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Abstract

OBJECTIVES—Our goal was to examine the association between parent-rated sleep problems
during childhood and neuropsychological functioning during adolescence.

PARTICIPANTS AND METHODS—Longitudinal prospective data on an entire birth cohort
from Dunedin, New Zealand, were obtained. One thousand thirty-seven children were enrolled in
the study (52% male). Parents reported on sleep problems when the study members were 5, 7, and
9 years of age. Neuropsychological functioning was assessed by using 7 tests when the
participants were 13 years of age.

RESULTS—After adjusting for gender and socioeconomic status, persistent sleep problems
during childhood predicted scores on 2 neuropsychological tests: the copy score of the Rey-
Osterrieth Complex Figure Test and 2 measures of performance on the Halstead Trail Making
Test. These results were substantively replicated when sleep was assessed at the 5- and 9-year (but
not 7-year) assessments separately.

CONCLUSIONS—Sleep problems during childhood may be associated with certain aspects of
neuropsychological functioning during adolescence. This adds to the growing body of literature
suggesting that childhood sleep problems may be a risk indicator of later difficulties.
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Sleep and neuropsychological functioning are linked. In contrast to what is known about
adults, less is known about these associations in children (for a review see ref 1). This is
surprising given that childhood is a sensitive period in terms of development of sleep
patterns and problems? as well as cognitive development and brain maturation (for a review
see ref 3). To add to the small body of literature addressing sleep and neuropsychological
functioning in childhood, we focused on an inclusive measure of sleep problems during
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childhood, and examined links with neuropsychological functioning assessed during
adolescence.

Previous research focusing on children has established links between sleep and
neuropsychological functioning by (1) experimentally manipulating (eg, restricting or
depriving) sleep and (2) comparing those with and without sleep problems. With regards to
the first type of study, results have been mixed—although associations have been reported
between sleep restriction and areas of neuropsychological functioning, including aspects of
memory, verbal skills, and learning.*® The second type of study has focused almost
exclusively on children with sleep-related breathing difficulties. Despite mixed results (for a
review see ref 6), children experiencing these problems have been found to have a range of
difficulties including problems with attention and executive functioning (eg, refs 7-10);
language skills11-13; aspects of memory and learning13-14; and visual perception and
construction.1:12 There is no doubt that sleep-related breathing difficulties provide an
important clinical model for examining the effects of sleep disruption (see ref 15) and have
been informative with regards to understanding associations with neuropsychological
functioning. However, other, more common sleep problems such as difficulties initiating
and maintaining sleepl! (see also ref 16) may also be linked to neuropsychological
functioning (for a review see ref 17). Indeed, both poor and insufficient sleep as well as a
composite of different sleep problems have been linked to poor academic performance.18-20
The frequency with which certain sleep difficulties occur (for the prevalence of different
types of sleep problems in school children, see elsewhere refs 21 and 22) emphasizes the
need to increase understanding of the links between sleep and neuropsychological
functioning. An additional issue with regards to previous studies of sleep and
neuropsychological functioning is that they have been almost exclusively cross-sectional—
limiting understanding of longitudinal links. This is particularly salient as 1 study revealed
that middle-school children who were performing poorly academically were more likely to
retrospectively report snoring during early childhood as compared with those performing
well.23 These results underscore the likely importance of prospective longitudinal studies for
informing this area of research.

PARTICIPANTS AND METHODS

Participants

Participants were members of the Dunedin Multidisciplinary Health and Development
Study, a longitudinal investigation of the health and behavior of a complete birth cohort. The
cohort of 1037 children (52% male) was constituted at 3 years of age when the investigators
enrolled 91% of consecutive births from April 1, 1972, through March 31, 1973, in Dunedin,
New Zealand. Cohort families were primarily white and represented the full range of
socioeconomic status (SES) in the general population of New Zealand’s South Island. At
each assessment age, participants (including emigrants living overseas) were brought back
to the research unit for a full day of individual data collection. The study protocol was
approved by the institutional review boards of the participating universities. After complete
description of the study to the participants, written informed consent was obtained from
parents up to age 15 and thereafter from the study members. Follow-ups were performed at
5,7,9,11, 13, 15, 18, 21, 26, and, most recently, 32 years of age (7= 972 [96% of the living
cohort members]). Here we focused on the 5-, 7-, 9-, and 13-year-old assessments as they
provide the most thorough assessments of child sleep and neuropsychological functioning.
Detailed information about sleep and neuropsychological functioning was not collected at
the 11 year assessment.
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Socioeconomic Status

SES of the study members’ families was measured on a 6-point scale that assessed parents’
self-reported occupational status. The scale allocated each occupation to 1 of 6 categories (6
= professional; 1 = unskilled laborer) on the basis of the educational levels and income
associated with that occupation in data from the New Zealand census.

Sleep Problems

Parents reported on their children’s sleep problems at the 5-, 7-, and 9-year assessments. At
both 5 and 7 years, 3 items explored sleep problems (Sleep problems last night? Typically
has sleep problems? Does child have sleep problems?). At the 9-year-old assessment, 6
items addressed sleep problems (Sleep problems last night? Sleeping difficulties? Child has
trouble falling asleep? Child awakens at night and can’t return to sleep? Child slept much
more recently? Child wakens very early?). Although these items were originally coded on
different scales, each item was recoded on a binary scale (0 = no sign of a problem; 1 = sign
of a problem). A binary “persistent sleep problem” variable was developed from these items,
with children scoring 1 if they showed signs of a sleep problem at the age 9 assessment and
at 1 or more other times, and 0 otherwise. One hundred seventeen (12.4%) of the study
members had a persistent sleep problem. This general measure of persistent sleep problems
has been used previously (see ref 24) and was developed based on previous research
highlighting the importance of the persistence of sleep problems in predicting later
behavioral or emotional problems,> and taking into account the principle of aggregation,
which states that multiple measures more accurately assess a phenotype than does a single
measure.26

To attempt internal replications of our results, we also examined sleep problems at ages 5, 7,
and 9 years separately. At each of these ages, Study members were given a score of 1 if they
had been reported to have a sleep problem, and a score of 0 if they had not. At age 5, 199
(19.7%) of the sample had a sleep problem; at age 7, 182 (19.2%) had a sleep problem; and
at 9 years old, 244 (25.8%) had a sleep problem. The higher prevalence of problems at 9 as
compared with 5 and 7 years may reflect the different methods used to assess sleep at the
different ages.

As there is disagreement as to the best way to conceptualize sleep problems in children, we
repeated analyses using alternative definitions of sleep problems (unreported). First, we
redefined persistent sleep problems as those occurring at any 2 or more assessments and
obtained substantively identical results to those obtained when using our alternative
definition of persistent sleep problems. Second, because of the specific nature of the item
“sleep problems last night” we remade all scales removing this item from each wave of data
collection. Again, an extremely similar pattern of results emerged.

Neuropsychological Assessment

The Dunedin Study neuropsychological test battery was administered when the cohort was
13 years of age. The battery comprised the subtests of the revised version of the Wechsler
Intelligence Scale for Children (WISC-R)?7 and 7 additional neuropsychological tests. It
constituted the then-current battery of the Neuropsychological Clinic at the University of
California, Los Angeles Neuropsychiatric Institute. All of its tests are still in widespread
use, and extensive literatures exist attesting to the reliability and validity of each test.28
Because adult norms for the 7 neuropsychological tests begin at 12 years old, and the cohort
was 13 years old, adult versions of each test were used. Results from the battery have been
reported frequently.2%30 The 7 tests are as follows:
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WISC-R Mazes?’: The WISC-R mazes involved presenting respondents with a series of
increasingly difficult mazes, and requesting that they draw the way out. Here, we focused on
a scaled score based on performance time and errors.

Wisconsin Card Sorting Test31:32: The Wisconsin Card Sorting Test required the respondent
to sort a series of cards showing different numbers of colored shapes into bins on the basis
of 1 of 3 possible principles: color, shape, or number. After 10 consecutive correct
placements, the examiner covertly shifted the principle. Scores indicated the respondent’s
ability to flexibly shift cognitive set, while inhibiting inappropriate perseverative responses.

Halstead Trail Making Test, Adult Worksheets A and B33—The Halstead Trail
Making Test first required the respondent to connect a series of numbered dots on the A
worksheet (1, 2, 3, ..., an automatic processing task). On the B worksheet the respondent
must connect dots by alternating between consecutive numbers and letters (1, A, 2, B, 3, C,
..., an effortful processing task). Scores for the respondent’s increased time and errors from
worksheet A to worksheet B represented the ability to inhibit overlearned behavior.

Rey-Osterrieth Complex Figure Test3435—The Rey-Osterrieth Complex Figure Test
commenced by the respondent being asked to copy a complex figure. After a 3-minute
delay, the respondent drew the figure again from free recall. Scores for strategy assessed
whether the respondent applied thoughtful planning to the task. Scores for copy accuracy
assessed visuo-spatial processing. Scores for delayed recall assessed visual memory.

Rey Auditory Verbal Learning Test36—The Rey Auditory Verbal Learning Test
involved the respondent hearing 5 learning-trial presentations of a list of 15 words, saying
all the words they can remember after each trial. An interference trial of a different word list
was presented, followed by a sixth recall trial of the original word list. Delayed recall for the
original list was tested after a 15-minute delay, and recognition memory was tested by
presenting the words embedded in a story.

Verbal Fluency Controlled Oral Word Association Test3’—During the Verbal
Fluency Controlled Oral Word Association Test, the respondents were asked to generate as
many words as possible beginning with F in 1 minute. The task was repeated for letters A
and S.

Grooved Pegboard Test38—The Grooved Pegboard test involved the respondent, as
quickly as possible, picking up tiny metal pegs 1 by 1, and fitting each peg into a slotin a
small board. The respondent worked first with the nondominant hand, and then with the
dominant hand. Scores reflected lateral difference in fine-motor hand-eye coordination, and
also speed of dexterity.

Data Preparation and Statistical Analyses

Only Dunedin Study members with data on both sleep problems and neuropsychological
functioning could be included in these analyses. To examine specific cognitive functions
within the context of broadly normal 1Q, we excluded Dunedin Study members with 1Q
scores of >2 SD below the mean (/7= 22). One participant who had suffered a severe head
injury was also excluded. This resulted in a final data set of 720 individuals. Test scores
were standardized before analyses. Regression analyses were used to predict different
aspects of neuropsychological functioning from sleep problems adjusting for gender and
family SES. Although numerous regressions were run we did not adjust for multiple testing
as such adjustments are conservative and arguably inappropriate for research at the theory-
generating (rather than the theory-testing) stage such as that reported here.

Pediatrics. Author manuscript; available in PMC 2013 November 13.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gregory et al.

RESULTS

Page 5

Persistent Sleep Problems in Childhood and Neuropsychological Functioning at 13 Years

After controlling for gender and SES, persistent sleep problems at 9 years of age predicted
significantly poorer scores on 3 measures of neuropsychological functioning: the Rey copy
score (B = -.07 [95% confidence interval (Cl): —.15 to .00], £=.047); the Trail Making test,
part B score, time to completion (B = .14 [95% CI: .06 to .21], A< .001); and the Trail
Making Test, part B score minus part A score (f =.13 [95% CI: .06 to .20], A=.001; see
also Fig 1A).

Sleep Problems at 5, 7 and 9 and Neuropsychological Functioning at 13 Years

Sleep problems at separate ages of assessment were examined in association with later
neuropsychological functioning. At 5 years of age, after controlling for gender and SES,
sleep problems predicted poorer neuropsychological functioning indexed by: the Rey copy
score (f = -.10 [95% CI: —-.18 to —.03], A= .005); the number of correct responses on the
Wisconsin Card Sorting Test ( = -.09 [95% ClI: -.17 to -.02], A= .013); the Trail Making
test, part B score, time to completion ( = .10 [95% CI: .02 to .17], £=.012); and the Trail
Making Test, part B score minus part A score (f = .11 [95% CI: .04 to .18], P=.004; see Fig
1B). There was also a nonsignificant trend for sleep problems at 5 years of age to predict
total error scores on the Wisconsin Card Sorting Test ( = .07 [95% CI: —.01-.14], P=.068).
At the 7 year assessment, sleep problems did not significantly predict performance on any of
the neuropsychological tasks (see Fig 1C), although there were trend differences in the same
direction as at the other ages. After controlling for gender and SES, sleep problems at 9
years of age significantly predicted poorer neuropsychological functioning as indexed by:
the Rey copy score (f = —.08 [95% CI: -.16 to —.01], A= .025); the Rey delayed recall score
(B=-.08 [95% CI: -.16 to —.01], P=.023); the Trail Making test, part B score, time to
completion (B = .12 [95% CI: .05-.19], £=.001); the Trail Making Test, part B score minus
part A score (B = .11 [95% CI: .04 —.18], = .003); and number of seconds to complete the
Grooved Pegboard using the left hand (f = .09 [95% ClI: .02-.17], P= .01, the effect
persisted after exclusion of left-handers; Fig 1D). Of note, all of the significant differences
between those with and without sleep difficulties were of small effect (§ in the .1 range).

DISCUSSION

Summary

Limitations

The results reported here are novel in demonstrating a prospective longitudinal association
(albeit of small effect) between measures of sleep problems during childhood and
neuropsychological functioning in adolescence. The results also emphasize the possibility
that sleep difficulties are associated more strongly with certain aspects of
neuropsychological functioning (eg, complex visual scanning and motor competence as
measured by the Halstead Trail Making Test) than others (eg, verbal fluency).

Two main limitations characterize this work. First, sleep problems were assessed using
available parent-report items. Use of this measure was necessary as, with most other
epidemiologic studies, the Dunedin study did not include a detailed measure of sleep
problems during childhood. This limitation is noteworthy for numerous reasons. For
example, results may differ as a function of rater?l; and the inclusion of general items to
measure sleep means that different sleep problems (eg, nightmares, sleep walking, insomnia)
may have been reported. In addition, our crude (but necessary) method of classifying sleep
problems as present versus absent will not have captured differences in the severity of
difficulties being reported. In future studies, it would be beneficial to examine sleep more
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thoroughly (eg, using multiple raters and measures and assessing participants with
difficulties in the full range as well as at the high extreme). Indeed, it would have been
particularly informative to have included a measure of sleep disordered breathing, given the
focus on this specific problem in association with neuropsychological functioning reported
previously.8 A second limitation of this study is that we did not measure neuropsychological
functioning in childhood or sleep problems in adolescence, meaning that hypotheses
concerning the direction of effects between the links between sleep problems and
neuropsychological functioning could not be tested.

Interpretation

Despite limitations, confidence in the results comes from noting strengths of this study,
including the use of an entire birth cohort, the collection of sleep data at multiple time-
points, and the thorough assessment of neuropsychological functioning. In particular, 3
points emerging from the results are worthy of discussion. First, an inclusive measure of
sleep problems during childhood predicted later neuropsychological functioning. A possible
explanation for the longitudinal associations reported here is that they simply reflect the
known stability of sleep problems over time (eg, see ref 39) and the known concurrent
associations between sleep difficulties and neuropsychological functioning.1” An alternative
explanation is that sleep problems cause neuropsychological difficulties. This is consistent
with a leading hypothesis for the link between sleep disordered breathing and
neuropsychological functioning which suggests that sleep disruption could retard neural and
skill development.® Although previous studies have demonstrated that sleep problems are
more likely to be found in children with severe intellectual difficulties as compared with
others (eg, see ref 40), it is important to note that this study excluded study members with
particularly low 1Q, suggesting that links between sleep and neuropsychological functioning
may hold within the context of normal functioning. The final explanation to be considered
for the link between sleep and neuropsychological functioning is that certain factors which
are not addressed here (eg, family disorganization, emotional difficulties) are linked to both
sleep problems and later neuropsychological functioning and account for their association.
Assessing both sleep and neuropsychological functioning at multiple time-points, as well as
potentially co-occurring factors, would allow testing of hypotheses concerning the
mechanisms by which sleep problems are associated with later neuropsychological
functioning.

The second point of note concerns the assessment of sleep problems at multiple time-points.
Sleep problems at 5, and also at 9 years of age predicted later neuropsychological
functioning, increasing confidence in the results by providing an internal replication. What
was more surprising is that the 7 year sleep data stand out for not being associated with any
measure of later neuropsychological functioning. This finding could reflect the possibility
that sleep problems are more or less significant at certain ages. For example, 7 years is the
age at which many children transfer to new schools, and sleep problems in children of this
age could therefore be associated with related changes (eg, changes in school start times). It
is possible to speculate tentatively that such problems could be temporary and not associated
with later difficulties. However, it is important to note that age differences were unexpected
and therefore need to be replicated before they can be considered of importance.

Third, sleep problems seemed to be associated more strongly with certain aspects of
neuropsychological functioning than with others. As demonstrated by a previous study
focusing on sleep disordered breathing, there was an association between sleep difficulties
and performance on the Rey Copy task.12 Sleep problems also seemed to be robustly
associated with performance on the trail making test. This latter association seemed to be
relatively specific in that sleep problems were associated with performance on trial B (an
effortful processing task) as compared with trial A (an automatic processing task). This
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suggests that sleep problems may be related to the higher-level demands on working
memory and mental flexibility imposed by trial B beyond the simpler demands on attention
and vigilance imposed by trial A. This interpretation is consistent with suggestions by others
that prefrontal cortical functioning is particularly sensitive to the effects of sleep deprivation
(eg, see ref 41). In contrast to the associations reported, there did not seem to be much
support for the associations between sleep problems and performance on other tasks such as
the Rey auditory and mazes tasks. Some of the tasks included in the neuropsychological test
battery are used to examine specific brain impairment, so given that we were not expecting
specific brain damage in the Dunedin Study members, this pattern of results fits well with
expectations.

The key findings reported here have implications for future research and clinical practice.
With regards to future work, the results of this study concur with previous reports (eg, see
ref 17) suggesting that when examining the links between sleep and neuropsychological
functioning there may be scope to examine a wider range of sleep difficulties than just sleep
disordered breathing (although of course it remains possible that the associations reported
here could be driven by study members with sleep disordered breathing). With regards to
clinical practice, this study adds to the previous body of literature suggesting that childhood
sleep problems are not only associated with concurrent problems but with a range of
difficulties later in life. Indeed, using data from the Dunedin Study we previously reported a
link between the persistent measure of sleep reported here and anxiety disorders in
adulthood.2* These findings lend support to the suggestion that sleep problems should be
routinely assessed in children. Once identified, sleep problems should be addressed— as
indicated by studies highlighting improved grades after treatment for obstructive sleep apnea
syndrome?23 and improved neurobehavioural functioning after sleep extension.*2 Of note, it
may be important to deal with sleep problems rapidly; 1 report presented results consistent
with the idea that some of the effects of sleep problems on later neuropsychological
functioning may be irreversible.2% Although the aforementioned report focused on sleep
disordered breathing and proposed hypoxia as a potential cause of the irreversible
neuropsychological impairment, other explanations remain possible. Increased
understanding of and investment in childhood sleep problems seems to be an important way
forward.
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FIGURE 1.

Sleep problems during childhood and neuropsychological functioning at 13 years. A,
Persistent sleep problems at ages 5 to 9; B, sleep problems at age 5; C, sleep problems at age
7; D, sleep problems at age 9. 2 £< .10, P< .05, and ¢ £< .01 based on the statistical
significance of sleep problems predicting neuropsychological functioning after controlling
for gender and family SES.
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