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Behaviorally-determined sleep 

phenotypes are robustly associated 

with adaptive functioning in 

individuals with low functioning 

autism
Simonne Cohen1, Ben D. Fulcher1, Shantha M. W. Rajaratnam1,2,3, Russell Conduit4, Jason P. 

Sullivan2, Melissa A. St Hilaire2,3, Andrew J. Phillips2,3, Tobias Loddenkemper3,5, Sanjeev V. 

Kothare3,5,6, Kelly McConnell7, William Ahearn7, Paula Braga-Kenyon7,8, Andrew Shlesinger8, 

Jacqueline Potter8, Frank Bird8, Kim M. Cornish1 & Steven W. Lockley1,2,3

Despite sleep disturbance being a common complaint in individuals with autism, specific sleep 

phenotypes and their relationship to adaptive functioning have yet to be identified. This study used 

cluster analysis to find distinct sleep patterns and relate them to independent measures of adaptive 

functioning in individuals with autism. Approximately 50,000 nights of care-giver sleep/wake logs 

were collected on school-days for 106 individuals with low functioning autism (87 boys, 14.77 ± 3.11 

years) for 0.5–6 years (2.2 ± 1.5 years) from two residential schools. Using hierarchical cluster analysis, 

performed on summary statistics of each individual across their recording duration, two clusters of 

individuals with clearly distinguishable sleep phenotypes were found. The groups were summarized as 

‘unstable’ sleepers (cluster 1, n = 41) and ‘stable’ sleepers (cluster 2, n = 65), with the former exhibiting 

reduced sleep duration, earlier sleep offset, and less stability in sleep timing. The sleep clusters 

displayed significant differences in properties that were not used for clustering, such as intellectual 

functioning, communication, and socialization, demonstrating that sleep phenotypes are associated 

with symptom severity in individuals with autism. This study provides foundational evidence for 

profiling and targeting sleep as a standard part of therapeutic intervention in individuals with autism.

Autism Spectrum Disorder (or autism) is a complex developmental disorder characterized by deficits in 

social-communication and repetitive and stereotyped interests and behaviors1. Sleep of children with autism 

is commonly disrupted, with 40–80% of children experiencing sleep problems compared with 25–40% in typi-

cally developing children2,3. Previous research has demonstrated a range of sleep difficulties among children with 

autism, including reduced total sleep time, delayed sleep onset, early sleep offset, and increased night awaken-

ings4,5. Currently, there is a lack of understanding about the relationship between sleep difficulties and clinical 

symptoms in individuals with low functioning autism, defined as individuals with a severe intellectual, commu-

nication, and socialization impairment.

It is likely that the development and persistence of sleep difficulties in children with autism is multi-factorial. 

Pre-disposing factors – including abnormalities in comorbid medical6 and psychiatric7,8 conditions, and an 

imbalance in melatonin levels9– have been suggested as causes of sleep disturbances in children with autism. 

1Monash Institute of Cognitive and Clinical Neurosciences, School of Psychological Sciences, Monash University, 

Melbourne, Australia. 2Division of Sleep and Circadian Disorders, Brigham and Women’s Hospital, Boston, USA. 

3Division of Sleep Medicine, Harvard Medical School, Boston, USA. 4School of Health Sciences, Royal Melbourne 

Institute of Technology, Melbourne, Australia. 5Boston Children’s Hospital, Boston, USA. 6New York University 

Langone Medical School, New York, USA. 7New England Center for Children, Southborough, USA. 8Melmark New 

England, Andover, USA. Correspondence and requests for materials should be addressed to S.W.L. (email: slockley@

hms.harvard.edu)

Received: 4 April 2017

Accepted: 11 October 2017

Published: xx xx xxxx

OPEN

PAGE 13

AUTISM SPECTRUM NEWS ~ WINTER 2018

www.mhnews-autism.orgAssessing If a Diagnosis is Necessary: 
Clinical Utility of an Autism Diagnosis Across the Lifespan

By Karen Parenti, MS, PsyD,Mary Jane Weiss, PhD, BCBA-D,
and Maggie Haag, LSWMelmark

F amily members of individuals 
with autism spectrum disorders 
(ASD) often have mixed feelings 
about labeling their loved ones 

with the term autism as this represents 
a life-long disability. They may be con-
cerned about stigma, fearing that others 
will avoid, judge, or exclude their family 
member with autism. They may also wor-
ry that a diagnosis will obscure the ability 
of others to see the person with ASD in 
an unbiased way, and that the knowledge 
of the diagnosis might impact their efforts 
to form relationships with the individual 
with ASD. Every family’s decision is highly per-

sonal and specific, and there is no singular 
solution that works across individuals with 
ASD. The heterogeneity of the profiles of 
learners with ASD necessitates a highly in-
dividualized assessment of the individual’s 
characteristics as well as a thorough assess-
ment of the family’s concerns and goals for 
the individual with ASD. That assessment 
must include an analysis of the advantages 
and the liabilities associated with obtaining 
and with sharing a diagnosis of ASD.

Family members’ fears vary based on the 
age and characteristics of the person with 
ASD (e.g., Ludlow, Skelly, & Rohleder, 
2011). For example, parents of a young 
child with ASD might be primarily con-
cerned with how such knowledge could 
impact inclusive educational placements. 
Such parents might fear that teacher expec-
tations could be largely diminished by the 
label, and that the child will not be pushed 

to his full potential. They may also be ap-
prehensive about specialized placements 
because they might restrict access to other 
services and experiences available to regu-
lar education services. They may also fear 
that the knowledge of the diagnosis might 
make other children less likely to socially 
connect with the child with ASD. Addi-
tionally, they may also worry that the label 
will be affixed to the child for the duration 

of his or her educational experiences or for 
his or her lifespan. They may worry that 
they have made a decision that will per-
manently alter the way in which they enter 
educational and vocational contexts. 

For parents of older individuals with 
ASD, there may be concern that a diagno-
sis is largely irrelevant. They may believe 

see Necessary on page 29
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Kitazoe et al.27 highlights the utility of cluster analysis in the clinical sub-typing of autism. The implications of 

this study are significant, as it identifies stable and unstable sleep profiles in autism, and links robust changes in 

sleep behavior to adaptive functioning in individuals with low functioning autism. Moreover, this study draws 

Figure 1. A visual representation of the sleep profiles for each individual across the 11 sleep features, including 

the cluster solutions. Elements in the sleep features matrix were normalized and visualized using color from 

blue (high values) to red (low values). Participants (rows) and sleep features (columns) were compared using 

squared Euclidean distances and were then reordered using Wards linkage clustering to place similar sleep 

features and similar participants close to one another. The results produced two distinct clusters; C1 (stable 

sleepers, n = 41) and C2 (unstable sleepers, n = 65), which is represented by the far right bar. The school number 

is indicated in the right bar with the white representing MNE and blue representing NECC. The sleep features 

are labeled 1–11 on the horizontal axis. Std = standard deviation.

Figure 2. Hierarchical cluster analysis found two clusters of individuals within the sample: cluster 1 (n = 41) 

and cluster 2 (n = 65) as shown by the dendrogram (left), with participants in each cluster distinguished by 

their severity of sleep disruption as illustrated by a subset of sleep raster plots (right). A dendrogram (left), 

shows a visualization of the hierarchical cluster analysis and useful summary of the data. Each observation 

(or individual) is represented by a node placed on the vertical axis, and the horizontal axis (linkage distance) 

indicates the distance between observations in a cluster. A random selection of individual participant sleep 

raster within each sleep cluster is plotted to the right of the dendrogram, with their age and gender labeled above 

each raster. The raster plot shows a double plot of an individual’s sleep-wake behavior across their recording 

period, with black bars representing sleep and white representing wake behaviour across the recording period 

(~19:00–07:00 h). Missing data within the recording period are shown in grey. As seen, the unstable cluster 

had shorter and more variable total sleep time, more variability in sleep onset and sleep offset and greater night 

awakenings when compared to individuals in the stable sleep cluster.
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Meeting the needs of students with special needs requires 

a wide array of specialized services and the expertise of many 

professionals. The vast majority of children with special needs 

are served in public schools. The public school setting has 

many advantages: access to the general education curriculum, 

exposure to typically developing peers, and the presence of 

many in-house experts across disciplines.  In addition, public 

schools allow for natural community inclusion opportunities, 

as fellow students are local and part of other social contexts 

the student with special needs is likely to encounter. 

Theoretically, immersion in a public school environment 

allows for the development of local supports that can extend 

into adulthood, helping everyone to know and learn how 

to support members of the community with special needs.

While these advantages are substantial, some students with 

special needs require more customized instruction and must 

be served in more comprehensive settings. It is important 
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