. Teixeira LR, Lowden A, Turte SL, Nagai R, Moreno CRC, Latorre MRDO.
Sleep and sleepiness among working and non-working high school eve-
ning students. Chronobiology International 2007;24:99-113.

34. Carskadon MA, Dement WC. Nocturnal determinants of daytime sleepi-
ness. Sleep 1982;5:67-72.

35. Carskadon MA, Harvey K, Duke P, Anders TF, Litt IE, Dement WC.
Pubertal changes in daytime sleepiness. Sleep 1980;2:453-60.

36. Epstein R, Chilag N, Lavie P. Starting times of school: effects on daytime
functioning fifth-grade children in Israel. Sleep 1998;21:250-6.

37. Wahlstrom KL. The prickly politics of school starting times. In: WAHL-
STROM K. (Ed.) Adolescent Sleep Needs and School Starting Times.
1999. Phi delta Kappa, pp. 3-10.

38. Lima AF, Medeiros AL, Aratjo JE Sleep-wake pattern of medical students:
early versus late class starting time. Braz J Med Biol Res 2002;35:1373-7.

39. Larson R. Implications for policy and practice: getting adolescents, fami-
lies, and communities in sync. In: CROUTER AC, LARSON R (Ed.) New
Directions for Child and Adolescent Development. 1999, pp. 83-89.

40. Carskadon MA. When worlds collide: Adolescent need for sleep versus
societal demands. In: WAHLSTROM K. (Ed.) Adolescent Sleep Needs
and School Starting Times. 1999. Phi delta Kappa, pp. 11-28.

Sleep science VOLUME 2 - ISSUE 1+ JANUARY/FEBRUARY/MARCH 2009 35



