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ABSTRACT 

Sleep disordered breathing has been related to problems with memory, attention, 

executive function and mood disturbance in adults. Similar cognitive as well as 

behavioral deficits have been hypothesized as daytime consequences of SDB in children. 

The cognitive and behavioral manifestation of SDB in children may appear similar to 

ADHD with decrements in attention and increased behavioral impulsivity and 

hyperactivity. SDB is ideally measured using some combination of reduced airflow, 

hypoxemia, and sleep fragmentation from overnight polysomnography, although some 

researchers have used parent report to create research samples. Currently, few pediatric 

studies exist that examine behavior and cognition in the presence of overnight 

polysomnographic data. The present study was derived from the Tucson Children's 

Assessment of Sleep Apnea (TuCASA) which was broadly designed to determine the 

prevalence of SDB and it's correlates in normal school children ages 6-12. The present 

analyses were designed to relate SDB as a whole as well as its components to sustained 

attention and behavior in that population. In addition, the relationship between sleepiness 

and hyperactivity was examined, as these are two seemingly incongruent manifestations 

of SDB. Measures of attention and behavior included the Test of Everyday Attention for 

Children (TEACh), the PVT-192, and the Conners' Parent Rating Scales-Revised. 

Results indicated that for children with elevated respiratory disturbance indexes (RDI), 

problems of attention and behavior did not reach clinically relevant levels. However, 

children were much more likely to show significantly higher levels of a variety of 

behavioral problems given an elevated RDI. In general linear models, the interaction of 
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two components of SDB predicted performance on two measures of sustained attention, 

and predicted parent rated levels of Psychosomatic Complaints and Perfectionism. 

Sleepiness and hyperactivity were not related to each other. Behavioral manifestations of 

SDB tended to vary with age. Older children showed increased behavior problems at the 

highest levels of SDB while younger children showed decreased behavior problems. 

Overall, these results indicate that even in healthy children variation in sleep related 

breathing may be related to daytime cognition function and behavioral regulation. 



II 

CHAPTER 1 

BACKGROUND AND SIGNIFICANCE 

'Sleep disordered breathing' is the general term used to indicate problems 

breathing during sleep. Obstructive sleep apnea is used to describe individuals who have 

apneas, short periods of complete termination of airflow during sleep due to problems 

with either the size or patency of their upper airway. The upper airway may be 

malformed, too small, or become too flaccid during sleep, causing increased resistance to 

airflow. When apnea episodes are due to a lack of central nervous system effort to 

breathe, they are known as 'central apneas'. Obstructive and central apneas are often 

found together, and apneas may be classified as 'mixed'. Sleep disordered breathing 

(SDB) describes the entire spectrum of disordered breathing including apneas, and the 

less severe hypopneas, in which there is a less severe but markedly decreased airflow. 

Hypopneas are typically studied within the context of apneas. Upper airway resistance 

syndrome (UARS) is used to describe more subtle problems with airflow resistance 

during sleep, and is also included in the umbrella term SDB. Thus, UARS, hypopneas, 

and apneas (of any origin) form a continuum from mild to severe breathing abnormalities 

included in SDB (Messner & Pelayo, 2000). 

1.1 Signs and Symptoms of Childhood SDB 

When airflow is reduced or terminated during sleep there are two possible 

proximal events. After a period of restricted or terminated airflow, there may be a drop 

in blood oxygen level, or hypoxemia. In response to lack of oxygen, and in order to 

regain airflow, increased respiratory effort and/or gasping may occur. This drive for 
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oxygen or gasping causes arousal from sleep, sleep loss, and a disruption of the normal 

progression through sleep stages, known as sleep fragmentation. In adults, daytime 

performance and cognition has been related to many disorders that cause sleep 

fragmentation and sleep loss (Pilcher & Huffcutt, 1996). Hypoxemia, (minimum oxygen 

saturation), has been related to daytime sleepiness and lowered daytime performance 

(Chervin & Aidrich, 1998). The effect of SDB on daytime symptoms may be through 

sleep fragmentation and its associated excessive daytime sleepiness (EDS) and/or through 

hypoxemia. 

A model depicting relationships between blood oxygen desaturation, sleep 

fragmentation, and daytime cognition and behavior may be found in Figure 1. Some of 

the relationships shown here will be tested in the present analyses. In this model, derived 

from the subsequent literature review, both hypoxemia and sleep fragmentation or loss 

have direct effects on cognition and behavior. Hypoxemia has an indirect effect on 

cognition and behavior mediated through sleep fragmentation or loss. Some relationships 

depicted in this full model will be discussed more fully below and examined in the 

current study. In particular, the individual and combined effects of blood oxygen 

desaturation and sleep arousals on attention and behavior will be analyzed. 

In addition to sleep fragmentation and hypoxemia, other more distal effects of 

SDB have also been identified in children. General developmental signs of the disorder 

include poor appetite, delays in growth, and failure to thrive (Brouillette, Fembach. & 

Hunt, 1982; Guilleminault, Eldrige, Simmons, & Dement, 1976; Guilleminault. 

Korobkin, & Winkle, 1981; Weissbluth, Davis, Poncher, & Reiff, 1983). 
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Figure 1. Possible relationships between SDB, cognition, and behavior 
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Nocturnal signs include sweating, restless sleep, loud snoring, unusual sleep 

positions, labored breathing and gasping (Brouillette et al., 1984; Greene & Carroll. 

1997; Guilleminault et al., 1981). Possible daytime effects of SDB include mouth 

breathing, headaches, cognitive deficits, lower school achievement, sleepiness, and 

behavioral problems, in particular hyperactivity (Brouillette et al., 1984; Gozal. 1998; 

Guilleminault et al.. 1976; Guilleminault et al., 1981; Messner & Pelayo, 2000; Owens, 
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Opipari, Nobile, & Spirito, 1998; Owens, Spirito, McGuinn, & Nobile, 2000; Rhodes et 

al., 1995). Parasomnias such as enuresis, sleep walking, and night terrors have also been 

associated with SDB (Greene & Carroll, 1997; Guilleminault et al., 1981). Children with 

apnea also are at increased risk for systemic hypertension and certain cardiac conditions 

such as cor pulmonale (Brouillette et al., 1982; Coleman, 1999; Greene & Carroll, 1997; 

Guilleminault et al., 1981). 

1.2 Childhood Risk for SDB 

Risk factors for childhood SDB may be roughly organized into those that affect 

the size or patency of the upper airway and those that affect central nervous system 

control of breathing during sleep. There are many factors that increase the liklihood of 

developing SDB and may include any condition involving facial deformities, hypertrophy 

of tonsils and adenoids, neoplasms, gastroesophogeal reflux, obesity, or premature birth 

(Brooks, 1993; Coleman, 1999; Faubion & Zein, 1998). Some otherwise normal children 

may show an extremely recessed jaw, known as retrognathia, which increases the risk of 

OSAS. Facial deformities may be due to congenital disorders such as Pierre Robin 

sequence, which has associated retrognathia and glossoptosis, while children with 

Crouson's disease display mid-face hypoplasia. Children with Down's Syndrome have 

several characteristics that put them at risk for SDB including an enlarged tongue 

(macroglossia), potentially malformed mandible, hypotonia, and obesity (Marcus, Keens. 

Bautista, von Pechmann. & Davidson, 1991). Redline, Tishler, Schluter, Aylor, Clark 

and Graham (1999) reported that obesity is also associated with increased risk for apnea 

in children with an odds ratio of 4.59 (1.58-13.33) even after adjusting for risk due to 



race. Although obese children have a higher incidence of SDB, it is unclear why 

symptoms in some obese children respond to surgical treatment while in other obese 

children symptoms do not improve. This may suggest a possible undetected co-existing 

central nervous system risk factor in these children (Perkin, Downey, & Macquarrie, 

1999). 

Risk for apnea also has a well documented familial component which may be due 

to a combination of genetic and environmental factors (Guilleminauit. Partinen, Hollman, 

Powell, & Stoohs, 1995; Guilleminauit & Pelayo, 1998; McNamara & Sullivan, 2000). 

Risk for apnea is 3-4 times greater for children in families with at least one person with 

SDB (Redline et al., 1999). Gender does not appear to be a risk factor for SDB during 

childhood (Leach, Olson, Hermann, & Manning, 1992; Redline et al., 1999; Rosen, 

1999). While race has not been examined thoroughly as a risk factor during childhood. 

African American children have been found to show greater risk for SDB independent of 

the effects of obesity as compared to Caucasian children (Redline et al., 1999) and show-

more severe oxygen desaturation associated with apneic episodes as compared to 

Caucasian and Latino children (Stepanski, Zayyad, Nigro. Lopata, & Basner. 1999). 

Snoring is the most common parental complaint that brings children to the 

attention of medical professionals. (Gozol, 2000; Greene & Carroll, 1997; Guilleminauit. 

Winkle, Korobkin, & Simmons, 1982). The measurement of snoring is most frequently 

via parental report, and less frequently through overnight audio monitoring. Chervin et 

al. (1997) state that parental repon is currently the most reliable method for measuring 

snoring because audio monitors cannot filter out noise and random sounds. Snoring has 



been largely examined in relation to the presence of OS AS or has been used as an 

indicator of partial airway obstruction in the absence of an SDB-related diagnosis. 

Prevalence of pediatric snoring is usually estimated between 7-10% (Ali et al., 1993; 

Messner & Pelayo, 2000). The significance of these estimates depends on the percent of 

snoring children that also have SDB, as not all children who snore, have or even 

eventually develop SDB (Topoi & Brooks, 2001). At times, researchers combine 

children who either snore and/or have OSAS into one sample without differentiation 

(Gislason & Benedikstsdottir, 1995). 

The reported proportion of children with OSAS or SDB who snore varies widely. 

Brouillette et al. (1982) found that of 22 infants and children with OSAS, 21 snored. 

Guilleminault et al. (1982) reported that of 25 children referred to a sleep disorders clinic 

for heavy snoring all showed a significantly increased respiratory resistance during sleep 

although none had diagnosable obstructive sleep apnea. Guilleminault et al. (1976) and 

Guilleminault et al. (1981) reported that 100% of children in these two studies with 

OSAS had continuous loud snoring. Owen et al. (1995) found that snorers had the lowest 

maximum blood oxygen saturation, but no difference in the number of dips in O2 

desaturation below 4%, nor the average saturation level as compared to non-snoring 

children. Niemenen et al. (2000) found that of 58 snoring but otherwise healthy children 

aged 3-10 years 27 (-46%) had OSAS while 31 had primary snoring. 

SDB-related snoring as well as primary snoring may be associated with 

behavioral morbidity. Guilleminault et al. (1982) found that 48% (12/25) of their snoring 

sample showed hyperactivity and 40% showed 'pathological shyness and social 
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withdrawal', 'learning problems', and 'aggressive and rebellious behavior'. Four other 

studies have examined the direct relationship between snoring and morbidity of daytime 

symptoms. Weissbluth et al. (1983) found in their sample (N=31), selected on the 

presence of academic or behavioral problems, lowered sleep efficiency in children who 

snored, or had labored breathing and mouth breathing, compared to age-matched 

controls. These children also spent less time in bed, each awakening was longer, and the 

time to get to sleep was longer. Ali et al. (1993) found that in 4-5 year-olds regular 

snoring was related to sleepiness, hyperactivity and disrupted sleep. Additionally, these 

three symptoms were found significantly more in habitual snorers as compared to those 

who never snored. In their study of 143 children from general pediatric and psychiatry 

clinics, Chervin et al.(1997) found that 81% of children who snored were diagnosable 

with ADHD (based on DSM-IV criteria). Finally, Gozol (2001) found habitual loud 

snoring more frequently in children who performed in the bottom 25% of their school 

class (odds ratio of 2.79, confidence interval: 1.88-4.15). 

In their reviews Brooks (1993) and Coleman (1999) state that snoring occurs in 

nearly 100% of children with OSAS. While these two studies have found this level of 

snoring, the above research does not indicate that the frequency of snoring is typically 

that high. There are many children who snore who do not develop SDB as evidenced by 

the comparison of the prevalence rate of snoring (7-10%) to the prevalence rate of OSAS 

(1-3%). We currently do not fully understand the importance of snoring without OSAS 

or how to factor in the diagnostic value of snoring. It is unknown if there is a threshold 

for daytime symptoms in children who snore or if some will exhibit symptoms in the 
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absence of mild or intermittant snoring. Several studies attempted to relate snoring to the 

presence or absence of diagnosed OSAS (Brouillette, et al. 1982; Guilleminault, et al. 

1976; Guilleminault, et al. 1981), but some attempted to relate snoring directly to daytime 

sequelae (Ali et al. 1993; Guilleminault, et al. 1982; Weissbluth, et al. 1983). Research 

attempting to relate snoring to daytime effects has shown interesting relationships with 

hyperactivity, sleepiness, and academic achievement, regardless of the presence or 

absence of an SDB-related diagnosis. 

1.3 DifTerences Between Adults and Children 

The American Thoracic Society recently acknowledged that there is no consensus 

for scoring sleep studies in children and adolescents (ATS, 1999). Standards for what 

constitutes an arousal, an apnea/hypopnea, or diagnostic criteria for SDB have not been 

well established in children. Differences in presentation between adults and children 

have been documented or hypothesized at several levels (Marcus, 2000; Rosen, 

D'Andrea, & Haddad, 1992; Ward & Marcus, 1996). For example, contrary to research 

with adults one recent study reported that children with OSAS had no detectable sleep 

fragmentation (Goh, Galster, & Marcus, 2000). Research with adults has documented a 

greater proportion of apnea in males, while gender does not play a role in risk for apnea 

^ of childhood (Redline et al., 1999). Weight abnormalities such as obesity, while reliably 

related to SDB in adults, has shown an irregular relationship within pediatric samples 

(Marcus, 2000). Failure to thrive or inadequate weight gain have been associated with 

pediatric SDB. This may be because obesity is a cause of SDB in adults and children, but 

failure to thrive or inadequate weight gain is a consequence of SDB in children only. In 



adults, sleepiness is considered a primary daytime symptom of SDB. In children, the 

daytime manifestation of SDB is also thought to be related to hyperactivity. It is unclear 

when hyperactivity may be in addition to, or instead of, sleepiness. The exact nature and 

significance of pediatric and adult differences are not always clear. The threshold for a 

clinically significant level of apnea, and the degree of associated blood oxygen saturation, 

is thought to be lower in children (Rosen et al., 1992). Children may have more 

hypopneas than adults and the threshold for daytime symptomatology may also be lower 

in children, making less severe events such as hypopneas and UARS more relevant 

(Rosen et al., 1992). 

Differences between adults and children are relevant because they affect 

assessment techniques, diagnostic criteria, reimbursement for health care, treatment, and 

causal models. The development of a pediatric symptom profile, or set of primary 

symptoms, is the fu^st step in developing pediatric diagnostic criteria. However, there 

will most likely need to be several patient profiles in order to characterize different 

subsamples and populations (Redline & Strohl, 1999). In order to develop these pediatric 

guidelines, the level of SDB associated with clinically relevant and/or observable 

behavioral and cognitive signs and symptoms is necessary. 

1.4 Diagnostic Issues 

The definitive procedure for diagnosing sleep disordered breathing is an overnight 

polysomnography (PSG). The Respiratory Disturbance Index (RDI) is calculated as the 

number of apneas and hypopneas per hour of sleep for each child and is frequently used 

as an indicator of disease severity. Apneas are typically defined as a total cessation of 
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airflow for 10 seconds or 2 breath cycles. Hypopneas, on the other hand are not typically 

defined in any manner. Scoring criteria for hypopneas always include decreased airflow 

(-50%) but fluctuate according to the inclusion of either associated hypoxemia of varying 

degrees (2-8%) or arousals, or both. The parameters used for duration of stopped or 

reduced airflow, the percent decrease in blood oxygen levels, and associated arousals all 

vary across studies of SDB. 

In addition to differing criteria for scoring an apnea or hypopnea, researchers use 

different values of RDI as criterion for diagnosis of or classification of the severity of 

SDB. Sanchez-Armengol, Fuentes-Pradera, Capote-Gil, Garcia-Diaz, Cano-Gomez. 

Carmona-Bemal, Castillo-Gomez, (2001) used an RDI of 10 or greater to create their 

sample, while Redline (1999) used this criteria to create their 'moderate' OS AS group 

with scores between 5 and 10 indicating mild OS AS. Researchers have used criteria of 

greater than five 'events' per hour (Chervin & Archbold, 2001; Guilleminault et al., 

1981) or greater than 3 (Gislason & Benedikstsdottir, 1995). Some even use criteria of 

any RDI over 1 as indication of apnea (Nieminen, Tolonen, & Lopponen, 2000; Owens et 

al., 1998; Rosen, 1999). Thus, the severity of SDB varies widely across studies. This 

will effect all estimates and generalizations regarding the rate and perhaps nature of 

symptoms associated with SDB (Redline, Kapur, Sanders, Quan, Gottlieb, Rapoport, 

Bonekat, Smith, Kiley, & Iber, 2000). 

Diagnosis of OSAS through clinical evaluation and interview is considered 

unreliable (Brouillette et al., 1984; Caroll. McColley, Marcus, Curtis. & Loughlin. 1995; 

Kahn et al., 1993; Wang, Elkins, Keech, Wauquier, & Hubbard, 1998). Perhaps due to 
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the variability in PSG scoring criteria, finding a reliable set of primary nighttime and/or 

daytime symptoms has proven difficult. Sanchez-Armengol et al., (2001) found that only 

2 of 18 school children with respiratory disturbance indexes over 10 showed any 

concurrent symptoms suggestive of SDB. Leach et al.( 1992) also failed to find any 

symptoms (apneic pauses, snoring, sleepiness, attention, or hyperactivity) as occurring 

with greater frequency in children with OSAS as compared to a normal group of children. 

Several researchers have attempted to create indexes or symptom checklists for SDB risk 

(Ali, Pitson, & Stradling, 1993; Brouillette et al., 1984; Owens et al., 1998). None of the 

reported questionnaire instruments have been cross-validated or accepted widely. The 

Pediatric Sleep Questionnaire (PSQ) is the most recently developed, but also has little 

psychometric information, and has not yet been utilized by other researchers (Chervin. 

Hedger, Dillon, & Pituch, 2000). One reason it is important to find reliable signs and 

symptoms of SDB is because this may reduce the use of costly and time-consuming 

overnight polysomnography for diagnosis. The PSQ was designed for research and the 

authors explicitly state that it may not circumvent the PSG in diagnostic use. However, 

the anticipation that reliable symptom complexes may be found still exists and much 

research has been published with this goal in mind. The PSQ includes 4 scales; sleep 

disordered breathing, snoring, sleepiness, and behavior problems. Snoring is a risk 

factor for SDB while sleepiness and behavior problems are sequelae. 

1.5 Cognition 

The importance of SDB to psychologists stems largely from its effect on cognitive 

and behavioral functioning. Its impact has been more fully examined in adults. The 



most common cognitive problems associated with adult SDB are related to attention, 

executive function, and memory. A recent meta-analysis estimated that effect sizes for 

these cognitive symptoms in SDB range from approximately 1.0 for attentional tests, 0.9 

for tests of executive function, and 0.6 for memory-related performance (Engleman, 

Kingshott, Martin, & Douglas, 2000). SDB has been related to specific functional tasks 

that involve vigilance (sustained attention) such as driving (Barbe et al., 1998), but also 

to an overall lowered quality of life (Flemons & Tsai, 1997). In adults vigilance or 

performance deficits have been related to sleep loss (Dinges, Pack, Williams, Gillen, 

Powell, Ott, Aptowicz, & Pack, 1997; Jewett, Dijk, Kronauer, & Dinges, 1999; Pilcher & 

Huffcutt, 1996) as well as hypoxemia (Berry, Webb, Block, Bauer. Switzer, 1986). 

However, a recent review of the adult literature by Kuo (Unpublished Dissertation, 2000) 

concluded that inconsistent patterns of cognitive deficits have been related to sleep apnea. 

Inconsistencies have been attributed to the possibility that mild to moderate sleep 

disordered breathing does not have detectable cognitive impact, that many studies did not 

have adequate power to find relationships, or that subject samples differed substantially. 

In children with chronically undiagnosed cases of apnea a "learning debt" has 

been hypothesized in which learning, employment potential, and achievement may be 

affected for the remainder of the child's life (Gozol & Pope, 2001). Still, there are only a 

few studies of the cognitive correlates of SDB in children, and fewer still with concurrent 

documentation of sleep-related breathing problems via overnight polysomnography 

(PSG). Rhodes et al. (1995) found significant relationships between the number of 

apneic episodes and learning and memory in 5 obese children with diagnosed apnea via 



nocturnal PSG. In this study an apnea was recorded if there was a total cessation in 

airflow for 10 seconds or more. Hypopneas were recorded if there was at least a 50% 

reduction in airflow for 10 seconds or more associated with an EEG arousal or 

desaturation of 4%. The Verbal Memory, Visual Memory, Learning, and General 

Memory subtests of the Wide Range Assessment of Memory and Learning (WRAML) 

showed significant group differences between those children with OSAS and those 

without. Similar results were found when the Vocabulary subtest of the Wechsler 

Intelligence Test for Children - HI was administered. Group means of the OSAS 

subjects were at least one standard deviation below age and gender matched norms on all 

tests administered. All measures were also negatively correlated to the apnea/hypopnea 

index (range -0.36 to -0.59). 

Gozol (1998) found that, of the 297 first-grade children selected because their 

academic ranking fell in the lowest 10% of their class, 18.1% (N=54) were identified as 

exhibiting sleep associated gas exchange abnormalities (SAGEA) as evidenced by 

overnight pulse oximetry and transcutaneous carbon dioxide measurements. SAGEA 

was scored as present when parents endorsed at least 5 sleep-associated breathing 

problems on a questionnaire, more than 2 desaturations per hour (>5% for 6 seconds) or a 

sustained elevation of transcutaneous carbon dioxide tension. Subsequently, 24 of these 

children underwent surgical adenotonsillectomy and within one year had on average 

(significantly) improved one-half grade point. Those children who did not undergo 

surgery for enlarged tonsils did not improve in grade-based achievement. 
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Owens, Spirito, Marcotte, et al., (2000) found that while average values for most 

of the neuropsychological tests administered in their battery were in the Average Range, 

tests of executive function/attention (Diamonds Cancellation), and motor function 

(McCarthy Motor subscale or finger tapping) showed the highest percentage of scores in 

the clinical ranges for 18 children ages 5-12 with OSAS. Approximately 46% of subjects 

were impaired on the Diamonds Cancellation test and 30% were Low Average on Finger 

Tapping Time. The effect size (d) for differences between mild and moderate OSAS on 

Diamonds was large (over 0.80). However, there was no significant difference between 

groups on most cognitive tests when the sample was separated into mild and moderate 

OSAS. Of the 8 children in this study who received surgical treatment for OSAS, paired 

(pre-post) t-tests showed that at 6 to 12 months after initial testing, there was no 

substantial improvement in cognitive functioning. 

Blunden, Lushington, Kennedy, Martin, & Dawson (2000) determined that on 

average 13 children (mean age 7.2, range 6-11) who snored or had mild OSAS had 

significantly impaired attention as measured by the Auditory Continuous Performance 

Test compared to a normal control group, although mean performance levels were in the 

Average Range. The average RDI for this group was 0.4 (SD 0.1) and the average 

number of nocturnal desaturations greater than 4% was approximately 0.8. Apneas and 

hypopneas were not specifically defined. Subjects were also identified as having OSAS 

by the presence of chest wall paradox during the PSG. Although mean performance 

scores were within the Average Range, mild OSAS subjects also scored relatively worse 

on measures of memory (WRAML Memory Screening Index) and intelligence (WISC-
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niAVPPSI-R Performance IQ, Verbal IQ, Full Scale IQ) compared to a group of normal 

controls. 

Lewin, Rosen, England, & Dahl (2002) found that 28 children with OSAS had 

significantly lower scores on a measure of sustained attention (Speed of Information 

Processing subtest of the DAS), compared to the healthy comparison group. In this 

study, a respiratory event (apneas and hypopneas were not distinguished) was scored if 

there was at least a 50% decrease in airflow or an increased effort was noted that occured 

concurrently with a dip in blood oxygen of 2-3% for at least 2 breath cycles. On the DAS 

(Differential Abilities Scale) there was a significant (-.86) correlation between Verbal IQ 

and RDI. At the follow-up assessments (6-18 months post-baseline), this study also 

found that for the severe group the performance for untreated children on Speed of 

Information Processing (SIP) from the DAS was significantly worse than that for those 

who underwent adenotonsillectomies or normal control subjects at follow-up. The mean 

SIP score for children with apnea was within one standard deviation of the normative 

average. Sample sizes were small in this study, with only 5 subjects in the untreated, 7 

subjects in the treated, and 10 subjects in the normal control groups. 

Generalizations regarding SDB and its relationship to cognition in children are 

difficult to make based on this small collection of studies. Three studies with small 

samples have found cognitive deficits assessed via neuropsychological testing in the 

context of objective sleep and breathing data and two studies had very small samples 

(Lewin, et al.. 2002; Rhodes, et al., 1995). Most deficits were mild (Owens, Spirito. 

Marcotte, et al., 2000; Rhodes et al., 1995). 



These studies did not examine cognitive performance as differentially related to 

sleep fragmentation or hypoxemia. Experimental studies of sleep resuiction in children 

and adolescents have found that even one night of restricted sleep may have daytime 

effects on cognitive functions such as verbal fluency, flexibility, and learning abstract 

concepts (Randazzo, Muehlbach, Schweitzer, & Walsh, 1998). Vigilance decrements in 

children have not yet been differentially related to arousals or hypoxemia, but have been 

related to the Respiratory Disturbance Index (RDl) which typically is defined as a 

combination of airflow and hypoxemia. Other disorders involving hypoxemia, such as 

intrapartum fetal hypoxemia or traumatic near-drowning, have many other correlates and 

do not resemble the chronic partial hypoxic effects of SDB. Thus, the effect of SDB-

related hypoxemia on cognition in children remains largely unexplored. Based on adult 

findings and these findings relating RDI to attention in children, hypoxemia, sleep 

fragmentation (as measured by arousals), and their interaction should produce decrements 

in vigilance performance given adequate sample size (See Hypotheses 1). 

1.6 Behaviors 

Another daytime symptom of SDB is sleepiness. Any disorder that causes sleep 

fragmentation or sleep loss may cause sleepiness. A wide variety of disorders have been 

associated with sleep fragmentation and loss such as diabetes, juvenile rheumatoid 

arthritis, and other painful conditions. Sleepiness, discussed as "excessive daytime 

sleepiness' (EDS) or hypersomnolence, is often measured as a symptom in studies of 

sleep disorders and sleep apnea. Emotional or motivational drive states have been 

studied from 4 persepctives: cognitive, behavioral, physiological, and subjective. 
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Sleepiness is also understood and measured using these qualitative and conceptually 

overlapping response classes (Mitler, Carskadon, & Hirshkowitz, 2000). 

The most common method of measuring sleepiness in studies of pediatric SDB is 

through parent report. Parental ratings of sleepiness are typically based on frequency of 

behavioral manifestations of sleepiness. The Multiple Sleep Latency Test (MSLT) is 

considered a physiological measure of sleepiness and is more frequently used in adult 

sleep studies. By measuring the time it takes a child to fall asleep in a dark quiet place 

several times over the course of a day, the MSLT provides a more objective assessment 

of sleepiness, but has not been widely utilized with children. Part of the reason for this is 

that younger children regularly take naps and so latency to fall asleep during the day will 

be confounded with time and extent of napping. For this reason, the MSLT is best used 

with children over 6 or 7 years old. Sleep latency data from overnight PSG has been 

suggested as an indicator of sleepiness, but this method has not been used in the SDB 

literature to date (Kotogal & Goulding, 1996). 

Another relatively objective method of measuring EDS is through the use of 

cognitive vigilance tests. Vigilance is one aspect of attention in which attention is 

maintained over time and is known as sustained attention. Continuous performance tests 

(CPTs) have been used to assess vigilance,i)ut these tasks also involve other components 

of attentional ability such as selective attention. CPTs are most typically administered to 

children with suspected attentional disorders such as ADHD. One cognitive vigilance 

task used in adult sleep research is the PVT-192. This reaction time task requires 'he 

subject to react as quickly as possible to monotonous stimuli on a small LED display. 



Designed to induce boredom, and thus challenge vigilance, subjects show increased 

reaction time and increased variability over the course of the 10-minute task. A dose-

response relationship between performance on this task and sleep deprivation has been 

demonstrated in adults (Jewett, Dijk, Kronauer, & Dinges, 1999). Currently there is no 

published research using this vigilance task with children. 

What constitutes excessive daytime sleepiness? The excessiveness of measured 

sleepiness is most often defined relatively, as a contrast in sleepiness frequency between 

an index and a control group. Unlike snoring, population based normative estimates or 

base rates of sleepiness in children have not been well established (Kotogal & Goulding, 

1996). Because there are so many causes of sleepiness, it is only of general interest to 

know the overall prevalence rate. One community-based study found 14% of a randomly 

selected sample of 101 Spanish adolescents suffering from EDS as measured by self-

report (Sanchez-Armengol et al., 2001). In this study, if subjects endorsed daytime 

sleepiness as 'sometimes' or 'often' they were considered to have EDS. Another study 

documented a 10% EDS rate in 68 school children (Owens, et al.. 2000). These 

excessively sleepy students were concurrently rated as "usually" sleepy by three 

measures from parents, teachers, and self-report. 

The relationship between sleepiness and SDB varies across studies and has not 

been found in children as consistently as in adults (Carroll & Loughlin. 1992). Messner 

and Pelayo (2000) have stated that some children with OSAS will show daytime 

sleepiness while others will not. Gaultier (1995) and Carroll et al. (1992) state that EDS 

is not a common symptom in children. Greene and Carroll (1997) report both that EDS is 
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a symptom of childhood apnea as well as that children who snore and are diagnosed with 

OSAS (through PSG) do not typically exhibit daytime sleepiness. Guilleminault et ai. 

(1981) reported that the most common (84%) presenting complaint amongst their 50 

children with OSAS was sleepiness. Guilleminault et al. (1982) reported that 5 children 

who underwent surgery for enlarged tonsils/adenoids showed significantly improved 

EDS post-surgery as measured by the MSLT. Carskadon, Peuschel, and Millman (1993) 

report that their subsample with adenotonsillar enlargement showed the greatest daytime 

sleepiness compared to subjects with Down Syndrome or Attention Deficit Disorder. 

Chervin et al. (2000) used logistic regression, controlling for age and gender, to calculate 

a significant odds ratio (3.9) for the probability that children whose parents rated them as 

sleepy also had (PSG-confumed) SDB. Leach et al. (1992) reported equal levels of 

hypersomnolence in subjects with and without OSAS. Similarly, Rosen (1999) found 

that children diagnosed with obstmctive sleep apnea hypoventilation syndrome (OSAHS) 

were no more likely to report daytime sleepiness than children without OSAHS. Both 

sleep fragmentation or sleep loss as well as hypoxemia have been related to adult 

sleepiness (Chervin & Aldrich, 1998). Specific or differential relationships between 

these SDB factors and sleepiness have not been examined in children (See Hypothesis 

UA). 

Studies and discussions of daytime sleepiness reviewed above are contradictory 

and difficult to summarize due to different analytical approaches, vague or differing 

definitions of excessive sleepiness, and various criteria for the scoring or diagnosis of 

apnea. Most studies have attempted to relate diagnosis of SDB to sleepiness as 



differences between groups. Typically the subject sample was separated into those with 

and those without SDB with subsequent comparisons of sleepiness frequency or severity. 

The two studies reviewed above that did not find sleepiness in their subjects with SDB 

used relatively lower scoring or inclusion criteria than some of the other studies. Rosen 

et al. (1999) included children who had one or more apneic episodes per hour of sleep 

and was interested in hypoventilation so they also included children with abnormal end-

tidal CO2 values or blood oxygen desaturation in the absence of apnea. In the Leach et 

al. (1992) study there were several ways in which a child could be included as part of the 

apnea group: any apneic or hypopneic events noted, oxygen desaturation (undefined) or 

hypercapnia associated with one of six other related symptoms such as snoring, increased 

respiratory effort, or cardiac arrythmias. ft may be that SDB needs to be of sufficient 

severity to cause noticeable sleepiness and that children with relatively low levels of SDB 

are not sleepy enough to be consistently detected (See Hypothesis IIA). The studies 

above that did find relationships between SDB and sleepiness tended to use more severe 

subject samples, but also more inclusive definitions of SDB. Given that both sleep 

fragmentation and hypoxemia have been related to sleepiness (Chervin & Aldrich. 1998) 

it follows that studies that define RDl (and thus SDB) as including both would have 

subjects that are also more severe and would be more likely to exhibit daytime sleepiness 

(See Hypothesis HB). 

The inconsistent relationship between sleepiness and SDB may be due to age 

related differences. Although Owens et al. (2000) found no overall relationship between 

age and parent reports of sleepiness, the rate of sleepiness is thought to increase with age 
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in association with puberty (Anders, Carskadon, & Dement, 1980). Guilleminault et al. 

(1981) report younger children as more hyperactive and anti-social while older children 

(not defined) complained of sleepiness and fatigue. There are at least three possible 

reasons that sleepiness may increase around puberty. As children approach puberty their 

need for sleep tends to increase while social and educational activities also tend to 

increase. Thus, their sleep needs may not be met. Carskadon & Dement (1987) have 

documented decreasing slow-wave sleep for peri-pubertal adolescents, indicating that 

sleep at that age may not be as restorative (See Hypothesis nC). 

Finally, the inconsistent relationship between sleepiness and OSAS in children 

may be due to the fact that sleepiness many manifest as sleepiness per se but also may 

manifest as externalizing behaviors such as agitation or hyperactivity (See Hypothesis 

HD). The most frequently discussed and measured behavior in pediatric studies of SDB 

is hyperactivity. The observation that some children are hyperactive in the context of 

SDB has led to hypotheses that these children may be regularly (mis-) diagnosed with 

ADHD (Chervin et al., 1997). Two studies have examined SDB as related to general 

behaviors in infants or very young children. In infants with apnea diagnoses, Baroni 

(1992) found that a greater number of apneic episodes were related to elevated 

observational ratings of tension, poor attention, and reactivity on the Bayley Scales of 

Infant Development. Deykin, Bauman, Kelly, Hsieh, and Shannon (1984) found 

generally worse performance on neurological exam as compared to siblings in 15 

children 3-6 years old diagnosed with apnea in infancy. However, these authors stated 

that there was no clear "gradient of risk for poor outcomes in the areas under study" and 
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suggested that there is a threshold relationship between apnea and cognitive and 

behavioral sequelae. 

Owens et al. (1998) studied three groups of children: those with OSAS only 

(N=78), those with a diagnosis of behavioral sleep disorder (BSD; N=52) and a group 

with OSAS and comorbid behavioral sleep disorders (N=22), all confirmed with 

overnight PSG. OSAS was diagnosed when the Respiratory Disturbance Index (RDO 

was greater than 1 and nadir 02 saturation was less than 92%. The authors did not 

specify what constituted an apnea or hypopnea. The OSAS group had an average RDI of 

12.6. Behavioral sleep disorders included children with 'limit setting sleep disorder' or 

'sleep onset association disorder'. Clinical symptomotology (gasps, wheezes, chokes, 

snores, stops breathing, holds breath, mouth breathing, and breathing problems) was 

worst for those with pure OSAS, and least severe for those children with pure BSD, with 

the comorbid children falling between these two groups. It appears that children with 

pure OSAS may have more severe breathing related symptoms than those with comorbid 

sleep disorders. The Behavior Frequency score on the Eyberg Child Behavior Inventory 

for the OSAS group was a standard score of 105 (SD 34). The authors did not specify if 

these average behavioral ratings indicated clinically significant problems. 

Owens, Spirito, Marcotte, et al. (2000) found that the average scores on the 

Conners' Parent Rating Scales short form showed elevated levels (above 60) on two 

scales for 9 subjects with OSAS. Just over half of their 9 subjects with this data (average 

age 7.3 SD 2.0) were over I SD above the average for the Learning Problems and 

Psychosomatic scales. In this study an apnea was defined as total cessation of airflow for 
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at least 2 breath cycles and an hypopnea was scored as an event that met two of three 

criteria; a 50% decrease in airflow, an EEG arousal, or oxygen desaturation of at least 

2%. The RDI for these subjects ranged from 2 to 37 with a mean of 9.8 (SD 11.2). On 

the Behavioral Assessment System for Children (BASC) 44% (4/9) of these children 

were rated by their parents as showing clinically relevant levels (T score over 70) of 

internalizing behaviors and 30% (3/9) showing externalizing behaviors. The authors did 

not specify which behaviors were typically endorsed within these broad factors. When 

mild and moderate levels of OSAS were compared, the subjects with mild OSAS (Mean 

RDI 2.9; Age 8.4) were rated as having more behavior problems than the moderate OSAS 

(Mean RDI 16.8, Age 6.1) subjects. The moderate OSAS group was one standard 

deviation lower than the mild group on the Conners' Hyperactivity scale (effect size 

0.89). 

Blunden, et al. (2000) found that the level of behavioral problems as measured by 

the Child Behavior Checklist (CBCL) was within the Average Range for the OSAS 

subjects. There were no significant differences on the CBCL between OSAS and primary 

snorers and normal controls. Both internalizing and externalizing behavior problems 

were associated more strongly with disorders of sleep initiation, maintenence, and 

sleep/wake transition as compared to sleep-related breathing problems. 

Using the CBCL, Lewin, et al. (2002) found significantly more daytime behavior 

problems in children with severe or mild OSAS when compared to a normal control 

group on Total Behavioral Problems. Internalizing, and Somatic Problems scales. 

However, differences between the severe OSAS (N=12; Age 6.6; RDI 17.4) and the mild 



OSAS group (N=16, Age 7.6; RDI 3.6) were not in ttie predicted direction, with the mild 

group rated as higher on Externalizing Problems, Anxiety-Depression, and Social 

Problems. The mild OSAS group had higher levels of these behavioral problems than 

either the control or severe OSAS subjects. Additionally, a portion (N=7) of the severe 

OSAS subjects underwent surgical treatment. At post-surgery follow-up, the CBCL 

scores had not changed appreciably. 

Instead of using overnight PSG Ali et al. (1993) ranked children based on risk for 

apnea. Determination of high risk for apnea was based on responses to a 6-item 

screening questionnaire. These six items covered problems sleeping, coughs/colds, 

snoring, restless sleeping, unusual sleeping position, and mouth breathing. These 

researchers found that children at high risk for SDB were more likely to be in the upper 

95''' percentile of the Conners' Rating Scales (aggressive, inattentive, hyperactive) as 

rated by parents and teachers. As rated by parents, odds ratios for aggressive behavior 

was 9.9 (CI 2.4 - 39.4), for inattentive behavior was 5.8 (CI 1.4 - 23.8) and for 

hyperactive behavior was 10.1 (CI 2.5 - 40.3). Controlling for gender and SES did not 

significantly change any of the odds ratios. 

Most recently, Chervin and Archbold (2001) examined hyperactivity and sleep as 

they related to SDB. The 59 children (aged 2 to 18) with diagnosed SDB (49 with OSAS 

and 10 with UARS in the absence of OSAS) showed the same level of hyperactivity, 

measured by the Conners' Parental Rating Scale, as the children without SDB. 

Hyperactivity was not related to the frequency of apneas or hypopneas or hypoxemia, but 

was associated with the rate of periodic limb movements during sleep. 



Hyperactivity was reported by parents in 42% of children diagnosed with OSAS 

and anti-social behaviors were "cited frequently" (Guilleminault et al., 1981). No 

definition of hyperactivity was provided in that study. Brouillette et al. (1982) reported 

that 5 of 22 subjects with OSAS exhibited behavioral problems, sleepiness or 

developmental delays, but do not describe the methods used to collect this information. 

Five studies have examined standardized parent ratings of behavioral problems 

concurrently with PSG data in school-aged children. Two additional studies did not use 

standardized behavior assessment instruments. Brouillette et al., 1982 and Guilleminault 

et al., 1981 found support for increased hyperactive behavior without standardized 

behavioral measures. Another studied children at risk for apnea, and found higher rates 

of hyperactivity, aggressiveness, and inattentive behaviors as compared to children with 

low risk (Ali et al., 1993). Of those five core studies, Blunden et al., (2000) and Lewin et 

al., (2002) found no evidence of externalizing behaviors and Chervin et al., (2001) found 

no evidence of increased hyperactivity in children with SDB. Lewin, et al (2002) did 

find greater levels of intemalizing and somatic problems. Owens, Spirito, Marcotte, et 

al., (2000) found no greater behavioral problems, including hyperactivity for moderate 

versus mild OSAS. Together these studies provide limited empirical support for the 

commonly noted hypothesis that children with SDB are thought to exhibit greater levels 

of hyperactivity. Although several studies have shown relationships between reports of 

SDB and hyperactivity, to date, no studies of school aged children using PSG and 

standardized behavioral measures have documented significant relationships between 

SDB and hyperactivity. Two studies that did not find abnormal average levels of 
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hyperactivity used validated scales that were age and gender normed (Chervin & 

Archbold, 2001; Owens, Spirito, Marcotte, et al., 2000). The Chervin et al., study 

included 10 children with UARS and the Blunden et al., (2000) study included primary 

snorers which may have contributed to low levels of behavioral deficits. Additionally, 

two studies had samples of less than 10 in behavioral analyses (Owens et al., 2000; 

Lewin, et al., 2002). 

These studies raise several methodological issues relevant to their interpretation. 

Regardless of concurrent PSG data, several studies reported the proportion or percentage 

of subjects showing certain problem behaviors endorsed by their parents. For example. 

Guilleminault et al. (1981) reported that 42% of parents reported hyperactivity and 

Owens et al. (2000) reported that 22% of their sample with OSAS was hyperactive. 

Alternately, studies reported the percent of subjects that were in the range of scores that 

was considered clinically significant. Owens et al. (2000), while providing group means 

as well, reported that 22% of parents rated children in the clinically significant range for 

hyperactivity. Unfortunately, these clinical percentages or prevalence rates are 

meaningless out of context. Norms for many behavioral and cognitive measures do not 

report the percent of the normative sample that have scores in a clinically relevant range. 

This is true for the Conners' Parent Rating Scales-Revised. Although the level of 

behavioral problems may be significantly greater than the control groups, without base 

rates the meaning of some study results are unclear. 

The definition of a sleep-related breathing "event" (such as an apnea, hypopnea, 

or SAGEA) and diagnostic or inclusion criteria varied widely across studies. Two studies 



37 

did not define what constituted an apnea or hypopnea. Most studies defined an apnea as 

a total cessation of airflow for 10 seconds or 2 breath cycles. However, several studies 

included EEG arousals or hypoxic events as part of the definition of hypopneas while 

others did not. The cutoffs for level of blood desaturation varied from anything less than 

100% to 92%. At times, other measures of blood gas exchange were included in scoring 

criteria such as transcutaneous carbon dioxide levels. In reviewing the literature, studies 

were difficult to compare because the level of severity of each sample was difficult to 

gauge. The average RDI in the Owens, Spirito, Marcotte, et al., (2000) study was 9.8 

while the average RDI for Blunden et al., (2000) was 0.4 and each used a different 

definition of RDI. 

An additional consideration in interpreting these results is that some studies 

selected subjects based on a diagnosis of apnea from overnight polysomnography, some 

used a risk for apnea such as snoring, while others selected children based on the 

presence of daytime symptoms, such as sleepiness or achievement. Groups created on 

the presence daytime symptoms may be more representative of patient populations seen 

by psychologists or physicians in school clinics, or general pediatric or psychiatric 

clinics. However, samples based on non-specific signs and symptoms are more likely to 

be etiologically heterogeneous. Presenting complaints such related to cognition and 

behavior, including sleepiness, may be thought of as final common pathways for other 

disorders and diseases of varied etiologies. In fact, the sensitivity and specificity of any 

one cognitive or behavioral symptom may be low (Redline & Strohl, 1999). 
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Inconsistent results may be due to differing level of sample severity, but also due 

to other subject characteristics that have not been fully explored. To quickly narrow the 

differential diagnostic and referral processes, psychologists need to understand the 

relationships between various specific and non-specific correlates of SDB within 

different subsamples. Alternately, symptoms may vary according to other subject 

characteristics not taken into account in the research to date. For example, Chervin and 

Archbold (2001) reported null findings for their entire sample only. Because this study 

presented data that as a group did not support prevailing hypotheses, it would have been 

interesting to know if a subset of those children with less severe breathing problems such 

as UARS primarily showed normal hyperactivity scores. 

Inconsistent behavioral findings may be related to the fact that hyperactivity and 

sleepiness have both been hypothesized as daytime symptoms of SDB. This seemingly 

incongruent combination of behaviors are thought to represent the same underlying 

dysfunction, but have not been discussed in relation to each other. Research to date has 

not attempted to determine if behavioral problems are differentially related to sleep 

fragmentation or hypoxemia in children. Sleepiness is thought to be caused by sleep 

fragmentation but it is currently unclear whether sleep fragmentation and/or hypoxemia 

associated with SDB could cause hyperactivity (see Hypotheses III). 

The diagnosis of ADHD has been associated with sleep problems. Until recently 

diagnostic criteria for ADHD contained reference to disrupted sleep patterns. With the 

publication of DSM-UIR this criterion was removed. Research using DSM-IIIR or DSM-

IV criteria for ADHD have often found sleep problems based on parent report (Ball. 



Tieman, Janusz, & Furr, 1997; Day & Abmayr, 1998; Owens, Maxim, Nobile, McGuinn, 

& Msall, 2000; Ring et al., 1998; Stein, 1999). These parent-reported problems are most 

often related to initiating and maintaining sleep. Ball et al. (1997) have hypothesized that 

this parent-reported pattern of sleep problems exhibited by children with ADHD can most 

readily be explained by emotional problems such as anxiety. However, in a recent 

review, Corkum, Tannock and Moldofsky (1998) state that the only consistent finding of 

sleep problems associated with ADHD is increased movement during sleep. 

There is only inconsistent evidence that sleep problems exist in children with 

ADHD when objective methods such as actigraphy or PSG are used. Snoring was 

associated with higher inattention/hyperactivity scores and more children with ADHD 

snored (33%) versus children in general pediatric clinic comparison group (9%)(Chervin 

et al., 1997). Lecendreaux, Konofal, Bouvard, Falissard, and Mouren-Simeoni (2000) 

found no differences in sleep variables between children with ADHD versus controls on 

overnight PSG. Gruber, Sadeh, and Raviv (2000) found that the instability or variability 

of sleep onset, sleep duration, and amount of sleep was greater for children diagnosed 

with ADHD versus normal controls as measured by overnight actigraphy for 5 

consecutive nights. Average values for these two groups were not significantly different. 

If sleep instability is actually the primary problem, it may be that other studies are 

missing this, and the Gmber et al. (2000) study provides the best methodology to detect 

the type of sleep problems facing children with ADHD. 

Thus, although SDB and ADHD share the underlying hypothesis that there are 

problems with hypo-vigilance (Chervin & Archbold, 2001) and children with ADHD 
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may have associated problems with sleep, current research does not lend support to the 

idea that the type of sleep problems they face are similar to those of children with SDB. 

Parent report of breathing problems was one of the only sleep characteristics not 

significantly different between children with and without ADHD (Owens, Maxim et al., 

2000). The evidence that a significant proportion of children with ADHD have SDB is 

weak. Instead, as outline above, the evidence suggests that hyperactivity and inattention 

are symptoms of SDB, and appear similar to ADHD, but probably do not reach 

diagnostic criteria. 

Finally, developmental considerations were notably absent from any discussion 

of the behavioral aspects of SDB. In children, SDB may appear as either sleepiness and 

lethargy, but also as just the opposite: agitation, hyperactivity, or perhaps even 

aggressiveness. SDB may manifest as sleepiness or agitation/hyperactivity depending on 

developmental stage or age. Guilleminault et al. (1981) found that older children in their 

OSAS sample complained more frequently of sleepiness, tiredness, and fatigue as 

compared to younger children (See Hypothesis IIB). There may be developmental 

differences in the behavioral manifestation of sleep deprivation with younger children 

manifesting sleepiness as agitation and hyperactivity and adolescent or peri-pubertal 

children expressing sleep loss as sleepiness (Dahl, 1996). Developmental models of 

childhood abilities demonstrate that different behaviors may represent the same 

underlying construct across age groups. For example, in order to measure math abilities 

children of preschool age are asked to perform different tasks than children in upper 

grades. Infants' math ability may be studied through attention and eye gaze to the correct 
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response. Young children may be asked to construct towers or judge volumes while older 

children perform calculations or word problems. Nonetheless, math ability is 

demonstrated through each of these tasks. In the present case, it is unclear whether 

oxygen deprivation, sleepiness, or both (SDB) are the underlying construct. 

The cognitive and behavioral findings outlined here are clearly in need of 

extension and expansion. The effects of SDB have been found to manifest in the areas of 

academic achievement, cognitive performance (learning, attention, fine motor, and 

executive function), and behaviors related to sleepiness, hyperactivity and psychosomatic 

complaints. More studies using both PSG and standardized measures of behavior are 

needed to determine if these findings are robust and if there are relationships between 

these variables in a continuous manner in normal children as well as in clinical samples 

(See Hypothesis IIIA). Prevalence rates for various variables and the lower bounds of the 

relationships between SDB, cognition, and behavior will be determined in the present 

analyses using a sample of healthy school children. Determination of the differential 

degree of relationship between behaviors their relationship to components of SDB 

(hypoxemia and arousals) is needed at this point in the evolution of this research, as most 

research has combined components of the disorder into an index (See Hypotheses IIIB 

and rV). The specificity and sensitivity of the major nocturnal and daytime effects of 

SDB may be low, as sleepiness, cognitive deficits, and behavioral problems all serve as 

final common pathways for various disorders. It may be important to focus on behavioral 

dimensions, such as internalizing and externalizing, rather than specific behaviors, 

particularly if we are interested in relating sleepiness to other daytime behaviors (See 



Hypotheses IIC). Because so many different criteria for OS AS were used across the 

above studies, symptom profiles and the proportion of each sample with certain features 

may have varied with sample severity. Each type of SDB symptom or sign may have it's 

own threshold, and may interact with other variables such as developmental stage or risk. 

1.7 Hypotheses 

The following relationships will be tested in the current analyses. 

I. Attention 

A. Children with higher RDIs will be more likely to show deficits on tests of 

vigilance. 

B. RDI, desaturations, arousals, and their interactions will each predict a 

significant amount of variance in performance on selected tests of attention. 

n. Sleepiness 

A. RDI, hypoxemia, arousals, and their interactions will significantly predict 

variance in the sleepiness ratings. 

B. Older children will be more sleepy than younger children. 

C. Overall, sleepiness will be more related to Conners' Parent Rating Scales-

Revised (CPRS-R) that are "externalizing" in nature than to scales that are 

^ "internalizing" in nature. 

III. Behavior 

A. Subjects with higher RDIs will be more likely to show higher Conners' scores. 

Subjects with higher RDIs will show statistically higher levels of behavioral 

problems on the CPRS-R. Behavior problems will be most pronounced for 
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behaviors associated with ADHD such as hyperactivity, inattention, and 

impulsivity. 

B. RDI, Desaturations, arousals, and their interaction will each predict a 

significant amount of variance in the CPRS-R scales. 

C. The pattern of behavioral problems will differ across age levels. Younger 

children will show greater externalizing behaviors at the highest levels of SDB, 

while older children will show more internalizing behaviors at the highest levels 

of SDB. 

rv. SDB 

A. An index of sleep and breathing variables including RDI, desaturations and 

arousals will be explored as possibly a more efficient and powerful means of 

predicting cognitive performance and measured behaviors than RDI alone. 



CHAPTER 2 

METHODS 

The present study was derived from the Tucson Children's Assessment of Sleep 

Apnea (TuCASA) study. The TuCasa project is a prospective cohort study initiated to 

determine the prevalence and cognitive and behavioral correlates of sleep apnea in 

children ages 6-12 and is projected to enroll 500 children over 4 years. The TuCASA 

protocol received approval from the University of Arizona Human Subjects Committee 

as well as the Tucson Unified School District Research Committee. 

2.1 Subjects 

Subjects were recruited from Tucson Unified School District elementary schools 

with permission from the school principal. Schools were sampled in order to represent 

the ethnic population mix of Tucson. Specifically, schools were chosen to ensure that at 

least 25% to 75% were self-reported Hispanic. If a child could not speak English they 

were excluded from this study. Children who had asthma or other respiratory problems, 

were mentally retarded, had their tonsils removed, or had been on medication for ADHD 

were also excluded from the study. Eight children were excluded from the study because 

they were on medication for ADHD. 

The hypotheses were derived from the literature review and consideration of the 

goals and design of the TuCASA study. The TuCASA study was designed to evaluate 

the prevalence of SDB in Caucasian and Hispanic children as well as examine the 

cognitive and behavioral correlates of that disorder. As such, the sample was a relatively 

healthy group of children. This could have the effect of restricting the range of severity 
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of SDB. Children who were diagnosed with ADHD or who were being medicated were 

screened from the study. This also could have the effect of restricting the range of 

severity of the dependent variables. Caucasian and Hispanic children will not be 

analyzed separately, and thus, any potential differences between the ethnic groups or 

ethnically based socioeconomic status will not be examined here. 

2.2 Procedure 

Parents were initially contacted via a questionnaire distributed in-class by 

teachers. The 15-item questionnaire queried symptoms of SDB such as sleep quality, 

snoring, nighttime and daytime breathing, daytime sleepiness, learning, and behavior. 

At this time parents indicated if they were interested in participating in the TuCASA 

study on the questionnaire. If parents wished to participate, an overnight in-home 

polysomnography (PSG) was scheduled as soon as possible. Parents received S25 

payment for their child's participation in each of the PSG and neurocognitive components 

of the study. Within approximately one month of a successful PSG a 3-hour 

neuropsychological exam was completed that included assessment of intelligence, 

achievement, verbal learning and memory, executive function, and attention. 

Approximately 95% of children who had PSG studies completed neurocognitive exams. 

The present analyses utilize the first 149 subjects whose parents demonstrated interest on 

the initial questionnaire, were Hispanic or Caucasian between the ages of 6-12, whose 

overnight polysomnography was technically acceptable, and who participated in both the 

PSG and cognitive components of the study. 



2.3 Attention Measures, Behavioral and Sleep Ratings 

Two attention measures were administered within the comprehensive 

neurocognitive assessment: 4 subtests from the Test of Everyday Attention for Children 

(TEACh; Manly, Robertson, Anderson, & Ian Nimmo-Smith, 1999) and the PVT-192 

(Kribbs & Dinges, 1994). The neuropsychological battery was administered in a fixed 

format with these two measures administered last. 

The TEACh was designed as a comprehensive pediatric measure of attention. 

Another goal in its development was to make the measure ecologically valid. In order to 

make the task ecologically valid, the authors focused on task characteristics using stimuli 

that had relevance and interest for children. The intent was that this task design would 

increase the liklihood that measurement of attention in an office setting would be related 

to everyday function. Four of the 12 subtests from the TEACh were selected because 

they measured aspects of attention that have been related to problems with sleep, while 

also adhering to assessment time constraints. The Score subtest is designed to measure 

sustained attention (vigilance). Each subject is presented with the task of counting the 

number of embedded "spaceship" sounds they hear within a trial. Score DT, also 

designed to measure sustained attention and requires the subject to listen to short news 

reports in which an animal name and location are included. Both pieces of information 

need to be selected and remembered until the end of the news report for a correct 

response. The child may receive a point for either one or both of the stimuli. The third 

subtest administered was Opposite Worlds. In this subtest there are two components. In 

Same World, a child is presented a string of one's and two's on a printed board. The 



child names the numbers aloud as the examiner guides through them at a predetermined 

pace. In Opposite World, the child must say the opposite number from the one the 

examiner points to. Thus, when a subject sees a "I" they must respond with a "2". This 

subtest is designed to measure attentional control. The last subtest of the TEACh, Code 

Transmission, was also designed to measure sustained attention. This 12-minute task 

requires that the child listen to a monotonous audiotaped list of numbers and instructed to 

listen for two 5's in a row. At that time they need to respond with the number that came 

just before the set of 5's. 

The TEACh subtests have shown adequate convergent and divergent validity with 

other appropriate measures of attention (Manly, Robertson, Anderson, & Ian Nimmo-

Smith, 1999). Score and ScoreDT were correlated with the Matching Familiar Figures 

Test (MFFT; .28 and .40 respectively) but not with the Stroop. Opposite Worlds was 

significantly related to performance on the Stroop, Trails A, and the MFFT. Code 

Transmission was significantly related to performance on the Stroop. Trails A. Trails B. 

and MFFT (Manly, Robertson, Anderson, & Nimmo-Smith, 1999). There is no 

published data on discriminant validity of the TEACh, but discriminant validity for the 

adult version, the TEA, allows differentiation between subjects normal controls and those 

with head injuries, between minimal and mild Alzheimers disease, as well as between 

controls and those with supranuclear palsy (Robertson, Ward. Rideway, & Nimmo-

Smith, 1996). The recently published children's version does not yet have much 

empirical support for it's ecological validity or for it's psychometric properties outside of 



the test manual. Anderson, Fenwick, Manly, & Robertson (1998) found that children 

with traumatic brain injury (TBI) performed best on the focused attention tasks. 

The other attention task utilized in the neuropsychological battery was the PVT-

192 (Kribbs & Dinges, 1994). The PVT-192 is a reaction time (RT) task designed to 

measure vigilance (Kribb & Dinges, 1994). The PVT-192 has been used in adult sleep 

studies, but norms have not been developed with children to date. Performance on the 

PVT in adults has been related to sleep decrement in a dose-response fashion (Jewett. 

Dijk, Kronauer, & Dinges, 1999). The PVT is similar in concept to commonly used 

continuous performance tests (CPTs) also used to measure vigilance. However, there are 

no competing stimuli or distractors, perhaps making the PVT less a measure of selective 

attention and one more specific to sustained attention than CPTs. The apparatus for this 

task is a small light-weight hand-held box with two buttons and an LED display. The 

goal of the task is to react as quickly as possible once the counter starts on the visual 

display. Stimuli appear intermittently. The four-digit LED counts quickly upward until 

the child responds by pressing a button with their dominant hand at which point the 

counter stops allowing the child to see their RT on the display. The task is performed for 

10 minutes, and as a monotonous task, is designed to quickly challenge the capacity for 

sustained attention. 

The PVT data is uploaded to a PC and summary scores are generated for various 

aspects of performance via proprietary software from the manufacturer. Ambulatory 

Monitoring, Inc. Four variables that represented key aspects of performance were 

selected: Average performance over time (MeanRT), the variability of the performance 
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over time represented by the standard error of the regression line of reaction times, the 

percent of responses that were in error (too fast or too slow or using the wrong key), and 

the percent change in reaction time over the course of the 10 minute test administration. 

Average reaction time is a reasonable measure of decreased vigilance. However, 

vigilance is probably best measured as an interaction of task by time (Kribbs & Dinges, 

1994). Decrements in performance are typically seen with increasing duration of any 

given task. Thus, measures such as percent change in the regression line for the whole 

performance period incorporate time and may be more sensitive to this form of 

attentional deficit as compared to average RT or percent total errors. A measure such as 

standard error of the regression line represents performance stability and is another 

indicator of the task by time interaction. 

The behavioral measure utilized in the present study was the Conners' Parent 

Rating Scale-Revised long form (CPRS-R; Conners, 1997). The Conners' has been used 

in hundreds of studies with children. Parents filled out the CPRS-R at the time of the 

neuropsychological exam. The questionnaire contains fourteen scales designed to assess 

a cross-section of psychopathological childhood behaviors, with emphasis on those 

pertaining to diagnosis of ADHD. Each scale consists of between 5 and 12 items for a 

total of 80 items. Response format is a 0-3 point Likert scale that includes: Not True at. 

All, Just a Little True, Pretty Much True, and Very Much True as options. The CPRS-R 

was normed on a large (N=2,482) national sample that was equal in proportion of males 

and females and was 83% Caucasian, 3.5% Hispanic, 4.8% African American. 2.2% 

Asian American, 1.1% Native American and 4% Other. Reliability and validity has been 
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well established with this instrument. Estimates of total internal consistency for each 

scale ranges from .73 to .94 (Conners, 1997). Test-retest coefficients for 49 children at 6-

8 weeks range from .47 for the Anxious-Shy scale to .85 for Hyperactivity (Conners, 

1997). In the development of this instrument, factor analyses retained items that loaded 

significantly on one factor and loaded less than .30 on any other factor. Seven unique 

empirical factors created for this instrument cover a variety of behaviors (Oppositional, 

Cognitive Problems, Hyperactivity, Anxious-Shy, Perfectionism. Social Problems, 

Psychosomatic) and seven more factors (ADHD index. Global Restless-Impulsive, 

Global Emotional Lability, Global Total, DSM-IV Inattentive, DSM-IV Hyperactive-

Impulsive, DSM-rV Total) were created based on items that correspond to diagnostic 

criteria for ADHD from the DSM-IV or previous Conners' scales. The factor structure 

was corroborated with (split-halO confirmatory factor analyses. Although DSM-IV 

criteria make up the ADHD Index, the Conners' cannot be used for the diagnosis of 

ADHD when only one context is queried. However, of the scales that focus on ADHD, 

the DSM-IV symptom scales are considered most relevant for diagnosis, and the ADHD 

Index is considered adequate in distinguishing ADHD children from those in a 

normative sample (Conners, 1997). 

At the time of the in-home PSG parents filled out an additional questionnaire 

created for the current study. The TuCASA Sleep Habits Questionnaire covering sleep 

habits and sleep related behavior for the last two months. One item from this 

questionnaire about daytime sleepiness was included in the present analyses. The 

sleepiness question used in the present analyses had a 6-point Likert scale (1-6) for this 
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question: "Is your child sleepy during the daytime?". Responses could range from 

"Never" to "Almost Always" with an option for "Don't Know". These "Don't Know" 

responses were eliminated from analyses. 

2.4 Polysomnography 

Sleep studies took place as soon as possible after receiving the initial screening 

questionnaire and expression of interest from parents. During the in-home 

polysomnography (PSG) anthropometric measures of weight, height, neck circumference, 

photograph of the upper airway, visual airway inspection, and blood pressure were taken. 

Body mass index (BMI) was calculated as weight in kilograms divided by the square root 

of height in meters (when height in cm: wgt(kg)/ht(cm)/ht(cm) * 100(X)) and obesity was 

coded in a child was above the 90''' percentile according to the age and gender specific 

norms of Hammer, Wilson, Ritter, and Dombusch (1991). The mobile Compumedics 

PS-2 equipment and software used for the sleep studies used a recording montage of 

electroencephalogram (EEC), right and left electrooculogram (EOG), a bipolar submental 

electromyogram (EMG), abdominal and thoracic displacement bands, nasal/oral airflow, 

nasal pressure cannula, oximetry via the finger, and electrocardiogram (ECG; 

Compumedics W-Series Replay, v 2.0, release 22). 

Only technically adequate PSG studies were included in the present analyses. A 

technically adequate PSG was defined as receiving a rating of "good" or better. In order 

to receive this rating a study needed to have respiratory channels for airflow or either a 

displacement band, oximetry, and one EEG channel good for at least 4 hours of sleep. 

Sleep studies were scored by a registered sleep polysomnographic technician using 



Rechtshaffen and Kales (1968) criteria. Approximately 10% of the studies were blindly 

re-scored by the same technician. There were no systematic differences between the 

initial and second scoring passes. 

Apneas were scored when the amplitude of the airflow signal decreased to a flat 

or almost flat signal (below at least 25% of the baseline amplitude) for at least 6 seconds 

or two full breath cycles. Hypopneas were scored as present if the amplitude of the 

respiratory signal, chest wall movement, or effort decreased to at least 70% of baseline. 

The RDI or 'Respiratory Disturbance Index' is an average of both apneas and hypopneas 

per hour of sleep. This is used as a measure of severity of SDB. Apnea and hypopnea 

indexes were also calculated. The arousal index provided in the descriptive statistics of 

the Results section was calculated using the number of arousals per hour of sleep using 

arousals that did not result in an awake state as defined by the American Sleep Disorders 

Association (1992). The arousal variable used in the present analyses used "awake 

arousals". An awake arousal was scored when a subject moved from any stage of sleep 

to an awake state as indicated by EEG and scored as such by the registered 

polysomnographic technologist. Sleep latency was defined as three consecutive epochs 

(an epoch is a 30 second segment of the PSG record) of stage 1 sleep or one epoch of any 

other sleep stage. The hypoxemia meafuire used in the present analyses was the number 

of times blood oxygen levels went below 96%. Quantity of sleep was measured by total 

sleep time. Sleep efficiency was calculated as total sleep time divided by time in bed. In 

the present analyses habitual snoring was assessed via parent report. 
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CHAPTER 3 

RESULTS 

3.1 Subjects 

Demographic ciiaracteristics of the sample are in Table I. Average age for the 

sample was 8.92 (SD 1.67). Parents in this sample had completed on average two years 

of education beyond high school (Mean 14.46 SD 2.44). Missing data for parent 

education (5.4%, 8/149) was due to parental non-reporting. Approximately 12% (18/149) 

of subjects had a body mass index (BMI) above the 90'*' percentile when compared to 

children their age and gender. Subject ethnicity was 64% Caucasian and 36% Hispanic. 

Table 1. Sample demographic characteristics (N=149 unless noted) 
Mean (SD) Median Range 

Age(N=148) 8.92(1.67) 9.08 6.06-12.64 
Parent Education (N= 141) 14.46(2.44) 14.00 9-21 
BMI 18.44(5.00) 17.01 11.39-48.13 
Obese 12.1% 
Male 55% 
Caucasian 64% 
Hispanic 36% 

3.2 Preliminary Analyses 

Mean scores for polysomnographic (PSG) data are in Table 2. All variables were 

examined forskewness. Thelaody mass index (BMI) and respiratory disturbance index 

(RDl) variables were transformed using a natural logarithmic function. Twenty-two 

(59.5%) subjects were male, and 15 (40.5) subjects were identified as Hispanic by their 

parents. Of the 37 subjects in the upper quartile of the RDI distribution, 4 were 

considered obese (10.8%). This is a slightly lower percentage of obese children than that 
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for the entire sample. Age for subjects in the upper quartile of the RDI score distribution 

(N=37) ranged from 6.25 to 12.64 with an average age of 9.35 (SD 1.79). 

Table 2. Sample sleep and breathing characteristics. All variables are 
presented as Mean +/- SD unless noted. 

Variable 
Mean 

(N=149) 
Median RDI 5.18 
Median Apnea Index 0.95 
Median Hypopnea Index 3.95 
Arousal Index 1.39 (0.42) 
"Awake" Arousal Index 2.91 (1.91) 
Number of Desaturations > 4% 21.59 (20.52) 
Total Minutes Sleep 507.54 (67.14) 
%REM 20.83 (6.45) 
%NREM 79.32 (6.47) 
% Time Stage I 6.26 (4.66) 
% Time Stage 2 52.94(12.03) 
% Time Stages 3/4 20.13 (6.69) 
Sleep Latency 19.26 (26.00) 
Sleep Efficiency 89.45 (5.49) 
% Daytime Sleepiness "Frequently" or "Almost Always" 6.71 (10/149) 
% Snores Loudly "Frequently" or "Almost Always" 12.75 (19/149) 

The PVT-192 mean reaction time variable was transformed using the reciprocal 

(l/x) because this minimizes the effect of long lapses on average pertbrmance (Kribbs & 

Dinges, 1994). Mean performance on the Test of Everyday Attention (TEACh) and the 

PVT-192 are in Table 3. All mean TEACh scale scores were in the Average range. A 

scaled store has a mean of 10 and standard deviation of 3. Normative values for the 

PVT-192 were not available for children. 

Mean T-scores for each scale in the Conners' Parent Rating Scale-Revised 

(CPRS-R) are in Table 4. T-scores have mean of 50 and a standard deviation of 10. 

Missing data for the CPRS-R was 6.7% (10/149), resulting in data for 139 subjects for 
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these variables. Missing Conners' data was due to parents who did not return the form. 

All CPRS-R scale means were in the Average range (Conners, 1998). Behavior ratings 

on the CPRS-R were generally not correlated to age, BMI, or maternal education (Table 

5). 

Table 3. Mean attention performance for the TEACh and PVT-192 

Test Mean (SD) Range 
TEACh Scale Scores (N=I45) 

Score 8.88 (3.46) 1-15 
ScoreDT 9.86 (3.20) 3-19 
Opposite Worlds 8.74 (3.79) 1-19 
Code Transmission 8.47 (3.24) 2-18 

PVT-192 (N=144) 
Mean Reaction Time (ms) 516.69(194.44) 282.30-1648.62 
Standard Error of Line 0.28 (0.09) 0.06-0.81 
Percent Total Errors 7.31 (9.13) 0.00-50.00 
Percent Change Over Time -14.39 (31.84) -268.38-27.44 

Table 4. Conners' Scales Descriptives (N= 139) 

Mean (SD) Median Range 

Oppositional 52.65(11.27) 50.00 39-90 
Cognitive Problems 52.40(10.84) 49.00 40-90 
Conners' Hyperactive 54.39(11.75) 51.00 42-90 
Anxious-Shy 51.83 (11.03) 48.00 40-90 
Perfectionism 49.63 (8.07) 48.00 40-74 
Social Problems 52.50(12.28) 45.00 45-90 
Psychosomatic 52.43 (10.93) 48.00 42-90 
ADHD Index 53.17(11.28) 50.00 40-90 
Restless-Impulsive Index 53.63 (11.35) 50.00 41-90 
Emotional Lability Index 51.42(11.55) 48.00 41-90 
Conners' Global Total 53.15(11.44) 49.00 40-90 
Conners' DSM Inattentive 52.27(11.45) 50.00 40-90 
Conners' DSM Hyperactive 54.98 (11.40) 52.00 41-90 
Conners' DSM Total 53.78 (11.27) 51.00 40-90 
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Table 5. Correlations between CPRS-R and age, BMI, 
and maternal education. 

Conners' Scales Age BMI Maternal Education 
Oppositional .05 .10 -.01 
Cognitive Problems .10 .11 .04 
Conners' Hyperactive .01 .01 -.06 
Anxious-Shy .14 .04 -.17* 
Perfectionism .04 .01 -.16 
Social Problems .15 .12 -.15 
Psychosomatic .07 .10 -.19* 
ADHD Index .10 .12 -.04 
Restless-Impulsive Index .05 .04 -.08 
Emotional Lability Index .12 .10 -.02 
Conners' Global Total .07 .07 -.07 
Conners' DSM Inattentive .11 .11 .00 
Conners' DSM Hyperactive .03 .07 -.05 
Conners' DSM Total .08 .10 -.03 

*p < .05 

When parents were asked how often their child was sleepy during the day, 6.71% 

reported that their child was "Frequently" or "Almost Always" sleepy. Ratings of 

sleepiness were not significantly correlated to age (r = -.02, p=.86), BMI (r =.07, p=.38), 

snoring (r =. 16, p=.06), or gender (r =.04, p=.61). 

3.3 Attention, Breathing, and Sleep 

In order to calculate odds ratios, the upper quartile of the RDI score distribution 

was contrasted to the remainder of the score distribution. The score indicating the 75'*' 

percentile of the RDI distribution was 7.58 (NLogRDI equivalent=2.02). Thirty-seven 

(24.8%) subjects had an RDI above this cutpoint. As lower scores indicate poor 

performance on attention tests, the scaled scores at or below the 25'*' percentile of each 

TEACh variable distribution were used to indicate worse performance on these tests. The 



scale score indicating the 25'*^ percentile cutpoint ranged between 6 and 8 depending on 

the TEACh variable. For PVT-192 variables (Mean RT, % Total Errors, SE Line, and % 

Change) the upper quartile was used for contrasts. The results of these analyses are in 

Table 6. No odds ratios for attention variables and RDI were significant. 

Table 6. Odds Ratios for RDI by Attention Variables 

Variable Odds Ratio 
95% Confidence 

Interval 
TEACh Score 0.92 0.38-2.19 
TEACh ScoreDT 0.67 0.29- 1.54 
TEACh Opposite Worlds 1.89 0.85-4.18 
TEACh Code Transmission 0.59 0.24- 1.43 
PVT-192 Mean RT 0.82 0.33 - 2.02 
PVT-192 SE Line 1.40 0.61 -3.23 
PVT-192 % Total Errors 2.11 0.93 - 4.80 
PVT-192 % Change 1.58 0.68 - 3.70 

In order to test the model in Figure 1, the following algebraic equation was 

created to test the potential effect of breathing and sleep on attention: 

Desaturations + RDI + Arousals + (Desat*RD[) + (Desat*Arousals) -t- (RDI*Arousals) 

"Desat" represents desaturations, or the number of times during sleep that the blood 

oxygen saturation went below 96%. Arousals are indicated by those arousals resulting in 

an "awake" state as measured on overnight PSG. A General Linear Model (GLM) 

analysis was completed using hierarchical (Type I) sums of squares to predict 

performance on each TEACh subtest. The four selected variables from the PVT-192 

were each used as dependent variables using the GLM equation above. The results of 

these GLM analyses predicting attention from breathing and sleep are in Table 7. The 
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Desat*Arousal term significantly contribute to the equation predicting performance on 

ScoreDT (F=4.06, p=.046) although the overall model was not significant. As TEACh 

performance decreased, the number of desaturations as well as the number of sleep to 

awake shifts decreased. Sleep to awake shifts decreased at a faster rate than 

desaturations, resulting in an interaction effect. The overall model adjusted R" was 

significant for the equation predicting Mean RT, accounting for 9.6% of the variance. 

The Desat*Arousal interaction term accounted for the model significance (F=17.22, 

p=.0C)0). As Mean RT increased, desaturations decreased and sleep to awake arousals 

increased, resulting in an interaction effect. 

Table 7. GLM predicting attention performance from breathing and sleep 

Model R-
(Adjusted) 

Model F 
(p value) 

Significant 
Terms 

F (p value) 

TEACh Score 2.5 (- 2.0) 0.55 (.768) None 
TEACh Score DT 6.6 (2.3) 1.54 (.170) Desat* Arousal 4.06 (.046) 
TEACh Opposite Worlds 6.5 (2.3) 1.54 (.170) None 
TEACh Code Transmission 2.7 (-1.7) 0.61 (.724) None 
PVT-I92 Mean RT 13.5 (9.6) 3.42 (.004) Desat*Arousal 17.22 (.000) 
PVT-I92SELine 4.4 (0.0) 0.99 (.430; None 
PVT-192 % Total Errors 2.2 (-2.2) 0.50 (.807) None 
PVT-192 % Change 4.0 (0.5) 0.90 (.499) None 

3.4 Behavior and RDI 

Mean behavioral problems for all Conners' scales by RDI centiles are shown in 

Figure 2. The highest levels of behavioral problems were found for subjects with the 

highest levels of RDI. Mean CPRS-R T-scores for the subjects in the upper quanile of 

the RDI distribution, mean CPRS-R T-scores for the remaining RDI score distribution, 

and tests of significance between these means are in Table 8. The average RDI was 
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12.51 (SD 10.92) for the subjects in the upper quartile and 4.47 (SD 1.53) for the 

remainder of the distribution. 

Figure 2. CPRS-R ratings by RDI centiles 
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As a group, the subjects with elevated RDIs had significantly higher scores on 

almost all CPRS-R scales as compared to subjects in the rest of the score distribution. 

The Perfectionism and Psychosomatic Problems scales did not have significantly higher 

means. A more conservative level of statistical significance is included in Table 8 using 

a Bonferroni correction for 14 tests of significance (.05/14=.003). When a .003 p-value 

criterion was used the Social Problems, ADHD Index, DSM Inattentive, and DSM Total 
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scales remained significantly different. Figure 3 depicts the "low" versus "high" RDI 

subjects. 

Table 8. Conners' scale means by two levels of RDI and corresponding tests of 
significance between means 

Conners' Scales 

Mean (SE) for 
Subjects Below 

TS"* Percentile on 
RDI 

Mean (SE) for 
Subjects At or 
Above the 75"^ 

Percentile 

F Value p Value 

Oppositional 51.14 (.99) 57.14(2.27) 7.78* .006 
Cognitive Problems 50.93 (.95) 56.77 (2.19) 7.98* .005 
Connors' Hyperactive 53.13 (1.02) 58.14(2.46) 4.91* .028 
Anxious-Shy 50.70 (.97) 55.20 (2.27) 4.46* .036 
Perfectionism 48.94 (.71) 51.66(1.71) 3.01 .085 
Social Problems 50.66 (.97) 57.97 (2.79) 9.86** .002 
Psychosomatic 52.03(1.04) 53.63 (2.02) 0.56 .456 
ADHD Index 51.31 (.98) 58.69 (2.23) 12.10** .001 
Restless-Impulsive Index 52.46(1.03) 57.11 (2.20) 4.51* .035 
Emotional Lability Index 49.96(1.04) 55.74 (2.25) 6.84* .010 
Global Total 51.76(1.05) 57.29 (2.16) 6.35* .013 
DSM Inattentive 50.54(1.00) 57.40 (2.29) 10.13** .002 
DSM Hyperactive 53.56 (.98) 59.20 (2.38) 6.68* .011 
DSM Total 52.11 (.97) 58.77 (2.29) 9 74** .002 

* Significant at the .05 level or less. ** Significant at the .003 level or less. 

Ten of the scale means for high RDI subjects were in the "Slightly Atypical" 

range (56-60) with 4 scale means in the Average range (Anxious-Shy, Perfectionism. 

Psychosomatic, Emotional Lability). For the high RDI subjects, nearly all scales had 

approximately 22% of subjects with a rating of 'Moderately Atypical' or greater, the 

level that has been suggested to indicate clinically significant problems (Conners, 1998). 

The average frequency of subjects with at least this level of behavioral impairment across 

all CPRS-R scales was 22.5%, the mode was 22%, and ranged from 13% on the 

Perfectionism to 30% on the Oppositional scales. 
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Figure 3. CPRS-R ratings by high and low RDI 
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Odds Ratios for the probability that CPRS-R scores were at least "Moderately 

Atypical", given an RDI in the upper quartile, are provided in Table 9. The Social 

Problems, Perfectionism, and Oppositional scales had odds ratios over 5.0. The CPRS-R 

DSM Total, ADHD Index. Cognitive Problems, and Emotional Lability scales had odds 

ratios above 3.0. 
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Table 9. Odds ratios for Conners' Scales by RDI 

Odds Ratio Confidence Interval 
Oppositional 5.50 1.99- 15.17* 
Cognitive Problems 3.25 1.19-- 8.84* 
Conners' Hyperactive 1.76 0.67 -4.59 
Anxious-Shy 2.78 1.00 -7.75 
Perfectionism 5.61 1.27- 24.85* 
Social Problems 6.85 2.11 - 22.20* 
Psychosomatic 2.51 0.92 -6.85 
ADHD Index 3.25 1.20-- 8.84* 
Restless-Impulsive Index 2.11 0.75 -5.97 
Emotional Lability Index 3.13 1.10--8.88* 
Conners' Global Total 2.10 0.78--5.23 
Conners' DSM Inattentive 2.51 0.92--6.85 
Conners' DSM Hyperactive 1.91 0.72--5.02 
Conners' DSM Total 3.76 1.41 - 10.03* 

* Does not contain a value of 1.00 

3.5 Behavior, Breathing, and Sleep 

In order to establish the effect of respiratory disturbance, blood oxygen 

desaturation, and arousals on the Conners' scales, a series of hierarchical analyses were 

conducted using the previous regression equation. The results of these analyses are in 

Table 10. 

The GLM predicted a significant amount of variance in the Perfectionism and the 

Psychosomatic dependent variables. RDI and the interaction of RDl with arousals 

significantly contributed to prediction of Perfectionism. This interaction term indicated 

that as ratings of Perfectionism increased, RDI increased but sleep to awake arousals 

decreased. Desaturations and the interaction of RDI by desaturations were significant 

terms in the model for the Psychosomatic scale. Both blood o.xygen desaturations and 
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RBI increased with ratings of Psychosomatic behaviors, but desaturations increased at a 

faster rate, resulting in a significant interaction. 

Table 10. GLM using breathing and sleep to predict Conners' scales. 

Conners' Scale 
Model R-

(Adjusted) 
Model F 
(p value) 

Significant 
Terms 

F 
(p value) 

Oppositional 8.2 (4.1) 1.14 (.342) None 
Cognitive Problems 3.9 (0.8) 0.83 (.545) None 
Conners' Hyperactive 6.9 (2.4) 1.53 (.171) None 
Anxious-Shy 8.0 (3.6) 1.81 (.102) Desat 4.79 (.030) 
Perfectionism 9.6 (5.3) 2.22 (.046)* RDI 3.66 (.058) 

RDI* Arousal 6.53 (.012) 
Social Problems 4.7 (0.2) 1.04 (.404) None 
Psychosomatic 9.7 (5.4) 2.24 (.044) * Desat 7.96 (.006) 

RDI*Desat 4.43 (.037) 
ADHD Index 3.9 (0.7) 0.85 (.532) None 
Restless-Impulsive Index 3.8 (0.8) 0.83 (.550) None 
Emotional Lability Index 5.1 (0.6) 1.13 (.350) Arousal 3.95 (.049) 
Conners' Global Total 3.5(1.1) 0.76 (.598) None 
Conners' DSM Inattentive 2.9(1.0) 0.63 (.706) None 
Conners' DSM Hyperactive 5.3 (0.8) 1.17 (.328) None 
Conners' DSM Total 4.0 (0.1) 0.87 (.519) None 
*p<.05 

Although the model was not significant, desaturations predicted a significant 

amount of variance in the Anxious-Shy scale. Similarly, the arousal variable was 

significant in the prediction of Emotional Lability although the overall model was not. 

3.6 Behavior, Breathing, Sleep and Sleepiness 

Ten children (6.8%, 10/146) were rated by their parents as "Frequently" or 

"Almost Always" sleepy. Of these ten subjects, 3 had RDIs above the 75"' percentile and 

6 had arousals in the upper quartile of that score distribution. The average RDI for the 

children rated as "Frequently" or "Almost Always" sleepy (Mean 6.50) was not 
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significantly higher than the average RDI of children with lower ratings of sleepiness 

(Mean 5.86; F=0.01, p=.9l0). The average number of arousals was not significantly 

higher for the subjects who were rated as sleepy (Mean 1.39) when compared to children 

who were rated as sleepy less frequently (Mean 1.39; F=0.00, p=.990). Overall 

sleepiness frequency by level of EIDI is in Figure 4. The level of sleepiness in the upper 

quartile of the RDI distribution was 3.11 (SD .98) which corresponds to a rating of 

"rarely". There was no trend toward increasing or decreasing sleepiness across levels of 

RDL 

Figure 4. Sleepiness frequency by RDI centiles for all subjects 
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The proposed GLM equation was also used to assess the value of blood o.xygen 

desaturations, respiratory disturbance, and arousals in predicting sleepiness. The overall 
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GLM was not significant, predicting 3.4% of the variance (adjusted R"=l.O; F=0.77, 

p=.591). No terms in the equation were significant. 

Figure 5 shows Conners' behavior problems by parent ratings of sleepiness 

frequency. There was an overall trend for all scales to be higher at the highest 

frequencies of sleepiness. 

Figure 5. CPRS-R ratings by sleepiness frequency 
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Bivariate Spearman correlations between sleepiness frequency and other 

behaviors, as measured by the CPRS-R, may be found in Table 11. The Oppositional. 
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Psychosomatic, and Emotional Lability scales showed small significant correlations with 

sleepiness. If a more conservative corrected p-value (.05/14=.003) was used no CPRS-R 

scales were related to sleepiness. There was no pattern of positive or negative 

relationships between sleepiness and either internalizing or externalizing types of 

behavior. 

Table 11. Bivariate Spearman correlation between sleepiness and CPRS-R scales 

Conners' Scale Sleepiness p value 
Oppositional .19* .025 
Cognitive Problems .10 .246 
Conners' Hyperactive .05 .560 
Anxious-Shy .10 .268 
Perfectionism .12 .152 
Social Problems .07 .445 
Psychosomatic .22* .010 
ADHD Index .09 .295 
Restless-Impulsive Index .04 .591 
Emotional Lability Index 22* .012 
Conners' Global Total .09 .317 
Conners' DSM Inattentive .12 .156 
Conners' DSM Hyperactive .05 .545 
Conners' DSM Total .09 .301 
* p <.05 

3.7 SDB, Attention, and Behavior 

In order to identify subjects simultaneously on all relevant aspects of SDB, an 

index was created which combined standrxdized z-scores for desaturations, rdi (airflow), 

and arousals. All components of the index were unit weighted. There were no subjects 

who obtained a high SDB index (2 SD above mean) who had low RDI (in lowest 

quartile). Thus, no subjects obtained a high SDB Index based on sleep arousals alone. 
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The SDB Index was not correlated with age (r =.048, p=.596). The SDB Index was 

significantly correlated to RDI (r =.765; p=.0(X)). 

Table 12 contains the results of bivariate correlations between the SDB Index and 

TEACh and PVT-192 attention variables. SDB was significantly correlated to 

performance on ScoreDT (r = .16, p=.030). The SDB Index was not significantly 

correlated to any PVT-192 variables. 

Table 12. Correlations between SDB Index and attention. 

... . . ,, Correlation with SDB Index 
Attention Vanable , , , 

TEACh Score .10(.123) 
TEACh ScoreDT .16 (.030)* 
TEACh Opposite Worlds -.01 (.475) 
TEACh Code Transmission -.01 (.465) 
PVT-192 Mean RT -.00 (.481) 
PVT-192 SE Line .00 (.498) 
PVT-192 % Total Errors .05 (..344) 
PVT-192 % Change -.02 (.392) 
* p < .05 

The bivariate relationships between the SDB Index and CPRS-R scales are in 

Table 13. No Conners' scales were significantly related to SDB. Figure 6 shows levels 

of CPRS-R scales by SDB Index centiles for all subjects. The highest levels of 

behavioral problems were found at the second centile (between the SO''' and 74'*' 

percentile). 

The SDB Index was not significantly correlated to parent ratings of sleepiness 

(Spearman r = .02, p=.4l5). 



Figure 6. CPRS-R ratings by SDB Index centiles 
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Table 13. Correlations between SDB Index and Conners' scales 

Conners' Scale 
Correlation with SDB Index 

(p value) 
Oppositional .01 (.937) 
Cognitive Problems .08 (.382) 
Conners' Hyperactive -.08 (.343) 
Anxious-Shy .17 (.055) 
Perfectionism -.01 (.883) 
Social Problems -.17 (.050) 
Psychosomatic .15 (.090) 
ADHD Index .07 (.407) 
Restless-Impulsive Index -.04 (.660) 
Emotional Lability Index .04 (.682) 
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Conners' Global Total -.00 (.954) 
Conners' DSM Inattentive .06 (.480) 
Conners' DSM Hyperactive -.03 (.709) 
Conners' DSM Total .03 (.776) 

3.8 Additional SDB and Subgroup Analyses 

Levels of SDB severity were broken down into 4 centiles in order to examine 

dependent variables at the very highest level of SDB. Figure 7 shows CPRS-R data by 4 

SDB Index centiles for all subjects. The trend was for subjects to be rated as relatively 

lower in all behavioral problems in the upper levels of SDB. Sample sizes for each 

centile were as follows: 0-49 (N=71), 50-74 (N=33), 75-89 (N=21), and 90-100 (N=13). 

Figure 7. CPRS-R ratings by 4 SDB Index centiles 
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Given ttie lack of linear relationships found in the previous analyses, non-linear 

curve estimations were calculated for each CPRS-R variable by SDB severity. Inverse, 

cubic, quadratic, logarithmic, exponential and growth curve functions did not 

significantly fit the data shown in Figure 7. 

In order to examine the possible interaction between age across severity of SDB, 

performance on the CPRS-R was graphed by younger and older age groups and severity 

levels of the SDB Index. Figure 8 shows data for all Conners' scales for younger 

children (ages 6-9.99) by SDB severity. Sample sizes for each centile were as follows: 

0-49 (N=54), 50-74 (N=24), 75-89 (N=l 1), and 90-100 (N=9). 

Figure 8. CPRS-R by SDB Index for younger subjects ages 6-9.99 
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Figure 9 depicts overall performance on all Conners' scales for older children 

(ages 10-12) by SDB severity. Sample sizes for each centile were as follows: 0-49 

(N=17), 50-74 (N=9), 75-89 (N=10), and 90-100 (N=4). 

Figure 9. CPRS-R ratings by SDB Index centiles for older subjects 
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Different patterns of behavioral problems for younger versus older children 

emerged across levels of SDB severity. Levels ot all behavioral problems tor the 
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younger children were lowest at the highest severity of SDB. However, for the older 

children, behavioral problems were at similar or slightly higher levels at the highest 

severity of SDB. One exception to this pattern for the older children was Perfectionism. 

This scale decreased approximately 0.5 standard deviation on average from the second to 

the third severity centile of SDB. Additionally, for older children, the ADHD scale did 

not show a decrease at the third centile of SDB severity, but remained relatively elevated 

across SDB severity. 

The possibility of a qualitatively different pattern of behavioral presentation 

across age groups by SDB severity was examined graphically in Figures 10 and 11. 

Figure 10. CPRS-R internalizing scales by age group 
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These figures show mean Conners' scales for both age groups separated out by 

internalizing behaviors (Anxious-Shy, Social Problems, Psychosomatic, and 

Perfectionism) and externalizing behaviors respectively. There were no differences in 

patterns of broad behavioral dimensions (internalizing/externalizing) between younger 

and older children across SDB severity. 

Figure 11. CPRS-R externalizing scales by age group 
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Similarly, daytime sleepiness was examined for differences across SDB severity 

and age. Sleepiness for the upper 10 percent of the SDB Index distribution was not 

significantly different than the remainder of the distribution for either the younger (F=.24, 

p=.625) or the older subjects (F=.01, p=.947). Although less obvious, a different pattern 

as that found in other daytime behaviors may be seen for parent-rated sleepiness in Figure 

12. Older children tended to show relatively less sleepiness at the highest levels of SDB 

while younger children were at similar or slightly higher levels of sleepiness. Overall 

levels of sleepiness were between 3 and 3.6 for all groups, indicating that parents rated 

their children as generally "Rarely" sleepy. Sleepiness in the 10% of the SDB Index 

score distribution was 3.14 (SD .86). 

Figure 12. Sleepiness frequency by SDB Index and age group 
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CHAPTER 4 

SUMMARY AND CONCLUSIONS 

4.1 Summary of Results 

The average values for overnight polysomnography (PSG) in this sample were 

comparable to those obtained by Carskadon, Keenan, & Dement (1987) for a sample of 

16 normal children with an average age of 9 years. Mean time spent in each stage of 

sleep and total sleep time for the Carskadon et al., study were all within one standard 

deviation of the presented mean values. All mean values for the attention and behavioral 

variables were in the Average Range as determined by age and gender standardized 

scores. 

The overall hierarchical general linear model (GLM) containing desaturations, 

RDI, and arousals and their interaction terms did not significantly predict performance on 

the TEACh subtests. The interaction of desaturations and awake arousals did 

significantly predict performance on ScoreDT. Worse performance on this subtest was 

associated with an interactive effect of a decreased arousals and decreased desaturations. 

This overall model did significantly predict average reaction time (RT) on the PVT-192. 

The interaction term Desaturations * Arousals was responsible for the significant 

adjusted model R" of 9.6%. Worse reaction time performance was associated with the 

interactive effect of increased arousals and decreased desaturations. Children who were 

in the upper quartile of the RDI score distribution were not more likely to perform poorly 

on the TEACh or the PVT as evidenced by odds ratios using a 95% confidence interval. 
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An index of SDB was generally not associated with performance on attention measures, 

although it was mildly significantly correlated to the TEACh ScoreDT (r =.16). 

The same hierarchical model was able to significantly predict performance on the 

Conners' Parent Rating Scale-Revised (CPRS-R) Perfectionism (R" 9.6%) and 

Psychosomatic (R" 9.7%) scales. The RDI and RDI*Arousals terms significantly 

predicted ratings on Perfectionism. RDI increased and arousals slightly decreased (from 

3 per hour to 2 per hour) as the Perfectionism score increased, resulting in a significant 

interaction. For the Psychosomatic scale, Desaturations and the interaction of 

RDI*Desaturations were significant. Both RDI and Desaturations increased as the 

Psychosomatic score increased. Desaturations increased at a faster rate, resulting in the 

significant interaction. Behavioral ratings for many CPRS-R scales were higher for 

subjects in the upper quartile of the RDI score distribution. The Perfectionism and 

Psychosomatic scales were not significantly higher. The level of CPRS-R scales for 

subjects with elevated RDIs was in the Average or Mildly Atypical score range. Odds 

ratios revealed that subjects with high RDIs were 3-6 times more likely to rated at least 

Moderately Atypical on the Oppositional, Cognitive Problems, Perfectionism, Social 

Problems, ADHD Index, Emotional Lability, and DSM Total scales. There was no 

qualitative pattern relating to internalizing or externalizing dimensions of behavior across 

severity of SDB. 

The SDB Index was not significantly correlated to any CPRS-R scales. No linear 

or non-linear function was found to significantly fit that bivariate data pattern. Compared 

to results using the RDI, levels of all behavior problems went down slightly in the upper 
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quartile of the SDB score distribution. When this data was examined for differences due 

to age, it was found that behavior problems for younger children (ages 6-9.99) decreased 

in the 3"^ centile (75'''-89''' percentiles) and decreased further in the upper 10% of the 

distribution. The older children showed a different pattern. While behavioral ratings 

tended to go down in the third centile, they generally increased in the highest levels of 

SDB. There was no difference in pattern between internalizing and externalizing 

behaviors across age groups. Ail behaviors either increased or decreased at the upper 

levels of SDB, depending on the age group. 

Prevalence of excessive daytime sleepiness (EDS) was 6.8%. Ten subjects were 

rated as exhibiting EDS. Overall, sleepiness did not increase or decrease with RDI. 

Children were rated as "Rarely" sleepy at the highest level of RDI. A similar level of 

sleepiness was found at the highest level of the SDB Index. Age-related findings for 

sleepiness were not apparent. Older subjects did not show greater sleepiness and there 

were only very small differences between SDB severity for either age group. The GLM 

was not able to significantly predict variability in parent-rated sleepiness. Sleepiness was 

not correlated to the SDB Index or to parent-rated snoring frequency. Sleepiness was not 

related to hyperactivity and mildly correlated to several other behaviors on the CPRS-R 

(Oppositional, r =. 19; Psychosomatic, r =.22; Emotional Lability, r =.22). 

4.2 Conclusions 

The TuCASA study was designed to provide prevalence rates for levels of various 

aspects of sleep and breathing in a healthy group of school children as well as relate those 

variables to daytime cognitive and behavioral symptoms. Overall, the present analyses 
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provided limited converging evidence that mild SDB is related to lower vigilance and 

increased problem behaviors for those children with the highest levels of sleep-related 

breathing difficulties. Although there are no established diagnostic criteria for apnea in 

children, the number of these subjects that would meet any diagnostic criteria would most 

likely be low. However, data such as these do have a place in the estimation of 

diagnostic criteria, as they underscore the importance of even low levels of SDB. Even 

in a healthy sample, children were far more likely to show behavioral problems if their 

RDI was elevated. 

An important aspect of research in this area is the determination of the relative or 

combined importance of the three aspects of SDB: airflow or effort, oxygen desaturation, 

and sleep fragmentation. Although all three tend to coincide, their differential effects 

have just begun to gain attention in research with children. The present analyses 

examined the three SDB factors separately as well as in combination. If any consistent 

pattern of results were found with these factors here, it was that the interaction of two 

factors is more likely to predict symptoms than any one alone. The SDB Index created 

here was intended to provide the maximal predictive power of those factors. It combined 

all three aspects of SDB where most studies typically combined two of the three. 

However, examining the upper scores of the SDB Index did not result in subjects with 

greater daytime symptomotology and the Index did not provide greater predictive power. 

Ideally, further research will provide some indication how each component should be 

weighted in an index such as this one. 
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In the prediction of vigilance, several hypothesized relationships were not 

supported, and some interaction terms could not be integrated rationally with current 

theory. The interaction between desaturations and arousals was positively related to 

performance on the ScoreDT subtest. This result was not in the predicted direction, and 

is difficult to integrate into or explain based on the current literature. There is no 

theoretical basis for decreased desaturations and arousals resulting in worse attention. 

The PVT results found here do generally concur with those from a study using a 

community sample of adults in which PVT variables (number of lapses, regression slope, 

or % time lapsing) were not related to hypoxemia or sleep fragmentation (Kuo, 

Unpublished Dissertation). Performance variability over time and number of errors of 

comission or omission were not related to SDB severity. However, variance in a central 

measure of performance on the PVT-192, Mean Reaction Time, was significantly 

predicted by the proposed model. The interaction of Desaturations * Arousals accounted 

for this overall model significance. This interaction was difficult to interpret, as lower 

Mean RT was associated with a greater number of desaturations, but fewer awake 

arousals. The average change in desaturations across Mean RT was only approximately -

2.0. Because the desaturation variable had a standard deviation of 20, this interaction 

term may vary greatly or be unstable. Lewin, et al., (2002), Owens, et al., (2000) and 

Blunden et al. (2000) all found SDB-associated deficits on vigilance tasks in children 

relative to normal controls or less severe SDB. Other studies, using adults, have also 

found clear relationships between sleep loss and vigilance (Dinges. et al., 1997; Jewett, et 

al., 1999). Along with other studies, the current results add some support to the idea that 



vigilance decrements are associated with SDB in children. This finding also indicates 

that lowered vigilance may be most related to the combined effects of hypoxemia and 

sleep fragmentation, although these results should be replicated across a broad range of 

severity. 

The average level of several CPRS-R scales were shown to be in the Mildly 

Atypical range for subjects in the upper quartile of the RDI score distribution. Mildly 

Atypical scores should raise concern as they indicate a possible significant problem. In 

this study and others, tests of average behavioral deviation tended to be statistically 

significant but scale means did not reach a clinically significant level. For example, in 

the Lewin et al., (2002) study subjects with severe OS AS showed no CBCL subscale 

means above 67, the recommended cutpoint for clinical significance. However, even 

though average levels of behavioral problems do not raise concern, some studies show 

that a substantial proportion of subjects do reach a clinically relevant level of problem 

behaviors. Owens, Spirito, McGuinn, et al., (2000) found that 50% of their OSAS 

subjects were at least one standard deviation above the normative level of on the 

Learning and Psychosomatic scales of the CPRS-R. In the present sample, 22% of 

subjects with high RDIs showed a. Moderately Atypical level of many behavioral 

problems. As noted, there are no prevalence rates for these behaviors, but compared to 

other healthy groups, this percentage of children with clinically significant scales 

provides a foundation for further investigation. 

Differences between high RDI and low RDI were significant for all behavioral 

scales except Perfectionism and Psychosomatic. When a more conservative level of 
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statistical significance was used (.003), the Social Problems, ADHD Index, DSM 

Inattentive, and DSM Total scales remained significantly higher for the high-RDI group. 

When odds ratios were used, several scales showed a greatly increased probability of 

being at least Moderately Atypical. Most studies have reported data based on a cutpoint 

or criteria of 'Mildly Atypical' or 1 SD above the mean for behavioral problems. The 

present use of more conservative (Moderately Atypical or 1.5 SD above mean) criteria 

for reporting prevalence, F-ratios. and odds ratios provides support that even groups of 

healthy children may have some degree of sleep and breathing problems that relate to 

their ability to regulate daytime behavior. The scales with the greatest odds ratios were 

Oppositional, Perfectionism, and Social Problems. Four other scales also showed 

increased likelihood of moderate impairment: Cognitive Problems, ADHD Index, 

Emotional Lability, and DSM Total. The different pattern of results between F ratios 

and odds ratios may be explained by the use of group means for the F ratios versus 

individual subject scores for the odds ratios. In odds ratios individual values do not 

differentially weight the results as they do in computing an average performance for F 

ratios. No observation has a greater leverage value over another. This underscores one 

reason that odds ratios are used in clinical research where individual-level inferences are 

necessary (Bigby, 2000). 

The Perfectionism and Psychosomatic scales were significantly predicted by sleep 

and breathing variables. Greater Perfectionism was associated with concurrently slightly 

decreased awakenings and increased RDI. The decreased awake arousals is difficult to 

integrate because in order to manifest a perfectionistic style and maintain attention to 
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detail, one must be alert. Therefore, children with greater airflow difficulties as well as 

awakenings, would be less likely to be able to manifest or carry out perfectionistic 

behaviors. The future use of EEG arousals as opposed to awake arousals may provide a 

more parsimonious explanation and should be explored. Higher ratings of Psychosomatic 

complaints were associated with co-occurring higher number of desaturations and higher 

RDI. This finding is consistent with initial hypotheses. Interaction effects may be 

created by differing slopes in the rate of change of two variables. This was the case in 

two of the four significant interaction terms from general linear models. 

Neither the SDB Index nor EIDI were linearly related to age. Previous authors 

have suggested that age may play an important role in the manifestation of SDB (Dahl. 

1996; Guilleminault, et al. 1981). Two other studies also have found paradoxical 

behavioral results in which milder OS AS was associated with higher levels of behavioral 

difficulties (Lewin, et al. 2002; Owens, Spirito, Marcotte, et al. 2000). Owens, Spirito, 

Marcotte, et al. (2000) found that mild OSAS had higher levels of Psychosomatic and 

Hyperactivity scales than moderate OSAS. Lewin et al. (2002) found that mild OSAS 

had significantly higher ratings on Externalizing problems, Anxiety/Depression, and 

Social Problems. The present analyses revealed a non-linear relationship between age 

and SDB severity when data was plotted by age groups. At the highest levels of SDB 

younger and older children differed substantially in parent ratings of behavioral 

problems. At the highest levels of SDB younger children were rated as lower on all 

CPRS-R scales while ratings for older children increased. Owens et al., explicitly noted 

that their older children showed higher levels of behavioral problems while Lewin et al. 
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did not specifically examine results by age, but in both studies the milder OSAS (higher 

behavioral problems) group was 1-2 years older on average than the severe group. 

The age related results presented here are limited because the highest level of 

SDB (>90"* percentile) resulted in small cell sizes and graphical methods were used to 

uncover patterns of results not obvious in linear analyses such as correlation and GLM 

analyses. However, although the results were not tested statistically they suggest an 

interaction between age and SDB severity in the prediction of problem behaviors that 

should be examined more fully. Two alternative explanations for the age-related findings 

were not evaluated here. The addition of arousals in the SDB index may be the 

component responsible for the age-related results, [f so, arousals may have greater 

significance relative to airflow or blood oxygen desaturations in predicting daytime 

behaviors in certain children. Additionally, statistical differences were not computed at 

each centile, and error in distribution estimates of behavioral problems were at times 

large. 

Results with the ADHD Index, the scale that best discriminates between normal 

and ADHD subjects, provided limited support for the commonly noted hypothesis that 

children with SDB appear similar to children with ADHD. This scale was relatively 

elevated in childrenvwith higher RDIs, but overall was only Slightly Atypical. In the 

GLM analyses sleep and breathing variables were unable to predict variability in any 

scales related to ADHD such as Conners' Hyperactivity, DSM Inattentive, DSM 

Hyperactivity. Children with higher RDI were approximately 3 times more likely to have 

clinically significant ratings on the ADHD Index compared to children with lower RDIs. 
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However, children with high RDI were not more likely to have higher ratings on the other 

ADHD-related scales compared to other problem behaviors. Thus, the overall trend was 

for children with the highest frequency of apneas and hypopneas to show greater levels of 

ADHD-related behaviors compared to those with lower levels of sleep related breathing 

problems. The consequences of SDB may be reflected to a greater extent in the ADHD 

Index because it contains hyperactivity, impulsivity, and inattention, whereas most other 

scales measure only one of these symptoms of ADHD. 

The CPRS-R scales tended to behave as a group. For the sample as a whole, there 

were not differential patterns of behavioral problems based on internalizing or 

externalizing dimensions, and no specific effects of SDB or its components on ADHD 

related behaviors. The proportion of subjects with standardized scores in the clinically 

significant range was very similar across all of the 14 CPRS-R scales. There was no 

pattem of increased morbidity for certain types of behaviors. Internalizing and 

externalizing behaviors both showed increased odds at higher levels of RDI. 

Additionally, although hypothesized, there was no interaction of age by type of 

behavioral problem. The hypothesis that younger subjects would exhibit more 

externalizing behaviors in the face of higher levels of SDB was not supported. The 

behavioral effects of SDB do not appear specific to externalizing behavior, but regularly 

have been related to a variety of internalizing and externalizing behaviors. 

Despite no specific or replicable pattem to the nature of the behavioral symptoms 

of pediatric SDB, studies consistently indicate that some subjects develop behavioral 

problems in the presence of SDB while others do not. Before we are able to determine 



why some children do not develop daytime sequelae, we need to assess our ability to 

make causal inferences regarding the proportion of children who do develop behavior 

problems in the context of SDB. Experimental studies being unethical, descriptive 

methods and correlational statistics are our primary tools. Treatment studies have 

provided a mixed collection of methodological and quantitative evidence of causal 

relationships between SDB and cognitive deficits (Gozol, 1998; Owens, et al., 2000). 

However, if a permanent "learning debt" exists even this methodology will not add 

greatly to the inferential process as cognitive deficits and perhaps behavioral symptoms 

will not improve after CPAP (continuous positive airway pressure) or 

adenotonsillectomy. We currently do not have the type of evidence base needed to make 

strong causal inferences that the behavioral problems in children with SDB are 

specifically caused by that disorder. The problem in interpreting broad behavioral 

outcomes in the context of a specific causal process is that there are usually several other 

causal pathways that ideally should be tested simultaneously. These other causal 

pathways may involve the complex interactions between longitudinal development, 

individual experiences, and familial influences. Causal inferences are difficult here in 

particular because behavior is the final common pathway for many influences and 

behavior may be mediated and moderated by many forces internal and external to the 

individual (Kazdin & Kagan, 1994). Few studies are able to generate data to adequately 

represent and incorporate such longitudinal causal pathways. 

Given that behavior is a tlnal common pathway for a multitude of biological and 

social processes, it is not surprising that specific behaviors have not been reliably related 
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to pediatric SDB. The problem of predicting specific behaviors becomes additionally 

complex if hypoxemia and sleep fragmentation are found to have qualitatively different 

behavioral consequences. Add these factors to the constant changes associated with 

development (physiology, experience, environment) and behavioral specificity becomes 

elusive. Somatic complaints were predicted by the SDB model here and have been 

previously reported as positively related to SDB (Lewin, et al., 2002; Owens, Spirito, 

Marcotte, et al. 2000;). Somatic complaints are thought to represent a general stress-

related response in children (Siegel & Smith, 1991) and as such are not specific to SDB. 

We may need to gauge behavioral morbidity not by the presence of one particular 

behavior but by the relative pattern or number of behavioral problems that can be related 

to severity. 

Having said that we may not find behavioral specificity associated with SDB, it 

should be noted that sleepiness is the one behavior that may be relatively specific to sleep 

disordered breathing. However, as discussed above, the rate of sleepiness varies widely 

across pediatric SDB studies and has been considered a primary symptom as well as 

somewhat irrelevant in children. It may be that a certain proportion of children will 

reliably exhibit sleepiness. The prevalence rate found here (6.8%) is less than the level of 

EDS found in other studies using community samples of school children. Sanchez-

Armengol et al., (2001) found a 14% prevalence rate of EDS in a community sample of 

Spanish adolescents, although that study included subjects who were sleepy 'sometimes'. 

The obtained prevalence value is also less than the 10% estimate from Owens. Spirito. 

McGuinn, et al. (2000). 
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The measurement of psychological constructs associated with SDB have typically 

been measured through parent or teacher report. Dimensions of developmental 

psychopathology such as anxiety, emotional stability, or depression are most commonly 

measured via parental reporting of the frequency of certain behaviors. The present study 

utilized the most common single response class for EDS data collection; parent report. 

Owens et al. collected data on approximately 500 children and estimated sleepiness based 

on 3 converging measures. General estimates of sleepiness prevalence may not be stable 

due to differing methods and criteria for EDS. The simultaneous use of other methods of 

measurement could add to the stability of our estimates. Although parent or teacher 

behavior ratings are one measurement method, other methods such as the MSLT 

(multiple sleep latency test), subjective report, and direct behavioral observation should 

be simultaneously included. Multiple methods provide more robust measurement of 

multi-faceted latent constructs such as sleepiness (Campbell & Fiske, 1959). Even 

disagreement between measures of EDS provides us with important information (Mitler. 

et al., 2000). While sleepiness itself may be considered a behavior, measurement of 

sleepiness may utilize cognitive, subjective, behavioral or physiological domains and 

research in this area could benefit from the multi-dimensional measurement of this 

construct. 

Parent-rated sleepiness was not related to RDI or the SDB Index. The average 

RDI for subjects who were sleepy was no different than the RDI for subjects who were 

not rated as sleepy. However, overall there were only 10 subjects who were rated as 

sleepy. When an index of sleep and breathing variables was used to define SDB, the 
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level of sleepiness was still no greater than when RDI was used. Given that this was a 

normal sample of school children, there probably was not enough excessive sleepiness in 

this sample to make conclusions about relationships between clinically significant SDB 

and sleepiness. One possibility that should be fiirther explored is that at lower levels of 

sleepiness or hypoxemia children may exhibit hyperactivity, but sleepiness may be a 

manifestation of SDB in children when the severity level of SDB is high. A large and 

clinically diagnosed sample may be the best group of children with which to test that 

hypothesis. 

Sleepiness was mildly related to several Conners'scales, and there was an overall 

trend for behavior problems scales to increase positively with sleepiness. Sleepiness did 

not show a differential relationship with either internalizing or externalizing behaviors, as 

predicted. Sleepiness was not more prevalent for older children and did not show any 

apparent pattern of relation to internalizing over externalizing behaviors by age. Owens. 

Spirito, McGuinn, et al., (2000) also did not find a significant relationship between parent 

or teacher ratings of sleepiness and age. Sleepiness may follow the same age-related 

pattern as noted above with the CPRS-R, but the degree of differences across SDB 

centiles were small as was the cell size at the highest level of SDB. A large group of 

sleepy children would facilitate testing this hypothesis. Additionally, this sample was 

just approaching puberty, and may need to be fully in pubertal changes to show increased 

sleepiness. Sleepiness will have different manifestations across developmental stages, but 

probably interacts with severity of SDB as well as the context. Recent research on the 
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"somnificity" of context or the degree to which an environment allows for sleepiness, 

may be useful in future research on sleepiness with children (Johns, 2002). 

Two measurement approaches were used to indicate SDB in the present analyses: 

RDI, which is the most common metric, and a novel SDB Index, which included all three 

components of SDB (airflow disturbance, blood desaturations, and sleep arousals). In 

this study RDI was detmed using airflow, chest wall movement, or effort. An index of 

RDI, desaturations, and arousals was created in order to include all aspects of SDB in 

one variable. The RDI and SDB Index were highly correlated. RDI, as presently 

defined, resulted in what appeared to be higher overall level of SDB. Although the RDI 

has been criticized for not including all aspects of SDB and thus perhaps underestimating 

degree of severity and associated symptoms (Redline, et al., 2000), the current analyses 

did not reveal any statistical differences between results using the RDI and those using 

the SDB Index. Even though the SDB Index potentially contained more information, it 

was not more highly associated with cognition or behavior. When examined graphically, 

the SDB Index did show a different pattern of behavioral results compared to the RDI. 

The pattern of behavioral problems showed a peak at the highest levels of RDI but 

peaked at mid levels of SDB severity and then decreased at the highest levels. This non

linear decrease at the high end of SDB was specific to the younger subjects. 

Dissimilar cutpoints for RDI severity and different definitions of hypopneas 

caused problems in summarizing results across studies. One important goal for pediatric 

SDB research should be to develop and widely use a common metric for SDB. Until 

then, levels of all three components of SDB should be reported in order to compare 
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results across studies. In this way, the limitations of different definitions of an hypopnea 

will be avoided. By reporting standard scores and raw scores for airflow, desaturations, 

and arousals separately the need for a single severity cutpoint based on the number of 

events per hour (RDI) becomes obsolete as well. The severity of each sample may then 

be calculated using any chosen cutpoint. Although the sensitivity and specificity of RDI 

have been estimated in adults (Hosselet, Ayappa, Norman, Krieger, Rapoport. 2001), we 

probably do not yet know enough about moderating factors to determine a single RDI 

cutpoint for daytime symptoms of SDB in children. A common metric, however, will 

facilitate the process of determining the threshold for cognitive and behavioral symptoms 

in children. 

The TuCASA study used a random sample of children, with no greater or lesser 

risk for SDB than any other normal group of school children. If the relationship of SDB 

to attention and behavioral problems were linear it would have been evident here. No 

other studies have suggested a non-linear relationship between SDB and daytime 

symptoms, although Chervin et al., (1997) divided the snoring distribution into four 

centiles to examine the pattern across levels of ADHD and tried unsuccessfully to fit a 

quadratic function to that bivariate data pattern. The correlational analyses were based on 

the assumption of a linear relationship between the independent and dependent variables. 

The bivariate distributions of RDI or SDB by most of the CPRS-R behavioral scales were 

not modeled adequately by any linear or non-linear standard function. Only 

Perfectionism and Psychosomatic behavior scales were linearly related to SDB. 

However, in the tests of group differences, these were the two scales that did not show a 



91 

significant difference. This was because their relationships with SDB were the most 

linear, but they had the lowest means at the upper levels of SDB (the lowest slope). 

Although few linear relationships were noted, the pattern of results presented here do not 

clearly support a threshold model of SDB that could be applied to all subjects. The upper 

10% of the RDI and SDB Index score distributions indicated a point at which differences 

in behavioral problems emerged, but this only was evident in the context of age 

groupings. 

This study extends previous findings related to ADHD-related behavior, overall 

level of behavioral problems. Psychosomatic complaints, and vigilance deficits in 

children using a large healthy sample. In addition, the data replicate others' 

(unemphasized) paradoxical findings that higher levels of SDB severity are associated 

with lower levels of behavior problems. Interestingly, in this study that pattern was 

associated with the parent ratings of younger children. Older children showed increased 

behavioral problems while younger children showed a general "dampening" of all 

behavioral problems at higher levels of SDB. Small cell sizes and the additional number 

of tests of significance needed prohibited testing these patterns statistically. 

This sample by design did not include many severe or clinically obvious cases of 

SDB. What are we able to say about SDB and its relationship to cognitive and behavioral 

problems in a normal sample of subjects? It is not surprising that only mild associations 

were found between impairment and disease severity. It appears that if clinically 

significant cognitive and behavioral consequences are to be observed, the level of SDB 

will be at a higher level than was found here. However, a lack of linear relationship has 



been reported even with children classified as having moderate to severe SDB. The data 

also suggest that in the process of determining a clinically relevant level of SDB, age and 

non-linear analyses probably will need to be taken into account. In terms of behavioral 

morbidity, the goal of determining one value at which SDB becomes clinically significant 

may not work for children at all age levels. Models are needed in which latent constructs 

remain constant but measurement models are developmentally appropriate, particularly in 

the area of excessive daytime sleepiness. Do we mean the same thing when we ask the 

parent of a 6 year old if their child is sleepy versus the parent of a 12 year old? Are we 

actually asking if their child is hyperactive or slowed down? Research results in this area 

may be more consistent when measurement models reflect what we know about 

developmentally relevant modes of expression and behavior at each age. 
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