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SLEEP PROBLEMS AND DEPRESSION ARE INTER-
TWINED. FOR EXAMPLE, IN YOUTH, SLEEP PROB-
LEMS HAVE BEEN FOUND TO PREDICT THE SUBSE-
QUENT occurrence of depression symptoms and can therefore 
be considered risk indicators of these later difficulties1-4; and 
there is also some support for the converse association that 
depression predicts later sleep problems.5 Understanding 
longitudinal links between sleep problems and symptoms of 
depression is essential, as such information is potentially use-
ful for informing early intervention and/or prevention strat-
egies. Indeed, knowing why a child with sleep problems is 
at increased risk for developing depression can illuminate 
approaches for intervening to stop the progression to more 
serious and enduring problems. Despite the importance of un-
derstanding longitudinal associations between sleep problems 
and symptoms of depression, such knowledge is limited. For 
this reason, this study examines the order of effects of sleep 
problems and symptoms of depression and disentangles ge-
netic and environmental influences on the longitudinal asso-
ciations between sleep problems and depression in a sample 
of twins in middle-childhood.

Sleep and Depression: Longitudinal Associations

Links between sleep problems and depression have been wide-
ly established within adulthood.6-9 However, in contrast, only 
recently has there been interest in the longitudinal associations 
between sleep problems in childhood or adolescence and later de-
pression. Regardless, there is now mounting evidence that sleep 
characteristics (eg, regularity and activity during sleep) and sleep 
problems (assessed as insomnia or symptoms of different types 
of sleep problems) examined early in life are risk indicators for 
later depression symptoms,1-4 although not all studies have found 
significant associations.10-12 There is less support for the converse 
association, that depressive symptoms in young people predict 
later sleep problems,1-2 although some studies have reported such 
links.5 Focusing research in childhood is advantageous because 
there is mounting evidence that a range of difficulties, includ-
ing depression, typically first appear early in life.13 This suggests 
that, to fully understand the etiology of depression and associated 
problems, focusing research early in life is essential.

Sleep and Depression: Twin Studies

Many reasons have been proposed for the complex associa-
tions between sleep problems and depression. These explana-
tions focus on abnormalities in endocrine and monoamine func-
tioning as well as atypical circadian rhythms and interactions 
between circadian and sleep-wave–dependent processes.14 One 
area of research that has not been utilized with regard to un-
derstanding the longitudinal associations between sleep and de-
pression is quantitative genetics. This is particularly noteworthy 
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because the processes thought to underlie the associations be-
tween sleep and depression reflect abnormalities that are known 
to be influenced by genetic variation (e.g. for a discussion of 
genetic influences on circadian rythms see15). Twin studies al-
low estimations of the magnitude of genetic and environmen-
tal influences on single traits and associations between traits.16 
Two relevant twin studies have examined concurrent associa-
tions between sleep problems and depression in youth. First, a 
study of preschool-aged children revealed that sleep problems 
and depression shared little genetic relatedness.17 Second, we 
previously reported (using data collected on this current twin 
sample aged 8) that the links between sleep problems and de-
pression were largely influenced by genetic factors.18 Differ-
ences between these 2 sets of results may reflect developmental 
changes in the etiology of the association (eg, genes that have 
little effect on sleep and depression early in life starting to in-
fluence these traits later on) —or the different measures used to 
examine symptoms of sleep and depression. To date, twin data 
have not been used to examine longitudinal links between sleep 
problems and depression. However, researchers have examined 
longitudinal links within depression, with studies reporting that 
environmental influences making family members alike account 
for much of the stability in symptoms of depression within 
childhood19; whereas both genetic and environmental influenc-
es making family members differ appear to be important in the 
stability of symptoms of depression within adolescence,20 and 
between adolescence and young adulthood.21 In contrast with 
what is known about the stability of symptoms of depression, 
little is known about the magnitude of genetic and environmen-
tal influences with regard to the stability of sleep problems.

The absence of information about longitudinal links between 
sleep and depression is an important omission to our understand-
ing of these associations. Hence we examined the longitudinal 
associations between these phenotypes using a genetically infor-
mative cross-lagged model that was able to estimate longitudinal 
associations between sleep and depression while controlling for 
preexisting links between these traits. Accounting for preexisting 
associations between sleep problems and depression is essential. 
If not considered, a longitudinal association between sleep prob-
lems at 8 years and depression at 10 years could simply reflect 
the known stability of sleep patterns and sleep problems over 
time1,22 and a concurrent association between sleep problems 
and depression at 10 years of age. Knowledge concerning the 
stability of individual symptoms over time and concurrent asso-
ciations between traits is therefore informative when examining 
longitudinal associations between traits. Cross-lagged models on 
genetically informative data are additionally able to decompose 
associations into their genetic and environmental components.23 
Indeed, use of a cross-lagged model of this type has provided 
a unique understanding of longitudinal links between various 
phenotypes—such as an analysis of parental negativity and anti-
social behavior that found that the association was bidirectional 
and that genetically influenced antisocial behavior may evoke 
parental negativity toward children.24

Hypotheses and research Questions

We used a genetically informative cross-lagged model to ex-
amine 2 sets of questions in a sample of twins aged 8 and 10 

years. The first question concerns the longitudinal associations 
between sleep problems and depression. Based on previous 
research, we hypothesized that sleep difficulties predict symp-
toms of depression to a greater extent than depression symp-
toms predict later sleep problems. We also expected stability 
of sleep problems and depression symptoms over time (which 
would partly account for the longitudinal associations between 
the phenotypes). The second issue concerns the magnitude of 
genetic and environmental influences on these associations. 
Given the paucity of research examining longitudinal associa-
tions between sleep problems and depression in young twins, 
a specific pattern of genetic and environmental influences on 
the longitudinal associations was not hypothesized, and this re-
mains an exploratory question. However, based on previous re-
search, we did expect the stability of depressive symptoms over 
time to be due to both genetic and environmental influences.

meTHoD

participants

Participants are members of the Emotions, Cognitions, He-
redity and Outcome (ECHO) study, which consists of 300 twin 
pairs selected from a larger ongoing study of twins born in Eng-
land and Wales during 1994-1996, known as the Twins Early 
Development Study (TEDS).25,26 At Wave 1 of data collection, 
300 eight-year-old twin pairs (mean = 8 years 6 months; range 
= 8 years 2 months to 8 years 11 months) were selected from 
TEDS. Of these 300 pairs, 247 scored highly on parent-reported 
anxiety at age 7 years, and 53 control twin pairs were selected 
to ensure full coverage of the full range of scores on test mea-
sures.18 Anxiety was the focus when selecting participants, as 
the current data were collected as part of a study investigating 
anxiety and links with other problems (eg. depression and sleep 
problems). The design maximizes power and ensures inclusion 
of children with high levels of emotional symptoms. Howev-
er, to generalize results to an unselected population, a weight 
is included in all analyses (see below). Because data from 11 
families were considered unusable at Wave 1 due to autistic 
spectrum disorders, severe receptive language impairments, 
and persistent attention problems in at least 1 of the twins, only 
289 families were contacted at Wave 2, approximately 2 years 
later. Of these, 250 (87%) agreed to participate (mean age = 10 
years 2 month; range 9 years 7 months to 10 years 10 months). 
Data collection for ECHO mainly took place at the Institute of 
Psychiatry (London, United Kingdom), with a small number 
of families visited in their homes. The ECHO study received 
ethical approval from the Maudsley Hospital Ethics Committee 
(London), and informed consent from parents was obtained by 
mail before data collection. The ECHO participants (43% boys) 
were mainly white (87%) and were from higher-than-average 
socioeconomic-status families.18

procedures and instruments

Zygosity

A parent-rated instrument was used to assign twin zygosity. 
This resulted in unambiguously identifying 95% of the twin 
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pairs as monozygotic (MZ) or dizygotic (DZ). For the remain-
ing 5%, DNA was collected from cheek swabs, and zygosity 
was assigned using highly polymorphic markers that yield an 
accuracy of 99.9%.27 The total ECHO sample comprises 100 
MZ twin pairs, 199 DZ twin pairs, and 1 pair of twins for which 
zygosity is unclear and who refused to provide DNA; their data 
are therefore excluded from genetic analyses.

Anxiety-selection Variable

Anxiety was examined in the TEDS sample when the partici-
pants were aged 7 years using the parent-report Anxiety Related 
Behaviours Questionnaire (ARBQ).28 This is a 21-item scale re-
flecting commonly assessed anxiety-related behaviors in young 
children, including general distress (negative mood), separation 
anxiety, shyness/ inhibition, and fears. Each item was rated on 
a 3-point scale (0 = never; 1 = sometimes; 2 = often) and was 
taken from existing, reliable, and valid measures.29-33 The inter-
nal consistency (α) of this measure was 0.81. Twins with at least 
1 member scoring in the top 15% of this measure were selected 
as high-anxiety pairs in the ECHO study, whereas control pairs 
both scored below this cutoff. The entire sample was analyzed 
as 1 group, and a weight was included to account for this selec-1 group, and a weight was included to account for this selec- group, and a weight was included to account for this selec-
tion process.

Child Sleep Habits Questionnaire

Parents reported on their 8-year-old children’s sleep prob-
lems using the abbreviated version of the Child Sleep Habits 
Questionnaire (CSHQ).34 This version of the CSHQ consists of 
33 items, including “child struggles at bedtime (cries, refuses to 
stay in bed, etc)” each rated on a 3-point scale (1 = rarely; 3 = 
usually). The CSHQ taps into 8 aspects of commonly reported 
childhood sleep problems: bedtime resistance, sleep-onset de-
lay, sleep duration, sleep anxiety, night waking, parasomnias, 
sleep-disordered breathing, and daytime sleepiness. Parents re-
ported on the most recent typical week. Where necessary, items 
(eg, “child goes to bed at the same time at night”) were recoded, 
so a higher score on this scale indicates greater sleep problems. 
The psychometric properties of this measure have been exam-
ined in both community and clinical populations of children 
aged 4 to 10 years.34 Results show adequate internal consis-
tency in both populations (α = 0.68 for the community sample; 
α = 0.78 for the clinical sample) and acceptable test-retest reli-
ability. Total scores were able to consistently differentiate the 
community and clinical sample. For the purposes of this study, 
we used a composite measure of sleep problems, as in our prior 
analyses.18 The reasons for this were 2-fold. First, the internal 
consistency of the total sleep problems score was good (0.78 at 
both 8 and 10 years), suggesting that items on the CSHQ tap 
into the same general construct. We therefore liken our analyses 
to those focusing upon general measures of “internalizing” or 
“externalizing” problems in other twin studies of developmen-
tal psychopathology.35,36 A second (and related point) concerned 
the distribution of the CSHQ subscales, some of which need to 
be considered as ordinal rather than continuous. Multivariate 
genetic analysis of ordinal variables involves multidimensional 
integration of the assumed multivariate normal distribution, 
which is computationally intensive when the number of dimen-

sions are high and requires relatively large samples to produce 
reliable estimates.

Children’s Depression inventory

Depressive symptoms were examined by the Children’s 
Depression Inventory (CDI),37 a 27-item self-report question-
naire that examines affective, cognitive, and behavioral signs 
of depression. For each item, the child must select 1 of 3 state-
ments that best reflects how he or she has been feeling for the 
past few weeks. For example, the child can choose between the 
statements “I have fun in many things,” “I have fun in some 
things,” and “nothing is fun at all.” Each statement is coded 
0 (least depressive) to 2 (most depressive), and a sum score 
of all the responses is made. The discriminant validity of the 
CDI has been examined in clinical samples of children (6-16 
years), with results suggesting that, although the measure may 
lack sensitivity as a diagnostic tool, it is appropriate as a symp-
tom inventory (as assessed in terms of accuracy of prediction of 
children with diagnoses of depression).38,39 One item concern-
ing thoughts about suicide was removed from the questionnaire 
for ethical reasons (it was deemed inappropriate for 8-year-old 
children). Furthermore, as with our previous report,18 to avoid 
the potential problems of overlapping items, 2 items pertaining 
to trouble sleeping and tiredness were removed from the CDI. 
The internal consistency (α) of the remaining items was 0.82 at 
8 years and 0.80 at 10 years.

Statistics

weight

A weight that controlled for bias associated with ascertain-
ment across waves (oversampling children with high anxiety 
scores in ECHO) was constructed for analyses. This used the 
ratio of the selection probability of high-symptom families to 
that of nonsymptom control families. Effectively, weighting in-
volves assigning lower weights to individuals from overrepre-
sented categories and higher weights to individuals from under-
represented categories in the sample relative to the population 
distribution.

Twin modeling: General

As would be expected for data on developmental psychopa-
thology, the data were slightly positively skewed. However, the 
skew was considered acceptable (ranging from 0.98 for depres-
sion at 8 years to 1.4 for sleep problems at 10 years), so the data 
were not transformed because of skew. However, as is standard 
in twin modeling, variables were age and sex regressed prior to 
modeling. Descriptive statistics and genetic models were run 
in MX,40 which is one of the most popular statistical programs 
designed to deal with genetically sensitive data. This software 
controls for nonindependence of data from family members and 
can incorporate sampling weights into descriptive and model-
fitting analyses.

Twin studies compare within-pair similarity (examined 
in terms of correlations and covariances) for groups of MZ 
twins, who are genetically identical, and DZ twins who share, 
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of those that also influenced sleep problems and depression at 
8 years and those that were “new” at 10 years (decomposition 
of year-10 variables).

Cross-lagged model: univariate estimates

The magnitude of genetic and shared and nonshared envi-
ronmental influences on variance of sleep problems and depres-
sion at 8 years are calculated using path-tracing rules. For ex-
ample, sleep problems at 8 years is influenced by genetic (a1

2), 
shared environmental (c1

2), and nonshared environmental (e1
2) 

pathways. When calculating the variance of traits at 10 years, 
influences on year-8 variables are also considered (please see 
section below, “Cross-lagged models: decomposition of sleep 
problems and depression at 10 years,” for further information).

Cross-lagged model: bivariate estimates

The cross-lagged model was also used to estimate genetic 
and shared and nonshared environmental influences on the as-
sociations between sleep problems and depression at both 8 
years and then again at 10 years. At 8 years, the bivariate as-
sociation between sleep and depression was calculated as [a1 
× rA1 × a2] + [c1 × rC1 × c2] + [e1 × rE1 × e2] = [the phenotypic 
correlation between sleep problems and depression at 8 years]. 
The rA1, rC1, and rE1 pathways estimate the extent to which fac-
tors influencing sleep problems are the same as those influenc-
ing depression within time points. At age 10 years, the bivari-
ate association between sleep and depression was calculated by 
summing all of the legitimate paths between the 2 phenotypes. 
For example, the genetic influence was calculated by [b11 × a1 
× rA1 × a2 × b22] + [b11 × genetic variance on sleep problems at 
8 × b12] + [b21 × a2 × rA1× a1 × b12] + [b21 × genetic variance on 
depression at 8 × b22] + [a3 × rA2 × a4].

on average, half of their segregating genes.16 It is assumed 
that environmental influences are equally similar for MZ and 
DZ twins—so any increased similarity between MZ, as com-
pared with DZ, twins must be explained by genetic factors. 
In addition to estimating additive genetic influences (A) on 
single traits and associations between traits, twin data can be 
used to disentangle shared environmental (C), and nonshared 
environmental (E) influences. Shared environmental influ-
ences make individuals within a family similar to one another 
and can therefore be estimated by calculating the similarity 
between identical twins that is not due to genetic influenc-
es. Nonshared environmental influences act to make family 
members different, and estimates also incorporate error. Non-
shared environmental influence can therefore be estimated by 
examining the association between MZ twin pairs (if there is 
not a perfect correlation between MZ twins, we assume that 
nonshared environmental influence and/or measurement error 
are playing a role).

Cross-lagged model: General

A cross-lagged model (see Figure 1a) was used to examine 
the concurrent and longitudinal associations between sleep 
problems and depression. Cross-lagged models have been 
previously used to examine longitudinal associations between 
different variables (parenting and externalizing problems) in 
twin samples.23,24 A cross-lagged model was used here to ob-
tain information about (1) the magnitude of the total genetic 
and environmental influences on individual traits (univariate 
estimates); (2) the magnitude of genetic and environmental 
influences on the cooccurrence of sleep problems and depres-
sion within single time points (bivariate estimates); (3) the 
longitudinal associations between sleep and depression (the 
cross-lagged association); and (4) the genetic and environ-
mental influences on univariate traits at 10 years as a function 
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reSuLTS

Descriptive Statistics and phenotypic Correlations

Raw means and standard deviations for the sleep problems 
and symptoms of depression at 8 and 10 years are presented 
in Table 1. This table also shows the phenotypic correlations 
between sleep problems and depression symptoms at 8 and 10 
years. The magnitude of the association between sleep problems 
and depression symptoms was small and similar at both 8 and 
10 years (r = 0.20, for information about interpreting the magni-
tude of correlations, see Cohen43). There was stability over time 
for both sleep problems (r = 0.69) and depression symptoms (r 
= 0.49). The across-trait and time correlations were small but 
significant for both sleep at 8 years and depression symptoms at 
10 years (r = 0.20) and for depression symptoms at 8 and sleep 
at 10 years (r = 0.18). These correlations are noteworthy in that 
the magnitude of the across-trait across-time correlations is al-
most identical to the across-trait within-time correlations.

Twin Correlations

The twin correlations are presented in Table 2. The univari-
ate (within-trait, within-time) twin correlations are presented 
along the diagonal axis. For sleep problems at both 8 and 10 
years, the magnitude of the MZ twin correlation is much greater 
than the DZ twin correlation, suggesting strong genetic influ-
ence. For example, at 8 years of age, the MZ twin correlation 
is r = 0.73, whereas the DZ twin correlation is r = 0.40. For 
depression symptoms, the discrepancy between the MZ and DZ 
correlations is more modest (at 8 years MZ = 0.26, DZ = 0.22), 
suggesting weaker genetic influence but some shared environ-
mental effects. The MZ correlations for depression symptoms 
are much lower than those for sleep problems, suggesting great-
er nonshared environmental influence on depression symptoms, 
as compared with sleep problems.

The within-time associations between sleep problems and de-
pression symptoms are higher for MZ than DZ twins at 8 years 
(MZ = 0.25, DZ = 0.14), suggesting genetic influence on this asso-
ciation. At age 10 years, the MZ/ DZ correlations are more similar 
(MZ = 0.17, DZ = 0.18), suggesting that environmental factors are 
likely to play a larger role in explaining this association.

Cross-lagged model: Cross-lagged Associations

The across-age associations are represented in Figure 1a as 
partial regression coefficients (paths b11, b22, b12, b21). The value 
of each pathway is independent of the other associations being 
addressed. For example, the value of pathway b12 is the contri-
bution of sleep at 8 years to depression at 10 years (after ac-
counting for the effects of depression at 8 years on depression 
at 10 years and the association between sleep and depression at 
8 years).

Cross-lagged model: Decomposition of Sleep problems and 
Depression at 10 years

From the estimated values of the different pathways of 
the model, genetic and environmental influences on sleep 
problems assessed at 10 years can be decomposed into (1) 
cross-age stability effects (genetic and environmental effects 
influencing sleep problems at 8 years; the genetic path is 
calculated by b11

2 × a1
2); (2) cross-lagged effects (genetic and 

environmental effects influencing depression at 8 years; the 
genetic path is calculated by b21

2 × a2
2); (3) common effects 

from age 8 (genetic and environmental influences common 
to sleep problems and depression at 8 years; the genetic path 
is calculated as 2[b11 × a1 × rA1 × a2 × b21]); and (4) spe-
cific effects from age 10 (the unique contributions to sleep 
problems at 10 years; the genetic path is calculated by a3

2). 
Genetic and environmental influences on depression at 10 
years were decomposed into the same 4 main components. 
As with other complex analyses using data from the ECHO 
sample,41,42 sex differences were not examined due to the 
small sample size. Of note, preliminary analyses did not re-
veal any mean differences between boys and girls for any of 
the key variables reported here (ie, sleep at 8, depression at 
8, sleep at 10, depression at 10).

Model-fit is derived by computing the difference between 
log-likelihood (-2LL) statistics of the raw data generated from 
the model and that from a saturated model, which estimates the 
maximum number of parameters to describe variances, covari-
ances, and means of the variables. This model-fit index is dis-
tributed as χ2, and a lower value suggests a better fit.

Sleep and Depression Symptoms in Twins—Gregory et al

Table 1—Sleep Problems* and Depression** at 8 and 10 Years

Variables	 Twin	pairs,	no.	 Mean	(SD)	 Phenotypic	correlations	(95%	confidence	interval)
	 Aged	8	 Aged	10
   Sleep problems Depression Sleep problems  Depression
Aged 8      
Sleep problems 279 44.05 (6.63) 1   
Depression 288 9.06 (6.36) 0.20 (0.12-0.28) 1  
Aged 10      
Sleep problems 241 42.88 (6.08) 0.69 (0.64-0.74) 0.18 (0.09-0.26) 1 
Depression 250 7.41 (5.31) 0.20 (0.11-0.29) 0.49 (0.42-0.55) 0.20 (0.10-0.29) 1

Note. Means and SDs are on raw (nonregressed) data to be maximally relevant to the reader. Scores on the sleep-problems scales used here 
can range from 33 to 99. Scores on the depression scales used here can range from 0 to 54. Correlations are on age- and sex-regressed vari-
ables. Estimates are derived from weighted analyses to account for the selected nature of the sample. *As assessed by Child Sleep Habits 
Questionnaire. **As assessed by the Children’s Depression Inventory.
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shared (73%) environmental influences (see Figure 1b). A simi-
lar pattern of results was reported at 10 years (see Table 3).

Cross-lagged model: bivariate estimates

The bivariate association between sleep problems and depres-
sion at 8 years (r = 0.20) is due to correlations between genetic 
influences (calculated by √0.66 × 0.78 × √0.11 = 0.21), shared 
environmental influences (0.04) and nonshared environmental 
influences (-0.04). The association between sleep problems and 
depression at 10 years was calculated by summing the values 
of all of the legitimate pathways between these 2 variables (the 
phenotypic correlation of 0.20 was due to A = 0.04; C = 0.07; E 
= 0.09; see footnote of Figure 1b for further information).

Cross-lagged model: Cross-lagged Associations

Figure 1b presents the partial regression coefficients for the 
longitudinal associations between sleep and depression and 
within each measure over time. The values of the pathways con-
trol for associations between sleep problems and depression at 8 
years of age. As would be expected, sleep problems at 8 predict 
sleep problems at 10 and depression symptoms at 8 predict de-
pression symptoms at 10. The cross-lagged paths also suggest 
that sleep problems at 8 years significantly predict depression at 
10 years—but the converse association (whereby depression at 
8 predicts sleep at 10) is not significant. The influence of each 
pathway on variances at 10 years can be obtained by squaring 
the partial regression coefficients, demonstrating that the vari-
ance of sleep problems at 10 is influenced by sleep problems at 
8 (44% [calculated by 0.6672]) and depression at 8 (0%). The 
variance of depression symptoms at 10 can be explained by de-
pression at 8 (19%) and sleep problems at 8 (1%).

Cross-lagged model: Decomposition of Sleep problems and 
Depression at 10 years

From the cross-lagged model, it is possible to calculate the 
proportions of the genetic, shared environmental, and non-
shared environmental influences on the year-10 variables that 
are shared with the year-8 variables and those that represent 

The within-trait across-time correlations (ie, sleep at age 8 
and at age 10) are higher for MZ than DZ twins for both sleep 
problems (MZ = 0.59, DZ = 0.32) and depression symptoms 
(MZ = 0.36, DZ = 0.23), suggesting that genes influence the 
stability of symptoms over time.

Finally, MZ and DZ differences in the across-trait, across-time 
correlations suggest genetic influence on the association between 
depression symptoms at 8 and sleep at 10 (MZ = 0.23, DZ = 
0.12) but less so on the association between sleep problems at 8 
and depression symptoms at 10 (MZ = 0.23 and DZ = 0.21).

Cross-lagged model: General

The estimated values of the paths in the cross-lagged model 
are presented in Figure 1b. This model fits the data significantly 
less well than does the saturated model (Δχ2 = 396.62, Δdf = 
62, P < 0.001). Poor fits are commonly found using multivari-
ate genetic models in general and the cross-lagged model in 
particular.23,24 This is due to the data not meeting the assump-
tions of multivariate normality and equal variances between 
MZ and DZ twins.

Cross-lagged model: univariate estimates

From the cross-lagged model, it is possible to estimate to-
tal genetic and environmental influences on each variable us-
ing path-tracing rules. Genetic and shared and nonshared en-
vironmental influences on sleep problems and depression and 
their association at age 8 years have been reported previously.18 
As reported previously, sleep problems at 8 were mainly influ-
enced by genetic factors (estimated here at 66%) with smaller 
environmental influences (shared = 7%; nonshared = 27%). At 
age 10, a similar pattern of results emerged (see Table 3). Spe-
cifically, genetic factors accounted for 63% of the variability 
in sleep problems at 10 years (calculated by summing genetic 
influence shared with sleep at 8 [0.292], those shared with de-
pression at 8 [0.000], those due to the association between sleep 
and depression at 8 [0.009], and new effects at 10 [0.332]), with 
smaller shared (4%) and nonshared (32%) environmental influ-
ences. Genetic influences on depression symptoms at 8 years 
were small (11%), with modest shared (16%) and large non-
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Table 2—Multivariate Twin Correlations (with 95% Confidence Intervals) for Sleep Problems and Depression at Ages 8 and 10

Twin number   Twin 1
MZ	twins	 Variable	 Sleep	at	8	 Depression	at	8	 Sleep	at	10	 Depression	at	10
Twin 2 Sleep at 8 0.73 (0.63-0.80)   
 Depression at 8 0.25 (0.14-0.35) 0.26 (0.07-0.43)  
 Sleep at 10 0.59 (0.51-0.66) 0.23 (0.12-0.33) 0.80 (0.72-0.85) 
 Depression at 10 0.23 (0.12-0.33) 0.36 (0.23-0.47) 0.17 (0.07-0.28) 0.47 (0.33-0.59)

DZ	twins	 Variable		 Sleep	at	8	 Depression	at	8	 Sleep	at	10	 Depression	at	10
Twin 2 Sleep at 8 0.40 (0.27 - 0.51)   
 Depression at 8 0.14 (0.04-0.24) 0.22 (0.09-0.35)  
 Sleep at 10 0.32 (0.20-0.43) 0.12 (0.01-0.23) 0.37 (0.21-0.50) 
 Depression at 10 0.21 (0.10-0.32) 0.23 (0.12-0.34) 0.18 (0.06-0.29) 0.38 (0.23-0.51)

Note. All correlations come from age and sex regressed data. Estimates are derived from weighted analyses to account for the selected nature 
of the sample.
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when considering sleep problems and depression as single 
categories of difficulties (although it is important to note that 
other studies have found that depression symptoms also predict 
later sleep problems). Although further research is needed to 
explore associations between specific types of sleep problems 
and depression, these results are consistent with the possibil-
ity that early treatment of these sleep problems might be pro-
tective against depression. Second, there was stability of both 
sleep problems and depression from ages 8 to 10 years, which 
partially accounted for the longitudinal association between 
phenotypes. Third, genetic and, to a lesser extent, nonshared 
environmental influences were most important in explaining 
the stability of sleep problems over the 2-year gap, whereas 
nonshared environment was the most robust influence on sta-
bility of depression symptoms. Finally, there was a complex 
pattern of influences on the longitudinal association between 
sleep problems and depression. These influences were nonsig-
nificant—suggesting that there was not power to distinguish 
sources of influence on the small cross-lagged association be-
tween sleep and later depression. Nonetheless, genetic factors 
appeared to be most important in explaining this link, and, of 
the small and nonsignificant genetic influence on depression at 
10 years, 11% was due to genetic influences on sleep problems 
at 8 years and 30% was due to genetic influences on the as-
sociation between sleep problems and depression at 8 years. It 
would be unwise to place great importance on these latter find-
ings given the nonsignificant pattern of results. Although not 
central to the hypotheses and aims of this report, this study also 
highlighted a similar magnitude of genetic and environmental 
influences at 8 years and 10 years on sleep problems (at both 
time points, genetic influences were most significant) and also 
on depression (at both time points nonshared environmental in-
fluences were most significant). As reported previously,18 the 
concurrent associations between sleep problems and depression 

“new” influences (age-specific variance) at 10 years of age. For 
example, from Table 3, it is possible to see that 46% of the 
genetic influences on sleep problems at 10 are due to genetic 
influences on sleep problems at 8 (genetic influence shared 
with sleep problems at 8 years/ total genetic influence on sleep 
problems at 10 years = 0.292 / 0.633). Most of the remaining 
54% of the genetic influence on sleep problems at 10 is due 
to specific effects to the 10-year assessment (these account for 
52% of the genetic influences on sleep problems at 10 years). 
The small and nonsignificant shared environmental influence 
on sleep problems at 10 was mainly due to cross-age stability 
effects. The nonshared environmental influence on sleep prob-
lems at 10 is largely due to nonshared environmental influences 
on sleep problems at 8 (37%, calculated as 0.121/0.324) and 
specific effects at 10 (63%).

Variance in depression at 10 was mainly explained by shared 
and nonshared environmental influences, although there was 
a small nonsignificant genetic influence. The nonsignificant 
genetic influence could be explained by genetic influences on 
depression at 8 years (35%), sleep problems at 8 years (11%), 
common effects at 8 years (30%), and specific effects at 10 
years (23%). The shared environmental influence was mainly 
due to depression at 8 years (13%) and specific influence at 
10 years (85%). Nonshared environmental influences on symp-
toms of depression at 10 years came mainly from depression at 
8 years (19%) and specific effects at 10 years (81%).

DiSCuSSion

The results of this study sit well with the hypotheses pro-
posed in the introduction. First, sleep problems at 8 years pre-
dicted symptoms of depression at 10 years, whereas depression 
symptoms did not predict later sleep problems. This highlights 
a possible unidirectional association between the 2 phenotypes 
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Table 3—Genetic and Shared and Nonshared Environmental Influences (with 95% Confidence Intervals) on Sleep Problems and Depression 
at Age 10

	 	 Genetic	influences	 Shared	 Nonshared
	 	 	 environmental	 environmental
	 	 	 influences	 influences
Sleep problems at 10 years 0.633 (0.47 - 0.73) 0.043 (0.00 - 0.18) 0.324 (0.26 - 0.40)
ACE on sleep problems at 10 years due to 
 Sleep problems at 8 years (cross age-stability effects) 0.292	(0.17	-	0.39)	[46%] 0.032 (0.00 - 0.14) [74%] 0.121	(0.09	-	0.17)	[37%]
 Depression at 8 years (cross-lagged effects) 0.000 (0.00 - 0.00) [0%] 0.000 (0.00 - 0.00) [0%] 0.001 (0.00 - 0.01) [0%]
 Common effects at 8 years  0.009 (-0.01 - 0.04) [3%] 0.002 (0.00 - 0.02) [5%] -0.002 (-0.01 - 0.00) [-1%]
 Specific effects at 10 years 0.332	(0.20	-	0.43)	[52%] 0.009 (0.00 - 0.11) [21%] 0.204	(0.15	-	0.27)	[63%]
Depression at 10 years  0.057 (0.00 - 0.39) 0.238 (0.00	-	0.35)	 0.706 (0.58	-	0.81)
ACE on depression at 10 years due to 
 Depression at 8 years (cross-age stability effects) 0.020 (0.00 - 0.09) [35%] 0.031 (0.00 - 0.07) [13%] 0.136	(0.09	-	0.19)	[19%]
 Sleep problems at 8 years (cross-lagged effects) 0.006 (0.00 - 0.02) [11%] 0.001 (0.00 - 0.01) [0%] 0.003 (0.00 - 0.01) [0%]
 Common effects at 8 years 0.017 (0.00 - 0.05) [30%] 0.003 (-0.01- 0.02) [1%] -0.004 (-0.01 - 0.00) [-1%]
 Specific effects at 10 years  0.013 (0.00 - 0.33) [23%] 0.203 (0.00 - 0.31) [85%] 0.571	(0.45	-	0.67)	[81%]

Note: Percentages of total influences due to different influences are provided in brackets. Total genetic and shared and nonshared environmen-
tal contributions to the 10-year traits are presented in italics. These genetic and shared and nonshared environmental contributions are then 
broken down into (1) those uniquely contributed by influences on sleep problems at 8 years, (2) those uniquely contributed by influences on 
depression at 8 years, (3) those resulting from the preexisting association between sleep problems and depression at 8 years (common effects 
at 8 years), and (4) those specific to the age-10-year traits (specific effects at 10 years). For each difficulty, percentages within each column 
should add up to 100%, although not all do because of rounding. Significant pathways are in bold font.
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breathing predicts depression and not vice versa; whereas there 
could be a bidirectional association between sleep-anxiety and 
depression). Furthermore, despite genetic overlap between 
sleep problems of different types,46,47 there are also likely to 
be etiologic differences between different sleep problems. De-
spite this limitation, it is important to note that, even had we 
focused upon a more homogeneous measure of sleep (such as 
sleeplessness), this may have comprised etiologically distinct 
subcomponents. Our data were not appropriate for considering 
these issues because our small sample meant that we needed 
to analyze our data as continuous variables in our multivariate 
model and the subscales of the CSHQ were not all appropriate 
for this purpose. It therefore remains possible that, had we ex-
amined different types of sleep problems separately, we would 
have seen patterns of results different than those presented 
here. This issue needs to be explored in a larger sample. A fur-
ther issue concerning the use of the CSHQ to examine sleep 
problems is that it is a parent-report measure and parents may 
not be accurate reporters of their children’s sleep difficulties. 
Indeed, differences are reported when we compare parent and 
child reports in terms of both frequency of difficulties and ge-
netic and environmental influences on difficulties.44,48 Further-
more, whereas links between sleep and depression have been 
highlighted when subjectively assessing the former,49 there is 
less evidence for an association when using objective measures 
of sleep in this age group.50-52 The use of symptom-count mea-
sures is common in large samples. However, before the clinical 
implications of this research can be established, there is a need 
to examine whether different processes are at play with regard 
to extreme difficulties, as compared with general difficulties in 
the full range. A much larger sample than that employed in this 
study is necessary to address this issue.

at 8 was mainly due to genes. However, at 10 years, nonshared 
environmental influence on the concurrent association between 
the phenotypes was most substantial, with smaller shared and 
genetic influences, possibly reflecting an increase in nonshared 
environmental experiences as children grow older.

Limitations

Despite strengths of this study including the use of twin pairs 
assessed longitudinally to thoroughly explore associations be-
tween sleep problems and depression, certain limitations need 
to be acknowledged. First, the sample size was small, which 
means that there was not sufficient power to decompose all of 
the longitudinal associations between sleep problems and de-
pression into genetic and environmental influences. This sug-
gests that examining the issues outlined here in a larger twin 
sample would be fruitful. Nonetheless, there was power to 
highlight other important findings (e.g., the unidirectional link 
between sleep problems and depression assessed by different 
raters and interesting patterns of genetic and environmental in-
fluences on the stability of these problems over time).

A second set of limitations concerns the measures used 
to examine sleep problems and depression in children. We 
employed one of the most widely used and well-validated 
measures of sleep problems in children (the CSHQ), and we 
focused on the total sleep problems score. However, it is im-
portant to note that, despite phenotypic overlap between sleep 
problems of different types,44 it is possible that certain sleep 
problems predict later depression to a greater extent than oth-
ers45 and that the directionality of the association between 
sleep disturbances differs depending on the conceptualiza-
tion of sleep problems (eg, it is possible that sleep disordered 
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Figure 1b—A path diagram presenting results from the cross-lagged model of the associations between sleep and depression at 8 and 10 years 
of age. Note. Significant pathways are in bold font. The association between variables are calculated by summing the values of legitimate 
paths between the variables. For example, the correlation between sleep problems and depression at 10 years (r = 0.20) is due to A = 0.04; C = 
0.07; E = 0.09. The genetic path is calculated as [0.67 × √0.66 × 0.78 × √0.11 × 0.43] + [0.67 × 0.66 × 0.10] + [0.03 × √0.11 × 0.78× √0.66 × 
0.10] + [0.03 × 0.11 × 0.43] + [√0.33 × -1 × √0.01]).
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knowledge concerning the specific genes involved in common 
sleep difficulties57 and indicate that further research in this area 
is likely to prove fruitful. Although further research is needed, 
our results tentatively suggest the possibility that some of the 
genes influencing early sleep problems may also influence the 
development of depression.

As mentioned earlier, there are also potential clinical implica-
tions of this study regarding the value of early assessment and 
treatment of childhood sleep problems, particularly in samples 
at high risk for developing depression. Further research is need-
ed to establish whether treating sleep disturbances (and, if so, 
which particular sleep disturbances) can reduce the likelihood of 
the subsequent emergence of symptoms of depression. Although 
sleep problems at 8 years accounted for just a small proportion of 
the variance in symptoms of depression at 10 years, it is becom-
ing increasingly apparent that most common difficulties suffered 
by children are best explained by multiple influences of small 
effect size. We argue that childhood sleep problems need to be 
given serious consideration despite having just a small influence 
on later depression because sleep problems (assessed in various 
ways) have negative consequences on mood, attention, and so-
cial and academic function,58-60 as well as being associated with 
difficulties later in life.10,61,62 Finally, in comparison with other 
risk indicators of later problems, sleep problems are more easily 
broached and readily discussed with families, often without the 
negative stigma that can unfortunately be associated with discus-
sion of mental health problems in children, thus creating added 
opportunities for both research and clinical settings.
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