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Sleep in the early years
• Sleep in the early years is a dynamic process characterised by a period of transition in 

which daytime sleep reduces and sleep gradually consolidates into nighttime sleep;

• Some evidence suggests that sleep difficulties may persist throughout childhood and 

adolescence (Gregory & O’Connor, 2002);

• ~10-29% of infants and children under five years of age have difficulties with sleep (Byars

et al., 2013; Williamson et al., 2019; Zuckerman et al. 1987);



Sleep, mental health and development

● Academic achievement

○ Poor sleep is associated with poorer academic performance (Hoyniak et al., 2020; Stormark et al., 2019)

● Mental health

○ Children with sleep problems have been found to have increased odds of having 

elevated symptoms of anxiety, emotional disorders, aggressive behaviour and

irritability;

○ Improving sleep quality leads to better mental health (Scott et al., 2021) in adults;

● Language

○ Sleep positively correlates with language abilities



Sleep, mental health and development: 
multiple routes
Direct route:

● Role of sleep in brain development, e.g., frontal lobe (Bernier et al., 2013; Nelson, Nelson, Kidwell, James, & Espy, 2015; Sadeh, 2007);

● Sleep influences offline consolidation, supporting the learning and retention of new words (Complementary

learning system);

● Sleep loss often results in irritability, a short attention span, difficulty in modulating impulses and emotions, and

increased behavioral problems (Ednick et al., 2009; Scharf, Demmer, Silver, & Stein, 2013; Touchette et al., 2007);

Indirect route:

● Chronic sleep loss affects physical health by increasing the risk of obesity and associated diseases (Knutson, 2012;

Leproult & Van Cauter, 2010);

● Sleep problems are negatively associated with social functioning (Foley & Weinraub, 2017);

https://pubmed.ncbi.nlm.nih.gov/?term=Foley%20JE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Weinraub%20M%5BAuthor%5D


Limitations with existing studies

1. Most studies are concurrent 

or with limited follow-up

Most studies followed children until 

school entry only

3. Lack of real-world outcomes

Studies often focus on 

experimental outcomes

2. Often fail to consider 

moderating factors

Despite evidence that the effect of 

sleep in later childhood is 

moderated by household income 

and maternal education10-12



Secondary data analysis is ideal to answer these research questions

Avon longitudinal study of parents and children

• ~14,000 children born in 1991-1992

• Regular follow-ups

• Rich dataset: questionnaires for parents, children, teachers, and clinics, linked   

educational data

• Educational assessments used in ALSPAC are not used today → replication with 

Born in Bradford dataset

Born in Bradford

• Following ~13,500 children born in 2007-2010

• Subset of parents completed questionnaires about sleep in infancy and toddler 

years (BiB1000; ~1700 children)

• Linked educational data



Three work packages (WP):

Are sleep patterns stable over development?

WP1

Does early sleep have downstream effects on later cognitive, mental health, 
school readiness, and academic achievement outcomes?

WP2

Working collaboratively with our project partners to generate non-academic 
impact and disseminate the findings widely

WP3
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WP1: Are sleep patterns stable over
development?

Our study aims to

• assess whether children’s sleep patterns are stable (relative to their 

peers) over childhood and into adolescence and whether there are 

distinct sleep trajectories across development;



WP1: Sleep variables



WP1: Sleep variables



WP1: Data analysis
1. Exploratory factor analysis on each time point

2. Confirmatory factor analysis/Exploratory structural equation model on each time point

3. Cross-lagged panel model

4. Growth mixture model



1. Exploratory factor analysis

Scree plots suggest that 2-factor solution is the best fitting model across time points

One factor solution: 



1. Exploratory factor analysis

Two factor solution: 



Two factor solution: 

Factor 1 seems to reflect sleep quality

1. Exploratory factor analysis



Two factor solution: 

Factor 2 thought to reflect sleep routine

1. Exploratory factor analysis



2. Exploratory structural equation model

• Exploratory factor analysis for each data point was validated in the second half of the dataset

• Based on the scree plot and the high number of cross-loadings the following models were 

fitted and compared:
▪ One-factor confirmatory factor analysis;

▪ Classic two-factor confirmatory factor analysis;

▪ Two-factor confirmatory factor analysis allowing cross-loadings for items with cross-loadings 

>.30;

▪ Two-factor exploratory structural equation model – allows all items to load on all factors as in 

EFA;
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2. Exploratory structural equation model

• Exploratory factor analysis for each data point was validated in the second half of the dataset

• Based on the scree plot and the high number of cross-loadings the following models were 

fitted and compared:
▪ One-factor confirmatory factor analysis;

▪ Classic two-factor confirmatory factor analysis;

▪ Two-factor confirmatory factor analysis allowing cross-loadings for items with cross-loadings 

>.30;

▪ Two-factor exploratory structure equation model – allowing all items to load on all 

factors as in EFA:

• Factor 1 - Sleep quality;

• Factor 2 - Sleep routine;



3. Cross-lagged panel model

CFI: .937; TLI: .930; RMSEA: .028; SRMR: .059



3. Cross-lagged panel model with 
covariates

CFI: .941; TLI: .936; RMSEA: .025; SRMR: .065



4. Growth mixture model

Allows the 

- identification of multiple unobserved sub-

populations;

- description of longitudinal change within each

unobserved sub-population;

- examination of differences in change among

unobserved sub-populations;



4. Growth mixture model



4. Growth mixture model: Sleep 
quality

7 distinct sleep quality 

trajectories:

• 5/7 sleep quality trajectories 

demonstrate improvements 

across development;

• A significant minority of 

children show persistent 

sleep quality problems or 

worsening sleep across 

time;



4. Growth mixture model: Sleep
routine

5 distinct sleep routine trajectories:

• There is limited variability in the

intercept of the trajectories;

• The majority of children show a

consistent sleep routine trajectory 

or with limited variation in sleep 

routine across time;

• ~10% show considerable change

in their sleep routine across 

development (4.4% showing 

considerably early sleep timings, 

whilst 5.5% show the opposite 

pattern);



Conclusions
● Children’s sleep across development is fairly stable when compared to their peers,

particularly when pertaining to sleep routine; this may be in part related to school 

attendance;

● There seems to be a trend for an improvement of sleep quality across development, but a

substantial minority of children for whom sleep is getting worse or staying worse over 

time;

● In line with previous studies, only a small number of children showed persistent sleep

problems;

● Identifying predictors of the sleep trajectories membership will allow the identification of

child and parent risk factors for sleep problems which may be helpful for prevention and 

intervention;

● Future work (WP2) will determine how these sleep trajectories influence vocabulary,

school readiness, academic achievement, and mental health;

Note: results are preliminary.
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