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and process language during social interactions, resulting in 
better language skills in children whose sleep consolidation 
matures earlier.

Both mechanisms involve a contribution of sleep consoli-
dation to language learning. Another possibility is that the as-
sociation between sleep consolidation and language learning 
is due to common genetic or environmental influences. For 
instance, the association may stem from biological maturation 
governed by genetic predispositions and possibly reflect in-
dividual differences in neurological functioning. Alternately, 
environmental factors may affect both sleep consolidation and 
language learning. For example, perinatal insults may affect 
neurodevelopmental integrity and have an organizing effect 
on both sleep-wake cycles and cognitive development.14 On a 
more proximal level, parental practices may also be involved 
in the sleep-language association. Mothers affected by their 
infants’ unconsolidated and fragmented sleep may provide 
less optimal language stimulation, or overall inadequate pa-
rental practices may negatively affect both sleep and language 
learning in infants.15 Understanding how genes and environ-
ment affect sleep consolidation may shed some light on these 
hypotheses and offer insight into best practices around early 
infant sleep.

Owing to the variety of sleep parameters in infant sleep re-
search, there is no consensus on the best indicator of sleep mat-
uration in early childhood. However, two recent studies suggest 
that indices reflecting both the gradual increase in nighttime 
sleep and concomitant decrease in daytime sleep offer the best 

INTRODUCTION
The consolidation and maturation of sleep-wake rhythms in 

early childhood have been linked to a variety of early cogni-
tive functions in premature infants,1-4 full-term infants,5-9 and 
a large-scale normative sample of preschoolers.10 Measures of 
sleep-wake cycles vary greatly in these studies, from objective 
measures using actigraphy or polysomnography1-5,7,8 to parental 
reports of sleep duration and night wakings.6,10 However, em-
pirical results are relatively consistent: indices of more mature 
sleep-wake consolidation in early childhood have been associ-
ated with better cognitive outcomes.

Language acquisition seems particularly vulnerable to 
sleep-wake state organization.6-8,10 Two mechanisms have been 
evoked to explain why this may be the case. First, poor sleep 
consolidation may hinder memory processes11,12 required in 
early language learning. Second, lower-order regulatory sys-
tems, such as sleep, may have an organizing effect over higher-
order systems involved in cognition.13 Therefore, as sleep-wake 
cycles mature, so should children’s ability to regulate attention 
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without delays, children with transient delays, and children with 
persistent or late onset delays.

The second objective was to investigate the etiology of the 
sleep-language associations using multivariate genetic model-
ing. If the association is largely due to genetic factors, then we 
may conclude that genetically driven maturational processes 
explain why language outcomes are linked to sleep maturation 
in early childhood. If the association is largely due to environ-
mental factors, then we may look to environmental processes to 
understand why sleep consolidation and language learning, or 
parents’ report of them, are linked during development.

METHODS

Participants and Procedures
Data were extracted from the Quebec Newborn Twin Study 

(QNTS) which conducted annual assessments of physiological, 
behavioral, and cognitive development in a population-based 
sample of 1430 twins (715 families) from the greater Montreal 
area. All twin births between November 1995 and July 1998 
were recruited at delivery. To be included in the sample, infants 
had to be born without major medical conditions, have available 
birth records to derive perinatal data (available for 1182 indi-
vidual twins), and be fluent in either French or English. To be 
included in the analyses, children had to have at least one sleep 
and one language assessment between 6 and 60 months (5 years). 
This was the case for 1029 twins, 506 boys and 523 girls, 419 
MZ twins and 610 DZ twins, including 192 opposite-sex pairs. 
Attrition averaged 9% per year, yielding smaller sample sizes for 
later sleep and language assessments. Mean corrected gestational 
ages at the targeted 6, 18, 30, and 60-month assessments included 
in this study were: 5.39 months (SD 0.51), 18.61 months (SD 
0.60), 30.95 months (SD 0.81), and 62.64 months (SD 3.03). For 
all parent reports, a 2-week interval separated the twins’ assess-
ments to avoid inflated familial aggregation. Ethics approval and 
informed parental consent were obtained prior to each data col-
lection; non-nominal data only were available for analyses.

The mean gestation duration was 36 weeks (SD 2.57; me-
dian 37), based on a full-term criterion of 37 weeks; 470 twins 
(45.7%) were born premature; mean birth weight was 2454 g 
(SD 546 g), mean 1/5 minute Apgar scores were 8.5/10 (SD 1.2; 
median 9), and the mean number of days spent in the hospital 
after birth were 9.5 (SD 13; median 5). Forty-seven percent of 
twins were born by caesarean section. Mean age of mothers 
at birth was 30 years (SD 4.7 years); 17% had no high school 
diploma, and 31% had a university degree; average family in-
come was between 40K and 50K/year CAD; 91.7% of mothers 
and 91% of fathers described themselves as Caucasians; and 
5% of twins were born to single mothers.

French was the first language for 85% of infants and Eng-
lish for 15% of infants, although 12% of mothers had a first 
language other than French or English. Children identified as 
using both French and English at time of assessment (6%) were 
assessed using the language they use most often based on par-
ent indication.

Measures
Perinatal data were derived from medical records. Data on 

cigarette use (average number of cigarettes smoked per day 

measures of sleep consolidation during this period, over and 
above total sleep durations.

First, using sleep measures derived from actigraphy, Acebo 
and colleagues16 found that the maturational changes in 24-h 
total sleep between 12 and 60 months of age were mostly due 
to the gradual decrease in daytime sleep as a function of night-
time sleep. Although total sleep declined with age, it was not the 
best indicator of sleep changes with age, as it masked the gradual 
shift from the need for daytime sleep to sleep occurring mostly 
at night. Indeed, sleep-wake periods are cyclical but free-running 
at birth, especially in premature infants,17 with more or less equal 
day and night sleep durations. As sleep cycles evolve with time 
following a normative pattern,18 total sleep decreases from 16-18 
h/day (and more in premature infants prior to term date) to 13-14 
h/day around 6 months. The first manifestations of a circadian 
rhythm appear by 2-4 months, when daytime sleep gradually rep-
resents a smaller proportion of nighttime sleep duration.19 By 6 
months of age, a majority of sleep duration occurs at night: the 
3 to 4 hours of average daytime nap represent about a third of 
nighttime sleep. By 18 months of age, daytime sleep accounts for 
a quarter of nighttime sleep, as most children are able to sleep 10 
consecutive hours at night with one 2.5-h afternoon nap.20 There-
fore, the day/night sleep ratio gradually decreases from 18 to 60 
months to reach 0 once children no longer nap.16

Second, Bernier and colleagues9 recently examined the con-
tribution of 3 parameters derived from the sleep diaries of 12 
and 18 month-old-infants to later cognitive outcomes. Total 
sleep and sleep fragmentation did not predict cognitive out-
comes, but the proportion of sleep occurring at night predicted 
both executive functions and language level. In fact, average 
total sleep did not decrease between 12 and 18 months. This 
may not be surprising given that individual differences in total 
sleep durations may partly reflect genetic tendencies21 that are 
distinct from maturational processes. Therefore, a ratio of day/
night sleep duration should be a good indicator of the matura-
tional changes occurring in sleep consolidation during the de-
velopmental period when most children still nap.

In the present study, we investigated the associations between 
sleep consolidation at 6, 18, and 30 months (corrected for gesta-
tional duration) and language outcomes at 18, 30, and 60 months 
in a birth cohort of 1029 twins. The first objective was to de-
termine if day/night sleep ratios at 6, 18, and 30 months were 
associated with short-term and long-term language outcomes. 
First, we looked at associations between sleep consolidation and 
language skills with correlations and regression models. Second, 
we compared the sleep consolidation of children with differing 
trajectories of language development between 18 and 60 months, 
based on the presence or absence of language delays. One cen-
tral question in language development concerns outcomes of 
early delays. Some children with early language delays catch 
up with the language skills of their peers, usually before the end 
of the preschool years, whereas for other children, language de-
lays persist or develop over time.22,23 It remains unclear why this 
is the case. If sleep consolidation affects language learning, we 
hypothesized that children with persistent or late onset language 
delays would have shown less mature sleep consolidation at ear-
lier ages. To test this hypothesis, we compared the sleep ratio of 
3 groups from a subsample of 618 children with complete lan-
guage assessments at both 18 months and 60 months: children 
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scores; therefore they were combined to yield a total language 
score at each age. For analyses based on the presence or ab-
sence of delays, we created 3 language groups from a sub-
sample of 618 children with complete assessments at both 18 
and 60 months: children without delays (N = 385), children 
with transient delays (N = 93; delay at 18 months but not at 60 
months), and children with persistent or late onset delays (N = 
140; delays at both 18 and 60 months or no delay at 18 months, 
but delayed at 60 months). Language delay was determined 
based on the total language score being one standard deviation 
(SD) below the mean.

Child control variables
Child sex, birth weight, gestation duration, average 1 and 5 

min Apgar score at birth, number of days spent in hospital after 
birth, and difficult temperament were used as control variables. 
Difficult temperament was assessed by mothers using 7 items 
from the Infant Characteristics Questionnaire (ICQ)28 when 
children were 6 and 18 months of age. Parents rated items on a 
7-point scale asking them how difficult their child was, in com-
parison to other children (Cronbach α at 6 and 18 months = 0.77 
and 0.89). Six- and 18-month scores were averaged (r = 0.36) to 
yield a general difficultness score allowing one missing value to 
maximize sample size.

Maternal/family control variables
Maternal education, family income, average number of ciga-

rettes smoked per day throughout pregnancy, maternal depres-
sive symptoms at 6 and 18 months, mothers’ perceived parental 
impact, and maternal overprotection were used as maternal 
and family covariables. Maternal education was assessed on a 
3-point scale, (0) no high school diploma, (1) high school or 
technical diploma, and (2) university diploma. Family income 
at birth of twins was rated on a 0-10 scale, starting with (0) 
no income with 5,000 CAD increments up to (10) more than 
80,000 CAD. The average number of cigarettes smoked per day 
throughout pregnancy was assessed at 6 months in a maternal 
self-report questionnaire. Maternal depressive symptoms were 
assessed at both 6 and 18 months on the 12-item abbreviated 
version of the 20-item Center for Epidemiological Studies De-
pression Scale (CES-D)29 designed for the National Institute of 
Mental Health to measure depressive symptomatology in the 
general population. Mothers were asked how often in the previ-
ous week they experienced various symptoms of depression, on 
a 4-point scale. Items were averaged and converted to a 0-10 
scale (Cronbach α = 0.80). Six and 18-month scores were aver-
aged to yield a general depression score (r = 0.48) allowing one 
missing value to minimize missing data. Mothers’ perceived 
parental impact and maternal overprotection were assessed at 
6, 18 and 30 months post-term with 5 and 4 items respectively 
on a 0-10 scale from the Parental Cognitions and Conduct To-
ward the Infant Scale (PACOTIS).30 For items of the perceived 
parental impact scale, mothers were asked how much they felt 
they could influence the course of their child’s development. 
For items of the overprotection scale, mothers were asked if 
they felt the need to keep their babies close at all times and/or 
felt at ease to leave babies with a sitter. Scores were averaged 
by age (Cronbach α > 0.75 for all age-specific scales) to yield 
6-, 18-, and 30-month scores that were then averaged allowing 

throughout pregnancy), maternal education and first language 
(French/English or other), and family income and structure 
(1- or 2-parent families) were obtained via self-report in inter-
views with mothers at the 6-month assessment. At 18 months, 
zygosity was assessed for same-sex twin pairs (n = 237) based 
on physical resemblance using the Zygosity Questionnaire for 
Young Twins24 and confirmed using a DNA analysis of 8-10 
highly polymorphous genetic markers on half the sample. Twin 
concordance was 94%, which is similar to rates in older twin 
samples.25

Infant sleep
When children were approximately 6, 18, and 30 months old, 

mothers were questioned on their infants’ sleep and asked to use 
the week prior to the interview as a reference. At 6 months, the 
duration of consecutive nighttime sleep was assessed in rounded 
hours ranging from < 4 consecutive hours, 5, 6, 7, 8, or > 8 con-
secutive hours. Mothers were also asked if their twins slept in 
the same bed at night at this age to assess possible confounding 
effects of twin cosleeping. At 18 and 30 months, the duration 
of consecutive nighttime sleep was assessed in rounded hours 
ranging from < 4 consecutive hours, 4, 5, 6, 7, 8, 9, and 10 to 
> 10 consecutive hours. At all ages, the duration of consecutive 
daytime sleep was assessed in rounded hours ranging from does 
not nap (0), ≤ 1 consecutive hour, 2, 3, 4, to > 4 consecutive 
hours. The “less than” and “more than” categories were round-
ed to the nearest whole value to compute a sleep ratio of day/
night consecutive sleep duration. Consecutive sleep takes into 
account the maturational changes that lead to less fragmented 
sleep and longer sleep bouts with age during this developmental 
period. Descriptive statistics are given on raw data. Data were 
then corrected for gestational age and transformed to Z scores 
for subsequent analyses.

Language skills
At 18 and 30 months, language was measured using par-

ent reports on the McArthur Communicative Development 
Inventory-Short Form (MCDI-SF)26 expressive and receptive 
vocabularies using a 77-word checklist at 18 months and a 
100-word checklist at 30 months, from which parents indicated 
words the child could say (expressive) and words the child only 
understood (receptive). The French versions of the MCDI-SF 
at 18 and 30 months were adaptations of the American short 
forms used for English-speaking children. French and English 
raw means were not significantly different; therefore, they were 
analyzed together.

At 60 months, receptive vocabulary was assessed with 
French or English versions of the Peabody Picture Vocabu-
lary Test (PPVT).27 Expressive vocabulary was assessed with 
an adapted version of the PPVT in which children were first 
asked to name designated objects. There were language-based 
mean differences on the normative scores; therefore, raw scores 
were retained for analyses. Twins from the same family were 
assessed by separate examiners.

Both the MCDI-SF and PPVT are widely used and have ex-
cellent psychometric properties.26,27 All language measures were 
adjusted for corrected gestational age and converted to Z scores.

Preliminary analyses (not shown) showed that the pattern 
of results did not differ for expressive and receptive language 
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during pregnancy, maternal education, family income, depres-
sion symptoms, perceived parental impact and maternal over-
protection), and maternal first language (dichotomized into 
French/English or other) as predictors. The sleep ratio of day/
night consecutive hours was added in successive models by 
age. The α threshold was set at 0.05. Finally, models predicting 
language skills at 30 and 60 months were tested adjusting for 
previous language outcome to test the contribution of the ratio 
of day/night consecutive sleeping duration to language devel-
opment between time-points.

To look at longitudinal language outcomes based on the pres-
ence or absence of delays at 18 and 60 months, ANOVAs were 
performed to compare the 3 longitudinal language groups on 
sleep ratios at 6, 18, and 30 months. Individual ANOVAs were 
preferred to a MANOVA to maximize sample size. T-tests were 
chosen for post hoc comparisons.

Finally, genetic models for associated sleep-language mea-
sures were fitted to raw data using structural equations with 
the Mx package.34 The relative contribution of additive genes 
(A), shared environment (C) and nonshared environment (E) to 
variation is estimated by comparing within and across family 
similarity of twin pairs based on their genetic similarity. This is 
possible because monozygotic twins (MZ) share 100% of their 
genes, whereas dizygotic twins share 50% of their genes. The 
extents to which identical twins are more similar on an outcome 
translate into a larger contribution of additive genes to this out-
come. This reflects the heritability of the measures. The extent 
to which twin pairs are similar, regardless of their genetic simi-
larity, indicates an effect of shared environmental influences, 
usually associated with family factors making siblings more 
similar. The extent to which identical twins are dissimilar may 
reflect nonshared environmental influences, factors making sib-
lings different, or measurement error.

Child sex and maternal first language being other than French 
or English were entered as covariables in the genetic models. 
Figure 1 shows the path model for the basic bivariate Cholesky 
decomposition. Variance components are derived from genetic 
and environmental contributions to each measure whereas co-
variance components are derived from paths across measures. 
Using the bivariate Cholesky decomposition, the covariance 
between sleep and language can be divided into its genetic and 
environmental components by calculating a genetic correlation 
(RG), a shared environment correlation (RC), and a unique en-
vironment correlation (RE) reflecting the extent to which the 
same genetic and/or environmental factors are influencing both 
sleep and language variances. Nested models were compared to 
saturated models to test path significance. Best fitting models 
are reported.

RESULTS
Table 1 presents descriptive statistics for consecutive day-

time sleeping durations, and consecutive nighttime sleeping 
durations at 6, 18, and 30 months. Repeated measures analyses 
indicated that consecutive nighttime sleeping increased with 
age (F2,591 = 551.99, P < 0.001), whereas consecutive daytime 
sleeping decreased with age (F2,565 = 49.18, P < 0.001) during 
this period. Figure 2 depicts the mean, range, and standard de-
viation for the ratio of day/night consecutive sleeping durations 
at 6, 18, and 30 months. At 6 months, the consecutive daytime 

for 2 missing values (rs ranging from 0.48 to 0.67 for perceived 
parental impact, and 0.65 to 0.75 for maternal overprotection).

Analyses
After an initial look at the correlations between sleep and 

language measures, structural equation regressions using the 
AMOS 5 package31 were used to predict language skills at 
18, 30, and 60 months from sleep measures. AMOS 5 was 
preferred to other statistical tools for 2 reasons. First, it allows 
a multilevel approach (family level, child level) correcting es-
timates for the non-independence of twin data when analyses 
require considering twins as individuals. Second, it allows 
the treatment of missing data with the Full Information Maxi-
mum Likelihood (FIML) estimation procedure reducing bias 
due to selective attrition. The FIML estimation procedure, 
contrary to multiple imputations, is implemented directly in 
the process of fitting a model; it treats missing data by fit-
ting the model to all non-missing data for each observation.32 
We chose FIML over multiple imputations because there is 
evidence that FIML has more power unless a great number of 
imputations are done.33

A stepwise procedure was adopted for the regression models. 
Models were first tested with zygosity, child sex, other child 
covariables (factor scores including gestation duration, birth 
weight, mean 1/5 minute Apgar score, child difficult tempera-
ment), maternal covariables (factor scores including smoking 

Figure 1—Path diagram depicting the genetic and environmental model 
o� the correlation between sleep consolidation and language. A, C, 
and E re�er to additive genetic, shared environmental, and nonshared 
environmental influences, respectively. RG, RC, and RE re�er to the genetic, 
shared environmental, and nonshared environmental correlations derived 
�rom covariance estimates.

A

Language 

C

RA Genetic 
correlation

RE Nonshared environment 
correlation and error

AE E
C

RC Shared environment correlation

Sleep consolidation 

Table 1—Means (M) and standard deviation (SD) �or sleep measures at 
6, 18, and 30 months

6 months 18 months 30 months
n = 977 n = 881 n = 797

Sleep measures
CNS 8h06 (1h26) 10h06 (1h28) 10h12 (1h31)
CDS 2h30 (0h48) 2h30 (0h38) 2h12 (0h39)

CNS, consecutive nighttime sleep duration; CDS, consecutive daytime 
sleep duration.
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nighttime sleeping durations were no longer correlated. The 
cross-age correlations are shown above the diagonal in Table 2. 
Overall, cross-age correlations were modest but increased with 
time indicating early intra-individual change and progressive 
stability of individual differences.

Are Sleep Measures Associated with Language Outcomes?
Table 3 shows within- and cross-age Spearman correlations 

between sleep measures and language outcomes. Correla-
tions were modest, but those involving the sleep ratios were 
generally higher than the 2 individual measures of consecu-
tive sleep duration. As larger sleep ratios reflect less mature 
sleep consolidation, sleep ratios at 6 and 18 months were both 
negatively associated with subsequent language measures. 
This indicates that children with more consolidated sleep at 
6 and 18 months had better language skills up to 3 and a half 
years later. By contrast, same-age sleep ratios and language 
outcomes were not correlated. The time delay suggests that 
sleep consolidation may have a causal effect on the language 
learning process.

sleeping duration represented on average one-third of the con-
secutive nighttime sleeping duration, indicating that most in-
fants are sleeping through the night at this age and take shorter 
naps during the day. The sleep ratio of day/night consecutive 
hours decreases significantly with age between 6 and 30 months 
(F2,533 = 280.27, P < 0.001). By 30 months of age, some children 
no longer slept during the day (minimum = 0), but the consecu-
tive daytime sleeping duration still represented, on average, a 
little less than a quarter of the duration of consecutive nighttime 
sleep (23%).

There were differences in the consecutive nighttime sleep-
ing duration at 6 months associated with twin cosleeping. 
Twins sleeping in the same bed (N = 45 twin pairs) slept 
on average 1 h less at night than twins not sleeping togeth-
er (N = 440 twin pairs) (7h07[1h52] versus 8h12[1h21], 
t953 = 5.35, P < 0.001). Therefore, the consecutive nighttime 
sleeping duration and the ratio of day/night sleep at 6 months 
were corrected for twin cosleeping in subsequent analyses. 
There were also some sex differences on daytime sleep du-
rations. Boys slept significantly longer consecutive dura-
tions than girls during the daytime at 18 months (2h35[0h44] 
versus 2h30[0h37], t 880 = 2.18, P = 0.03) and at 30 months 
(2h16[0h40] versus 2h10[0h38], t 747 = 2.11, P = 0.04]), but 
not at 6 months. There were no differences between boys and 
girls or between MZ and DZ twins on consecutive nighttime 
sleeping durations or sleep ratios.

Table 2 presents Spearman correlations between sleep mea-
sures within and across ages. Within-age correlations are high-
lighted in bold below the diagonal. At all ages, the sleep ratio 
was positively correlated with the consecutive daytime sleeping 
duration and negatively correlated with the consecutive night-
time sleeping duration. At 6 months, the consecutive daytime 
sleeping duration and the consecutive nighttime sleeping dura-
tion were modestly correlated (r = 0.13) indicating that infants 
who slept more consecutive hours at this age tended to do so 
both at night and during the day. This could reflect individu-
al differences in total sleep duration rather than maturational 
processes. Therefore, the sleep ratio may be a better indicator 
of sleep consolidation than 2 individual measures of consecu-
tive sleep duration. By 18 months, the consecutive daytime and 

Figure 2—Changes in means and standard deviations (SD) �or the ratio 
o� consecutive daytime sleep/consecutive nighttime sleep (CDS/CNS) 
between 6, 18 and 30 months o� age adjusted �or gestation duration; 
F2,533 = 280.27, P < 0.001. N = 977 at 6 months, 881 at 18 months, and 
797 at 30 months.

CD
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Table 2—Within- and across-age Spearman correlations between sleep measures

6 months 18 months 30 months
CNS CDS Ratio CNS CDS Ratio CNS CDS Ratio

6M CNS 0.36*** 0.26***
6M CDS  0.13*** 0.20*** 0.12**
6M Sleep ratio −0.53*** 0.74*** 0.26*** 0.21***

18M CNS   0.05 −0.16*** 0.40***
18M CDS  0.04  0.17*** 0.01 0.25***
18M Sleep ratio −0.21*** 0.13*** −0.64*** 0.72*** 0.31***

30M CNS  0.01 −0.11**  0.06 −0.21***
30M CDS −0.02 0.08*  −0.01 0.21***  0.05
30M Sleep ratio −0.17*** 0.12** −0.23*** 0.18*** −0.56*** 0.76***

Within-age correlations are in bold text. Across-age correlations within measures are shown above the diagonal. CNS, consecutive nighttime sleep duration; 
CDS, consecutive daytime sleep duration. Sleep ratio is the CDS divided by CNS. *P < 0.05, **P < 0.01, ***P < 0.001.
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Does Early Sleep Consolidation Predict Language Outcomes 
after Controlling for Confounding Factors?

Table 4 shows the results of structural equation regression 
models including confounding variables. The model predicting 
language at 18 months revealed a significant contribution of the 
6-month (B = −0.06) sleep ratio after control variables were tak-
en into account. Zygosity, sex and maternal first language were 
also significant predictors in the model. The model predicting 
language at 30 months also showed a significant contribution 
of the 6-month sleep ratio (B = −0.11). Child sex, maternal co-
variables, and first language were also significant predictors in 
the model. Once 30-month language was adjusted for 18-month 
language, the 6-month sleep ratio still predicted the outcome 
(B = −0.09). This suggests that the 6-month sleep ratio influ-
ences not only the language outcome at 30 months, but also 
language development between 18 and 30 months. Finally, the 
model predicting language at 60 months revealed a significant 
contribution of the 18-month sleep ratio (B = −0.08) after co-
variables were taken into account. In addition, the contribution 
of the 18-month sleep ratio remained significant (B = −0.07) af-
ter controlling for language at 30 months suggesting again that 
sleep consolidation has a continuing contribution to language 
development during this period.

Table 3—Within- and across-age Spearman correlations between 6-, 
18-, and 30-month sleep measures and 18-, 30-, and 60-month language 
outcomes

Language outcomes
Sleep measures 18 months 30 months 60 months

6 months
CNS −0.04 0.03 0.05
CDS −0.14*** −0.17*** −0.12***
Sleep ratio −0.15** −0.16*** −0.14***

18 months
CNS −0.05 0.06 0.12**
CDS −0.03 −0.11* −0.08
Sleep ratio 0 −0.14*** −0.16***

30 months
CNS 0.05 0.05 0.05
CDS −0.04 −0.05 0
Sleep ratio −0.07 −0.08 −0.05

CNS, consecutive nighttime sleep duration; CDS, consecutive daytime 
sleep duration. Sleep ratio is the CDS divided by CNS. *P < 0.05, 
**P < 0.01, ***P < 0.001.

Table 4—Structural equation regression models predicting language outcomes at 18, 30, and 60 months �rom sleep ratios at 6 and 18 months

Model – Outcome Step Predictor B (SE) P b c2 df P
 18-month Language 1 Zygosity 0.19 (0.07) 0.008 0.11 19.54 15 0.19

Sex 0.15 (0.04)  < 0.001 0.09
Child covariables −0.07 (0.05) 0.16 −0.04
Mother covariables 0.11 (0.05) 0.03 0.09
Language status −0.22 (0.10) 0.02 −0.10

2 6-month sleep ratio −0.06 (0.02) 0.01 -0.07 23.85 19 0.20

30-month Language 1 Zygosity 0.00 (0.01) 0.83 0.01 16.36 15 0.36
Sex 0.02 (0.01) 0.01 0.08
Child covariables 0.00 (0.01) 0.89 0.00
Mother covariables 0.03 (0.01) 0.004 0.12
Language status −0.07 (0.02)  < 0.001 −0.19

2 6-month sleep ratio −0.02 (0.01) 0.002 −0.11 19.85 19 0.40
3 18-month sleep ratio −0.00 (0.01) 0.84 −0.01 35.77 23 0.04

Adjusted �or 18-month language 4 6-month sleep ratio −0.01 (0.01) 0.01 −0.09 32.83 23 0.08
5 18-month sleep ratio −0.01 (0.01) 0.12 −0.06 50.68 27 0.004

60-month Language 1 Zygosity 0.06 (0.08) 0.81 0.03 12.70 15 0.63
Sex −0.06 (0.05) 0.30 −0.03
Child covariables −0.08 (0.06) 0.17 −0.04
Mother covariables 0.49 (0.06)  < 0.001 0.34
Language status −0.85 (0.10)  < 0.001 −0.34

2 6-month sleep ratio −0.05 (0.03) 0.09 −0.06 21.39 19 0.32
3 18-month sleep ratio −0.07 (0.03) 0.05 −0.07 24.05 23 0.40

Adjusted �or 30-month language 4 6-month sleep ratio −0.04 (0.03) 0.22 −0.04 47.67 23 0.002
5 18-month sleep ratio −0.06 (0.03) 0.06 −0.07 49.80 27 0.005

The �actor score �or child covariables includes gestation duration, birth weight, Apgar score, number o� days in the hospital a�ter birth, and child di�ficult 
temperament. The �actor score �or maternal covariables includes education, �amily income, depressive symptoms, overprotectiveness, and impact perception.
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18 months and language at 60 months was explained by shared 
environmental influences affecting both sleep and language 
(RCs = 0.24).

DISCUSSION
The objectives of this study were two-fold. The first objec-

tive was to examine the contribution of sleep consolidation to 
language development between 18 and 60 months in a large 

Does Sleep Consolidation Vary in Groups with Differing 
Longitudinal Outcomes Based on the Presence or Absence of 
Language Delays?

ANOVAs performed to compare longitudinal language 
groups on the sleep ratio, show significant differences be-
tween groups at 6 months (F2,514 = 4.667, P = 0.01) and 18 
months (F2,581 = 10.292, P < 0.001), but not at 30 months 
(F2,486 = 0.065, P = 0.94). Figure 3 shows the means and stan-
dard errors (SEs) of the sleep ratio at 6 and 18 months for 
longitudinal language groups. Post hoc t-tests revealed that 
children with persistent or late onset delays had less mature 
sleep consolidation (higher ratios) not only compared to chil-
dren without delays (t433 = −2.446, P = 0.02; t161.86 = −3.318, P 
= 0.001 at 6 and 18 months, respectively), but also compared 
to children with transient delays (t197 = −2.790, P = 0.006; 
t212.94 = −3.168, P = 0.002 at 6 and 18 months, respectively). 
Children with transient delays did not differ from children 
without delays on the sleep ratio at any age. In fact, 90% of 
children with transient language delays had sleep ratios at or 
below the mean at both 6 months and 18 months. By con-
trast, 62% and 57% of children with persistent or late onset 
language delays had sleep ratios above the mean at 6 and 18 
months, respectively.

How are Sleep and Language Associated?
Table 5 shows the results from the genetic modeling which 

was applied only to 6- and 18-month sleep ratios and asso-
ciated language skills to determine the genetic and/or envi-
ronmental etiology of their association. Best fitting models 
are shown after the significance of parameters was tested in 
nested models. All models presented good fit to the data (not 
shown). The top part of the panel shows variance estimates for 
sleep and language measures. Results indicate that heritabil-
ity explains the greater proportion 
of the variance for the 6-month 
sleep ratio, whereas the 18-month 
sleep ratio is mainly influenced by 
shared environmental influences 
making children in the same fam-
ily more similar regardless of their 
genetic relatedness. All language 
measures show modest heritabil-
ity and large shared environmen-
tal influences.

The bottom part of the panel 
shows covariance estimates for 
the bivariate models of sleep ratios 
and language measures. Results 
indicate that the etiology of the as-
sociation between sleep ratios and 
language skills differed depending 
on the developmental period. The 
association between the 6-month 
sleep ratio and both the 18- and 
30-month language outcomes was 
explained by the same genetic 
factors (RGs = 0.32 and 0.33, re-
spectively). By contrast, the asso-
ciation between the sleep ratio at 

Figure 3—Longitudinal language groups as a �unction o� the ratio o� 
consecutive daytime sleep/consecutive nighttime sleep (CDS/CNS) 
at 6 and 18 months. Children with persistent or late language delays 
( : N = 140) di��ered significantly �rom children without language delays 
( : N = 385) and �rom children with transient delays ( : N = 93) on both 
the 6- and 18-month sleep ratio. Sleep ratio was adjusted �or gestation 
duration corrected age.
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Table 5—Bivariate genetic modeling results o� sleep ratio at 6 and 18 months and language measures at 18, 
30, and 60 months

Parameter estimates
Measure A C E

Sleep
6-month sleep ratio 0.64 (0.56-0.71) n.s. 0.36 (0.29-0.44)
18-month sleep ratio n.s. 0.58 (0.52-0.65) 0.42(0.35-0.48)

Language
18-month Language 0.17 (0.07-0.28) 0.68 (0.58-0.77) 0.15 (0.12-0.19)
30-month Language 0.22 (0.06-0.44) 0.45 (0.25-0.63) 0.33 (0.26-0.42)
60-month Language 0.21 (0.02-0.41) 0.51 (0.33-0.66) 0.28 (0.22-0.35)

Bivariate models RG RC RE

6-month sleep ratio/18-month language 0.32 (0.61-0.10) n.s. n.s.
6-month sleep ratio/30-month language 0.33 (1-0.10) n.s. n.s.
18-month sleep ratio/60-month language n.s. 0.24 (0.41-0.06) n.s.

The top panel shows variance parameter estimates with 95% confidence intervals �or sleep ratio and language 
measures. The bottom panel shows the covariance parameter estimates with 95% confidence intervals �or 
significant sleep and language associations. A, additive genetic parameter; C, shared environmental parameter; 
E, unique environmental parameter and error; RG, genetic correlation; RC, shared environmental correlation; RE, 
unique environmental correlation and error. Models include child sex and maternal language other than French 
or English as control variables.
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it is not surprising that genetically based maturation would 
play a role in individual differences in both sleep consolidation 
and language learning. Alternatively, these genes may play a 
more specific role in lower-order regulation processes, such as 
sleep/wake rhythms and parasympathetic activity, which in turn 
may have an organizing effect on the higher order processes 
involved in language processing and the consolidation of lan-
guage information in memory.13

By 18 months of age, however, sleep consolidation shifts 
from being a mainly genetically driven process to an environ-
mental one. Indeed, most infants fall asleep with little effort 
from caregivers during the first year, often during or at the 
end of feedings. The sleep routine with 18-month-old children 
appears quite different. Often children require some form of 
soothing to fall asleep, self or otherwise, and parental practices 
around night awakenings are known to have an impact on sleep 
duration.15 In addition, napping at this age may become a func-
tion of caregiving practices, which may create individual differ-
ences in sleep patterns that have little to do with initial genetic 
predispositions. Poor management of daytime and nighttime 
sleep routines due to lack of knowledge on the parents’ part 
or modern-day family schedules may have more impact on the 
sleep consolidation process at this age.

The main limitations of this study stem from the usual draw-
backs of large-scale longitudinal cohort studies in providing 
detailed and often time-consuming measures. Namely, the 
available sleep measures consisted of mother reported con-
secutive daytime and nighttime sleep bout durations in round-
ed hours. The use of rounded duration estimations may have 
limited the variance and increased measurement error of sleep 
measures more likely resulting in an underestimation of the 
association between sleep and language development i.e., an 
increase of type II error. Also, the reliance on a single inform-
ant, the mother, for measures in both twins may have increased 
overall familial aggregation. Results may need to be replicated 
with more objective sleep measures (actigraphy or polysom-
nography). Fortunately, many studies have shown high agree-
ment between parental reports and actigraphic measures of 
sleep duration,39,40 and a recent study41 shows even stronger 
associations with child cognitive outcomes using parental re-
ports, possibly because they reflect the overall sleep patterns 
better than single time-point objective measures. One should 
also keep in mind that twins may not be representative of the 
general population, mainly because of the larger proportion of 
premature infants in twin populations. However, there are no 
indications that the developmental sleep process is different 
in premature infants compared to full-term infants.37 Finally, 
the study remains correlational in nature, which means we 
can not conclude that earlier sleep consolidation fosters bet-
ter language learning. It is possible that sleep-wake consolida-
tion and language learning are associated because they both 
reflect the state of early neurodevelopmental integrity or other 
unmeasured processes.

Notwithstanding these limitations, the sample size and the 
control for confounding factors largely exceed that of previous 
studies. In addition, the larger developmental period covered 
by this study, with multiple assessments at crucial develop-
mental periods between 6 and 60 months, suggests that early 
sleep consolidation has long-term associations with language 

sample of twins. This is the first study to address this ques-
tion on a large population-based sample. The second objective 
was to assess the genetic and environmental etiology of sleep-
language associations.

Regarding the first objective, results (1) replicate previous 
findings on smaller samples in terms of strength of association 
between sleep measures and language outcomes4,6,8,9; (2) show 
that the association is maintained in longitudinal analyses, and 
(3) that individual differences in sleep consolidation contribute 
to meaningful changes in language outcomes through time. In 
addition, the results are consistent with recent empirical evi-
dence showing that day/night sleep duration ratios capture de- day/night sleep duration ratios capture de-
velopmental changes better16 and are correlated more strongly 
with cognitive outcomes9 than total sleep durations during this 
developmental period. Indeed, the ratio of day/night consecu-
tive sleeping durations was more strongly correlated to lan-
guage outcomes than individual daytime or nighttime sleep 
durations in this study. The sleep ratios at both 6 and 18 months, 
but not 30 months, were modestly but significantly and consis-
tently associated with all subsequent language outcomes and 
language progress between time-points. This was particularly 
true of children with transient language delays: 90% of them 
had average or better than average sleep ratios at both 6 and 
18 months. This suggests that faster maturing sleep consolida-
tion may be a protective factor for children with early language 
delays. By contrast, children with stable or late onset language 
delays by 5 years of age showed poorer sleep consolidation at 
both 6 and 18 months. Thus, although correlations between 
sleep consolidation and language outcomes were modest when 
looking at the overall sample, group comparisons show that 
early sleep consolidation is associated with clinically meaning-
ful developmental outcomes of language delays. It may be that 
poor sleep consolidation is a risk factor for long-term language 
delays. Although previous studies had shown a link between 
various indices of sleep consolidation and language outcomes 
in early childhood,6-8,10 this is the first study to document the 
association between sleep consolidation and language develop-
ment throughout the preschool period.

Regarding the second objective, genetic analyses show (1) 
that the sleep ratio at 6 months is highly heritable, with ge-
netic factors explaining 64% of the differences on this mea-
sure, whereas the ratio at 18 months was mainly due (58%) to 
shared environment factors, (2) that language outcomes are 
modestly heritable and mainly due to shared environment as 
previous studies have shown,35,36 and (3) that the mechanisms 
by which sleep is associated with language learning start with 
an early genetic mediation at 6 months with an increasing role 
of the family environment with age. It appears that genetic fac-
tors, possibly governing early brain maturation, were largely 
responsible for individual differences in sleep consolidation at 
6 months and its association with subsequent language skills. 
This is consistent with intervention studies showing that the 
sleep consolidation of premature infants exposed to systematic 
manipulations in the early months did not mature faster.37 The 
maturation of the sleep-wake cycles in early life seems rather 
orchestrated by genetic predispositions. These could have a 
general effect on brain development. As infants actively process 
language during this period, with evidence of statistical learn-
ing of language properties in infants as young as 8 months,38 
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Sci 2007;8:206-13.
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1997;100e9.

38. Saffran JR, Aslin RN, Newport EL. Statistical learning by 8-month-old 
infants. Science 1996;274:1926-8.
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Epidemiol 2002;12:237-42.
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development. More importantly, this is the first study to investi-
gate genetic and environmental mechanisms at the basis of the 
association between sleep and language development. Results 
highlight major shifts in the underlying causes of this associa-
tion during early childhood where there appears to be a com-a com-
plex developmental interplay between early genetic influences 
and an increasing organizing effect of the family environment 
by 18 months. This could be regarded as a window of opportun-
ity for family-based interventions around early childhood sleep 
routines. Intervention studies are needed to determine if sleep 
consolidation can be improved by parental practices in the tran-
sition from infancy to toddlerhood, and if so, whether this has a 
direct effect on language learning and other high order regula-
tory processes.
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