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Abstract 

 Previous research has indicated that sleep is crucial for proper cognitive functioning (Hill 

et al., 2011). Currently, there is a lack of research that looks at the relationship between sleep and 

language development in the first years of human development. However, from the existing 

literature, there is evidence that sleep can help integrate new words into children’s vocabulary 

and facilitate phonemic expression (Henderson, 2012; Gaskell et al., 2014). However, most 

studies that have explored the intersection between sleep and language have only done so with 

typical children. Individuals with neurodevelopmental disabilities are more likely to have sleep 

disturbances (Wiggs & Stores, 1996), which are likely deleterious to their language 

development, among many other cognitive processes. In this study, we investigated the 

relationship between sleep and language development in toddlers with Down syndrome (DS) and 

autism spectrum disorders (ASD). We found that toddlers with DS had the most impacted sleep 

and the greatest language delays. We also found a preliminary correlation between sleep 

disturbances and language development, with increases in sleep disturbances relating to reduced 

language development. These findings, when expanded to a larger sample, could have important 

treatment implications for early language dysfunction. Overall, more research is needed to 

further elucidate the intricacies of the relationship between sleep and language development in 

toddlers with developmental disabilities.  
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With every passing year, the scientific community continues to add to the list functions 

that sleep affects, including those of a biochemical, physiological, and cognitive nature (Hill et 

al., 2007). In the mid-1990s, Saffran, Aslin, & Newport (1996) found that infants learn an 

artificial language better after a period of sleep than no sleep, suggesting that language 

development was likely no exception to the list of functions that sleep helped support. The 

importance of sleep in relation to language development does not stop at the end infancy, 

however. There is evidence to suggest that sleep continues to support language development and 

maintenance into adulthood as well (i.e., Fenn, Nusbaum, and Margoliash, 2003; Lau, Alger, & 

Fishbein, 2011). In general, the relationship between sleep and learning has been primarily 

studied in adults, not children. Nevertheless, from the studies that do exist with child 

participants, there is substantial evidence of an intimate relationship between sleep and various 

aspects of early language development, including the consolidation of vocabulary, word learning, 

and verbal memory. 

 

Consolidation of vocabulary  

 Vocabulary retention is central to language development. It has been shown in adults that 

sleep aids in the consolidation of declarative memory, which is the memory of facts and events 

(Stickgold, 2005). The memory of vocabulary words is considered to be a type of declarative 

memory. In Brown et al. (2012), the authors investigated whether there were differences in the 

recall of newly learned non-words in 7-12 year olds between re-testing of word recall on the 

same day or the next day after a night of sleep across two experimental periods. In the first 

experiment of this study, children ages 6-8 years old learned non-words and were tested for their 

recollection of the words either the same day or 24 hours later. The researchers found significant 
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differences in child performance, with the children recalling and recollecting the learned words 

better after a night of sleep than later that same day.  In the second experiment, the researchers 

investigated if there existed developmental differences between 6-8 year olds and 11-13 year 

olds in their overnight recollection of words .To test this, the researchers used a lexical decision 

task 24 hours after the new words had been learned by the children following a night of sleep. 

Interestingly, there was no significant difference in the recall performance of the two groups at 

re-test. This suggested that consolidation during sleep likely stabilizes and better facilitates the 

integration of words into children’s memory systems.  

In a similar study, Henderson et al. (2012) investigated how sleep interacted with 

children’s abilities to integrate non-words into their vocabularies. Fifty-three native English-

speaking children ages 7-12 were divided into an A.M. and P.M. group. The A.M. group did not 

sleep until after they were re-rested for the recollection of non-words they had learned earlier 

that day. The P.M. group members, on the other hand, learned non-words just prior to sleeping 

and then were tested for the recollection of these non-words the next day. Both groups were 

tested twice after that, once 24 hours after their first training and then one week after their initial 

training. In the first training period, where the children first learned the words, and in the three 

subsequent re-tests after that, children would perform the recollections of the words in the form 

of pause detection, cued recall and a 2AFC task, which was a lexical decision task that tested for 

the interference of a true English word. In addition to these tasks, the children also had to 

perform declarative and procedural memory tasks. In both the A.M. and the P.M. group, children 

were able to recognize the novel words they had learned at the time of the re-test. However, the 

researchers found that children who slept immediately after learning non-words, as compared to 

children who slept hours after they learned the words, could retain significantly more memory of 
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the words even after a week’s time had passed since learning the words. In addition to this, the 

researchers found that in the group that slept immediately after word learning, there was lexical 

competition for words that were similar sounding and true English words according to the results 

from the 2AC task. The researchers also replicated previous finding, which indicated that 

declarative, but not procedural memory was improved with sleep, although there were no 

correlations between these results and the word recall and lexical competition results. In total, the 

findings from these papers suggest that sleep plays a key role in the integration of words into 

children’s vocabularies.  

 

Sleep restriction and learning & memory 

There is evidence to suggest that the restriction of sleep in children and adolescents can 

actually hinder learning and memory, including language-related constructs. For instance, in a 

study by Randazzo et al. (1998), it was found that a lack of sleep interfered with children’s 

ability to use words in a creative manner and decreased their ability to be flexible in their 

language use. When compared to children who slept 8 hours, children (ages 7-14) who were 

restricted to only 5 hours of sleep performed more poorly on the Wisconsin Card Sorting Task, 

which required participants to sort cards depending on their shape and color. In a study by 

Carskadon et al. (1981), the effects of one night of sleep loss were assessed in twelve young 

adolescents ages 11.7- 14.6 years old. One of the batteries used to assess cognitive functioning 

was the Williams Word memory test. In this task, young adolescents were instructed to write 

down words from a list of 25, four -letter words that were dictated to the adolescents. After 

hearing the words, the children were told to write the words on a separate page again with the 

researcher dictating the words at a faster pace. Afterwards, children were told to recall and write 
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down as many words as possible from the list. For this language task, the researchers found that 

children’s ability to recall words from the list was significantly reduced during a night of sleep 

deprivation as compared to their performance on a day without sleep deprivation.  In another task 

in the study, children were instructed to listen for particular words when passages were read 

about animals from the World Book Encyclopedia. The words chosen from the passages in each 

case were the words “because” and the name of the animal that was the topic of the passage. The 

children were told to press one button when the word “because” was heard and a different button 

when the animal name was heard. Although the amount of impairment on this task did not 

achieve significance, the authors noted that task performance was more impaired in the sleep 

deprivation condition than in all other conditions.  Overall, these findings suggest that a lack of 

sleep can impact children’s language and related functioning. This seems to suggest far-reaching 

implications concerning the cognitive functioning of children who are constantly without quality 

sleep.  

 

Sleep in Down syndrome and autism spectrum disorders 

 There is considerable evidence that individuals with neurodevelopmental disabilities have 

a greater risk for developing sleep issue, particularly, individuals with Down syndrome (DS) or 

autism spectrum disorders (ASD; Wiggs and Stores, 1996; Stores, 2001; Phillips & Appleton, 

2004).        

Down syndrome, the most common intellectual disability syndrome, tends to place 

individuals at a greater risk for developing obstructive sleep apnea, with prevalence estimates as 

high as 80% for those affected by the disorder (Shott et al., 2006). According to a recent study by 

Breslin et al. (2013), individuals with DS who also have obstructive sleep apnea spend more time 
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in lighter stages of sleep and less time in deeper stages, such as slow-wave sleep. This is 

particularly disconcerting, as slow-wave sleep has been associated with sleep-dependent memory 

consolidation (Sitckgold, 2013). Reduced amounts of this stage of sleep may be affecting 

individuals with Down syndrome’s abilities to consolidate new information.  

Autism spectrum disorders are characterized by deficits in communication, restricted 

interests/behaviors, and impairments in social interaction (APA, 2000). In contrast to sleep 

disruptions stemming from increased tendencies of obstructive sleep apnea or differences in time 

spent in sleep stages as seen in DS, sleep abnormalities in ASD tend to be more behavioral in 

nature. According to Cortesi et al. (2010), in parent reports of sleep disturbances in children with 

ASD, sleep onset and maintenance are the most common concerns. Previous actigraphy studies 

have reported that children, adolescents, and young adults with ASD have difficulties with long 

sleep latencies, low sleep efficiencies, increased nighttime awakenings and difficulties falling 

asleep (Allik et al., 2006; Øyane & Bjovratn, 2005; Wiggs & Stores, 2004). Polysomnography 

(PSG) studies with individuals with ASD also confirm these disturbances, in addition to 

indicating greater electromyogram (muscle) activity during rapid eye movement sleep (REM) as 

compared to individuals with DS and other neurodevelopmental disabilities (Malow et al., 2006; 

Diomedi et al., 1999; Elia et al., 2000; Kohyama et al., 2002).  

 

 Language in Down syndrome and autism spectrum disorders 

Down syndrome and autism spectrum disorders have problems in the domain of language 

development. Children with Down syndrome have many speech difficulties, likely stemming 

from their unique craniofacial structure and from ear damage due to a higher susceptibility of 

having ear infections, which are common among young children with DS (Rice et al., 2005). 



SLEEP AND LANGUAGE IN TODDLERS WITH DS AND ASD  8 

Children with DS also show greatly delayed language acquisition as compared to typically 

developing children (Chapman & Hesketh, 2000).  

Individuals with autism spectrum disorders can vary in their verbal abilities, with some 

children with autism being verbal and others being non-verbal, speaking less than five words per 

day (Rice et al. 2013). Charman et al. (2003) also found that preschoolers with ASD were 

heterogeneous in their language development. Two common factors the authors found, however, 

were severe delays in language production and comprehension as compared to typically 

developing toddlers. 

 

Study Objectives 

While research regarding the relationship between sleep and language development in 

typically developing children may be small, research in this area concerning children with 

neurodevelopmental disabilities is truly sparse. With little information regarding the full nature 

of the relationship between sleep and language development in preschool age children with 

neurodevelopmental disabilities, there exists a gap in our knowledge about this relationship at a 

point in development when intervention is crucial for better cognitive outcomes later in life.  

 The main aim of this study was to explore the impact of sleep disturbances on the 

language development of toddlers with Down syndrome and autism spectrum disorders. It was 

predicted that children with Down syndrome would show the greatest amount of sleep 

disturbances and language delays because, as noted previously, DS sleep tends to be disrupted 

significantly during sleep states important for learning (Breslin et al., 2013). It was also predicted 

that toddlers with autism spectrum disorders would also show a greater number of sleep 

disturbances and language delays than typically developing toddlers. Finally, toddlers with 
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Down syndrome and autism spectrum disorders would show differences in the kinds of sleep 

disturbances they present, with toddlers with Down syndrome showing more physiological 

disturbances, such as reduced sleep efficiency, while toddlers with autism spectrum disorders 

showing more behavioral sleep problems, such as bedtime resistance.  

 

Materials and Methods 

Participants  

 The University of Arizona Institutional Review Board approved the procedures used in 

this study. A total of twelve families with toddlers between the ages of 2-5 years old took part in 

this study (mean age = 3.5 years old; SD = 0.87; 67% males, 33% females). Four participants 

with autism spectrum disorders (ASD) were recruited through flyer distribution at recruitment 

events and through email listservs, including those of the Southwest Autism Research and 

Resource Center (SARRC) and the Sonoran University Centers for Excellence in Developmental 

Disabilities (UCEDD). Participants with Down syndrome (n= 4) were also recruited through 

flyer distribution at recruitment events, such as the Southern Arizona Network for Down 

Syndrome Buddy Walk. Typically developing participants (n = 4) were contacted through a 

research database shared between three research laboratories in the Department of Psychology at 

the University of Arizona. Participants in each of the three groups were age- and gender- 

matched with one another.  

Families of all three groups were contacted through email or by telephone after they 

requested more information about the study, whereby the purpose and details of the study were 

presented to them. Preliminary demographic information was collected from all families 

interested in participating. This information included their address, child’s date of birth, child’s 

shirt size, and if English was the primary language spoken in the home. If another language was 
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also spoken in the home, the child’s level of exposure to this language was also noted. 

Participants were ineligible for study participation if English was not the primary language 

spoken in the household.   

 All participants were consented in their homes or were asked to complete consents via 

email prior to beginning the study. Protected Health Information (PHI) forms were also collected 

to obtain each child’s medical records from each child’s pediatrician and geneticist (if 

applicable). All of the toddlers with Down syndrome had medical records collected, with a 

confirmed diagnosis of Trisomy 21. All typically developing toddlers also had all medical 

records collected and were confirmed to be healthy individuals. Not all of the toddlers in the 

autism spectrum disorders population had medical records collected. However, an Autism 

screener, the Lifetime Social Communication Questionnaire (SCQ; Rutter et al., 2003) was used 

as a secondary confirmation of the autism phenotype as reported by parents (M = 17.75 ± 3.69, p 

< 0.0005). In addition to medical record collection and SCQ administration, all parents were 

asked about their child’s medical background in a questionnaire included in the study materials.  

After completing consents and protected health information forms, all study materials were 

delivered or mailed out to participants’ homes in the surrounding Tucson area and across the 

United States. 

 

Assessment of Sleep 

  Actigraphy. Although polysomnography (PSG) is the gold standard of sleep research 

and medicine, there is an alternative method to examining sleep which has been validated by 

various researchers and which is highly correlated with PSG: actigraphy monitoring (Hyde et al. 

2007; Weiss et al. 2010, etc.).  To measure the sleep quality of each participant at night, an 
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actigraphy monitor, also known as an actiwatch (Actiwatch 2, Philips Respironics, Bend, OH, 

USA), was used. Each participant wore an actiwatch on his/her non-dominant wrist for seven 

consecutive days. The actiwatch assessed the amount of movement he/she performed and also 

how much light was his/her environment during the entire period for which the watch was worn. 

It is important to note that special modifications had to be made on the watch for the participants 

with ASD. Due to the population’s heightened sensory integration issues, participants used 

hospital bands in place of the typical actiwatch bands that came with the watches in order to 

eliminate the possibility of the child’s removal of the watch during the seven days time. These 

bands did not infringe on the data collection of the monitor, and data collected from watches was 

found to be the same as that of data collected from watches with the regular actiwatch bands.  

Prior to being given to participants, each actiwatch was programmed to collect data in 30-

second epochs and to log for a maximum of 14 days. To analyze the activity data that the 

actiwatches collected, Respironics software (Respironics Actiware 5.7) was used. Scoring was 

done manually and set to the medium setting of 40 activity counts per minute, with sleep latency 

being scored as starting after three minutes of immobility. During scoring, the scorer compared 

the sleep periods as determined by the Respironics software to a parent account of all sleeping 

periods. The most prominent output variables assessed from the Respironics software were the 

average sleep times, average sleep efficiencies, and average fragmentation indices for each 

participant. According to the Respironics manual, sleep time is the total amount of time in a 

period of sleep as analyzed by the scorer In addition, sleep efficiency measures the total sleep 

time divided by the total resting period multiplied by 100, and fragmentation indices is the ratio 

between the sum of mobile periods and immobile periods lasting less than 1 minute, and the total 

amount of immobile periods in a given period of sleep (Respironics, 2009).  
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Children’s Sleep Habits Questionnaire. The Children’s Sleep Habits Questionnaire 

(CSHQ; Owens et al., 2000) was also used to assess sleep. This parental questionnaire assesses 

children’s behavior surrounding and during periods of sleep. Items are rated on a scale of 1 to 3, 

with 1 indicating that the sleep behavior is seen rarely, 2 if the behavior is sometimes exhibited, 

and 3 if the behavior occurs often. In total, there are 8 subdomains within the questionnaire that 

try to encompass the major areas of sleep disturbances that have been previously noted in 

children by clinicians. These include ‘Bedtime Resistance’; ‘Sleep Onset Delay’; ‘Sleep 

Duration’; ‘Sleep Anxiety’; ‘Night Wakings’; ‘Parasomnias’; ‘Sleep Disordered Breathing’; and 

‘Daytime Sleepiness’. Examples of items that can be found in this questionnaire ask how often 

the rater’s child: ‘[is] afraid of sleeping alone’, ‘wets the bed at night’, and ‘snores loudly’. A 

total score that indicates the severity of sleep disturbances the child experiences (the higher the 

total score, the increased the severity) is also calculated. Scoring of this questionnaire followed 

the method as noted in Owens et al. (2000). 

 

Assessment of Language 

Language ENvironment Analysis. The LENA (Language ENvironment Analysis, 

LENA Foundation, Boulder, CO) Pro system, which includes an automated voice-recording 

device (also known as a digital language processor, or DLP) and analysis software, was used to 

collect and examine the vocalizations of each participant. Details regarding the audio 

specifications of the LENA digital language processor hardware can be found in Ford et al.’s 

(2008) paper. One DLP was given to each participant, along with a specially designed vest or t-

shirt that held the DLP in place. Parents were instructed to begin recording their child’s 

vocalizations with the DLP at the beginning of one of the seven days of the study. Parents were 
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also instructed to allow their child to fall asleep with the device still turned on, as the device 

turns off automatically after 16 hours of recording. Once all of the study materials were collected 

from families, DLPs were processed and analyzed using the LENA Pro software. During 

processing, the data were automatically segregated into 5-minute intervals across the 16 hours of 

recording. Child vocalizations were analyzed by two independent scorers, who listened to and 

scored the three 5-minute intervals with the most vocalizations as determined by the LENA 

software. Using scoring parameters as outlined in Nathani and Oller (2001), scorers tallied the 

number of meaningful vocalizations and wrote down the longest utterance produced by each 

participant in each of the 3, 5-minute intervals. Longest utterance scores were determined by the 

longest utterance calculated by either of the two scorers from the 3, 5-minute intervals using 

Systematic Analysis Language Transcripts (SALT) morpheme coding (Miller and Chapman, 

1985).  

The MacArthur-Bates Communicative Development Inventories. The MacArthur-

Bates Communicative Development Inventories (CDI): Words and Sentences Form (Fenson et 

al., 2007) was also used to examine the language of the study participants. This parent reported 

questionnaire consists of a catalog of 680 semantically categorized words that are age-

appropriate for toddlers 16 to 30 months old to express. The questionnaire asks parents to select 

words from the catalog that their child vocalizes. The CDI also asks about noun/verb usage, 

which short phrases their child is more likely to use, and the three longest sentences parents have 

heard their child utter recently. A CDI scoring software, which calculates a number of selected 

variables, such as the mean longest utterance and total vocabulary, was used to score this 

questionnaire.   
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General Behavior, Executive Functioning, and Autism Symptoms.  

 Autism Symptom Screener Questionnaires (Lifetime SCQ). The Lifetime Social 

Communication Questionnaire (SCQ) was used to screen for autism spectrum disorders in the 

three groups of participants. The SCQ is a parent report questionnaire comprised of 40 ‘yes’ or 

‘no’ questions regarding autistic behaviors in children up to 5 years of age. Total scores can 

equal up to 39, with a higher score reflecting a higher amount of autistic symptoms and 

behaviors. The suggested cut-off score indicating a possible autism diagnosis is typically greater 

than or equal to 15 (Berument et al., 1999).   

 

Scales of Independent Behavior- Revised. To assess cognition, the Scales of 

Independent Behavior- Revised, Early Development form was used  (SIB-R; Bruininks et al., 

1996). The purpose of this questionnaire is to comprehensively assess both adaptive and 

maladaptive behaviors in individuals and to determine how impactful these behaviors are on the 

life of the individual. The first portion of the SIB-R Early Development form asks 40 questions 

on a Likert scale from 0 to 3, with 0 meaning ‘never or rarely’; 1 meaning ‘does, but not well’; 2 

meaning ‘does fairly well’; and 3 meaning ‘does very well’. Example questions are ‘counts from 

1 to 5’ and ‘points to familiar pictures in a book upon request’. The second section of the 

questionnaire asks parents about any maladaptive behaviors their child might have. There are 

eight questions, ranging from items regarding the child acting aggressively towards others, to 

questions about being socially uncooperative. These questions are yes/no, with sub sections 

asking about the frequency and severity of each behavior ranging from 0, meaning ‘never’/ ‘not 

serious’, to 4 or 5, meaning ‘one or more times an hour’ or ‘extremely serious’. A scoring 

program is used to generate various indices and scores, one of them being the standard score. 
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The standard score is a measure of the extent of adaptive behaviors of the child relative to the 

expected adaptive behaviors of preschool-aged children.  

 

Statistical Analysis 

 All statistical analyses were performed with SPSS 20.0 First, univariate analyses of 

variance (ANOVA) of each sleep, language, and cognition variable of interest of was examined. 

Differences were considered statistically significant if p < 0.05. Post-hoc analyses were then 

conducted to explore simple main effects between the ASD, DS, and typically developing 

groups. Again, differences were considered statistically significant if p < 0.05. Since sample 

sizes were small, Spearman’s rho for nonparametric correlations was used for correlational 

analyses. 

 

Results 

Sleep differences in toddlers with DS, ASD, and controls 

 A two-way ANOVA examining the effects of average sleep time and the group of 

participants was found to be near significance (F (2, 9) = 3.742, p = 0.066). A simple main 

effects analysis indicated that there was a significant difference between the average sleep time 

of the toddlers with Down syndrome as compared to the toddlers with ASD and typically 

developing toddlers (Figure 1). Effects in average fragmentation and efficiencies were found to 

be non-significant in both a two-way ANOVA (F (2, 9) = 0.091, p = .0914 and F (2, 9) = 1.780, 

p = 0.223, respectively) and post-hoc analysis.  
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Figure 1: Average sleep time of the participants with ASD, DS and typically developing 

participants. 

 

 ANVOA and post-hoc analyses from all variables from the CSHQ indicated that some 

scores from the sleep anxiety and night waking subdomain either approached or achieved 

significance. A two-way ANOVA on the sleep anxiety subdomain scores did not show any 

significant effects in relation to the group of participants, F (2, 9) = 3.00, p = 0.100. However, a 

post hoc analysis indicated a significant difference in sleep anxiety between typically developing 

toddlers and toddlers with ASD (p = 0.41), but not DS (p = 0.514) (Figure 2).  

 

* 
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Figure 2: Average ‘Sleep Anxiety’ subdomain scores for each group of participants as 

determined by the Child Sleep Habits Questionnaire. 

 

For the average night wakings subdomain scores in relation to the group of participants, a 

two-way ANOVA showed a trend towards significance, F (2, 9) = 3.588, p = 0.071. A post hoc 

analysis indicated a significant difference in average night wakings between toddlers with DS 

and ASD (p = 0.025) but not typical toddlers (p = 0.172) (Figure 3). 

                            

Figure 3: Average ‘Night Wakings’ subdomain scores for each group of participants as 

determined by the Child Sleep Habits Questionnaire. 
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Cognitive and language differences in toddlers with DS, ASD, and controls 

 The mean score on the SCQ for the ASD group was 17.75 ± 3.69, while in the DS group, 

the mean score was 4.75 ± 1.71 and 4.75 ± 3.59 in the typically developing group. A two-way 

ANOVA analysis of the relationship between scores on the SCQ and the population group 

achieved statistical significance, F (2, 9) = 22.980, p < 0.0005. This indicated that the ASD 

group was significantly different than the DS group and the typical group.  

A two-way ANOVA showed an effect approaching significance for the SIB-R support 

scores in relation to the group of participants, F (2, 9) = 4.132, p = 0.053. A post-hoc analysis 

indicated a significant difference in support scores between typically developing toddlers and 

toddlers with DS and toddlers with ASD (p = 0.034 and p = 0.172, respectively) (Figure 4). 

 

                                 

Figure 4: Average standard score for each group of participants as determined by the Scales of 

Independent Behavior- Revised questionnaire. 

 

 Neither average child vocalizations, nor MacArthur-Bates CDI total vocabulary, nor 

MacArthur-Bates mean longest utterances approached or achieved significance in ANOVA or 

post-hoc analyses. An ANOVA for LENA longest utterances in relation to the participants also 

* 
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did not achieve significance. However, a post-hoc analysis indicated that there was a slight 

difference approaching significance between the mean utterance lengths of toddlers with DS and 

typically developing toddlers (p = 0.061), with toddlers with DS producing shorter utterances on 

average (DS M = 2.25 ± 0.957, ASD M = 15.67 ± 12.097) (Figure 5).  

                               

Figure 5: Average mean longest utterances for each group of participants as scored by the 

independent scorers using LENA Pro. 

 

Relationship between sleep and language in toddlers with DS 

 To further elucidate the possible relationship between the sleep-related issues present in 

Down syndrome and their language production a Spearman’s Rank Order correlation was used. 

There was a clear, negative trend between mean longest utterances produced by toddlers with DS 

and their scores in the night wakings subdomain scores on the CSHQ (rs(2) = -.949, p = .051) 

(Figure 6). 

 

 



SLEEP AND LANGUAGE IN TODDLERS WITH DS AND ASD  20 

                           

Figure 6:  A preliminary correlation between the amount of night wakings and the longest 

LENA-recorded utterance in the toddlers with DS. 

 

 

Discussion 

 Our original prediction was that toddlers with Down syndrome would exhibit the poorest 

sleep and language phenotype, that toddlers with autism spectrum disorders would also show 

poor sleeping and language patterns but not as severely as the toddlers with Down syndrome, and 

that typically developing toddlers would not show sleep or language problems in comparison to 

the two groups. The first sleep-related finding in this study shows that toddlers with Down 

syndrome sleep for significantly less time than both toddlers with autism spectrum disorders and 

typical toddlers (Figure 1). This is a somewhat surprising find, as it differs from a finding of a 

study using actigraphy done by Ashworth et al. (2013), which found that school aged-children 

with Williams syndrome, Down syndrome, or who were typically developing did not differ in 

total sleep time. In fact, other studies have found that it is children with ASD who actually sleep 

for less time in comparison to typical children through both polysomnography and parent report 

(Bruni et al., 2007; Malow et al., 2006).  
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 The next two findings in this study came from the Children’s Sleep Habits Questionnaire. 

We found that toddlers who were typically developing had significantly more sleep anxiety than 

toddlers with ASD but not more than toddlers with DS (Figure 2). Additionally, we found that 

toddlers with DS had significantly more night wakings than toddlers with ASD but not more than 

typical toddlers (Figure 3). Both of these findings contradict literature that suggests that toddlers 

with ASD have more behavior sleep problems than typical toddlers, including more night 

wakings (Mayes et al., 2009; Malow et al. 2006; Polimeni et al., 2005). Nevertheless, there is 

evidence to suggest that typical children may suffer from sleep anxiety at night, although this 

anxiety may also be related to a general tendency for some children to be more anxious in 

general (Chorney et al., 2008). It is interesting that toddlers with ASD did not have more sleep 

disturbances than typically developing toddlers, and that it was only the toddlers with Down 

syndrome who showed any differences on some sleep measures in comparison to typical 

toddlers. However, these findings are still preliminary. 

 As expected, toddlers with ASD and DS had significantly lower scores than typical 

toddlers on measures of adaptive behaviors (Figure 4). This finding is consistent with the higher 

prevalence of maladaptive behaviors seen in both of these disorders in comparison to typically 

developing children (NINDS, 2009; Rodrigue et al., 1991; Chapman & Hasketh, 2005). 

 In terms of language development, we found a trend for toddlers with DS to utter shorter 

phrases in comparison to typically developing toddlers (Figure 5). This is consistent with both 

the literature and our hypothesis that toddlers with DS would show the greatest level of reduction 

in terms of language development (Roberts et al., 2007; Mundy et al., 1995). However, the 

finding does not account for a lack of difference in utterance length between toddlers with ASD 

and typically developing toddlers, since severely delayed language development is a problem 
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found in many individuals with ASD (Charman et al., 2003; Boucher, 2003). Furthermore, there 

was a negative relationship between the length of utterances and number of night wakings in 

toddlers with DS, with more night wakings being related to shorter utterance production.  

 The main limitation of this study is its small sample size. Because the study only included 

4 participants per group, it is difficult to make representative and well-defined predictions that 

could generalize to the larger populations of typical toddlers or toddlers with DS/ASD. Future 

studies with much larger sample sizes would be better apt to make stronger claims about any 

relationships between sleep, language, and cognition. Another limitation of the study was that the 

autism spectrum disorders group was not homogenous. Two of the participants with ASD were 

almost exclusively non-verbal, while the other two participants with ASD were verbal in some 

capacity. This could have certainly affected some of the findings. In future studies, it would be 

best for participants to be similar in verbal or functioning capacity to control for any extraneous 

variables.  

Overall, this study is one of the first of its kind. It not only examines the developing 

relationship between sleep, language, and cognition as we currently understand it, but it also 

assesses how different populations with developmental disabilities may be comparatively 

affected in these domains during one of the most important periods of human development. The 

design of this study was also distinctive because it took into consideration potential sensory 

stressors that might affect toddlers with developmental disabilities, using non-invasive 

monitoring devices, which, although not as powerful as other methodologies such as 

polysomnography, could nevertheless inform us about the connection between sleep and 

language. In addition, the study was conducted completely in each child’s home, allowing for a 

high ecological validity of the findings by capturing the child’s natural sleep and language 
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patterns across an extended period of time in an environment where the child was most 

comfortable.   

Once additional sleep and language relationships have been observed and established in 

toddlers with autism spectrum disorders and Down syndrome using larger sample sizes, future 

sleep and language studies should also consider integrating polysomnography into their 

methodologies. By doing so, potential connections between sleep and language could be assessed 

at a more refined level. One avenue for accomplishing this would be to use an ambulatory 

polysomnography system as used in Breslin et al. (2013). By using this system, sleep 

characteristics could be obtained within each child’s home environment, where toddlers would 

be more at ease and also more likely to sleep in a more typical manner. 

Another avenue for future research would be to conduct a longitudinal study following 

toddlers with both DS and ASD. Goldman et al. (2012) found that in parent reports of sleep 

problems, differences arose in the types of sleep problems that children with ASD as a function 

of age, with younger children experiencing more sleep anxiety and night wakings, while older 

children experienced more daytime sleepiness and shorter periods of sleep. It would be 

interesting to see if there were differences between children with DS and ASD as they aged, and 

if these differences were also related to their language development and adaptive behaviors. A 

recent report attempted to explore developmental differences in sleep problems in children with 

ASD (Hodge et al., 2014) from 3 to 18 years old. However, this study used only parental report 

to assess sleeping difficulties. It would be interesting to explore what PSG or actigraphy 

measures indicated in comparison (or in addition) to parental reports of sleep disturbances. 

Considerably more research is needed to explore the intersection between sleep and 

language development in toddlers. As evidenced in the literature, there is substantial support for 
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the idea that sleep promotes language development in a variety of ways while, in contrast, a lack 

of sleep can have detrimental effects on language skills. As seen in this study, there is also 

evidence to suggest that young children, both with neurodevelopmental disabilities and without, 

can be affected by sleep disturbances that may possibly be related to their language development, 

especially in the case of toddlers with DS. In sum, an increased body of knowledge regarding 

how sleep and language development interact with one another could only serve to benefit young 

children and their families, both by increasing public awareness concerning how important good 

sleep is for children, and by demonstrating that there exists a need for more sleep and language 

intervention programs for children with neurodevelopmental disabilities.  
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