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SLEEP DISORDERS AND STARTING TIME TO SCHOOL
IMPAIR BALANCE IN 5-YEAR-OLD CHILDREN

Cristiane Aparecida Moran', Luciane B.C. Carvalho? Lucila B.F. Prado’, Gilmar F. Prado*

ABSTRACT - Objective: To verify if sleep disorders and differents starting time to school have impaired
motor skills in 5-year-old children. Method: Cross-sectional design consisting of 132 children with sleep
disorders and 136 normal controls of the public school in the city of Sdo Paulo. The group with sleep dis-
orders was identified based on a questionnaire, and motor tests for global motor coordination, fine motor
coordination, perceptual-motor coordination, and static and dynamic balance were applied in all children.
Results: In the static balance test, more specifically in the sharpened Romberg (Tandem) test, 34% of boys
from the study group, who studied in the morning, failed the test (p < 0.05). In the single leg stance test,
62% of boys from the study group who studied in the morning failed (p< 0.05). Conclusion: This study
suggests that sleep disorders may interact with the school period and alter motor performance, especial-
ly in boys studying in the morning.
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Disturbios do sono, periodo escolar e equilibrio em criancas com 5 anos de idade

RESUMO - Objetivo: Verificar se distirbios do sono e diferentes periodos escolares comprometem as habili-
dades motoras de criangas de 5 anos. Método: Realizou-se estudo transversal com 132 criancas com dis-
tarbio do sono e 136 controles normais de escolas publicas da cidade de Sao Paulo. Foram utilizados ques-
tiondrios para disturbios do sono e testes para coordenacdo motora global, motora fina, percepto-moto-
ra, equilibrio estatico e dindmico. Resultados: No teste de equilibrio estatico, mais especificamente na
p rova pé ante pé, 34% dos meninos do grupo estudo, que estudavam no periodo da manhg, falharam no
teste (p < 0,05). Na prova de apoio monopodal, 62% dos meninos do grupo estudo, que estudavam no
periodo da manh3, falharam no teste (p < 0,05). Conclusdo: Este estudo sugere que os disturbios do sono
podem interagir com o periodo escolar e alterar a performance motora, principalmente de meninos que
estudam no periodo da manha.

PALAVRAS-CHAVE: disturbios do sono, criancas pré-escolares, performance motora, equilibrio, crono-

biologia.

The prevalence of sleep disorders in preschool
children ranges from 25 to 37%, but only few stud-
ies have associated sleep disorders with cognitive
performance in this population and only some re-
ports in the international literature alert to the
possible impairment of motor skills resulting from
sleep disorders in this age group'™'3. Recent stud-
ies have suggested that sleep might particularly
be important for the consolidation of procedural-
based skill learning™. Furthermore variables such
as circadian rhythm may increase the effects of
sleep disorders in terms of both cognitive and
motor functions'.

Motor development can be accompanied by

sleep problems8'>"7. Training of motor skills fol-
lowed by a night of sleep results in a 20% increase
in motor performance speed without loss of accu-
racy, a fact not observed when the subjects remain
awake after training, suggesting that sleep is crit-
ical for the consolidation of certain memory types
and basic neurophysiological processing required
for skill learmning'. Selective sleep deprivation can
impair the acquisition of a motor activity, and stage
2 non-REM sleep, in addition to REM sleep and
slow-wave sleep, might be involved in overnight
gain of motor skills'*'6. Investigations on motor
deficits in different age groups and their eventu-
al association with sleep disturbances are neces-
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sary because of the potential benefits for this pop-
ulation, since the identification of changes in neu-
romotor development permits adequate guidance
for the child within the skills expected for his/her
age.

The objective of the present study was to 1) de-
termine whether children with sleep disorders
show impaired motor skills resulting from sleep
disturbances and 2) the influence of the associa-
tion between sleep disorders and starting time to
school on motor skills.

METHOD

Subjects and study place — We called for a lecture on
sleep disorders 1382 children’s parents of 5 elementary
public schools from Ermelino Matarazzo and Sdo Miguel
Paulista periferic region of Sdo Paulo, SP, Brazil. A total
of 15 meetings were realized and 780 parents (56 %)
attended to them. At that time 780 questionnaires were
distribuited. Five hundred and thirty five re turnedand
we excluded 161 for incorrect filling in or who present-
ed one or more of the following deficits: pre-existing
visual, osteomuscular and/or neurological deficits, chil-
dren who did not fit the age, and children who refused
to participate or did not appear on the day of applica-
tion of the test.

Finally a total of 374 preschool children aged 5 years
enrolled in schools belonging to the east zone of the
city of Sdo Paulo, Brazil, were studied to determine pos-
sible changes in motor skills associated to sleep disor-
ders. Of the 374 children, 132 (35%) had sleep disor-
ders, and all were included in the study. Among the 242
possible children without sleep disorders, 136 were ran-
domily selected to comprise the control group. The num-
ber of children selected for the control group depend-
ed on the number of children with sleep disorders in
each school period, i.e., morning, intermediate and af-
ternoon, and we did the selection according to stan-
dard sampling procedures (standard error formula) what
allowed a number of 288 subjects. We achieved a total
of 268 children for the study and control groups much
close from the calculated number. Children in the morn-
ing period studied from 7:00 to 11:00 h, those in the
intermadiate period from 11:00 to 15:00 h, and those in
the afternoon period from 15:00 to 19:00 h. All children
were evaluated in the school during school period.

Diagnosis of sleep disorders - Sleep disorders were
diagnosed using The Sleep Disturbance Scale for Children
(SDSC) adapted for Brazilian Portuguese'®, what includes:
parasomnias disorder of initiating and maintaining sleep,
excessive daytime sleep, sleep hyperhidrosis and sleep
b reathing disorders. For the porpuse of this study we
analyzed the sleep disorders group as a whole, because
our primary interest were to compare any kind of sleep

disorders to a control group. The questionnaires were
filled out during the meeting by parents or relatives
guided by the researcher.

The Research Ethics Committee of the Federal Uni-
versity of Sdo Paulo approved the study, and the par-
ents or responsible persons signed an informed consent
form.

Motor skill assessment — To detect changes in motor
skills (static balance, dynamic balance, global motor
coordination, perceptual-motor coordination, and fine
motor coordination) we used 10 instruments (toys). Be-
cause sleep disturbance were rarely, if once, taking in
account in previous motor perf o mance test and because
the number of tests for five years old children were gen-
erally reduced. The study design was done in a compar-
ative fashion, we decided to select 10 instruments (toys)
more likely to assess motor disturbance in this age. Fai-
lure was considered to have occurred in a test when 1)
the child did not perform the test. The child avaliated
what was proposed and after a varied amount of hesi-
tation decide not to perform the test fearing not to
accomplish the required task, disclosing his/her poten-
cial disability according to the global impression of the
examiner (blind to the groups), 2) the child tried and
failed. Analysis of the child’s perf o rmance in all 10 tests
permitted to determine whether or not the child had
impaired motor skills.

The same examiner (C.A.M.) conducted all tests and
was unaware of whether the child belonged to the study
or control group.

Static balance. This parameter was evaluated using
two tests: a) the single leg stance (10 s) and b) sharp-
ened Romberg (Tandem) (10 s). In the single leg stance
test, the child remained standing with plantar support
on one foot only (chosen by the child itself), with the
other leg flexed at a right angle and the eyes open. The
child failed the test when the foot touched the floor. In
the sharpened Romberg (Tandem) test, the child re-
mained standing with plantar support of one foot, with
the tip of one foot close to the heel of the other and
the eyes open. The child failed the test when moving
the foot of initial support.

Dynamic balance. These parameters were assessed
using two tests: a) foot by foot gait and b) jumping with
the two feet together. In the foot-by-foot gait test, the
child walked forward on a 2-m straight line, placing the
heel of one foot close to the tip of the other. The child
failed the test when his/her feet left the line during the
course. In the jumping test, the child moved forward
for a distance of 5 m jumping with the two feet togeth-
er. The child failed the test when he/she was unable to
jump forward, or was only able to perform the test with
the feet apart.

Global motor coordination. This parameter was eval-
uated using two tests: a) playing hopscotch and b) skip-
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ping rope. In the hopscotch game, due to the age of
the children studied perf o rmance was only evaluated
during the first phase of the game, which consisted of
altemately leaping in double (bipedal support) and sin-
gle boxes (monopodal support using the prefermed low-
er limb). The boxes were square measuring 32 cm on
each side and forming 10 contiguous and altemating
squares . The child failed the test when he/she was una-
ble to rhythmically and consecutively alternate one
foot/two feet, as he/she leaped on one or two boxes.
Skipping was perf o rmed with the help of the examin-
er who swung a 2.72-m rope. The child was asked to
skip the rope in a single attempt. The test failed when
the child was unable to skip the rope.
Perceptual-motor coordination. This parameter was
evaluated using two tests: a) key and b) pyramid tests.
In the key test, the child was instructed to place a key
in a lock simulating a conventional 7.5-cm lock fixed to
a rectangular wooden support whose sides measured
26.5 and 19 cm. A Byzantine type key with a 7-cm axis,
with the head measuring 2 x 1.5 cm and the stem 1 x 1
cm, was used. The child failed the test when he/she was
unable to place the key in the lock. In the pyramid test,
the child observed a quadrangular pyramid (base: 19
c¢m, height: 2 cm) consisting of 10 transversely sectioned
consecutive pieces being mounted for about 5s. The
pyramid was then dismantled in front of the child, and
the child was asked to assemble it again. The child failed
the test when the pyramid had fewer than 10 pieces or
the contiguity of the transverse sections was incorrect.
Fine motor coordination. This parameter was assess-
ed using two tests: a) tying a simple knot and b) but-
toning a shirt. In the simple knot test, the child tied a
simple knot in a pedagogic wooden shoe (14 x 7 cm)
fixed to a quadrangular wooden base (19.5 cm). The
child failed the test when he/she only tangled the laces,

without crossing them and inverting their position. In
the shirt-buttoning test, the child had to button two
buttons of the shirt of a doll. The buttons measured 2
c¢m in diameter and were spaced 3 cm apart, measures
appropriate for the execution of this task in this age
group'. The child failed the test when he/she was
unable to button the shirt.

Statistical analysis — The children were stratified into
two groups (control and study group) and the results
were analyzed statistically by the chi-square and Fisher
tests. The variables enroled were: gender, starting time
to school (morning, intermediate and afternoon). The
test chi-square was used across groups (sleep disorders
versus control, genders and starting time periods on
each outcome measure, while Fisher’s exact tests were
used across group within each gender and time period
on each dependent variable. We considered significant
p < 0.05.

RESULTS

Of the 268 children studied, 141 (53%) were
boys aged 5 years. The study group consisted of
132 children, 79 (60%) of them boys, and the con-
trol group consisted of 136 children, 62 (45%) of
them boys. Boys and girls in the control group had
the same motor performance test.

Motor performance did not differ significant-
ly between 5-year-old children with and without
sleep disorder in most of the 10 tests applied (Table
1A and 1B).

The only difference between the study and con-
trol groups was observed in terms of static balance
(both in the single leg stance and sharpened
Romberg (Tandem) tests) for boys who studied in
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Fig 1. Static balance: performance in the sharpened Romberg
(Tandem) test of boys with sleep disorders attending school in
the morning.

Fig 2. Static balance: performance in the monopodal stance
test of boys with sleep disorders attending school in the morn -

ing.
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Table 1A. Absolute and relative values of alterations in the motor skill tests observed for boys and girls with sleep disorders attend -

ing different school periods.

Motor skill Test Boys Girls Total
M I |
N % N % N % N % N % N % N %

Static balance Single leg 16 62* 11 48 17 59 11 55 9 50 12 7 76 57

Tandem 9 34* 4 17 2 7 2 10 1 5 3 18 21 16
Dynamic balance Gait 12 0 1 5

Jumping 0o o0 0 0 2 N 1 5 5
Global motor Hop-scotch 14 54 8 35 14 48 8 40 6 33 6 35 56 42
coordination Skipping rope 16 62 16 70 20 69 11 55 13 72 14 82 90 68
Perceptual-motor Key 1 4 0o 0 3 10 1 5 0 O 0 5 4

Pyramid 18 69 19 83 23 79 15 75 13 72 13 76 101 76
Fine motor Buttoning 4 15 1 4 4 14 0 0 O 0 9 7
coordination Simple knot 18 69 18 78 21 72 45 8 44 35 80 60
Total 101 22 78 17 108 24 57 13 52 12 56 13 452

M, morning period; |, intermediate period; A, afternoon period; * p < 0.05.

Table 1B. Absolute and relative values of alterations in the motor skill tests observed for boys and girls of the control group attend -

ing different school periods.

Motor skill Test Boys Girls Total
M I |
N % N % N % N % N % N % N %

Static balance Single leg 5 24* 43 11 52 15 60 11 48 38 60 44

Tandem 1 5% 14 8 38 2 8 6 26 8 22 16
Dynamic balance Gait 0 o0 5 2 10 0 0 0 o 4

Jumping 4 19 0o O 5 2 8 2 9 4 10
Global motor Hop-scotch 8 38 9 43 13 62 11 44 6 26 6 25 53 39
coordination Skipping rope 15 71 14 67 18 86 20 80 18 78 22 92 107 79
Perceptual-motor Key 1 5 2 10 1 5 1 4 0 O 3 13 8 6

Pyramid 17 81 19 90 18 86 21 84 18 78 20 83 113 83
Fine motor Buttoning 4 19 2 10 1 5 0o o0 0 o 1 4 8 6
coordination Simple knot 14 67 15 71 15 71 14 56 9 39 12 50 79 58
Total 69 15 74 16 88 19 86 19 71 15 76 16 464

M, morning period; |, intermediate period; A, afternoon period; * p < 0.05.
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the morning (Figs 1 and 2). Failure to perf o rmthe
sharpened Romberg (Tandem) test was observed
for 9 boys (34%) of the study group versus 1 boy
(5%) of the control group (p < 0.05).

With respect to the monopodal stance test, fail-
ure was observed for 16 boys (62%) of the study
group versus 5 (24%) of the control group (p <
0.05).

DISCUSSION

No data are available in the literature showing
that sleep disorders influence the neuromotor de-
velopment of preschool children. This was the
objective of the present study which added eviden-
ce to investigations that report a probably influen-
ce of sleep disturbances on the acquisition of mo-
tor skills'#'%17_In this respect, we observed that
boys studying in the morning showed more fre-
quent alterations in static balance compared to
the control group. Sleep disorders are common in
early childhood and tend to persist during pre-
school years. The persistence of early childhood
sleep disorders in this age group might reflect
¢ h ronic medical conditions as well as the presence
of environmental, family and behavioral prob-
lems’17:20-25_ However, data regarding sleep prob-
lems in childhood and particularly in preschool
children are scarce.

Sleep disorders can influence cognitive, emo-
tional and motor development and can cause phys-
iologycal alterations in the central nervous sys-
tem"457-17.20-25 Some studies have demonstrated
that selective sleep deprivation can impair the
acquisition of a motor activity, with stage 2 non-
REM sleep probably being involved in the motor
skill gain obtained during the period before a
night’s sleep compared to the control group depri-
ved of stage 2 sleep after motor training. Other
studies have suggested that the learning of motor
skills depends on REM sleep and slow-wave sleep,
a fact that seems to be associated with the com-
plexity of the learned skills, which are related to
variations in cortical plasticity'. Mnemonic process-
es during normal sleep are critically dependent on
REM sleep integrity'. These findings are consis-
tent with various animal-learning paradigms show-
ing that, after learning, REM sleep deprivation im-
pairs the acquisition and long-term retention of
motor skills and tasks’®.

The present study adds further evidence for the
fact that sleep disorders, in addition to compro-

mising cognitive processes, also impair some motor
skills. In addition, our data add two other variables
that were apparently important in the develop-
ment of balance difficulties observed in the pres-
ent children, since boys who studied in the morn-
ing performed worse than the control group. Be-
sides some girls were also affected by the same va-
riables, there is no obvious reason to explain why
boys are more affected; however, in similar cultur-
al contexts girls aged 4-5 to 17 years, in contrast
to boys, predominantly develop skills such as stat-
ic and dynamic balance, agility, manual skills and
jumping with monopodal support?.

The observation of a larger number of altered
tests for children studying in the morning suggests
that factors such as sleep restriction are important
in the development of these motor difficulties,
considering that total nocturnal sleep time is lon-
ger in children attending school in the intermedi-
ate or afternoon period than in those attending
in the morning*®&™, As practical issue we should
consider the above variables while performing
neurdogical examination in children especially in
the morning.

Based on evolutive neurological tests?” and psy-
chomotor fundaments, we evaluated the children
according to the stage of motor development using
toys as instruments, which are easily applicable
and provide an interaction with the “playing” en-
vironment for the children.

The main weakness of our study is related to
the diagnosis of sleep disorders based on the use
of questionnaires. Although these instruments are
adequate for population studies, their low sensi-
tivity and specificity may probably have influenced
the present results. Individual clinical and poly-
somnographic assessment would permit the for-
mation of more homogenous groups (study and
contrd), and the eventual detection of motor dif-
ficulties in many other tests used.
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