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Abstract

Objective: The present study’s objective is to assess whether sleep duration affects Early

Childhood Development (ECD). A prospective cohort study was carried out with 278 mother-child

dyads in the city of Fortaleza, northeastern Brazil, with data collection every 6 months.

Method: The data used in this study are from the third (18 months) and fourth (24 months)

survey waves. Information on sleep duration was collected using the Brief Infant Sleep Question-

naire (BISQ) and information on ECD using the Caregiver Reported Early Development Instrument

(CREDI). Crude and adjusted regression models were run for each CREDI domain as an outcome

with 5 % significance.

Results: The authors found that after adjusting for maternal age and schooling, family income,

and the presence of other children in the house, night sleep duration was associated with better

ECD scores (cognitive: coef. 0.14; 95 % CI 0.04,0.24; language: coef. 0.10; 95 % CI 0.01,0.19;

motor: coef. 0.10; 95 % CI 0.03,0.18; socio-emotional: coef. 0.16; 95 % CI 0.06,0.25; overall:

coef. 0.14; 95 % CI 0.04,0.24), and the time awake at night associated with worse scores

(cognitive: coef. -0.12; 95 % CI -0.23,0.02; motor: coef. -0.09; 95 % CI -0.17,-0.01; socio-

emotional: coef. -0.11; 95 % CI -0.21,-0.01; overall: coef. -0.11; 95 % CI -0.21,-0.01).

Conclusions: Nocturnal sleep duration affects ECD as expressed in all CREDI scores (cognitive,

language, motor, social-emotional, and overall).

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

The COVID-19 pandemic affected health in varied ways, such
as mental health,1 levels of physical activity;2 and changes
in sleep quality for children.3 A review found that children’s
sleep was affected in various ways during the COVID-19 iso-
lation period, leading to changes in sleep routines, patterns,
and disturbances. The results indicated increased sleep
duration, but findings on sleep latency were inconclusive.4

Sleep duration is a known health-related factor and sleeping
for less than the recommended hours can lead to general
health problems, worse quality of life, and cardiovascular,
metabolic, pulmonary, allergy/atopy, and obesity-related
conditions among children and adolescents in the long
term.5 Although little discussed, short sleep duration is a rel-
atively frequent problem, occurring in 33.3 % of children
between 1 and 2 years of age, with variations according to
ethnicity, income, and parents’ educational level.6

Between 1 and 2 years of age is the period in which
Early Childhood Development (ECD) takes place, which is
understood as the children’s cognitive, physical, language,
motor, social, and emotional development, between con-
ception and age 8.7 It is important to highlight that this is
a period in people’s lives in which a decrease in sleep can
lead to impaired memory development, lack of emotional
regulation, and inadequate levels of cognition8 and motor
skills.9

Studies conducted during non-pandemic scenarios have
shown that higher child developmental scores are associated
with sex, caregiver education, socioeconomic status, and
stimulation.10 Furthermore, lower child development scores
were seen in children of mothers with depressive symptoms,
low schooling, two or more children under seven years of
age living in the household, and children born prematurely
and with intrauterine growth restriction.11 However, there is
scarce literature analyzing associations between child
development and sleep in early childhood especially in chil-
dren born during the pandemic. Understanding how sleep
duration affects child development can inform better clini-
cal or population interventions and sleep recommendations.
Additionally, the World Health Organization (WHO) identifies
a research gap in the effects of sleep duration on motor
development, growth, and injury.12 Taking all this into
account, this article aims to assess whether sleep duration
during the period of social distancing resulting from the
COVID-19 pandemic can be a determinant of poorer early
childhood development.

Materials and methods

Study site and data

This study uses data from the Iracema-Covid, a cohort study
carried out with mothers and their babies born in Fortaleza
during the COVID-19 pandemic, specifically in July and
August 2020.13 The study was approved by an Ethics Commit-
tee (73516417.4.0000.5049), and formal consent was pro-
vided by all participants. Four rounds of data collection
have been conducted (6, 12, 18, and 24 months after birth).
In this study, the authors use data from the third and fourth
rounds (18 and 24 months after birth). Women who delivered

in July or August 2020 in public hospitals in Fortaleza, aged
over 18, and with complete address information were eligi-
ble for the study (n = 3567). A representative sample of 352
women was selected to detect a 45.7 % prevalence of mater-
nal common mental disorders (CMDs) with a 5 % margin of
error and 95 % confidence interval. An additional 371 women
were randomly selected to account for potential attrition.13

Briefly, in the third and fourth rounds, 331 mother-child
dyads (94.6 % response rate) were interviewed. Of those, 12
children presented neurological disorders that compromise
child development, and 41 did not answer at least one ques-
tion regarding child sleep patterns. Therefore, the authors
used 278 mother-child dyads for the present analysis.

The main outcome of interest in this study is ECD, mea-
sured through the Caregiver Reported Early Development
Instrument (CREDI). CREDI is a caregiver-reported, cross-cul-
turally comparable, population-level measure of ECD for
children under three years. It provides an accurate and user-
friendly assessment of four domains of ECD: motor, cogni-
tive, language, and social-emotional. CREDI has been trans-
lated and validated in Brazil and is freely available.10 The
authors used the long version of CREDI which has been
designed for large-scale research and has 117 questions with
yes/no answers. Those answers are used to calculate scores
for each ECD domain, as well as an overall score. In this
study, the authors used CREDI scores from the fourth round
of Iracema-Covid (children aged 24 months). Scores were
calculated using an algorithm created by the developers of
CREDI (https://credi.shinyapps.io/Scoring_App/) and are
expressed as age-adjusted z-scores considering a normal
distribution. The z-scores were also categorized as h �2SD;
�2 � SD � �1; �0.99 � SD � 0.99; 1 � SD � 2; and i 2SD for
descriptive purposes.

The main effect of interest was the child’s sleep dura-
tion. It was measured in the third and fourth rounds of Ira-
cema-Covid with the Brief Infant Sleep Questionnaire
(BISQ). BISQ is answered by the parents, takes 5 to 10 min,
and covers the following questions with a recall period of
one week: 1) nocturnal sleep duration (between 7pm and
7am); 2) daytime sleep duration (between 7am and 7pm);
3) number of night awakenings; 4) duration of wakefulness
during the night hours (10pm to 6am); 5) nocturnal sleep-
onset time (the time at which the child falls asleep); 6) set-
tling time (latency to falling asleep at night); 7) method of
falling asleep; 8) location of sleep; 9) preferred body posi-
tion; 10) age of the child; 11) gender of the child; 12) birth
order; and 13) role of the responder. The authors also con-
sidered the total daily sleep duration (hours) measured as
the sum of nocturnal sleep duration and daytime sleep
duration. BISQ has been translated and validated for use in
Brazil.14 The following variables recorded missing values:
nocturnal sleep duration (6 cases); daytime sleep duration
(1 case); time awake at night (1 case); and number of night
awakenings (6 cases).

Additional variables from Iracema-Covid were selected
based on their expected relevance to ECD, including child
sex, race, income, premature birth, maternal partnership
status, daycare attendance, childcare assistance, mater-
nal education, and age. Other factors considered were
whether the mother received cash assistance, had pri-
vate health insurance, and had other children under
6 years old.
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Statistical analysis

Continuous numerical variables were described with means
and standard deviations, while categorical variables were
summarized using frequencies. Data normality was assessed
with the Shapiro-Wilk test. The inferential analysis employed
the Spearman test to explore correlations between CREDI
domain z-scores and child sleep duration variables.

Crude and adjusted linear regression models were run
considering the scores of each CREDI domain as the out-
come. Covariates included BISQ variables (nocturnal sleep
duration; daytime sleep duration; number of night awaken-
ings; and duration of wakefulness during the night hours),
and other controls from Iracema-Covid, as described above.
The authors used a backward stepwise regression so that
variables that did not have significance between 0.05 and
0.20 were gradually removed. Final significance was consid-
ered for p-values < 0.05. Multicollinearity between varia-
bles was tested using the Variance Inflation Factor (VIF) with
a cut-off point of 10. All statistical analyses were carried out
in Stata 11.

Ethical approval and participant consent were obtained
as recommended (National Research Ethics Committee in
Brazil - Number 73516417.4.0000.5049) and the data are
available upon request.

Results

Mothers were on average 26.24 years old (SD: 0.95), had
10.63 years of education (SD: 2.61), were mostly black/
brown (70.50 %), and were living with a partner (75.90 %).
Among CREDI domains, language had the lowest score
(�0.58; SD: 1.13). Children, on average, slept 9.39 h (SD:
1.46) during the night, 2.90 h (SD: 1.40) during the day,
stayed 0.49 h (SD: 1.35) awake at night, slept a daily total of
12.24 h (SD: 0.95), woke up an average of 0.87 times (SD:
1.32) during the night, and most slept >11 h a day (84.53 %).
Means and standard deviations (SD) of CREDI domain scores
among survey participants at 24 months were: �0.35
(SD 1.20) for cognition; �0.58 (SD 1.13) for language; �0.47
(SD 0.95) for motor; �0.35 (SD 1.17) for social-emotional;
and �0.50 (SD 1.23) for the overall domain (Table 1). It
should be noted that the evolution of the participants’
development from 18 to 24 months seems to be within an
expected pattern, as can be seen from the distribution of
standard deviations of the CREDI scores in the two waves
(Supplementary Table1).

The authors found significant correlations between noc-
turnal sleep duration and all CREDI domains: cognition
(0.16); language (0.14); motor (0.15); social-emotional
(0.14); and overall (0.15). Similarly, total daily sleep time
was correlated with the language (0.16), social-emotional
(0.12), and overall (0.15) CREDI domains. Negative and sig-
nificant correlations were found between time awake at
night and all CREDI domains: cognition (�0.23); language
(�0.15); motor (�0.21); social-emotional (�0.15); and
overall (�0.17) (Table 2).

Adjusted regression models showed that the increase in
night sleep duration was associated with better scores in all
CREDI domains (p-values from 0.001 to 0.026). Therefore,
each additional hour of nighttime sleep would increase the

mean cognition score by 0.14 points; 0.10 points higher in
the average of the language and motor (all p < 0.05)
domains; 0.16 points higher on average for the socio-emo-
tional domains; and 0.14 points higher in the average of the
overall domain (all p < 0.05). Except for the language
domain, the longest time awake at night indicated worse
scores for the CREDI domains (p-values from 0.016 to 0.041).
In the cognition domain, each hour awaked at night deter-
mined a decrease of 0.12 points in the mean score; for the
motor domain, the mean decrease would be 0.09 points;
and 0.11 for the socio-emotional and overall (all p < 0.05)
domains.

Regarding other controls, each additional year of mater-
nal education was associated with an increase of 0.05
(p = 0.044) in the cognition domain. Also, in the same
domain, having another child under the age of 6 at home
was associated with an increase of 0.45 points (95 %CI: 0.01;
0.81, p = 0.011). In the Language domain, each year of
maternal age implied an increase of 0.14 points (p = 0.045),
while female children had a higher score (p = 0.030). The
score of the motor domain increased by 0.23 (p = 0.037) and
0.28 (p = 0.044) points if the child was female and attended
daycare, respectively. In addition, having another child
under the age of 6 at home determined an increase of 0.37
points (p = 0.044) in the Socio-emotional domain. Finally, for
the Overall domain, being a female child and having a house-
hold income of 3 or more MMW were associated with an
increase of 0.34 (p = 0.020) and 0.41 (p = 0.046) points on
the domain, respectively (Table 3).

Discussion

The research findings show that sleep-related variables sig-
nificantly impact early childhood development (ECD) as
measured by CREDI domains, in children born during the
COVID-19 pandemic. Longer nocturnal sleep positively
affects overall development and CREDI scores, while pro-
longed wakefulness worsens cognitive, motor, and social-
emotional development. In the cognition domain, better
maternal education, female gender, and the presence of
younger siblings enhance development. Maternal age and
female gender positively influence language development,
while female gender and younger siblings benefit motor
development. Social-emotional development is improved by
younger siblings, female gender, and income � 3 MMW.
These results highlight the connection between sleep and
child development.

Sleep duration plays a fundamental role in the child’s
cognitive development, contributing positively to memory
consolidation, learning process, and brain plasticity, which
are bases for the development of cognition,15 but the mech-
anisms of action remain poorly defined. The authors know
that REM sleep (Rapid Eye Movement) allows the organism to
act by selectively restricting the growth of dendritic spines
and strengthening the development of new synapses.16 It is
assumed that there are sleep-dependent, age-related
changes in the child’s neurocognitive development process
and that two phases could be delineated in this process. The
development involves an initial period of high plasticity with
synapse formation and increased myelination, followed by a
phase of reduced plasticity, selective synaptic pruning,
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Table 1 Description of the studied sample, Iracema-COVID Cohort Study. Fortaleza, Brazil, 2021�2022.

Variables Mean SD n %

Child Development Domains (CREDI)

Cognition (z-scores measured at 24 months) �0.35 1.20

> 2SD (> 2.4) 2 0.72

1 � SD � 2 (1.21 � 2.4) 14 5.04

�0.99 � SD � 0.99 (§ 1.2) 209 75.18

�2 � SD � �1 (�1.21 � �2.4) 33 11.87

< �2SD (<�2.4) 20 7.19

Language (z-scores measured at 24 months) �0.58 1.13

> 2SD (> 2.2) 0 0.00

1 � SD � 2 (1.14 � 2.2) 13 4.68

�0.99 � SD � 0.99 (§ 1.14) 179 64.39

�2 � SD � �1 (�1.14 � �2.2) 65 23.38

< �2SD (< �2.2) 21 7.55

Motor (z-scores measured at 24 months) �0.47 0.95

> 2SD (> 1.9) 1 0.36

1 � SD � 2 (0.96 � 1.9) 15 5.40

�0.99 � SD �0.99 (§ 0.96) 187 67.27

�2 � SD � �1 (�0.96 � �1.9) 51 18.35

< �2SD (< �1.9) 24 8.63

Social-emotional (z-scores measured at 24 months) �0.35 1.17

> 2SD (> 2.3) 2 0.72

1 � SD � 2 (1.18 � 2.3) 19 6.83

�0.99 � SD � 0.99 (§ 1.18) 205 73.74

�2 � SD � �1 (�1.18 � �2.3) 35 12.59

< �2SD (< �2.3) 17 6.12

Overall (z-scores measured at 24 months) �0.50 1.23

> 2SD (> 2.4) 0 0.00

1 � SD � 2 (1.24 � 2.4) 14 5.04

�0.99 � SD � 0.99 (§ 1.24) 199 71.58

�2 � SD � �1 (�1.24 � �2.4) 45 16.19

< �2SD (< �2.4) 20 7.19

Child�s Sleep Duration (measured at 18 months)

Night sleep duration (hours) 9.39 1.46

Daytime sleep duration (hours) 2.90 1.40

Time awake at night (hours) 0.49 1.35

Number of night awakenings 0.87 1.32

Total daily sleep duration (hours) 12.23 1.92

Child’s Sleep Duration (measured at 24 months)

Night sleep duration (hours) 9.14 1.63

Daytime sleep duration (hours) 2.75 1.40

Time awake at night (hours) 0.53 1.18

Number of night awakenings 0.42 0.90

Total daily sleep duration (hours) 11.78 2.04

Sex of the child

Male 142 51.08

Female 136 48.92

Premature birth 27 9.44

Child attends daycare 58 20.94

Maternal age � 24 months 26.24 0.95

Maternal education (years) � 24 months 10.63 2.61

Mother’s skin color

White 46 16.55

Yellow 33 11.87

Black/brown 196 70.50

Other 3 1.08

Mother lives with partner � 18 months 211 75.90
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white matter growth, and stable connectivity. The first stage
occurs before 2�3 years, promoting neural reorganization
and learning, while the second stage, after 2�3 years, sup-
ports neural repair and maintenance.17 The present study
confirms that longer nighttime sleep and shorter wake peri-
ods are key determinants of better cognitive development
in children, consistent with existing literature. These find-
ings highlight the importance of adequate sleep for prevent-
ing cognitive impairments.

Apparently, sleep contributes by allowing the process of
memory consolidation to occur. Thus, the memories initially
acquired during wakefulness are more unstable and suscepti-
ble to interference, they are consolidated during sleep and
made available for a third stage of access and recall. A
hypothesis that may more consistently explain the need for
sleep for the language learning process concerns the fact that
during the waking period, learning memories, which are more
labile, are encoded by the hippocampus, but during sleep,
these memories would be strengthened and transferred to the
neocortical networks, favoring its fixation.18 Therefore, chil-
dren with a longer and more regular sleep cycle would have
more possibilities of retaining language learning memories.

It is already known that the motor learning process is
related to sleep, favored with a more consistent process of
enhancement and consolidation of motor learning.19 There-
fore, the scientific literature already shows a relationship
between adequate sleep and better performance in ambula-
tory locomotor tasks20 and in the resolution of locomotor
problems.21 Although the literature is not definitive about it,
the learning consolidation process allowed by sleep also
applies to the motor learning process, facilitating the
retrieval of information for the development of motor skills.22

Adequate nighttime sleep should be considered crucial for
promoting proper motor development in children and can
serve as an intervention to support optimal motor growth.

How sleep contributes to the development of social and
emotional skills is still unclear. It is known that interactions
between children and adults act to shape brain architec-
ture.23 It may be that this molding process is facilitated by
the properties of high plasticity, the establishment of synap-
ses, increased myelination, selective synaptic pruning,
increased white matter, and the stabilization of connectivity
that adequate sleep provides.17 Therefore, it is extremely
important to consider sleep patterns as crucial for monitor-
ing children’s social and emotional development. Results
and existing literature suggest that sleep can also be a key
factor in clinical interventions to support development.

Maternal education, female gender, and presence of
other children younger than 6 years showed a relationship
with better cognition scores. This might be related to a
richer vocabulary of mothers with better education24 and
interaction with older children at the home25 environment,
which can be triggers for children’s cognitive development.
The present results suggest that female children had better
cognitive development. This could be due to structural var-
iations of the brain according to gender;26 however, socio-
economic variables may also influence this result.27

In addition to what has already been discussed in this arti-
cle, a few words should be highlighted about the pandemic
period and its influence on the duration and quality of sleep
in the general population. Previously published literature
shows that some factors, such as lockdown and social isola-
tion, typical of the pandemic period, may be associated
with worse quality and duration of sleep.28 Therefore, the
reading and interpretation of the results presented here
must be considered in the context to which the authors
were all exposed during the COVID-19 pandemic.

The present study’s data may support promoting ade-
quate nighttime sleep during pediatric follow-ups and
inform health policies encouraging sleep for optimal early

Table 1 (Continued)

Variables Mean SD n %

Income � 18 months (Monthly minimum wage � MMW)

< 1 MMW 76 27.34

1 - 2 MMW 143 51.44

� 3 MMW 59 21.22

Mother with other sons <6 years old � 24 months 55 19.78

Mother gets help with childcare � 18 months 83 29.86

Cash transfer assistance� 24 months 175 62.95

Private health insurance 116 41.73

Table 2 Correlation between sleep duration (at 18 months) and CREDI domain z-scores (at 24 months), Iracema-COVID cohort study.

Variables Cognition Language Motor Social-emotional Overall

Night sleep duration (hours) 0.1679* 0.1419* 0.1591* 0.1434* 0.1507*

Daytime sleep duration (hours) 0.0098 0.0960 0.0115 0.0566 0.0833

Time awake at night (hours) �0.2317* �0.1574* �0.2120* �0.1545* �0.1705*

Number of night awakenings �0.0738 �0.0368 �0.0777 �0.0867 �0.0505

Total daily sleep duration (hours) 0.1154 0.1667* 0.1091 0.1261* 0.1580*

Spearman correlation coefficient. *p < 0.05.

Fortaleza, Brazil, 2021�2022.
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Table 3 Models of crude and adjusted linear regression analysis of child development domains, according to sleeping patterns and maternal and child characteristics.

Crude coefficients of CREDI domains

Variables Cognitive Language Motor Socio-emotional Overall

Coef. 95 %CI p Coef. 95 %CI p Coef. 95 %CI p Coef. 95 % CI p Coef. 95 %CI p

Night sleep duration

(hours) � 18

months

0.18 (0.09,0.28) 0.001 0.12 (0.03,0.20) 0.009 0.13 (0.06,0.21) 0.001 0.18 (0.09,0.27) 0.001 0.16 (0.06,0.26) 0.001

Daytime sleep dura-

tion (hours) �

18 months

0.01 (�0.08,0.11) 0.781 0.06 (�0.03,0.15) 0.208 0.01 (�0.07,0.08) 0.837 0.03 (�0.06,0.13) 0.438 0.05 (�0.05,0.15) 0.333

Time awake at night

(hours) � 18

months

�0.17 (�0.27,�0.07) 0.001 �0.10 (�0.19,�0.01) 0.044 �0.13 (�0.21,�0.05) 0.001 �0.14 (�0.25,�0.04) 0.004 �0.14 (�0.25,�0.04) 0.007

Number of night

awakenings �

18 months

�0.08 (�0.19,0.02) 0.114 �0.02 (�0.12,0.07) 0.671 �0.06 (�0.14,0.01) 0.127 �0.09 (�0.20,0.01) 0.060 �0.05 (�0.16,0.05) 0.335

Sex of the child (ref:

male)

Female 0.39 (0.11,0.67) 0.006 0.40 (0.13,0.66) 0.003 0.30 (0.08,0.52) 0.007 0.35 (0.07,0.62) 0.012 0.46 (0.17,0.75) 0.002

Premature birth �0.37 (�0.85,0.10) 0.125 �0.15 (�0.60,0.29) 0.508 �0.34 (�0.72,0.03) 0.076 �0.35 (�0.08,0.11) 0.135 �0.28 (�0.77,0.20) 0.254

Child attends

daycare

0.08 (�0.26,0.43) 0.639 �0.11 (�0.44,0.20) 0.474 0.04 (�0.23,0.31) 0.764 �0.01 (�0.34,0.33) 0.972 �0.08 (�0.44,0.27) 0.648

Mother’s age � 24

months

0.13 (�0.01,0.28) 0.067 0.19 (0.05,0.33) 0.006 0.04 (�0.07,0.16) 0.482 0.17 (0.03,0.32) 0.016 0.16 (0.01,0.32) 0.029

Maternal education

(years) � 24

months

0.05 (0.01,0.11) 0.033 0.02 (�0.02,0.08) 0.263 0.02 (�0.01,0.06) 0.267 0.05 (0.01,0.11) 0.033 0.04 (�0.01,0.09) 0.151

Mother’s skin color

(ref: white)

Black/brown 0.13 (�0.41,0.67) 0.634 0.15 (�0.35,0.66) 0.543 0.20 (�0.22,0.63) 0.347 0.10 (�0.42,0.62) 0.696 0.14 (�0.41,0.70) 0.608

Yellow 0.04 (�0.34,0.43) 0.810 0.02 (�0.33,0.39) 0.890 0.01 (�0.28,0.32) 0.903 0.06 (�0.31,0.44) 0.726 0.01 (�0.38,0.41) 0.960

Other 0.75 (�0.66,2.17) 0.296 0.73 (�0.59,2.06) 0.279 0.45 (�0.61,1.57) 0.429 0.63 (�0.75,2.02) 0.369 0.82 (�0.63,2.27) 0.267

Mother lives with

partner � 18

months

0.12 (�0.11,0.65) 0.425 0.12 (�0.18,0.43) 0.421 0.24 (�0.01,0.50) 0.066 0.35 (0.03,0.68) 0.029 0.24 (�0.09,0.59) 0.151

Income � 18 months

< 1 MMW 1 1 1 1 1

1 - 2 MMW 0.18 (�0.15,0.42) 0.279 0.09 (�0.22,0.40) 0.572 0.08 (�0.17,0.35) 0.511 0.17 (�0.15,0.50) 0.286 0.14 (�0.20,0.48) 0.424

� 3 MMW 0.33 (�0.07,0.74) 0.107 0.23 (�0.15,0.61) 0.240 0.21 (�0.10,0.54) 0.188 0.39 (�0.01,0.79) 0.053 0.31 (�0.10,0.73) 0.141

Mother has other

children <6

years� 24

months

0.41 (0.06,0.77) 0.021 0.30 (�0.03,0.63) 0.075 0.31 (�0.23,0.03) 0.029 0.34 (�0.01,0.68) 0.054 0.32 (�0.04,0.68) 0.083

Mother gets help

with childcare

� 24 months

�0.01 (�0.04,0.02) 0.662 �0.02 (�0.05,0.01) 0.143 �0.01 (�0.04,0.01) 0.246 �0.01 (�0.03,0.03) 0.931 �0.01 (�0.05,0.01) 0.292
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Table 3 (Continued)

Crude coefficients of CREDI domains

Variables Cognitive Language Motor Socio-emotional Overall

Coef. 95 %CI p Coef. 95 %CI p Coef. 95 %CI p Coef. 95 % CI p Coef. 95 %CI p

Cash transfer assis-

tance� 24

months

�0.23 (�0.52,0.06) 0.121 �0.13 (�0.41,0.14) 0.336 �0.17 (�0.40,0.05) 0.136 �0.26 (�0.55,0.02) 0.070 �0.21 (�0.52,0.08) 0.155

Private health

insurance

0.17 (�0.10,0.46) 0.222 0.03 (�0.23,0.30) 0.780 0.09 (�0.13,0.32) 0.398 0.09 (�0.18,0.37) 0.517 0.08 (�0.20,0.38) 0.557

Variables Adjusted coefficients of CREDI domains

Prob > F <0.0001 <0.0007 <0.0001 <0.0001 <0.0002

Adjusted r2 0.11 0.07 0.08 0.11 0.08

Beta coefficient �3.00 �6.06 �2.00 �6.02 �5.54

Night sleep duration

(hours) � 18

months

0.14 (0.04,0.24) 0.004 0.10 (0.01,0.19) 0.026 0.10 (0.03,0.18) 0.005 0.16 (0.06,0.25) 0.001 0.14 (0.04,0.24) 0.005

Daytime sleep dura-

tion (hours) �

18 months

� 0.07 (�0.01,0.17) 0.114 � 0.07 (�0.02,0.17) 0.131 0.08 (�0.02,0.18) 0.113

Time awake at night

(hours) � 18

months

�0.12 (�0.23,0.02) 0.016 �0.07 (�0.17,0.02) 0.138 �0.09 (�0.17,�0.01) 0.021 �0.11 (�0.21,�0.01) 0.030 �0.11 (�0.21,�0.01) 0.041

Number of night

awakenings �

18 months

� � � � �

Sex of the child (ref:

male)

Female 0.31 (0.03,0.58) 0.029 0.29 (0.02,0.55) 0.030 0.23 (0.01,0.45) 0.037 0.23 (�0.03,0.25) 0.086 0.34 (0.05,0.62) 0.020

Mother’s age � 24

months

� 0.14 (0.01,0.27) 0.045 � 0.10 (�0.03,0.51) 0.135 0.10 (�0.04,0.25) 0.172

Maternal education

(years) � 24

months

0.05 (0.01,0.11) 0.044 � � 0.04 (�0.01,0.10) 0.110 �

Income � 18 months

< 1 MMW 1 1 1 1 1

1 - 2 MMW 0.21 (�0.11,0.54) 0.193 0.14 (�0.15,0.45) 0.344 0.15 (�0.10,0.41) 0.236 0.22 (�0.09,0.55) 0.163 0.22 (�0.10,0.56) 0.183

� 3 MMW 0.26 (�0.16,0.69) 0.223 0.30 (�0.07,0.68) 0.115 0.29 (�0.01,0.61) 0.063 0.34 (�0.07,0.76) 0.104 0.41 (0.01,0.82) 0.046

Mother has other

children <6

years� 24

months

0.45 (0.01,0.81) 0.011 0.26 (�0.06,0.58) 0.118 0.28 (0.01,0.55) 0.044 0.37 (0.03,0.72) 0.031 0.27 (�0.07,0.62) 0.128
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childhood development (ECD). These recommendations
align with the Convention on the Rights of the Child, which
states: ’1. States Parties recognize the right of every child
to a standard of adequate living for the child’s physical,
mental, spiritual, moral and social development. 2. The par-
ent(s) or others responsible for the child have the primary
responsibility to secure, within their abilities and financial
capacities, the conditions of living necessary for the child’s
development.’ Additionally, they reflect the UN 2030 Sus-
tainable Development Goals, which aim to ’ensure that all
girls and boys have access to quality early childhood devel-
opment, care, and preprimary education so that they are
ready for primary education”.

A limitation of this study is that while the BISQ measures
sleep duration, it does not provide any measure of sleep qual-
ity. Nevertheless, since these results suggest that sleep dura-
tion is associated with ECD there seems to be a gain despite a
possible variation in sleep quality. In addition, the positive
effects of sleep duration on ECD were measured based on a
cohort of children born during the COVID-19 pandemic, whose
mothers were exposed to lockdown and physical distancing
measures, deteriorating mental health,29 and reduced health
care seeking behavior,30 among other challenges. Major
strengths include the longitudinal nature of the data, and the
use of CREDI to capture different domains of ECD.

The duration of nocturnal sleep influences the cognitive,
motor, and social-emotional development of children during
the COVID-19 pandemic. It would be advisable to include
information and sensitization on the importance of sleep
duration in regular primary care, pediatric consultations,
and community health agent visits to facilitate adequate
child development.
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Apoio ao Desenvolvimento Científico e Tecnol�ogico (FUN-
CAP); Universidade Federal do Cear�a � UFC; and Castro SS
SFA received support from the David Rockefeller Center for
Latin American Studies (DRCLAS), Harvard University.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.jped.2024.
09.002.

Editor

M.L. Nunes

References

1. M€uller SR, Delahunty F, Matz SC. The impact of the early stages

of COVID-19 on mental health in the United States, Germany,

and the United Kingdom. J Pers Soc Psychol. 2023;124:620�39.
2. Ko»oma�nska-Bogucka D, P»awiak N, Mazur-Bialy AI. The impact of

the COVID-19 pandemic on the level of physical activity, emo-

tional state, and health habits of women in late pregnancy and

early puerperium. Int J Environ Res Public Health. 2023;20:1852.
3. Liu Z, Tang H, Jin Q, Wang G, Yang Z, Chen H, et al. Sleep of pre-

schoolers during the coronavirus disease 2019 (COVID-19) out-

break. J Sleep Res. 2021;30:e13142.
4. Camacho-Monta~no LR, Iranzo A, Martínez-Pi�edrola RM, Cama-

cho-Monta~no LM, Huertas-Hoyas E, Serrada-Tejeda S, et al.

Effects of COVID-19 home confinement on sleep in children: a

systematic review. Sleep Med Rev. 2022;62:101596.
5. Altena E, Baglioni C, Espie CA, Ellis J, Gavriloff D, Holzinger B,

et al. Dealing with sleep problems during home confinement

due to the COVID-19 outbreak: practical recommendations

from a task force of the European CBT-I Academy. J Sleep Res.
2020;29:e13052.

6. Paruthi S, Brooks LJ, D’Ambrosio C, Hall WA, Kotagal S, Lloyd

RM, et al. Consensus statement of the American Academy of

Sleep Medicine on the recommended amount of sleep for
healthy children: methodology and discussion. J Clin Sleep

Med. 2016;12:1549�61.

7. World Health Organization, United Nations Children’s Fund,
World Bank Group. Nurturing care for early childhood develop-

ment: a framework for helping children survive and thrive to

transform health and human potential. [Accessed Feburary 12,

2023]. Available from: https://www.google.com/url?sa=t&rct=
j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhV

hHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.

int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789

241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J.
8. Jiang F. Sleep and early brain development. Ann Nutr Metab.

2019;75:44�54.

9. Liang X, Zhang X, Wang Y, van IJzendoorn MH, Wang Z. Sleep
problems and infant motor and cognitive development across

the first two years of life: the Beijing Longitudinal Study. Infant

Behav Dev. 2022;66:101686.

10. Altafim ER, McCoy DC, Brentani A, Escobar AM, Grisi SJ, Fink G.
Measuring early childhood development in Brazil: validation of

the Caregiver Reported Early Development Instruments (CREDI).

J Pediatr (Rio J). 2020;96:66�75.

11. Munhoz TN, Santos IS, Blumenberg C, Barcelos RS, Bortolotto
CC, Matijasevich A, et al. Factors associated infant development

in Brazilian children: baseline of the impact assessment of the

Happy Child Program. Cad Saude Publica. 2022;38:e00316920.
12. WHO World Health Organization. Guidelines on physical activ-

ity, sedentary behaviour and sleep for children under 5 years of

age. Switzerland; 2019.

13. Castro MC, Farías-Ant�unez S, Ara�ujo DA, Penna AL, Oliveira FA,
de Aquino CM, et al. Cohort profile: maternal and child health

and parenting practices during the COVID-19 pandemic in Cear�a,

Brazil: birth cohort study (Iracema-COVID). BMJ Open. 2022;12:

e060824.
14. Nunes ML, De La Puerta J, Kampff R. BISQ Questionnaire for

Infant Sleep Assessment: translation into Brazilian Portuguese.

Sleep Sci. 2012;5:89�91.

15. Basile C, Gigliotti F, Cesario S, Bruni O. The relation between
sleep and neurocognitive development in infancy and early

childhood: a neuroscience perspective. Adv Child Dev Behav.

2021;60:9�27.
16. Wolfe K, Ralls FM. Rapid eye movement sleep and neuronal

development. Curr Opin Pulm Med. 2019;25:555�60.

17. Cao J, Herman AB, West GB, Poe G, Savage VM. Unraveling why

we sleep: quantitative analysis reveals abrupt transition from

245

Jornal de Pediatria 2025;101(2): 238�246

https://doi.org/10.1016/j.jped.2024.09.002
https://doi.org/10.1016/j.jped.2024.09.002
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0001
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0001
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0001
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0001
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0001
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0002
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0002
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0002
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0002
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0002
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0002
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0002
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0003
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0003
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0003
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0005
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0005
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0005
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0005
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0005
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0006
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnsvaC6JP9AhVhHbkGHTuqDbMQFnoECB8QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Fbitstream%2Fhandle%2F10665%2F272603%2F9789241514064-eng.pdf&usg=AOvVaw1fdCpI77IGc7IPfXDJXy7J
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0008
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0008
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0008
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0014
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0014
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0014
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0014
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0016
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0016
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0016
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0017
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0017


neural reorganization to repair in early development. Sci Adv.

2020;6:eaba0398.
18. Cai S, Tham EKH, Xu HY, Fu X, Goh RSM, Gluckman PD, et al. Tra-

jectories of reported sleep duration associate with early child-

hood cognitive development. Sleep. 2023;46:zsac264.
19. Witt K, Margraf N, Bieber C, Born J, Deuschl G. Sleep consoli-

dates the effector-independent representation of a motor skill.

Neuroscience. 2010;171:227�34.

20. Berger SE, Scher A. Naps improve new walkers’ locomotor prob-
lem solving. J Exp Child Psychol. 2017;162:292�300.

21. DeMasi A, Horger MN, Allia AM, Scher A, Berger SE. Nap timing

makes a difference: sleeping sooner rather than later after

learning improves infants’ locomotor problem solving. Infant
Behav Dev. 2021;65:101652.

22. Cheng LY, Che T, Tomic G, Slutzky MW, Paller KA. Memory reacti-

vation during sleep improves execution of a challenging motor

skill. J Neurosci. 2021;41:9608�16.
23. Fox SE, Levitt P, Nelson III CA. How the timing and quality of

early experiences influence the development of brain architec-

ture. Child Dev. 2010;81:28�40.
24. Schady N. Parents’ education, mothers’ vocabulary, and

cognitive development in early childhood: longitudinal

evidence from Ecuador. Am J Public Health. 2011;101:

2299�307.

25. Dai X, Heckman JJ. Older siblings’ contributions to young child’s

cognitive skills. Econ Model. 2013;35:235�48.
26. Wierenga LM, Sexton JA, Laake P, Giedd JN, Tamnes CK. Pediat-

ric imaging, neurocognition, and genetics study. A key charac-

teristic of sex differences in the developing brain: greater
variability in brain structure of boys than girls. Cerebral Cortex.

2018;28:2741�51.

27. Webb S, Duku E, Brownell M, Enns J, Forer B, Guhn M, et al. Sex

differences in the socioeconomic gradient of children’s early
development. SSM Popul Health. 2020;10:100512.

28. O’Regan D, Jackson ML, Young AH, Rosenzweig I. Under-

standing the impact of the COVID-19 pandemic, lockdowns

and social isolation on sleep quality. Nat Sci Sleep.
2021;13:2053�64.

29. Penna AL, de Aquino CM, Pinheiro MS, do Nascimento RL, Farias-

Ant�unez S, Ara�ujo DA, et al. Impact of the COVID-19 pandemic

on maternal mental health, early childhood development, and
parental practices: a global scoping review. BMC Public Health.

2023;23:388.

30. Correia LL, Machado MM, Ara�ujo DA, Gomes YV, Pinheiro MS,
Rocha HA, et al. Primary health care during the COVID-19 pan-

demic in Fortaleza, Brazil: associated factors and pattern of

use by mothers and children up to 18 months of age. Rev Bras

Epidemiol. 2022;25:e220036.

246

S.S. Castro, M.M. Machado, L.L. Correia et al.

http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0017
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0017
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0018
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0018
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0018
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0020
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0020
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0020
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0021
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0021
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0021
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0021
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0022
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0022
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0022
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0022
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0023
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0023
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0023
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0023
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0027
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0027
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0027
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00128-1/sbref0030

	Effect of sleep duration on child development in Fortaleza, Northeastern Brazil
	Introduction
	Materials and methods
	Study site and data
	Statistical analysis

	Results
	Discussion
	Conflicts of interest
	Acknowledgments
	Supplementary materials
	References



