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Abstract 

Sleep disordered-breathing (SDB) including obstructive sleep apnea syndrome 

(OSAS) is increasingly recognized as an important cause of morbidity in children. 

Clinical symptoms of OSAS in children include snoring, nocturnal arousals, restlessness 

during sleep, enuresis, daytime sleepiness and hyperactivity. E\ idence also suggests that 

the adverse effects of SDB include behavioral, learning, and personality problems. No 

large epidemiological study using polysomnography has been conducted to determine the 

prevalence and correlates of SDB in young children. 

The Tucson Children's Assessment of Sleep .Apnea study (TuC.AS.A) is a 

prospective cohort study designed to determine the prevalence of objectively documented 

SDB in pre-adolescent children and to investigate its relationship to symptoms, 

performance on neurobehavioral measures, and physiologic and anatomic risk factors. 

Hispanic and Caucasian children were recruited to participate in TuC.AS.A by soliciting 

the cooperation of elementary schools in the Tucson Unified School District (TLSD). 

Through the use of a screening survey completed by parents, the TuCASA study has 

shown that children between 4-11 years of age with learning problems (LP) are more 

likely to have habitual snoring (SN) and excessive daytime sleepiness (EDS). 

•Additionally. Hispanic children in this age group are more likely to have parental report 

of EDS. witnessed apnea (W.A). and SN. Similar to studies in adults, girls 4-11 years of 

age are more likely to have parental report of daytime sleepiness than boys. Furthermore, 

the TuCASA study has demonstrated the feasibility of collecting high quality unattended 

multi-channel polysomnography in children ages 6 to 11 years. 
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More importantly, the TuCASA study has documented the relationships between 

respiratory disturbance indices based on polysomnography and parental report of clinical 

symptoms of SDB in children ages 6-11. There are threshold values of respiratory 

disturbance index (RDI) associated with an increase in the prevalence of clinical 

symptoms of SDB. Until now. data linking objective indices of RDI severity to the 

presence of clinical symptoms have been lacking. .Additionally, these findings contribute 

much needed information for determining clinically significant levels of RDI based on 

differing definitions of respirators events. Therefore, these results represent an important 

step towards e.xamining the natural histor>- of SDB and the relationship between SDB 

severity and specific clinical outcomes in pre-adolescent children. 
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INTRODUCTION 

Explanation of the Problem and Its Context 

Overview 

Sleep-disordered breathing in childhood consists ot'a spectrum of conditions, 

ranging from primarv' snoring to upper airway resistance syndrome, obstructiv e 

hypoventilation, and obstructive sleep apnea.' The evaluation of existing data is 

complicated by inconsistent practices for defining these conditions as well as the lack of 

standardization in polysomnographic methods." Small or clinic-based studies have 

clearly shovsn that severe childhood OSAS can result in pulmonar\ or systemic 

hypertension, growth failure, excessive daytime sleepiness, behavioral problems, and 

impaired learning ability/ However, the prevalence of these symptoms in a population-

based sample has not been established, and risk factors for complications of OS.AS hav e 

not been defined. 

Polysomnographic monitoring techniques and criteria used to define the presence 

of SDB developed for adults are not applicable to children."* To determine the level of 

severity of SDB which correlates with abnormal clinical outcomes, polysomnographic 

recordings are required from a large number of children with no clinical symptoms of 

OSAS and those with symptoms consistent with OSAS. There is a need to develop cost 

effective techniques to perform polysomnographic recordings in children to accurately 

determine the prevalence of SDB in children and to correlate severity levels of SDB with 

abnormal clinical outcomes. No epidemiological study in a normative population has 
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been conducted to determine the relationship between clinical symptoms and 

polysomnographic severity of SDB. 

Over the past decade. SDB in children has been identified as a major societal 

concern, hovsever. little is known about the magnitude, causes, consequences, or 

assessment of these problems in children. The American Thoracic Society (ATS)"^ and 

the American Academy of Pediatrics (AAP)' recently convened subcommittees to 

examine current practice guidelines and to make recommendations for the direction of 

future research into childhood obstructive sleep apnea (OSA). Among the areas requiring 

immediate attention were; 1) obtaining accurate prevalence data. 2) identification of risk 

factors of complications associated with OSAS. and 3) the delineation of the natural 

history of primarv' snoring and OSAS. It is certain that severe OSAS can result in severe 

sequelae. However, the clinical correlates of mild obstructive sleep apnea are not known, 

nor is what degree of OS.AS merits treatment in children. Although polysomnography is 

commonly used, it is still not known which polysomnographic parameters predict 

morbidity. 

Specific Aims 

The TuCASA study is a prospective cohort study designed to determine the 

prevalence of objectively documented SDB in pre-adolescent children and to investigate 

its relationship to symptoms, performance on neurobehavioral measures, and physiologic 

and anatomic risk factors. The overall objecti\ e of the present study is to address some 

of the more pressing research questions delineated by the ATS and A.AP subcommittees 

described above. 
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Specific Aim #1. To determine the feasibility of collecting high quality 

unattended multi-channel polysomnography for epidemiological research in pre-

adolescent school children. 

Specific Aim #2. To describe the prevalence of reported symptoms associated 

with sleep disordered breathing in pre-adolescent school children. 

Specific Aim #3. To describe the association between objective 

polysomnographic assessment of SDB and the prevalence of reported s\ mptoms in pre-

adolescent Hispanic and Caucasian school children. 

Background and Literature Review 

History 

In 1892. William Osier described childhood OSAS in his te.xtbook of medicine:'' 

.•1/ night the child 's sleep is greatly disturbed: the respirations are loud 
and snorting, and there are sometimes prolonged pauses, followed by 
deep, noisy inspirations. The expression is dull, heavy, and apathetic. In 
long-standing cases the child is very stupid-looking, responds slow ly to 
questions, and may he sullen and cross. .-Imong other symptoms may be 
mentioned headache, which is by no means uncommon, general 
listlessness. and an indisposition for physical or mental exertion. The 
influence upon the mental development is striking. 

Over 100 years have passed since this excellent description, however, it has only 

been in the last fifteen to twenty years that the understanding of childhood sleep apnea 

has improved. Through the middle 1900's. OSAS in children was only described when 

7 8 
associated with adenotonsillar hypertrophy or cardiac failure. In the 1960s, the 

development of polysomnography allowed researchers to obser\ e the relationship 
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between obstructive events during sleep and daytime symptoms in adults.'' At 

approximately the same time, several investigators reported the association between 

upper airway obstruction in children and cor pulmonale.'' This led to an increased 

understanding of the importance of obstructive sleep apnea in children, and studies of its 

etiology, symptoms, and treatment were initiated. 

In 1976. Guilleminault published a landmark study describing OSAS in eight 

children.'" This and other studies prior to 1983 described the most severe forms of 

OSAS; those with the highest incidence of complications.'*'Much has changed in the 

years since these early studies, for example, awareness has now increased to the point 

that children with OS.AS are referred for evaluation much earlier in the course of their 

disease than was the case even 10 years ago. However, diagnosis is still complicated 

because there has never been agreement on the definitions of obstructis e apnea, 

obstructive hypopnea (hypoventilation), mixed apnea, sleep disturbance, or arousal in 

children with OSAS. Additionally, there are major gaps in the medical and scientific 

literature regarding important aspects of the management of children with OSAS. and 

wide discrepancies in management approaches are found among different medical 

specialties and/or facilities.^ 

Because pediatric sleep-disordered breathing is such a relatively new tleld. there 

are many questions that have yet to be answered. The natural histor\ and underlying 

mechanisms of OSAS in children are not known. Although severe OSAS results in 

severe sequelae, the long-term effects of mild to moderate OSAS are not known. The 

clinical correlates of childhood OSAS have not been specified, and at what level of 
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OSAS treatment is warranted has not been defined. Finally, polysomnography is 

commonly used as a diagnostic tool for SDB. however, which polysomnographic 

characteristics predict specific clinical outcomes is not known. 

Burden to Public Health 

In 1988 one report stated that. "Obstructi\ e sleep apnea syndrome is a rare 

condition in childhood".'"' Far trom being rare. OSAS in childhood is a public health 

problem of potentially immense proportions. Despite the fact that no definitive 

epidemiological study to determine the prevalence of OSA in children has been done, 

estimates range from 1% to 3%.'""* Even if the prevalence of OSA were only 1%. this 

would place an estimated 320.000 of the 32 million children between 6-11 years old in 

the United States at risk for adverse health consequences due to OS.A.'''"Over the past 

two decades. SDB has emerged as one of the most common indications for tonsillectomy 

and adenoidectomy. possibly contributing to the performance of approximately 274.000 

procedures per year in children under 15 years of age."' It has been reported that many of 

the children with the diagnosis of Attention Deficit Hyperactivity Disorder (ADHD) are 

being treated with stimulant medication but actually suffer from OSAS."" This has huge 

public health implications as the number of children being treated with drugs for ADHD 

has skyrocketed."^ 

A recent review of evidence has shown an almost threefold increase in behavior 

and neurocognitive abnormalities in children with SDB." This includes irritability, 

emotional instability, difficulty with concentration, and inattentiveness.' Learning 

problems have been repeatedly reported in children with severe OSA. and may underlie 



17  

more extensive behavioral disturbances, for example, restlessness, aggressive behavior, 

hyperactivity and poor test performance.'""""*"The association between learning 

problems and mild to moderate OSAS in children is currently being explored: 

preliminary studies have shown a substantial risk for learning problems in those children 

with symptoms indicative of OSAS."^""^ These studies demonstrate that children may be 

having learning difficulties due to OSAS at precisely the time of life when they need to 

learn the most." ' 

The American Thoracic Society has recently stated that the assessment of OSAS 

in children is important work that needs to be extended to include a larger number of 

children from different risk groups.'^" A recent study showed an increased risk of OSAS 

for African American children, however, no studies have been performed to examine the 

risk of OSAS for Hispanic children.'^ The year 2000 United States census shows that the 

Hispanic population increased 50% from 1990 to 2000. with Hispanics accounting for 

12.5% of the U.S. population."'^ .An estimated 4 million Hispanic children from 6-11 

years of age currently li\ e in the U.S.. therefore, estimates of the prevalence of symptoms 

associated with OSAS in Hispanic children are becoming essential."*^ 

The potential public health risk due to OSAS in children is evident, therefore, it 

has become important to determine the prevalence of OSAS in a population-based sample 

of children and to assess whether there are differences between Hispanic and Caucasian 

children. The impact of technology combined with the busy schedule of parents and 

school-children has made poor sleep the norm for many children. The public does not 

understand the impact of sleep loss in these children, and many parents may not be aware 
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that their child suffers from mild or moderate OS AS/' Parents may become accustomed 

to their child's snoring at night, and may place little importance on it. Parents are often 

unaware of their child's nocturnal breathing problems because the worst breathing 

disturbance occurs in early morning REM sleep when parents are asleep/" Behav ioral or 

school difficulties may be attributed to the child's personality or to ADHD. Daytime 

sleepiness may be blamed on earlier school start times or extra late evening activities. 

Clinical history alone greatly underestimates the incidence and severity of OSAS."" It 

could be argued that sleep loss due to poor sleep habits combined with untreated or 

mistreated OS AS in children is one of the biggest health problems facing .America today. 

Sleep Disordered Breathing in Children 

Childhood OSAS is characterized by episodes of partial or complete upper airwa\ 

obstruction that occur during sleep, usually associated with a reduction in oxyhemoglobin 

saturation and/or hypercarbia.^" Nighttime symptoms include snoring, witnessed apnea, 

struggling to breathe during sleep, disturbed sleep, cyanosis during sleep, paradoxical 

chest-abdomen motion, or retractions.^^ Daytime symptoms include nasal obstruction, 

mouth breathing, behavioral problems, or excessive daytime sleepiness.""" Severe forms 

of OSAS have been associated with cor pulmonale, dev elopmental delay, failure-to-

thrive. or death. 

Since childhood OSAS appears to have various causes and may occur at any age 

from infancy to adolescence, a single course is unlikely. It is clear from the association 

between adenotonsillar hypertrophy and cor pulmonale that some children with untreated 

OSAS will progress to pulmonary hypertension and heart failure. Other reports suggest 
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that some children with OSAS develop failure-to-thrive and neurologic and 

developmental deficits.^^ However, it also appears that some children with OSAS have 

spontaneous resolution over time and do not develop any future health problems/ Some 

children will exhibit excessive davtime sleepiness, but most will not. Some are obese, 

but most are not. Some children with severe breathing disturbance ha\ e small tonsils and 

adenoids, while some with large adenoids or tonsils have only mild OSAS. The reasons 

why one child progresses to a bad outcome and another does not are not known. 

Nor is it known what adverse outcomes are possible. For example, mild OS.AS 

may not lead to cor pulmonale, but there may be other less obvious effects on behavior 

and daytime cognitive function. Snoring and mild OSAS may affect development in 

other ways not yet recognized. The difficulty in resolving these issues is that the course 

of the natural histor\ of OSAS is probabK' different in mild, moderate, and severe 

childhood-type OS.AS. .Additionally, children with OSAS may be seen by various 

specialists: pediatricians, psychiatrists, psychologists, neurologists. otolaiAngologists. and 

pediatric pulmonologists. all for different reasons. These factors lead to further 

difficulties in the consistency of referral to a sleep specialist, the standardization of the 

diagnosis of OSAS, and the interpretation of the scientific literature. Important to 

discover is whether children with OSAS will develop into adults w ith OSAS. and thus, 

have a lifetime of health problems associated with adult OSAS. 

To predict which children with OSAS will grow into adults with OSAS is 

complicated. The same event or occurrence in a child may be considered normal in one 

child and abnormal in another. It is also likely that certain OSAS related events in 
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children and adults may look similar on the polysomnogram but still have differences in 

presentation of symptoms, statistical significance, cause, and recommended treatment/ 

In normal children respiratory obstructions are very rare whereas children with OSAS 

exhibit obstructive hypoventilation (hypopnea) more than complete upper airway 

obstruction (apnea).^^ Obstructive hypoventilation of any duration may be significant, 

therefore, an arbitrar>' value for the apnea index is not very helpful in deciding on the 

need for inter\ ention/'* When looking across the childhood age spectrum, it is hard to 

say when normal becomes abnormal. 

The current knowledge of these complicated relationships between sleep, 

development, and neurocognitive impairment is just now emerging. Both sleep problems 

and emotional problems are common among school-aged children. There is a clear need 

for improved understanding of these relationships along with better diagnosis and more 

effective treatments. Objective findings based on the gold standard of polysomnography 

must be provided so clinicians can make educated judgments. 

Polvsomnographv in Children 

At the present time no other procedure has been shown to be superior to or as 

good as PSG for the diagnosis of OSAS.' Although the gold standard is PSG conducted 

in a certified sleep lab. this is not practical for epidemiological studies due to the 

exorbitant cost and inconvenience to the family.^"" However, the utility of unattended 

home studies in children using commercially available recording equipment has not been 

fully studied. There is a consensus of opinion a-mong all sleep researchers and 

clinicians that there is a great need to standardize polysomnography in children. In 
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1999. a task force sponsored by two medical professional societies published 

recommendations for apnea and hypopnea definitions in adults in an attempt to improve 

disparities in the recognition of SDB/""''' TWO similar attempts have been made to 

establish standards for cardiopulmonar>' sleep studies and normati\ e sleep data in 

children/" The recommendations were based on a consensus of pediatric experts from 

the tleld. but there was even less of an evidence base for recommendations than was 

present for adults/"* Finally, the most recent review by the subcommittee for the 

American Academy of Pediatrics has reiterated the urgent need to determine clinical 

thresholds of RDI. based on polysomnography, that correspond to OSAS related 

symptoms in children. 

Explanation of the Dissertation Format 

This dissertation is based on three papers which are included as appendices A - C. 

This subsection explains the relationship of the appended papers to the larger 

collaborative TuCASA project, and explains the author's unique contribution to each of 

these papers and to the TuCASA study as a whole. 

The research presented herein is based on work done as a part of the Tucson 

Children's Assessment of Sleep Apnea study, a prospective cohort study designed to 

determine the prevalence of objectively documented SDB in pre-adolescent children and 

to investigate its relationship to symptoms, performance on neurobehavioral measures, 

and physiologic and anatomic risk factors. Stuart F. Quan. M.D.. Professor of Medicine. 

Deputy Director of the Arizona Respiratory Center and Director of the Uni\ ersity of 

Arizona Medical Center Sleep Laborator>' has been the Primary Investigator for TuCASA 
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since it's inception in September of 1999. Wayne J. Morgan. M.D.. Paul L. Enright. 

M.D.. Kris Kaemingk. Ph.D.. Ralph F. Fregosi. Ph.D.. and Gerald M. Rosen. M.D.. are 

co-investigators. The four-year study is funded by the National Heart. Lung, and Blood 

Institute (NHLBI) under grant number HL62373 as well as a grant from the Max and 

Victoria Dreyt'us Foundation. 

1 have been deeply involved in this project since it began. Initially hired as the 

coordinator for the study. 1 was responsible for assisting in the design of the protocol as 

well as the development of the manual of procedures for all data collection. 1 wrote 

consent and assent forms for all phases of TuCASA. I have been responsible for 

obtaining and maintaining annual approval from the Human Subjects Committee as well 

as submitting and maintaining documentation for annual approval by the TUSD Research 

Committee. 1 initiated contact with over 30 TL SD elementarv school principals and have 

personally met and recruited 14 elementarv schools for participation in TuCASA. I hired 

and superv ised all personnel who performed sleep data collection on the project, and was 

overall responsible for the training and certification of these people in all aspects of their 

job. I was responsible for the project budget and have submitted and managed the budget 

for each year of the study. I hired and worked with the TuCASA database manager to 

design a complex data storage and retrieval system. We designed instruments for data 

collection and implemented procedures for quality control of data entry and retrieval. In 

addition. 1 was responsible for insuring that all equipment and supplies were on hand and 

in working order. I also worked w ith co-inv estigators on other aspects of the project to 

insure that the overall objectives of TuCASA were met. Under the guidance of Dr. Quan. 



I have written several accepted abstracts and presented data from TuCASA at the Annual 

Professional Sleep Society (APSS) meetings. In summar> . although I was not an 

investigator on TuCASA. I have been the common thread throughout all aspects of the 

project. Other than Dr. Quan. I have been uniquely responsible for all aspects of data 

collection and analysis that are used for this dissertation. 

I was the primary author for each of the papers appended to this dissertation. 1 

conducted all of the statistical analyses, and wrote and prepared the papers for 

publication. I ha\ e participated in ad\ ising and editing 6 other TuCAS.A manuscripts that 

are in progress or have been submitted for publication. I received constant guidance and 

editing from Dr. Quan during the preparation of each of the manuscripts. .'Ml co-authors 

reviewed the final draft and provided critique prior to the submission of the manuscript. 

•Appendi.x 1 was published in the journal SLEEP on December 15. 2001. Appendi.x 2 

was submitted to the journal CHEST on July 10. 2002 and has received a favorable first 

review. Appendix 3 was submitted to SLEEP on September 17. 2002. 
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PRESENT STUDY 

Introduction 

This section consists of a concise report of the main features of the study 

methods, resuhs. conclusions, and limitations. A full account of these proceedings are 

appended to this dissertation in .Appendices A - C. 

.Methods 

Recruitment 

The design of the TuCASA study specified recruitment of Hispanic and 

Caucasian children aged 6 through 11 years to undergo unattended home 

polysomnography accompanied bs the measurement of some anthropometric variables 

and the parental completion of se\ eral questionnaires. The population of schools 

recruited was 33.7% Caucasian \ersus 52.5% Hispanic to achie\ e appro.ximately equal 

participation of Hispanic and Caucasian children. 

Typically, a short sleep habits screening questionnaire was sent home w ith 

children in a "notes home" folder. Parents were asked to complete the questions and to 

provide their contact information if they would allow study personnel to call and 

schedule a polysomnogram for their child. Because we sent questionnaires home to all 

children attending a successfully recruited school, some questionnaires (19%) were 

recei\ ed from schoolchildren who were below the 6-year old recruitment window for 

polysomnography. However, these questionnaires were accepted and included in this 

analysis since we kept all questionnaires from children who would ha\ e the potential to 
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complete polysomnography before the end of data collection (May 2003). An 

honorarium based on the percentage of questionnaires returned was given to the school in 

order to encourage maximum response from all students. 

The screening questionnaire was a one-page. English/Spanish survey designed to 

assess the severity of OSAS related symptoms in addition to requesting demographic 

information such as ethnicit\ . age. and gender. The sur\ ey was forward and backward 

translated into Spanish then pilot tested prior to implementation for Spanish speaking 

parents. Parents were asked to answer 13 questions pertaining to their child's sleep 

habits (.Appendix 2). Parents were encouraged to answer all 13 questions and return the 

sur\ ey even if they wished to provide little or no other information. Composite v ariables 

thought to be associated w ith OSAS were created based on a combination of some of the 

survey questions. 

Polysomnography 

.A.n unattended home pol\ somnogram was scheduled as soon as possible after 

recruitment. Polysomnograms were obtained using the Compumedics PS-2 system 

(Abbotsford. Victoria. .Australia). .A morning sur\ey uas completed by the caregiver the 

following morning and the equipment was removed by a parent or a research technician. 

The Compumedics software system was used to process all polysomnograms (W-Series 

Replay, v 2.0. release 22). Sleep and respiratory events were scored in accordance with 

generally accepted methods and without regard to oxygen desaturation. 

.After full scoring, analysis software was used to link each respiratory event to 

data from the oxygen saturation and electroencephalogram (EEC) channels. This 
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allowed characterization of events according to differing degrees of associated 

desaturations and arousals. or v arious combinations of these measures. In this manner, 

the Respirator}' Disturbance Index (RDI) was defined as the number of respirator) events 

(apneas and hypopneas) per hour of the total sleep time. The scorer assigned an overall 

quality grade of excellent, good, or fair depending on the quality and duration of each 

signal. Any problems with scoring that could affect reliability were annotated, as well as 

potential medical alerts. All studies were scored by a single registered polysomnographic 

technologist who was required to demonstrate a complete understanding of the study's 

scoring rules and to articulate reasons for assigning epoch-by-epoch codes for sleep and 

respirator) scoring. 

•Approximately 5% of studies were re-scored by the same scorer on a blinded 

basis to determine consistency in scoring. .\lso. 12 children were asked to complete a 

second night of unattended polysomnography under conditions similar to the first 

recording in order to test the reproducibility of major polysomnographic outcomes. To 

compare the quality of TuCASA polysomnograms to those performed in a sleep 

laboratory, a small validation study was conducted with a sample of 5 children who had 

both a polysomnogram recorded at home and one recorded at the University of .Arizona 

Sleep Disorders Center. The lab studies were scored using the same criteria as those 

performed in the home. 

As a courtesy to parents of those children participating in TuCASA. a brief 

summary of anthropometric measurements and sleep characteristics was sent to the 

family within 4-6 weeks of the home visit. Results were also sent to the child's 
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physician, if requested by a parent. Ail study procedures were approved by the 

University of Arizona Human Subjects Committee as well as the TUSD Research 

Committee. Each subject signed a child assent form; each parent/guardian signed either 

an English or Spanish language consent form once informed consent was obtained. The 

famih was compensated $25 and the child was given non-monetary incenti\ es for 

participating. 

Statistical Methods 

Data quality assurance measures were implemented from the inception of the 

study. When research technicians retrieved equipment on the morning following 

polysomnography, they reviewed the paperwork prior to leaving the home to insure that 

self-administered questionnaires were correctly completed. The stud\ coordinator again 

reviewed all forms prior to submitting the electronic data file for scoring. The data entr\ 

supen isor also re\ ieued all forms for completeness and resolved any errors immediatel}. 

No data entry was initiated until the data packet was re\ iewed at least 3 times. 

The TuCASA database was created with programmed v alidation and range checks 

completed concurrently with initial data entry. Any conflicts were given to the stud\ 

coordinator for resolution. Additionally, a great preponderance of the variables 

pertaining to sleep were collected electronically from the sleep recorder and other 

automated equipment. Specialized computer programming was done to automate the 

transfer of this electronic (sometimes proprietarx) data into formats usable for statistical 

analyses. Validation and range checks were automatically done: no record was allowed 

to be entered into the TuCASA database until all errors were resolved b\ the stud\ 
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coordinator and/or database manager. Prior to any data being given to in\ estigators for 

analysis, queries were reviewed by both the programmer and myself to give an overall 

assessment of accuracy and completeness. 

Variables used for the present analyses were almost all obtained from the 

screening questionnaire. Several variables such as snoring frequency and learning 

problems were based upon the parental response to one question (Appendix 2). Other 

variables were composites based on a combination of two or more surv ey items, such as 

EDS. WITAP. and insomnia (IN'SOM). For those children who completed 

polysomnography, additional v ariables w ere obtained on the night of the home visit. 

•Although the specific range and order of questions used in the TuC.ASA screening 

questionnaire was not previously validated, most were standard questions seen on sleep 

habits questionnaires pertaining to sleep disordered breathing in children. The 

subsequent composite variables also were not systematically validated although they did 

have face validity. A conscientious decision to limit the number and breadth of questions 

was made in order to keep the questionnaire short in hopes that this would encourage 

ma.\imum response on essential items related to SDB. This was done with the 

knowledge that further questionnaires would be administered to those parents/children 

who were recruited for polysomnography. 

For Appendix 1. statistical analyses were performed using STATA 6.0 for 

Windows (STATA Corporation. College Station. TX). Non-parametric methods were 

used to compare the distributions of key sleep parameters in the night-to-night and lab 

versus home studies due to small sample sizes of 10 and 5 respectively. Spearman rank 
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correlation was used to compare variables for the blinded scoring studies. The Wilcoxon 

sign rank test was used to compare the median RDI in samples scored with thermister 

versus nasal pressure due to skevvness in the distribution of RDI. The Bland-Altman 

procedure was used to visually compare the difference in means for the night-to-night 

variability study 

For Appendi.x 2. statistical analyses were done using SPSS 11.0 for Windows 

(SPSS*^. Inc; Chicago. IL. 2001). Comparisons of proportions were made using 

contingency tables. Statistical significance (p < .05) was determined using the Pearson 

chi-square statistic. Logistic regression was used to model those variables found to be 

significant during an e.\plorator\ bivariate analysis (p < . 10). Cronbach's alpha was used 

to model the internal consistency of the screening surv ey. 

For Appendix 3. statistical analysis was done using SPSS 11.0 for Windows. 

Comparisons of proportions were made using contingency tables. Statistical significance 

(p < .05) was determined using the Pearson chi-square test statistic. 

Results 

Specific Aim 1 

Specific Aim 1 was to assess the feasibility of using unattended polysomnography 

to obtain quality sleep data for epidemiological studies of sleep disordered breathing in 

children. Of the first 162 children enrolled in TuC.ASA. 91% had technically acceptable 

studies on the first attempt, which improved to 97% when failed studies were repeated. 

In these passing studies, greater than 5 hours of interpretable respiratory, 

electroencephalographic and oximetry signals were obtained. The highest quality signals 
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were found on respiratorv' bands and electrooculogram (EOG). and the lowest quality 

signals were found on chin electromyogram (EMG) and airflow channels. The mean 

recording time was 569 minutes (range 324 - 740). with a mean sleep period of 512 

minutes (range 301 - 662.5). and mean sleep efficiency of 89.4% (range 72.8% - 97.2%). 

Parents reported that 54% of children slept as w ell or better as usual, while 40% 

reported that their child slept somewhat worse than usual. The thermister/nasal cannula 

combination was the sensor which received the most complaint of discomfort followed 

by the EOG and the EEG electrodes. The parents of 24% of children reported that their 

child had difficulty falling asleep on the night of the study. 

Ten children completed the night-to-night variability study successfully. The 

RDl was not statistically significantly different between the two studies (p>.79). The 

mean RDl for the first study was 4.4 ± 1.6: for the second study the mean RDl was 4.3 ± 

1.8. Total mean sleep time was 530 ± 69 and 507 ± 76 minutes respectively (p>.65). 

Sleep efficiency was 90% on the first night of stud\ and 89% on the second night 

(p>.51). 

Five children were asked to complete a polysomnogram in the Uni\ ersity of 

Arizona Sleep Disorders Center to allow a comparison of home polysomnography to the 

gold standard of lab polysomnography. In these 5 children, there was no statistically 

significant difference in RDl between the two methods (p>. 13). The sleep architecture 

between the lab and home studies showed consistently similar results in these children. 



Specific Aim 2 

Specific Aim 2 was to describe the prevalence of reported symptoms associated 

with sleep disordered breathing in pre-adolescent school children. At the time of this 

analysis. 4880 screening questionnaires had been sent home with children from 12 TUSD 

elementary schools. A response rate of 30.6% from approximately equal numbers of 

boys and girls resulted in 1494 returned surveys. Hispanics accounted for 45.4% of the 

surveys. Caucasians 38.1 %. and other ethnicities comprised 16.6%. From the 1481 

children with a report of gender and race, the prevalence of SN was 10.5%. The 

percentage of parents reporting EDS and VVIT.AP in their children was 8.1% and 3.8% 

respectively. Parents of girls were more likely to report EDS. however, the prevalence of 

reported SN. WITAP and LP did not differ between boys and girls. 

There were 1247 questionnaires returned from parents who reported a child with 

Caucasian or Hispanic ethnicity (83.4%). Parents of Hispanic children were more likely 

to report SN. EDS. and WITAP than parents of Caucasian children. Hispanic children 

were also more likelv to have LP than Caucasian children, primarily because of more LP 

in Hispanic boys in comparison to Caucasian boys (8.2% vs 4.0%). No difference was 

found in LP between Hispanic and Caucasian girls. 

LP were significantly associated with SN. EDS and WIT.'\P. EDS was also more 

common in children with SN and WITAP. SN was associated with WITAP however, 

there were no significant differences in SN between boys and girls or between older (8-11 

years) and younger (4-7 years) children. Logistic regression was used to model LP as the 

dependent variable with those variables found to be associated in the exploratory 



bivariate analysis (p<. 10). The adjusted odds ratio for SN was 2.4. for EDS was 2.5. and 

for age 8-11 years was 2.1. However. WITAP and ethnicity were not significant in this 

model. A similar model was constructed with EDS as the dependent variable, which 

resulted in adjusted odds ratios for SN of 3.2. for WIT.AP of 5.7. and for female gender of 

1.6. Similar to the model constructed for LP. ethnicit\ was not significant. 

Specific Aim 3 

Specific Aim 3 was to describe the association between objective 

polysomnographic assessment of SDB and the prevalence of reported symptoms in pre-

adolescent Hispanic and Caucasian school children. A total of 239 polysomnograms 

were completed on a sample that was comprised of approximately equal numbers of girls 

and boys. Caucasians and Hispanics. and young (6-8 years) and old (9-11 years) age 

groups. There were 11.7% children classified as obese because their bod\ mass index 

(BMl) exceeded the 95"^ percentile for their age. gender and ethnicity. Parental report of 

symptoms shows that 14.6% of these children had SN. 16.7% had report of EDS. 6.7% 

had WITAP. 25.5% had INSOM. and 5.4% of the sample had reported LP. The mean 

sleep time was approximately 490 minutes, with sleep efficiency of 90%. In general. 

sleep architecture was normal with Stage 2 sleep accounting for approximately 50% of 

the sleep period, rapid eye movement sleep (REM) approximately 20%. and slow-wave 

sleep (SWS) approximately 22% of total sleep time. 

The distribution of RDI varied depending on w hat level of associated oxygen 

desaturation was required to define respiratory events. When no associated ox\ gen 

desaturation was required, the R.DI ranged from 0.2 to 72.3. with a median of 



approximately 5. As expected, when an associated 2% oxygen desaturation was required 

for the event to be included, the median dropped to 1.4 events per hour, with RDl ranging 

from 0 to 48.4. If an associated 3% desaturation was required, the median RDf dropped 

again to 0.65. and the RDI ranged from 0 to 29.1. 

Cutpoints of RDI using an index calculated without any associated oxygen 

desaturation were examined in contingency tables against the prevalence of OS AS related 

symptoms reported by parents. When an RDI of 5 events per hour or greater was used as 

a cutpoint. SN (20.3% vs 9.1%. p< .01). EDS (22.9% vs 10.7%. p< .01). and LP (8.5% vs 

2.5%. p < .04) were all statistically significantly different. Each of these symptoms were 

highly significant across cutpoints of RDI at 6. 7. and 8 events per hour when no 

associated oxygen desaturation was linked to the event. 

A similar analysis was done for cutpoints of RDI when the event was required to 

be associated w ith at least a 2% ox\ gen desaturation. Children with an RDI of 1 were 

significantly more likely to have reports of SN (18.9% vs 6.3%) and LP (7.5% vs 1.5%) 

than children with an RDI of less than 1. EDS was not significant at this cutpoint of 1 

(17.6% vs 15.0%). however. EDS was significant at the RDI cutpoint of 2 (23.3% vs 

12.8%. SN and LP remained highly significant at higher cutpoints of RDI for those 

children classified with the higher RDI based on 2% oxygen desaturation related events, 

whereas EDS did not. When a 3% oxygen desaturation was required for an event to be 

included in the calculation of RDI. a similar pattern was seen at an RDI of 1. however, 

the number of children who had events associated with a 3% desaturation w as not 

sufficient in this population-based study to test statistical significance. 
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Regardless of the cutpoint of RDI or oxygen desaturation criteria that was used to 

define events, neither ethnicity nor gender altered these associations. This was also true 

for age category, obesity, insomnia, and WITAP. 

Conclusions 

The high quality of data collected in TuCASA demonstrates that multi-channel 

polysomnography can be successfully performed in children aged 6-11 years in an 

unattended setting under a research protocol. Night-to-night variability in key 

polysomnographic parameters showed a high degree of reproducibility on 2 different 

nights of study. .Additionally, polysomnograms done in the home were comparable to 

those recorded in a sleep laboratorv". 

Based upon parental report. Hispanic children e.xperienced more frequent 

symptoms associated with sleep disordered breathing than Caucasian children, such as 

SN. EDS. WITAP. and LP. In a population-based sample of 1247 children aged 4-11. 

children with LP were 2.4 times more like likely to have SN. 2.5 times more likely to 

have EDS. and were 2.1 times more likely to be between the ages of 8 and 11 years. 

Children with EDS were 3.2 times more likely to have SN. 5.7 times more likely to have 

WITAP. and were 1.6 times more likely to be female. 

The relationships between RDI values based on polysomnograph\ and clinical 

symptoms of SDB in children ages 6-11 have been presented. At an RDI of >5. when no 

oxygen desaturation accompanied the respiratory event, there was a significantly higher 

prevalence of SN. EDS. and LP. Similarly, an RDI of >2 was associated with an increase 

prevalence of these symptoms when a 2% oxygen desaturation was required, and an RDI 



of >1 was associated with these symptoms when a 3% oxygen desaturation was required. 

Hispanic or Caucasian ethnicity, gender, age category, obesity, insomnia, and WITAP 

were not associated with RDI regardless of event definition. 

No previous studies have linked \alues for RDI based on objective 

polysomnographic findings to clinical symptoms in a population-based sample. 

Therefore, these results represent an important step towards e.xamininu the relationship 

between SDB severity and specific clinical outcomes. These conclusions contribute 

much needed information for determining clinically significant levels of RDI based on 

differing definitions of respiratory events. One of the major hindrances to establishing 

clinically significant thresholds of RDI is that the metric has been defined differently by 

each study that has presented RDI data in children. Establishing values for RDI which 

relate to clinical outcomes will not only be important in allowing consistent estimates of 

disease, but will permit clinicians to ascertain if clinically significant SDB is present and 

to assess whether there is risk for clinical sequelae. The findings presented herein should 

assist in determining prevalence rates based on polysomnographic results in 

epidemiologic studies and assist clinicians by providing objective criteria for case 

identification and treatment. 

Limitations 

This observational study design is not without limitations. Since the prevalence 

of OS.'XS in the population is estimated at 2-3%. a large number of children must be 

enrolled in order to accumulate an adequate number of children with OS AS to analyze. It 

is likely that we achieved a greater number of children with OSAS due to self-selection 
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bias, in that parents who believed that their child had a sleep problem may ha\ e been 

more likely to volunteer for the sleep study. Efforts to mitigate this were made by giving 

incentives for participation as well as allowing the parent to return the survey 

anonymously. Furthermore, the prevalence of symptoms in our sample such as SN. EDS. 

and WITAP were similar to that reported in other population-based samples. Bias was 

also introduced when selecting children to undergo polysomnography. Schools selected 

for TuCAS.A. recruitment were included due to a greater proportion of Hispanic children. 

This resulted in greater numbers of screening questionnaires returned on Hispanic 

children. However, the sample used for pol\ somnograph\ was selected to ha\ e 

appro.\imately equal numbers of Hispanics and Caucasians, boys and girls, and younger 

and older children. By design, this bias occurred. 

By necessity, the assessment of variables such as SN. LP. and EDS were based on 

parental report of symptoms, a subjective report known to be inconsistently reported and 

subject to error. While it may be possible to obtain objective data pertaining to LP such 

as grades or teacher report, it could be argued that these measures are equally poor at 

assessing the child. The TuCASA study did not allow for this type of data collection, 

however, it may be done in the future. Furthermore, assessment of these symptoms could 

have been refined through a more extensive questionnaire, however, we believed that a 

longer questionnaire would have limited parent participation as well as the school 

principal's willingness to participate. Nonetheless, these questions do provide useful 

information, and do provide a basis for comparison of these same questions done in a 

clinic-based sample versus our population-based sample. 



37 

The assessment of RDI was based on a single-night, unattended, ambulatory sleep 

study. Although laboratory pohsomnography is the gold standard, this method is 

generally not feasible for a large, population-based, epidemiological study of sleep in 

children. Other studies have shown that unattended studies are reliable for measuring 

RDI and have little first night effect.^' The sleep architecture data presented in 

Appendix 2 support the contention that sleep in TuCASA children is comparable to the 

"normar sleep architecture in children of this age. Even in population studies of OSAS 

in adults, a single night of polysomnography has been shown to be a reliable measure for 

epidemiological analysis."* In the limited number of participants we recorded in both lab 

and home en\ ironments. we obtained reasonably similar data, .\lthough v\e cannot infer 

that our home recordings were more representative of a child's sleep than recordings 

performed in a laboratory, they appear to be at least comparable. 

Future Directions 

The TuCASA study is rich with important data that will continue to clarify the 

natural history of sleep in children as well as e.\amine the determinants and correlates of 

SDB in this age group. By the end of the data collection period we should have sufficient 

sample size to model objectively determined RDI with multivariate linear regression to 

examine both objective and subjective predictors of OSA. This will clarify major 

questions in the diagnosis and treatment of OSAS in the child. 

The sleep research community would find it useful if we could validate a sleep 

screening questionnaire for children of English and Spanish speaking parents. There are 

limited surveys available for English speakers, and none for Spanish speaking parents. 
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Additionally, to examine reasons why differences in symptoms exist between Caucasian 

and Hispanic report of OSAS related symptoms, objective measures of learning 

problems, such as actual grades, should be obtained. TuCASA investigators hope to do 

this in the future. Measures of socio-economic status (SES). although difficult to obtain 

in this population, would allow us to statistically control tor this important factor in 

neurocognitive testing of children. 

It would also be useful to take a subset of TuCASA children and follow them 

longitudinally through puberty. Since most of the children in TuCASA were probabK 

pre-adolescent (Tanner staging was not feasible so it is possible that a few 10-11 year old 

children were in the early stages of puberty), we could examine physiological and 

anatomic differences in children with and without OSAS as they pass through 

adolescence. This would pro\ ide claritlcation of the natural histor> of sleep and sleep 

disordered breathing in this age group. 

.'\n important question is the morbidity associated with OSAS in terms of 

neurocognitive deficits. The TuCASA study has collected data showing e\ idence of 

some of these deficits, however, sample size does not yet permit a full analysis. A more 

thorough examination of the neurocognitive impact of OSAS should be possible soon as 

we increase the number of children enrolled in the study, including children with ADHD. 

This portion of the study should also help elucidate some of the differences between 

Caucasian and Hispanic children with OS.\S symptoms. 

Although a ver\ small number of children in TuC.ASA participated in the lab 

versus home substudy. it would be ver\ useful to the research community to do an 
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extensive study of this nature. To do epidemiological sleep research in children, it is 

essential to develop methods of obtaining polysomnographic data in an unattended 

environment. A lab versus home substudy could influence opinion on whether or not 

unattended polysomnography is a useful method not only for epidemiologists but also for 

clinicians as an alternative to lab based polysomnography or other limited methods of 

examining sleep, such as actigraphy or video monitoring. These same comments apply to 

the possibility of doing a more extensive night-to-night reproducibility study of home-

based polysomnography. While we did this study on onl\ 10 children, it would be 

important to do this reproducibility study in a greater number of children, with vars ing 

age. race, and gender groups. 

Finally, there are no population-based studies using unattended polysomnography 

that have examined the sleep patterns of children in this age group: studies have been 

conducted in sleep labs or with substitute methods of sleep recording. It would be 

valuable to analyze TuC.ASA data on our population-based sample of children and 

document the sleep patterns of children as they sleep in their natural environment. 
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Study Objectives: The Tucson Children's Assessment oi Sleep Apnea 

stuay iTuCASAl is designed to mvesiigaie the prevalence and correlates 

at ODiectiveiy measured sleep-disordered breaming ;n pre-adolescent cnil-

aren. This paper documents the methods and leasibiliiy ot attaining qual

ity unattended polysomnograms m the lirst "62 TuCASA children recruit-

ea. 

Design: A prospective cohort study pro|ected to enroll 500 children 

between 5 and 12 years ot age who will undergo unattended polysomnog

raphy. neurocognitive evaluation and physiological and anatomical mea

surements thought to be associated with sieep-disordered breathing 

Setting: Children are recruited through the Tucson Unified School District 

Polysomnograms and anthropometric measurements are completed m 

the Child's home. 

Participants: Of the 157 children enrolled m TuCASA. mere were 100 

Children i64'!c) between 5—8 years old and 57 children iSe^sl between 

the ages ot 9 lo 12. There were 74 (47°oi Hispanic children, and 68 i43'^q| 

female panicipants. 

interventions: H A 
Measurements & Results: Technically acceptable studies Aere obtained 

INTRODUCTION 

SLEEP-DISORDERED BRE.ATHING iSDBi INCLUDING 

OBSTRCCTIVE SLEEP .A.PNE.A SY.NDROME iOS,-\Si IS 

INCRE.-SLSINGLY RECOGNIZED .AS .AN IMPORT.ANT 

CAUSE OF .MORBIDITY IN CHILDREN Climc;il -.>1111)10111^ 

ot OS.AS in chilJren include sinjiini:, iiuciiirnai .iioubalb, ie%i-

lessiicbs liunna ileep, enuresis, daytime ^.leepine!.^, and livperac-

uvity.' • Evidence aiso iiiggeits that the adveiie etlectb ot tre-

quent nocturnal aroubals include beiiaviorai. learning, and per-

-Nonality pioblenii.^ ' While e^[lln.lIe.^ indic.iie 1h.1l the preva

lence ot'OS.AS lb appro.ximateiy 4Vi. in adult men and 2'/i 111 adult 

women.= no i.uge epidemiological iiiidy iiMing poly.oiimography 

hui been conducted 10 determine llie prevalence ot SDB in young 

children. 

Polysomnography in aduliM wiih OS.-\S commonly demoii-

atrates episodes ot' trunk apnea althougli there ih increasing 
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m 157 children (97%). The initial pass rate was 91%, which improved to 

97% when 9 children who failed on the lirsi night ol recording completed 

a second study which was acceptable. In 152 studies (97%), greater than 

5 hours ol interpretaole respiratory, electroencephalographic, and oxime

try signals were obtained The poorest signal quality was obtained from 

the chin eiectromyogram and from the combination thermister/nasal can

nula Parents reported that 54% of children slept as well as, or better than 

usual, while 40°'o reported that their child slept somewhat worse than 

usual Only 6°q were observed to sleep much worse than usual. Night-

to-night vanability in key polysomnographic parameters (n=i0) showed a 

high degree ot reproducibility on 2 different nights of study using identical 

proiocols in the same child In 5 children, polyscmnograms done in the 

home were comparable to those recorded in a sleep laboratory. 

Conclusions: The high quality of data collected in TuCASA demon

strates that multi-channel polysomnography data can be successfully 

obtained in children aged 5—12 years in an unattended setting under a 

research protocol. 

Key words: Sleep, polysomnography: children: obstructive sleep apnea: 

jleep-disoroereo breathing 

rccogniiion liiai liypopneas and episodes of elevation in iipper-

•iirway lebisuince are important as well'''" In contrast, 

polysomnography in children with OS,'\S frequently is charac-

ierii:ed by hypopneas aiul periods ot obstructive hypoventilation, 

wall I'rank apnea found less commonly.'-" Theretore. 

polysomnographic iiiomioring lechiiiques and criteria used to 

detliie the presence ot SDB developed tor adults are not neces-

s;irily applicable to children. Recent interest in childhood OSAS 

has led 10 .111 increase in ihe number of polysomnograms pcr-

foriiied 111 children However, normal values for indices of SDB 

seventy are not well defined, and it is unknown whether pro

posed abnormal values correlate with clinical outcomes. 

.Although one study in a small number of children proposed nor

mative laiiges lor apnea in children.similar guidelines tor 

hypopiiea and upper-aiiw;iy resistance events in children have 

not been clearly established. To determine the level of severity 

of SDB which correlates with abnormal clinical outcomes, 

polysomnograpliic lecordings are required from a laige number 

of children wiUi no clinical symptoms of OSAS and those with 

symptoms consistent with OSAS. It is quite expensive to study 

a large population of normal children with laboratory 

polysomnography due to the cost of laboratory time and the need 

to compensate families for their participation. Additionally, par-

ems and their young children without known sleep problems 

of ten hesitate 10 spend a night in the unfamiliar setting of a sleep 

laboratory (particularly school aged children). Therefore, there is 

a need to develop techniques 10 perform unattended home 

polysomnographic recordings in children to accurately determine 
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A3. Body of Paper 

ABSTRACT 

Study Objectives; The Tucson Children's Assessment of Sleep Apnea study (TuCASA) 

is designed to investigate the prevalence and correlates ofobjectiveh measured sleep 

disordered breathing in pre-adolescent children. This paper documents the methods and 

feasibility of attaining quality unattended polysomnograms in the first 162 TuCASA 

children recruited. 

Design: A prospective cohort study projected to enroll 500 children between 5 and 12 

years of age who will undergo unattended polysomnography, neurocognitive evaluation, 

and physiological and anatomical measurements thought to be associated with sleep 

disordered breathing. 

Setting: Children are recruited through the Tucson Unified School District. 

Polysomnograms and anthropometric measurements are completed in the child's home. 

Participants: Of the 157 children enrolled in TuC.ASA. there were 100 children (64%) 

between 5-8 years old and 57 children (36%) between the ages of 9 to 12. There were 74 

(47%) Hispanic children, and 68 (43%) female participants. 

Measurements & Results: Technically acceptable studies were obtained in 157 children 

(97%). The initial pass rate was 91%. which improved to 97% when 9 children who 

failed on the first night of recording completed a second study which was acceptable. In 

152 studies (97%). greater than 5 hours of interpretable respirator)-, 

electroencephalographic and oximetr> signals were obtained. The poorest signal quality 

was obtained from the chin electromyogram and from the combination thermister/nasal 
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cannula. Parents reported that 54% of children slept as well or better as usual, w hile 40% 

reported that their child slept somewhat worse than usual. Only 6% were observ ed to 

sleep much worse than usual. Night-to-night variability in key polysomnographic 

parameters (n=10) showed a high degree of reproducibility on 2 different nights of stud> 

using identical protocols in the same child. In 5 children, polysomnograms done in the 

home were comparable to those recorded in a sleep laboratory. 

Conclusions: The high quality of data collected in TuC.AS.-V demonstrates that multi

channel polysomnography data can be successfully obtained in children aged 5-12 years 

in an unattended setting under a research protocol. 

Keywords: sleep, polysomnography, children, obstructive sleep apnea, sleep disordered 

breathing 
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INTRODUCTION 

Sleep disordered-breathing (SDB) including obstructive sleep apnea syndrome 

(OSAS) is increasingly recognized as an important cause ot'morbidity in children. 

Clinical symptoms of OSAS in children include snoring, nocturnal arousals. restlessness 

during sleep, enuresis, davlime sleepiness and hyperactivit) .'"^ E\ idence also suggests 

that the adverse effects of frequent nocturnal arousals include behavioral, learning, and 

personality problems.'^"' While estimates indicate that the prevalence of OSAS is 

approximately 4% in adult men and 2% in adult women.'* no large epidemiological study 

using polysomnography has been conducted to determine the prevalence of SDB in 

young children. 

Polysomnograph\ in adults with OS.AS commonly demonstrates episodes of frank 

apnea although there is increasing recognition that hypopneas and episodes of ele\ ation 

in upper airway resistance are important as well.''"'' In contrast, polysomnography in 

children with OSAS frequently is characterized by hypopneas and periods of obstructiv e 

hypoventilation, with frank apnea found less commonly.'" Therefore. 

polysomnographic monitoring techniques and criteria used to define the presence of SDB 

developed for adults are not necessarily applicable to children. Recent interest in 

childhood OSAS has led to an increase in the number of poKsomnograms performed in 

children. However, normal values for indices of SDB severity are not well-defined, and it 

is unknown whether proposed abnormal \alues correlate w ith clinical outcomes. 

Although one study in a small number of children proposed normative ranges for apnea 

in children.'•* similar guidelines for hypopnea and upper airway resistance events in 
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children have not been clearly established. To determine the level of severity of SDB 

which correlates with abnormal clinical outcomes, polysomnographic recordings are 

required from a large number of children with no clinical symptoms of OSAS and those 

with symptoms consistent with OSAS. It is quite expensive to study a large population of 

normal children with laboratory poly somnography due to the cost of laboratory time and 

the need to compensate families for their participation. .Additionally, parents and their 

young children without known sleep problems often hesitate to spend a night in the 

unfamiliar setting of a sleep laboratory (particularly school aged children). Therefore, 

there is a need to develop techniques to perform unattended home polysomnographic 

recordings in children to accurately determine the prevalence of SDB in children and to 

correlate severity levels of SDB with abnormal clinical outcomes. 

The Tucson Children's Assessment of Sleep .Apnea study (TuCASA) is a 

prospective cohort study designed to determine the prevalence rate of objectively 

documented SDB in pre-adolescent children and to in\estigate its relationship to 

symptoms, performance on neurobehavioral measures, and phy siologic and anatomic risk 

factors. Up to 500 Caucasian and Hispanic children aged 5-12 years will undergo 

unattended polysomnography over the course of the four-year study. This report 

describes the methods used for obtaining and analyzing unattended home 

polysomnography data for the first 162 children enrolled in the TuCASA study. 
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METHODS 

Selection of Participants 

Hispanic and Caucasian children aged 5 to 12 years were recruited to participate 

in the TuCASA study by soliciting the cooperation of selected elementary schools in the 

Tucson Unified School District (TUSD). TUSD is a ver\' large district with an 

elementary school population representative of children living in Southern Arizona. To 

assure that an adequate mi.\ of Hispanic and Caucasian children were recruited, 

elementary school populations were pre-screened so that at least 25%. but no more than 

75% of children attending the school were of self-reported Hispanic ethnicity. .A short 

sleep habits questionnaire was sent home with children in a "notes home" folder. Parents 

were asked to complete the questions and provide some demographic information at a 

minimum, and to provide their contact information if they would allow study personnel to 

call them for screening. Incentives were provided to classrooms and schools in order to 

increase participation. The polysomnography testing protocol used in the TuCAS.A stud> 

was approved both by the Univ ersity of .Arizona Human Subjects and the TUSD 

Research Committees. 

Home Polysomnography 

An unattended home polysomnogram was scheduled as soon as possible after 

recruitment. A two-person, mixed gender team arrived at the home appro.ximately one 

hour prior to the child's normal bedtime. During the home visit, the following data were 

collected in addition to polysomnography: anthropometric measurements (height, weight, 

and neck circumference), a digital photograph of the oropharynx and tonsils, visual 
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oropharynx inspection, seated blood pressure, and a more extensive sleep habits 

questionnaire. A morning survey was completed by the caregiver the following morning. 

Polysomnograms were obtained using the Compumedics PS-2 system 

(Abbotsford. Victoria. Australia). This monitor was chosen because of its portability, 

capability to record a full polysomnographic montage, flexibility of software, and 

successful use during other studies of home based polysomnography. ' ̂  Prior to 

implementing the TuCASA protocol, a feasibility study of 10 children with similar 

characteristics to those being studied in TuCASA demonstrated that the Compumedics 

system could be satisfactorily used in children. The system consists of a patient interface 

box (PIB) containing amplifiers and filters to which electrodes and sensors are connected. 

The PIB is attached by cable to the data acquisition recorder which contains a 40MB 

PCMCIA card, a 15-hour rechargeable batterv'. and an oximeter. The PIB. loose 

electrode wires, and sensor cables are secured inside a loose fitting vest which is worn b\ 

the child over his or her pajamas. The vest is a variation of the Compumedics adult vest, 

with modifications made specifically for studies of young children. The system contains 

a liquid crystal display (LCD) for visualizing signals after hook-up. and an internal 

impedance meter to verify electrode attachments . 

Sensors were placed and the equipment was calibrated by technicians during the 

evening home visit. Gauze, tape, water-soluble pastes, and conductive gels were used to 

secure sensors and electrodes. The following signals were acquired as part of the 

TuCASA montage: C3/A2 and C4/A1 electroencephalogram (EEC), right and left 

electrooculogram (EOG). a bipolar submental electromyogram (EMG). thoracic and 



abdominal displacement (inductive plethysmography bands), airflow (nasal/oral 

thermister). nasal pressure cannula, oximetry (finger pulse oximeter. Nonin. Minneapolis. 

MN). ECG (single bipolar lead), snoring (microphone attached to the vest), body position 

(Hg gauge sensor), and ambient light (sensor attached to the vest to record on/oftl The 

nasal pressure cannula was employed in an attempt to capture subtle SDB events related 

to elevations in upper airv\ay resistance which otherwise might have been undetected. 

The thermister and nasal pressure signals were collected simultaneoush by taping a 

nasal/oral thermister (Protec. Woodinville. WA) on the superior surface of a nasal 

cannula (Salter Labs. Arvin. CA). 

All signals were verified using the LCD. and impedances were checked to insure 

that values were <5 kohms. A written verification form was used to annotate 

impedances. anN adverse environmental conditions, or any medical conditions requiring 

notification of a physician. The equipment was removed the following morning by a 

research technician or a parent. 

Data Handling 

Once the equipment was retrieved and cleaned, data stored in real time on a 

40MB PCMCIA flashcard was downloaded for review. A preliminar\ examination of 

the raw data determined if artifact free signals were present for sufficient duration to 

allow scoring of the polysomnogram. Studies with < 4 hours of oximetry, insufficient 

duration or quality of signal, or equipment malfunction during the night were marked as 

"failed". Raw data from passing studies were immediately backed up to Zip Disk^^' for 

storage, then transferred to a hard drive for scoring. Once scoring was completed, a 
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copy of the raw data and a copy of each hypnogram generated from different scoring 

passes was archived onto a CD-RW disk. As a courtesy to parents of those children 

participating, a brief summary of anthropometric measurements and sleep characteristics 

was sent to the family within 3 weeks of the home visit. 

Scoring 

The Compumedics software system was used to process all polysomnograms (W-

Series Replay, v 2.0. release 22). The scorer reviewed the record as shown on the 

computer monitor in three passes. During the first pass, sleep stages and arousals were 

marked manually on a 30 second, epoch by epoch basis. During the second pass, 

respirator)' signals were displayed in 2 or 5 minute epochs, and respirator} events were 

manually marked without visualizing the nasal pressure monitor. During the third pass, 

respiratory signals were displayed in 2 or 5 minute epochs, and respiratory events were 

manually marked using all respiratory' monitors including nasal pressure. 

Sleep stages were scored according to Rechtshaffen and Kales criteria.'^ .A.rousals were 

identified using criteria published by the .American .Academy of Sleep Medicine.' 

•Apneas were-scored if the amplitude (peak to trough) of the airfiow signal using the 

thermister decreased below at least 25% of the amplitude of "baseline" breathing 

(identified during a period of regular breathing with stable oxygen levels), if this change 

lasted for > 6 seconds or 2 breath cycles. Hypopneas were designated if the amplitude of 

any respiratory signal decreased below (approximately) 70% of the amplitude of 

"baseline" and if the thermister signal did not meet the criterion for apnea. If the 

thermister signal was not scorable. then the event was scored as a hypopnea. Upper 



Airway Events were identified if criteria for apnea/hypopnea were not met. but there was 

f u 
flattening of the contour of the nasal pressure signal lasting for > 6 s or 2 breaths. 

"Central" events were marked if no displacement was noted on both the chest and 

abdominal inductance channels. Otherwise, events were scored as "obstructive". 

After full scoring, analysis software was used to link each event to data from the 

oxygen saturation and EEG channels. This allowed characterization of events according 

to differing degrees of associated desaturations and arousais. or various combinations of 

these measures. In this manner, the Respiratory Disturbance Index (RDI) was defined as 

the number of respiratory events (apneas and hypopneas) per hour of the total sleep time. 

The Sleep Disordered Breathing index (SDBl) was defined as the number of apneas, 

hypopneas and upper airway events per hour of total sleep time. Compumedics softvs are 

calculated these indices separately for REM and NREM sleep, and for different bod\ 

positions. Summary measures of desaturation. sleep stages, arousal frequencies, and 

heart rate variation also were computed. 

The scorer assigned an overall quality grade of excellent (at least one EEG 

channel, one EOG channel, chin EMG. oximetry, airflow, thoracic, and abdominal bands 

good for >5 hours), good (at least 2 respiratory channels [airflow, thoracic or abdominal 

bands), oximetry, and one EEG good for >5 hours), or fciir (respiratory channels [airflow 

or either band), oximetry, and one EEG were good for >4 hours but < 5 hours). To 

receive the passing grade of fair, the EEG signal must have been of sufficient quality to 

determine sleep from wake. Any other problems with scoring that could affect reliability 

were annotated, as well as potential medical alerts such as heart rate > 150 or < 30 beats 



56 

per minute for longer than 2 minutes. O2 saturation < 75% for > 10% of total sleep time, 

or RDl > 25. 

All studies were scored by a single registered polysomnographic technologist who 

was required to demonstrate a complete understanding of the study's scoring rules and to 

articulate reasons for assigning epoch by epoch codes for sleep and respirator)' scoring. 

This was judged by a rev iew of records with one of the investigators. Subsequently, the 

scorer periodically reviewed selected records with one of the investigators. Studies 

posing difficulties in scoring or interesting problems were reviewed by the scorer and 

other investigators during quality assurance meetings. 

Appro.ximately 5% of studies were re-scored by the same scorer on a blinded 

basis to determine consistency in scoring. No systematic differences were observed 

between initial and re-scored studies. Comparison of some key parameters on blind 

studies scored using the nasal thermister (RDI. total sleep time, and sleep efficiency) 

were highly correlated (p<.01). Similar results were found in studies scored with the 

addition of the nasal pressure cannula. .Also. 12 children were asked to complete a second 

night of unattended polysomnography under conditions similar to the first recording in 

order to validate the reproducibility of major polysomnographic outcomes. A 

representative range of children were selected with respect to age. gender, and ethnicity. 

Children were only selected if the overall quality of the first PSG was excellent (n=10) or 

good (n=2). and both thermister and nasal pressure signals were of quality sufficient to 

score respiratorv events. 
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To compare the quality of TuCASA polysomnograms to those performed in a 

sleep laboratory, a small study was conducted with a sample of 5 children who had both a 

polysomnogram recorded at home and one recorded at the University of Arizona Sleep 

Disorders Center. Four children were selected from the TuCASA cohort to have a repeat 

study in the sleep laboratorv' within appro.ximately 7 weeks of their home 

polysomnogram. Children were selected for laboratory polysomnography if their home 

study was of excellent quality and the parent agreed to spend the night in the lab. One 

child was not a member of the TuC.ASA cohort, but had undergone a polysomnogram in 

the sleep laboratory for the diagnosis of sleep apnea. This child was studied in the home 7 

weeks after the laborator\' polysomnogram. Studies acquired in the sleep laboratory used 

a Grass Heritage^'*'' digital acquisition system (Astro-Med. Warwick. Rl) but the same 

montage as that employed in the home polysomnograms. These lab studies were scored 

using the same criteria as those performed in the home. 

Statistical analysis was performed using STATA 6.0 for Windows (STAT A 

Corporation. College Station. TX). Appropriate non-parametric methods were used to 

compare the distributions of ke\ sleep parameters in the night-to-night and lab versus 

home studies due to small sample sizes of 10 and 5 respectively. Spearman rank 

correlation was used to compare variables for the blinded scoring studies. The Wilcoxon 

sign rank test was used to compare the median RDI in samples scored with thermister 

versus nasal pressure due to skewness in the distribution of RDI. The Bland-Altman 

procedure was used to visually compare the difference in means for the night-to-night 

variability study. 
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RESULTS 

Baseline Characteristics 

The baseline characteristics of the 157 children enrolled in TuCASA are shown in 

Table 1. There were 100 children (64%) between 5-8 years old and 57 children (36%) 

between the ages of 9 to 12. The Hispanic population was well represented with 74 

children (47%). There were 68 female participants (43%) and 89 males (57%). A 

snoring prevalence of 34% (n=53) was found in this sample, and 30% (n=47) of parents 

reported their child had daytime sleepiness of occasionally to almost always. Using the 

standardized data for body mass inde.x reported by Rosner et al26 children (17%) 

exceeded the 95"^ percentile of BMI for gender, ethnicity, and age. and were classified as 

obese. 

Feasibility' 

Between February 2000 and March 2001. 162 children underwent unattended 

home polysomnography. Sufficient sleep data was collected on 147 subjects, for an 

initial failure rate of 9% (n=15). Six of these 15 failures were due to oximetry < 4 hours 

(the oximeter became wet or detached from the finger). 5 were due to equipment failure 

(such as a disconnected cable or batter\' failure), and on 4 occasions the child or parent 

removed the monitor prior to completion of at least 4 hours of sleep (child refused to 

sleep with equipment). Of the initial failures. 9 out of 10 children had a successful 

second study with the only failure due to oximetr\ <4 hours. This subject had a third 

study completed, which was successful. The overall number of successful sleep studies 

was 157 out of 162 children attempted, for an overall failure rate of 3%. 
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Table 1. Baseline Characteristics 

Male (n=89) Female (n=68) Total (n=157) 

Age (years) 5 - 8  62 (40%) 38 (24%) 100(64%) 
9- 12 27(17%) 30(19%) 57 (36%) 

Ethnicity Cau 43 (27%) 40 (26%) 83 (53%) 
Hisp 46(29%) 28(18%) 74 (47%) 

BMI > 95% Yes 18(12%) 8 (5%) 26(17%) 
No 71 (45%) 60 (38%) 131 (83%) 

Snore* Yes 29(19%) 24(15%) 53 (34%) 
No 60 (38%) 44 (28%) 104 (66%) 

EDSt Yes 25(16%) 22(14%) 47 (30%) 
No 64(41%) 46 (29%) 110(70%) 

BMI=Body Mass Index ika/mi EDS=E.\cessivc Daytime Sleepiness C"au=Caucasian Hisp=llispanic 

Response by parent lo "Kou often does your child snore loudly '""* and Ms your child sleepy durms the daytime''""+ was 

occasionally, trequentlx. or almost always 
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Study Quality and Recording Times 

Study quality grades and length of scorable signal for the 157 studies are shown in 

Table 2. Overall, there were 61% (n=95) studies o'L excellent quality. 36% (n=57) studies 

of quality and 3% (n=5) of these studies were oifair quality. The highest quality 

signals were found on respiratory bands and EOG. and the lowest quality signals were 

found on chin EMG and airflow channels. There were no trends in signal quality over 

the course of data collection. The mean recording time was 569 minutes (range 324 -

740). with a mean sleep period of 512 minutes (range 301 - 662.5). and mean sleep 

efficiency of 89.4% (range 72.8% - 97.2%). 

Participant Burden 

A short questionnaire completed by parents on the morning after the sleep study 

ascertained that 54% of subjects slept as well as or heiter than usual. 40% of ihe parents 

said that their child slept somewhat worse than usual, and 6% slept much worse than 

usual. The thermister/nasal cannula combination was the sensor which received the most 

complaint of discomfort with 34% of parents reporting that their child had a moderate to 

a great deal of discomfort (Table 3). Other sensors which caused at least moderate 

discomfort were the EOG electrodes (28%) and the EEG electrodes (17%). The 

respirator)' bands, vest, and oximeter received ver> few discomfort complaints. Of all 

subjects. 24% (n=37) of parents reported that their child had difficulty falling asleep on 

the night of the study. 
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Table 2. Quality of Polysomnography 

Hours of Scorable Signal Mostly Free of Artifact (%) 

Hours Scorable >4 but >2 but 
Signal (moan. SD) >6 hours < 6 hours < 4 hours 

r
i V

 

Abdominal Band 8.6 (1.3) 97% 3% 0% 1% 

Chest Band 8.6 (1.6) 94% 3% 1% 1% 

EOG 8.4 (1.5) 92% 6% 1% 1% 

Oximeter 8.3 (1.5) 92% 7'''o 1% 0% 

ECG 8.3 (1.5) 92% 7% 1% 0% 

EEG 8.1 (2.2) 89% 5% 3% 4% 

Chin EMG 7.7 (2.8) 84% 4% 3% 9% 

Thermister 6.1 (2.7) 59% 17% 16% 8% 

Nasal Cannula 5.6 (3.0) 52% 18% 15% 15% 



Table 3. Equipment Discomfort 

None Ver> Little Moderate A great deal 

Vest 60% 30% 7% 3% 
Oximeter 59% 27% 10% 4% 
Respiratory Bands 56% 29% 11% 4% 
ECG 53% 30% 15% 2% 
EEG 53% 31% 14% 2% 
EOG 42% 30% 21% 7% 
Thermister/Cannula 35% 31% 17% 17% 
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Respiratory Disturbance Index 

The distribution of RDI calculated from events scored without visualization of the 

nasal pressure signal is skewed towards lower RDI values (Table 4). Most events were 

hypopneic. and little oxygen desaturation was noted in most participants. The overall 

mean RDI value was 6.6 with a standard deviation of 6.6 and a range from 0.6 to 72.4 

events per hour (this high value was confirmed by laboraiorx polysomnography). .-Vn 

RDI of > 10 was found in 12.7% (n=20) ofchildren. 

The third pass of polysomnogram scoring included nasal pressure in conjunction 

with other respiratory signals to detect more subtle changes in upper airway resistance. 

In general, more events were detected when using the nasal pressure signal. Out of 157 

children studied. 66% (n=103) had a nasal pressure signal of sufficient duration and 

quality to assist in scoring. Using this signal, the mean overall RDI increased to 7.8 with 

a standard deviation of 6.9 and range of 2 to 69.2 (p<.001 vs RDI without nasal pressure 

cannula). .A.n RDI > 10 now was found in 18% (n=18) ofchildren. 

Night to Niglit Variabilit> 

Of the 12 children who were asked to undergo a second night of 

polysomnography. 1 of the studies failed due to equipment malfunction (main cable 

disconnect), and I study failed because there was less than 4 hours of oximetr> (loose 

oximeter). Of the 10 remaining studies. 6 were of excellent quality. 3 were of good 

quality, and 1 was fair. The mean time between the two recordings was 23.8 days, with a 

range of 7 to 50 days. Sufficient nasal pressure signal to accurately score upper airway 

events was available in 8 of the 10 studies. 
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The RDI calculated without use of the nasal pressure signal was not statistically 

significantly different between the two studies (p>.79). The mean RDI for the first study 

was 4.4 ± 1.6 (SD); for the second study the mean RDI was 4.3 - 1.8. Total mean sleep 

time was 530 + 69 and 507 + 76 minutes respectively (p>.65). Sleep eftlciency was 90°o 

on the first night of study and 89% on the second night (p>.51). Using RDI as the 

comparison measure between the two nights of study, a Bland Altman plot (Figure 1) 

shows good agreement between the two separate nights of study with a mean difference 

of 1.16. Similar analyses using the RDI calculated with the nasal pressure signal showed 

no significant difference between the first and second nights of study (p>.62). 

Comparison to Laboratory Polysomnography 

In the five children who were asked to complete a po[\ somnogram in the 

University of Arizona Sleep Disorders Center, one child had the clinical study done first 

and four children completed the home study first. In these 5 children, there was no 

statistically significant difference in RDI between the two methods (p>.13). The sleep 

architecture between the lab and home studies showed consistently similar results in these 

children. 



Table 4. Distribution of RDI 

RDI N Mean SD % 

0-4.9 65 2.87 .81 41.4 
5-9.9 72 5.35 .83 45.9 
10- 14.9 14 8.06 .85 8.9 
15 - 19.9 4 11.07 1.35 2.5 
>20 -> 29.52 22.04 1.3 

RDI = number ofrespiraior> events (apneas and hvpopneas) per hour of the total sleep time 
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Figure 1. Bland and Altman Plot for Night-to-Night Variability 
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DISCUSSION 

The TuCASA study demonstrates that high quality unattended multi-channel 

polysomnography can be performed on children aged 5-12 years in a research protocol 

with a high rate of success. Moreover, parental assessment indicates that the monitoring 

equipment had only a small effect on sleep quality in the majority of children studied. 

Although addition of a nasal pressure cannula identified a slightly greater number of SDB 

events, it was associated with a higher failure rate. Repeat studies showed little night to 

night variability. Furthermore, unattended polysomnography using this protocol 

compared favorably to attended studies in a sleep laboratory'. 

In TuCASA. we performed unattended polysomnography in the home and 

acquired high quality sleep data in children with a >90% success rate. There have been 

several previous reports of home sleep recordings in children, however, none have used 

full polysomnography."' " Most of these studies have monitored a limited number of 

respiratory channels using a v ariet\ of sensors to record airtlow. thoracic and abdominal 

movement, and o.vygen saturation. To better define sleep. \ ideo camera monitoring in 

conjunction with partial polysomnography has also been proposed."^ Although SDB can 

be assessed with a reasonable degree of certainty with such methods, accurate 

measurement of the amount and quality of sleep is not possible. The full neurocognitive 

impact of SDB in children may require an assessment of the quantity and quality of sleep, 

especially in those without severe disease. Such recordings can be obtained in a sleep 

laboratory with attended polysomnography. howev er, the cost of recording a large 

number of children would be quite e.\pensive. and the burden on families could be 
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significant. Therefore, for clinical research, the capability to perform full unattended 

polysomnography in the home is essential to understand the neurocognitive impact of 

SDB in children. 

We found that the polysomnogram montage used in our study has only a modest 

impact on parental assessment of sleep quality. The majority of children slept as well or 

better than usual and only a small number slept poorly. The primary sensor causing 

discomfort was the combination thermister/cannula. which consists of a pediatric o.vygen 

nasal cannula with a three-pronged thermister laying on its top surface. This finding is 

consistent with our obser\ ation that both airflow sensors also had the highest rates of 

signal duration less than 4 hours. The level of participant burden in TuC.A.SA children is 

very similar to that found in the Sleep Heart Health Study (a large cohort stud\ using 

unattended polysomnography in over 6.000 adults), with 30% of those adults ha\ ing a 

moderate to great deal of discomfort caused by the thermister alone.'" 

When using nasal pressure to assist in the identification of hypopneas. we 

observed a higher RDl (or SDBI) than with only the thermister as an airflow signal. In 

adults, recording of nasal pressure has been advocated as a method of detecting subtle 

periodic elevations in upper airway resistance that is less in\ asive than esophageal 

manometry.""* These events frequently are associated w ith microarousals from sleep and 

may have the same clinical impact as frank hypopneas and apneas."" Unfortunately, the 

nasal pressure signal had an even higher failure rate than the thermister. The explanation 

for this finding is unclear. However, because both sensors tend to cause some irritation in 

many of the children, we believe that the children tend to inadvertently manipulate them 
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after the sleep recording has started. We speculate that the signal derived from the nasal 

pressure cannula is more position sensitive than the signal from the thermister resulting in 

greater signal loss when inadvertently moved. Thus, our data suggest that the nasal 

pressure cannula should not be used bv itself as a marker of airflow during unattended 

polysomnography in children. .Additionally, it is uncertain whether unattended 

polysomnography would be feasible in the pre-school age group as signal quality 

decreased in the younger children in our study. 

In a limited sample of children, we found that the results from a second 

unattended.polysomnogram were comparable to the first night of recording. There have 

been several studies of night-to-night variability in adults performed using laboratory 

polysomnography."''"" In general, the RDI on one night is comparable to another. 

although variability may be slightly greater when the RDI is low."'' No studies of night 

to night variability have been performed using unattended polysomnography in children. 

However, our findings are comparable to a larger study performed in adults as part of the 

Sleep Heart Health Study in which night to night variation also was small. 

A potential problem of laboratory polysomnography in young children is the 

inability to sleep well in an unfamiliar environment, surrounded by strangers and 

monitoring equipment. By recording sleep in the familiar home setting, children should 

be less apprehensive and have a more normal night of sleep. We did not perform an 

extensive comparison of home to laboratory polysomnography. Nonetheless, in the 

limited number of participants we recorded in both environments, we obtained reasonably 

similar data. Although we cannot infer that our home recordings were more 
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representative of a child's sleep than recordings performed in a laboratorv'. they appear to 

be at least comparable. 

A potential limitation of our findings is the exclusion of end-tidal PCO^or 

TcPCO: as part of our TuCASA recording montage. Use of end-tidal PCO2 or TcPCO: 

has been recommended in children for detecting obstructive hypoventilation. 

Unfortunately, it is not feasible to perform either end-tidal PC02or TcPCO: 

measurements in the home environment. However, subtle changes in tlow limitation 

indicative of increased upper airway resistance can be identified b\ the use of pressure 

changes measured with a nasal cannula.'" "" We believe that it is possible to identify 

episodes of obstructive hypoventilation using this signal, although we have no 

confirmatory data. Furthermore, it is likely that episodes of hypoventilation become less 

prevalent in older preadolescents. which comprise 35% of our cohort. 

In conclusion, the TuCASA study has demonstrated the feasibility of collecting 

high quality unattended multi-channel polysomnography in children ages 5 to 12 years. 

Participant burden has been acceptable in the majority of children and has had only a 

modest effect on subjective sleep quality. Therefore, the polysomnographic recording 

techniques that we have outlined should prove useful in our current and other future 

epidemiological studies of sleep in children. 
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Bl. Body of Paper 

ABSTRACT 

Study Objectives: The Tucson Children's Assessment of Sleep Apnea study (TuCASA) 

is designed to investigate the prevalence and correlates of objectively measured sleep 

disordered breathing (SDB) in pre-adolescent children. This paper describes the parental 

report of sleep symptoms associated with SDB in Hispanic and Caucasian children. 

Design: A 13-question sleep habits screening questionnaire designed to assess the 

severity of sleep related symptoms associated with SDB in children 4-11 years of age. 

Setting: Questionnaires are completed by the parents of children attending elementar\ 

school in the Tucson Unified School District. 

Participants: There were 1494 questionnaires returned which comprised a sample of 

38% Caucasians. 45% Hispanic, and 17% other races. Of these. 1214 questionnaires 

were returned for children of Caucasian (45.8%. n=556) or Hispanic (54.2. n=658) 

ethnicity only. The primarv analysis was completed on these 613 (50.5%) boys and 601 

(49.5%) girls. 

Results: In the total sample of 1494. parents were more likely to report e.xcessive 

daytime sleepiness (EDS) in female children than male children (p<.01). however, this 

association was attenuated in the sample of only Caucasian and Hispanic children 

(p<.07). Composite variables for EDS and witnessed apnea (WITAP) show that parents 

of Hispanic children were more likely to report EDS (p<.01) and WITAP (p<.007). 

Hispanic children were also more likely to have learning problems (LP) (p<.03) and to 

snore frequently (SN) (p<.02) than Caucasian children. There were no significant 
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differences between males and females for frequent snoring or for witnessed apnea. 

Hispanic males were more likely to have a reports of EDS (p<.02) and LP (p<.04) than 

Caucasian males, however, there were no other significant differences in gender or 

ethnicity report of EDS or LP within Caucasian or Hispanic males and females. Those 

children with frequent LP were significantly more likely to have SN (p<.001). EDS 

(p<.001). and WITAP (p<.001). A logistic regression model predicting LP resulted in 

significant adjusted odds ratios of 2.4 for SN, 2.5 for EDS. and 2.1 for children ages 8-11 

years. A similar model for EDS resulted in significant adjusted odds ratios of 3.2 for SN. 

5.7 for WITAP. and 1.6 for female gender. Ethnicity was not significant in either model. 

Conclusions: Hispanic children in the population-based TuCASA study e.xperience 

more frequent symptoms associated with sleep disordered breathing than Caucasian 

children, such as SN. EDS. WITAP. and LP. Children with LP are 2.4 times more like 

likely to have SN. 2.5 times more likely to have EDS. and were 2.1 times more likely to 

be between the ages of 8 and 11 years. Children with EDS were 3.2 times more likely to 

have SN. 5.7 times more likely to have WITAP. and were 1.6 times more likely to be 

female. 

Keywords: sleep, children, sleep disordered breathing, sleep apnea. EDS. witnessed 

apnea, Hispanic. Caucasian 



79 

INTRODUCTION 

There is increasing recognition that sleep disturbances and snoring are important 

factors in childhood development. Sleep disordered-breathing (SDB) including 

obstructive sleep apnea syndrome (OSAS) is acknowledged as an important cause of 

morbidity in children. Clinical symptoms of OSAS in children include daytime 

sleepiness, snoring, restlessness during sleep, hyperactivity, nocturnal arousals. and 

enuresis.Evidence also suggests that the adverse effects of frequent nighttime 

arousals include learning, behavioral, and personality problems.""^ A recent review of 

evidence has shown an almost threefold increase in behavior and neurocognitive 

abnormalities in children with SDB.^ 

Snoring in children has been associated with daytime sleepiness, restless sleep, 

and hyperactivity, and is an indicator for the presence of OSA.*^"'' Despite the fact that no 

definitive epidemiological study to determine the prevalence of OS A in children has been 

done, estimates range from 1% to 3%.'"" This would place an estimated 320.000 of 

the 32 million children between 6-11 years old in the United States at risk for adverse 

health consequences due to OSA."' 

Excessive daytime sleepiness (EDS) occurs less frequently in children with OSAS 

than in adults with OSAS. " This may occur because children with OSAS are less 

prone than adults to develop sleep fragmentation.'^ In addition. EDS in children tends 

to occur mostly among those who are more obese or have severe OSAS.'' Cross-sectional 

studies have reported excessive daytime sleepiness ranging from 8%-62% of children 
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with OSAS."*" thus, estimates of the prevalence of EDS in children at risk for OSAS 

vary substantially. 

The American Thoracic Society has recently stated that the assessment of OSAS 

in children is important work that needs to be extended to include a larger number of 

children from different risk groups."' "" A recent study showed an increased risk of 

OSAS for African American children.'^ however, no studies have been performed to 

examine the risk of OSAS for Hispanic children. The year 2000 United States census 

shows that the Hispanic population increased 50% from 1990 to 2000. with Hispanics 

accounting for 12.5% of the U.S. population."^ An estimated 4 million Hispanic children 

from 6-11 years of age currently live in the U.S.,""* therefore, estimates of the prevalence 

of symptoms associated with OSAS in Hispanic children are becoming essential. Many 

reports of sleep symptoms indicative of OSAS occur in clinical or small samples, 

therefore, it would be useful to determine the prevalence of these conditions in a 

population-based sample of children and to assess whether there are differences between 

Hispanic and Caucasian children. 

The Tucson Children's Assessment of Sleep Apnea study (TuCASA) is a 

prospective cohort study designed to determine the prevalence of objectively documented 

SDB in pre-adolescent children and to investigate its relationship to symptoms, 

performance on neurobehavioral measures, and physiologic and anatomic risk factors. 

This report describes the prevalence of reported symptoms associated with sleep 

disordered breathing in Hispanic and Caucasian children obtained while screening 

children for home polysomnography in the TuCASA study. 
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METHODS 

The design of the TuCASA study specified recruitment of Hispanic and 

Caucasian children aged 6 through 11 years to undergo unattended home 

polysomnography, complete a pediatric sleep habits questionnaire, and perform a 

neurocognitive assessment."' Recruitment was accomplished by soliciting the 

cooperation of selected elementary schools in the Tucson Unified School District 

(TUSD). TUSD is a very large district with an elementary school population 

representative of children living in Southern Arizona. To ensure that an adequate number 

of Hispanic children were surveyed and recruited for polysomnography, elementary 

schools were contacted whose populations had a larger proportion of Hispanic than 

Caucasian children. The population of schools recruited was 33.7% Caucasian versus 

52.5% Hispanic to achieve appro.ximately equal participation of Hispanic and Caucasian 

children. 

Typically, a short sleep habits screening questionnaire was sent home with 

children in a 'notes home" folder. Parents were asked to complete the questions and to 

provide their contact information if they would allow study personnel to call and 

schedule a polysomnogram for their child. Because we sent questionnaires home to all 

children attending a school targeted for recruitment, some questionnaires (n=292. 19%) 

were received from schoolchildren who were below the 6-year old recruitment window 

for polysomnography. However, these questionnaires were accepted and included in this 

analysis since we kept all questionnaires from children who would have the potential to 

complete polysomnography before the end of data collection. In order to maximize 
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parent participation, a letter of endorsement from the principal of the school was included 

with the screening questionnaire. Incentives such as pizza parties were provided to 

classrooms which returned the highest number of screening questionnaires. Additionally, 

an honorarium based on the percentage of questionnaires returned was given to the 

school in order to encourage ma.\imum response from all students. 

The screening questionnaire is a one-page. English/Spanish survey designed to 

assess the severity of sleep related symptoms in addition to requesting demographic 

information such as ethnicity, age. and gender. The survey was forward and backward 

translated into Spanish then pilot tested prior to implementation for Spanish speaking 

parents. Parents were asked to answer 13 questions pertaining to their child's sleep 

habits. Questions such as "How often does your child snore loudly?". "Is your child 

sleepy during the daytime?", and "Does your child stop breathing during sleep?" were 

evaluated by the parent on the scale of "Never". "Rarely". "Occasionally". "Frequently". 

"Almost .Always" or "Don"t Know". Parents were encouraged to answer the 13 questions 

and return the survey even if they wished to provide little or no other demographic 

information. The complete list of survey questions is provided in Appendi.x I. 

Composite variables were created based on a combination of some of the surv ey 

items. Subjects were classified as having EDS if the parent reported that their child was 

sleepy in the daytime, fell asleep while watching TV or in school "frequently' or more. 

Witnessed apnea (WITAP) was present if the parent reported that their child stopped or 

struggled to breathe, their child"s lips turned blue, or they shook their child because they 

were worried about their child's breathing during sleep "frequently" or more. Snoring 
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(SN) was present if parents reported their child snored loudly "frequently" or "almost 

always". The child was classified as having learning problems (LP) if the parent reported 

this "frequently" or more. 

Statistical analysis was done using SPSS 11.0 for Windows (SPSS*^. Inc: 

Chicago. IL, 2001). Comparisons of proportions were based on contingency cables. 

Statistical significance (p < .05) was determined using the Pearson chi-square test. 

Logistic regression was used to model those variables found to be significant during an 

explorator\ bivariate analysis. Cronbach's alpha was used to model the internal 

consistency of the screening survey for reliability analysis. 

RESULTS 

Out of 4880 screening questionnaires sent home, a total of 1494 were returned for 

a response rate of 30.6%. The return rate was similar for boys and girls (49.7% and 

49.4%). and was higher for Hispanics than Caucasians (45.4% and 38.1%. respectively). 

Other ethnicities comprised 16.6% (n=247) of the surveys. As shown in Table 1. from a 

sample of 1481 reporting gender and race, the prevalence of SN was 10.5%. The 

percentage of parents reporting EDS and WITAP in their children was 8.1% and 3.8% 

respectively. Parents of girls were more likely to report EDS (9.9% to 6.3%. p<.01). 

However, the prevalence of reported SN, WITAP and LP did not differ between boys and 

girls. 

A date of birth was reported on 1416 of the 1494 returned questionnaires. There 

were 763 (53.9%) children between 4 and 7 years of age and 653 (46.1%) between 8 and 

11 years. No significant differences were found between age categories for SN (10.7% 
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vs 10.4%. p>.05). EDS (8.5% vs 7.7%. p>.05). or WITAP (3.3% vs 3.8%. p>.05). 

However, the prevalence of LP in 8-11 year old children was higher than that observed in 

4-7 year olds (7.2% vs. 3.8%. p<.01). Further analysis showed that this effect was more 

evident among older girls (8-11 years: 6.3% vs. 4-7 years: 2.5%. p=.02) than in older 

boys (8-11 years: 8.1% vs 4-7 years: 5.0%. p=.I2). 

Out of the 1494 surveys. 1247 reported Caucasian or Hispanic ethnicity (83.4%). 

We restricted further analyses to this sample due to the small number of children with 

other ethnicities in Tucson elementary schools and because the primary focus of the 

TuCASA study is SDB in Hispanic and Caucasian children. Table 1 shows the reported 

prevalence of symptoms for Hispanic and Caucasian children as well as gender 

differences. Parents of Hispanic children were more likely to report SN than Caucasians 

(11.4% to 7.4%. p<.02) as well as EDS (9.6% to 5.8%. p<.01) and WITAP (4.7% to 

1.9%. p<.007). Hispanic children were also more likely to have LP than Caucasian 

children (6.5% to 3.7%, p<.03). This observation was a result of more LP in Hispanic 

boys in comparison to Caucasian boys (8.2% vs 4.0%. p<.03). No difference was found 

in LP between Hispanic and Caucasian girls. 

An examination of the sleep habits screening questiormaire was undertaken to see 

if the increased symptoms reported by Hispanic parents could be due to translation 

anomalies. Hispanic parents had the option of completing the questionnaire in either 

English or Spanish. Questions completed by parents of Hispanic children were analyzed 

to see if these differences were dependent upon the language version of the questionnaire 

that was completed. For all composite variables, there were no statistically significant 
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Table 1. Prevalence of symptoms reported frequently or more on the TuCASA 
sleep habits screening questionnaire 

Gender Ethnicity 

Boys Girls Total Caucasian Hispanic Total 
(n=743) (n=738) (n=1481) (n=556) (n=658) (n=1214) 

SN 11.6 9.3 10.5 7.4 11.4* 9.5 
LP 5.4 4.2 4.8 3.7 6.5* 5.2 
EDS 6.3 9.9* 8.1 5.8 9.6* 7.9 
WITAP 3.5 4.1 3.8 1 1.9 4.7* 3.4 

•/7<0 05 

Responded "Frequently" or "Almost Alwa>s" to questions on Appendix I 

EDS = Composite ot" questions 10. II.and 12. VVITAP = Composite of questions I.2.3.and4 

Lmprob = question 13; SN = question 6 in Appendix I 
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differences in Hispanic reports regardless of whether using the English or Spanish 

translations. On each individual question used to comprise the composite variables, there 

were also no statistically significant differences for those reporting frequent or more 

symptoms. The only question used in this report which had a statistically significant 

difference between questionnaire versions within those reporting Hispanic ethnicity was 

"How often does your child snore loudly". Hispanic parents completing the 

questionnaire in Spanish (n=333) were more likely to report that their child snored loudly 

than Hispanic parents completing the questionnaire in English (13.8% vs 9.0%. p<.05). 

Finally, the internal consistency of the questionnaire was found to be satisfactory with a 

Cronbach's alpha of .768; a level which remained similar regardless of whether the 

questionnaire was completed in Spanish or English, or whether by Caucasian or Hispanic 

parents. 

In addition to its higher prevalence in Hispanics and in older children. LP were 

significantly associated with SN. EDS and WITAP (Figure 1). However, there was no 

overall relationship between LP and gender. As shown in Table 2. additional stratified 

analyses were conducted to further explore the association of LP with SN. EDS and 

WITAP as a function of ethnicity and gender. LP remained associated with these 

symptoms across ethnicity and gender categories although in a few cases, statistical 

significance was not quite achieved. 
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Table 2. Relationship of learning problems to symptoms associated with sleep apnea 
according to ethnicity and gender (n=1214) 

Learning Problems 
Ethnicity Gender 

Caucasian (n=556) Hispanic (n=658) Boys(n= =613) Girls (n= =601) 

LP Ratio % Ratio % Ratio % Ratio % 

SN Yes 5/41 12.2* 11/76 14.5* 10/69 14.5* 6/48 12.5* 
No 16/515 3.1 33/582 5.7 29/544 5.3 20/553 3.6 

EDS Yes 3/33 9.1 11/63 17.5* 7/40 17.5* 7/56 12.5* 
No 18/523 3.4 33/595 5.5 32/573 5.6 19/545 3.5 

WITAP Yes 2/11 18.2* 6/30 20.0* 2/18 11.1 6/23 26.1* 
No 19/545 3.5 38/628 6.1 37/595 6.2 20/578 3.5 

Responded "Frcquentlv" or ""Almost Always" to questions on Appendix i 
EDS = Composite of questions 10. II. and 12; WIT.-\P = Composite of questions I. 2. 3. and 4 

Lmprob = question 13; SN = question 6 in Appendix I 

•p< 05 between LP and no LP 
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Figure 1. Associations between LP and SN, EDS, WITAP, Gender, and Race 
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The prevalence rates of EDS as a function of SN. WITAP. gender and age are 

shown in Figure 2. In addition to a greater prevalence in Hispanics. EDS was more 

common in those children with SN and WITAP. In this analysis which was restricted to 

only Caucasians and Hispanics. EDS also was more common in girls (9.3% vs 6.5%) 

although statistical significance was not achieved (p=.07). Thus, it is consistent with the 

same analysis done in the sample of children with all ethnicities (i7c/t? supra). No 

differences were noted between older and younger children. 

SN was highly associated with WITAP (17.9 vs 1.8. p<.001). However, there 

were no significant differences in SN between boys and girls or between older and 

younger children. 

Logistic regression was used to model LP with those variables found to be 

associated in the exploratory bivariate analysis (p<.10). The adjusted odds ratio for SN 

was 2.4 (p<.02. 95% CI [1.2.4.70]). for EDS was 2.5 (p<.OI. 95% CI [1.2. 5.0]). and age 

8-11 years was 2.1 (p<.01. 95% CI [1.2-3.5]). However. WITAP and ethnicity were not 

significant in this model. .A similar model was constructed to predict EDS. which 

showed adjusted odds ratios for SN of 3.2 (p<.001. 95% CI (1.8. 5.5)). for WITAP of 5.7 

(p<.001. 95% CI (2.8. 11.7)) and for female gender of 1.6 (p<.04. 95% CI (I.OI. 2.45). 

Similar to the model constructed for LP. ethnicity was not significant. 

DISCUSSION 

The TuCASA study has demonstrated that children with learning problems 

between 4-11 years of age are significantly more likely to have parental report of frequent 

snoring and e.xcessive daytime sleepiness. Also, children with e.xcessive daytime 
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Figure 2. Associations between EDS and SN, WITAP, gender, and race 
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sleepiness are much more likely to have frequent snoring, witnessed apnea, and to be 

female. Additionally, the parents of Hispanic children report significantly more 

excessive daytime sleepiness, witnessed apnea, and frequent snoring in their children 

than Caucasian parents. Furthermore. Hispanic boys are more likely to have reports of 

excessive daytime sleepiness and learning problems than Hispanic girls or Caucasians of 

both genders. Finally, parents of children of all ethnicities are significantly more likely to 

report frequent daytime sleepiness in girls than boys. 

Learning problems were consistently and significantly associated with EDS. SN 

and WITAP and all of their component variables, regardless of gender or ethnicity. 

Although LP are frequently reported in clinical studies which include patients with 

confirmed SDB. few studies have shown that LP are common in a general population 

across gender and ethnicity for those children with reported EDS. witnessed apnea, and 

frequent loud snoring. Our findings are similar to those of Gozal. who recently reported 

that loud and frequent snoring during early childhood resulted in an odds ratio of 2.79 for 

those children with learning problems versus those with no learning problems, a result 

very similar to TuCASA (OR = 2.4)."^ These associations were highly significant in this 

sample, however, we were not able to control for variables known to be associated with 

LP. such as socio-economic status (SES) or parent education. Because our sample 

included Hispanic children in schools in which a large proportion of the population are in 

low income census tracts and/or eligible for reduced lunch programs, it is possible that 

these learning problems are magnified due to other social problems. In several of the 

TUSD schools in our sample. English as a Second Language (ESL) programs are 
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employed as part of the curriculum for those students in grades 1-3 who may not be U.S. 

citizens or speak English fluently. Although teaching is done in both English and 

Spanish for these children until they are assimilated into full English speaking classes, it 

is possible that Hispanic parents perceive a learning problem in their child who does not 

speak fluent English. However, not only Hispanics. but also Caucasians with reported LP 

were more likely to have EDS. WITAP. and SN. Finally, our assessment of LP was based 

on the answer to one question on the screening survey, therefore, parental report could be 

subject to interpretation or cultural bias. 

Several studies have reported the prevalence of sleep problems suggestive of 

sleep disordered breathing in a population-based sample of children.^ Our overall 

snoring prevalence of 10.5% is within the upper end of the range reported by others." ' 

" Snoring rates in these studies vary considerably depending on the questionnaire 

wording and the definition used for ascertainment. There are fewer epidemiologic 

studies which have reported the prevalence of w itnessed apnea and excessive daytime 

sleepiness.*^ However, our overall WITAP prevalence rate of 3.8% is comparable to 

previous studies despite differences in questionnaire wording.'' We observed that EDS 

was present in 8.1% of our children which is approximately twice the prevalence 

observed by Camhi et al in a different cohort of Tucson children but is similar to that 

observed by others.^Like the other sleep apnea symptoms we assessed, comparison 

of our EDS prevalence to other studies is difficult because of differences in definition of 

EDS. For example, in the study by Camhi et al. "excessive daytime sleepiness" was the 

only symptom used to defined EDS. In contrast, in our study. EDS was present if there 
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was parental report of one of three symptoms of "sleepiness". Thus, it is not surprising 

that our reported prevalence rate of EDS is higher than previous observations. 

Nevertheless, our finding that EDS was more common in girls is similar to a previous 

report.^" 

There are no previous studies documenting the prevalence of sleep symptoms 

associated with OSA in Hispanic children. However, our findings are consistent with the 

few reports comparing sleep symptoms in Hispanic adolescents and adults to other ethnic 

groups. A study by Roberts et al reported a higher prevalence of insomnia and 

hypersomnia in Me.xican American youths (in grades 6. 7. and 8) compared to 

Caucasians.^"' Hicks found that Hispanic college students were more likely to be 

dissatisfied with their sleep quality than Caucasians.Therefore, it might be expected 

that parents of young Hispanic children would also report a higher prevalence of OSAS 

associated symptoms. Although it cannot be e.xcluded that differences between Hispanic 

and Caucasian children are due to translation irregularities, the consistency of reporting 

within the Hispanic group regardless of whether the Spanish or English version was used 

would argue that the differences are not due to translation problems. 

Some studies have found that hyperactivity and other types of neurobehavioral 

abnormalities are common in children with reports of SDB whereas EDS is unusual. 

In addition, a Finnish study found that the absence of excessive sleepiness was 

protective against OSAS in children.^ However, this study supports the contention that 

children also experience excessive daytime sleepiness as a result of SDB.'" 

Furthermore. SN and WITAP were found to be predictive in those children with EDS. a 
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finding which supports the premise that symptoms associated with SDB can be used to 

predict EDS. 

Although the specific range and order of questions used in the TuCASA screening 

questionnaire have not been previously validated, most are standard questions seen on 

sleep habits questionnaires pertaining to sleep disordered breathing in children. The 

subsequent composite variables also have not been systematically validated although they 

do have face validity. A conscientious decision to limit the number and breadth of 

questions was made in order to keep the questionnaire short in hopes that this would 

encourage maximum response on essential items related to SDB. This was done with the 

knowledge that further questionnaires would be administered to those parents/children 

who were recruited for polysomnography. 

In conclusion, the TuCASA study has shown that children between 4-11 years of 

age with LP are more likely to have SN. EDS. and to be older. Children with EDS were 

more likely to have SN. WITAP. and to be female. Additionally. Hispanic children 4-11 

years of age are more likely to have parental report of excessive daytime sleepiness, 

witnessed apnea, and frequent snoring. Hispanic boys are more likely to have reports of 

EDS and learning problems than Caucasian males or females of the same age group. 

Furthermore, girls 4-11 years of age are more likely to have parental report of daytime 

sleepiness than boys. These differences in sleep symptoms associated with OSA do not 

appear to be attributable to language or interpretation anomalies. 
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Appendix 1. TuCASA Screening Questionnaire 

1. Does your child stop breathing during sleep? 

2. Does your child struggle to breathe during sleep? 

3. Do you ever shake your child during sleep to make him/her breathe again? 

4. Do your child's lips ever turn blue or purple while he/she is sleeping? 

5. Are you ever concerned about your child's breathing during sleep? 

6. How often does your child snore loudly? 

7. How often does your child have a sore throat? 

8. Does your child complain of morning headaches? 

9. Is your child a daytime mouth breather? 

10. Is your child sleepy during the daytime? 

11. Does your child fall asleep at school? 

12. Does your child fall asleep while watching television? 

13. Does your child have learning problems? 

Possible responses: 

• Don't know 

• Never 

• Rarely 

• Occasionally 

• Frequently 

• Almost Always 
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CI. Body of Paper 

ABSTRACT 

Study Objectives: The Tucson Children's Assessment of Sleep Apnea study (TuCASA) 

is designed to investigate the prevalence and correlates of objectively measured sleep 

disordered breathing (SDB) in pre-adolescent children. This paper describes clinical 

outcomes and threshold levels of respirator^' disturbance index (RDI) associated with 

SDB in these children. 

Design: A community-based, prospective cohort study designed to assess the severity of 

sleep related symptoms associated w ith SDB in children 6-11 years of age. 

Setting: Students attending elementary school in the Tucson Unified School District. 

Participants: A total of 239 unattended home polysomnograms were completed on a 

sample that was 55.2% male. 51% Hispanic, and 55% between the ages of 6 and 8 years. 

Measurements and Results: Based on full polysomnography, levels of RDI that 

correspond to a higher prevalence of clinical symptoms of SDB in children ages 6-11 

were observed. An RDI of > 5 was associated with frequent snoring (SN) (20.3% vs 

9.1%. p< .01). excessive daytime sleepiness (EDS) (22.9% vs 10.7%. p< .01). and 

learning problems (LP) (8.5% vs 2.5%. p < .04) when no oxygen desaturation 

accompanied the respiratory event. When a 2% oxygen desaturation was required, an 

RDI of > 2 was significantly associated with SN (21.1% vs 10.7%. p< .03). EDS (23.3% 

vs 12.8%. p< .03). and LP (10.0% vs 2.7%. p < .02). An RDI of > 1 was associated with 

these symptoms when a 3% oxygen desaturation was required. SN (24.0% vs 10.4%. p< 

.006), EDS (24.0% vs 13.4%. p< .04). and LP (10.7% vs 3.0%. p < .02). Hispanic or 
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Caucasian ethnicity, gender, age categor\. obesity, insomnia, and witnessed apnea were 

not associated with RDI regardless of event definition. 

Conclusions: The TuCASA study has shown that there are \aiues of RDI based on 

polysomnography that correspond to an increased rate of clinical symptoms in children 

ages 6-11. Additionally, prevalence estimates of SDB related symptoms are presented 

based upon the criterion used to define a respiratory event. 

Keywords: sleep, children, sleep disordered breathing, sleep apnea. RDI 



104 

INTRODUCTION 

Sleep disordered-breathing (SDB) including obstructive sleep apnea syndrome 

(OSAS) is increasingly acknowledged as an important cause of morbidity in children. 

with behavioral and neurocognitive abnormalities occurring three times more commonly 

in children with SDB.' Clinical symptoms associated with SDB in children include 

frequent snoring (SN). excessive davlime sleepiness (EDS), hyperactivity, and nocturnal 

arousals."'"^ Prevalence rates of habitual snoring generally range from 3 to 17 percent in 

population-based samples of children.^"'' however, the degree to which SN is associated 

with SDB in children has not been determined . Reports of excessive daytime sleepiness 

(EDS) are less consistent, but nevertheless are present in 8%-62% of children with SDB." 

10 

Recently, several studies in a large population of children have show n that 

learning problems (LP) are associated with symptoms of SDB." .Although these 

studies suggest that there are important behavioral and neurocognitive consequences to 

SDB. the polysomnographic correlates to these findings are not well established because 

normative standards relating to SDB are yet to be defined.'^ Use of adult standards is ill-

advised. because clinical manifestations of childhood OSAS or SDB differ from their 

adult counterparts.'"' However, there is a paucity of evidence indicating what severity of 

SDB must be present in a child to be an "abnormar finding. Published standards are 

either empirically derived, based on studies with a small sample size, or use clinical 

populations.'^ Furthermore, appraisal of existing data is made difficult by the lack of 

standardization in polysomnographic technique and scoring of SDB events among 
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studies. Thus, no epidemiological study in a normative population has been conducted 

to determine the relationship between clinical symptoms and polysomnographic severity 

ofSDB. 

The American Thoracic Society (ATS)'" and the American Academy of Pediatrics 

(AAP)'^ have recently convened subcommittees to examine current practice guidelines 

and to make recommendations for the direction of future research into childhood 

obstructive sleep apnea. Among the areas requiring additional investigation were: I) 

obtaining accurate prevalence data. 2) identification of risk factors for complications 

resulting from OS AS. and 3) delineation of the natural history of treated and untreated 

primary snoring and OSAS. The Tucson Children's Assessment of Sleep Apnea study 

(TuCASA) is a prospective cohort study designed to determine the prevalence of 

objectively documented SDB in pre-adolescent children and to investigate its relationship 

to symptoms, performance on neurobehavioral measures, and physiologic and anatomic 

risk factors. This report describes the association between objectiv e polysomnographic 

assessment of SDB and the prevalence of reported symptoms in Hispanic and Caucasian 

children. 

METHODS 

The design of the TuCASA study specified recruitment of Hispanic and 

Caucasian children aged 6 through 11 years to undergo unattended home 

polysomnography, complete a pediatric sleep habits questionnaire, and perform a 

neurocognitive assessment.'' The TuC.ASA protocol was approved both by the 

University of Arizona Human Subjects and the TLJSD Research Committees. Subjects 
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were recruited tlirough the Tucson Unified School District (TUSD). a verv large district 

with an elementary school population representative of children living in Southern 

Arizona. Typically, parents were asked to complete a short sleep habits screening 

questionnaire and to provide their contact information if they would allow study 

personnel to call and schedule a polysomnogram for their child. 

The screening questionnaire consists of a one-page. 13-item sur\'ey designed to 

assess the severity of OSAS related symptoms in children. Questions such as "How often 

does your child snore loudly?". "Is your child sleepy during the daviime?". "Does your 

child stop breathing during sleep?" and "Does your child have learning problems?" were 

evaluated by the parent on the scale of 'Never". "Rarely". "Occasionally". "Frequently". 

"Almost Always" or "Don't Know". Additional questions were asked on the night of the 

polysomnogram with a more extensive sleep habits questionnaire. Composite variables 

were created based on a combination of selected survey items. Subjects were classified 

as having e.xcessive daytime sleepiness (EDS) if the parent reported that their child was 

sleepy in the daytime, fell asleep while watching TV or in school, or had problems falling 

asleep during the day "frequently" or "almost always". Witnessed apnea (WITAP) was 

present if the parent reported that their child stopped or struggled to breathe, their child's 

lips turned blue, or they shook their child because they were worried about their child's 

breathing during sleep 'frequently' or 'almost always'. Snoring (SN) was defined as 

occurring if parents reported their child snored loudly "frequently" or "almost always". 

Insomnia (FNSOM) was present if the parent reported that their child had trouble "falling 

asleep", "staying asleep", had "not enough sleep", or was troubled by "waking up too early 



107 

and not being able to get back to sleep". The child was classified as having learning 

problems (LP) if the parent reported this "frequently* or more. 

An unattended home polysomnogram was scheduled as soon as possible after 

recruitment. Methods for obtaining polysomnographic data have been described 

previously.'' Briefly, a two-person, mi.xed gender team arrived at the home 

approximately one hour prior to the child's normal bedtime. Informed consent was 

obtained from the parent and an IRB approved assent form was obtained from the child. 

Questionnaires were administered, and anthropometric and other physiological 

measurements were completed. Unattended overnight polysomnograms were obtained 

using the Compumedics PS-2 system (Abbotsford. Victoria. Australia). The following 

signals were acquired as part of the TuCASA montage: C3/A2 and C4/A1 

electroencephalogram, right and left electrooculogram. a bipolar submental 

electromyogram. thoracic and abdominal displacement (inductive plethysmography 

bands), airflow (nasal/oral thermister). nasal pressure cannula, finger pulse oximetry . 

ECG (single bipolar lead), snoring microphone, body position (Hg gauge sensor), and 

ambient light (sensor attached to the vest to record on/bfO-

The Compumedics software system was used to process all polysomnograms. 

Scoring has been described in detail previously.'' Briefly, sleep stages were scored 

according to Rechtshaffen and Kales criteria.'^ Arousals were identified using criteria 

published by the American Academy of Sleep Medicine.'^ Apneas were scored if the 

amplitude (peak to trough) of the airflow signal using the thermister decreased below at 

least 25% of the amplitude of "baseline" breathing (identified during a period of regular 
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breathing with stable oxygen levels), if this change lasted for > 6 seconds or 2 breath 

cycles. Hypopneas were designated if the amplitude of any respiratory signal decreased 

below (approximately) 70% of the amplitude of "baseline" and if the thermister signal 

did not meet the criterion for apnea. "Central" events were marked if no displacement 

was noted on both the chest and abdominal inductance channels. Otherwise, events were 

scored as "obstructive". Polysomnograms with less than 4 hours of scorable oximetry 

were classified as failed studies. 

After full scoring, analysis software was used to link each event to data from the 

oxygen saturation and EEC channels. Respiratory events were marked independently of 

concomitant oxygen desaturation or arousal: this allowed characterization of events 

according to differing degrees of associated desaturations and arousals. or various 

combinations of these measures. In this manner, the Respiratory Disturbance Index 

(RDI) was defined as the number of respiratory events (apneas and hypopneas) per hour 

of the total sleep time. Scoring software generated RDI based upon events associated 

with a 2 or 3 percent oxygen desaturation as well as with or without arousal. Summary 

measures of desaturation. sleep stages, arousal frequencies, and heart rate variation also 

were computed. 

All studies were scored by a single registered polysomnographic technologist who 

was required to demonstrate a complete understanding of the study's scoring rules and to 

articulate reasons for assigning epoch by epoch codes for sleep and respiratory scoring. 

Approximately 5% of studies were re-scored by the same scorer on a blinded basis to 
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determine consistency in scoring. No systematic differences were observed between 

initial and re-scored studies. 

Statistical analysis was done using SPSS 11.0 for Windows (SPSS"^. Inc; 

Chicago. IL. 2001). Comparisons of proportions were made using contingency tables. 

Statistical significance (p < .05) was determined using the Pearson chi-square test 

statistic. 

RESULTS 

A total of 239 polysomnograms were completed on a sample that was 55.2% male 

and 51% Hispanic (Table 1). Approximately 55% of the children were between the ages 

of 6 and 8 years, and 11.7% were classified as obese because their BMI exceeded the 95'*^ 

percentile for their age. gender and ethnicity."*^ Parental report of symptoms shows that 

14.6% of these children snored. 16.7% had report of EDS. 6.7% had witnessed apnea. 

25.5% had insomnia, and 5.4% of the sample had reported learning problems. 

Selected characteristics of sleep in these children are shown in Table 2. The 

mean sleep time was approximately 490 minutes, with sleep efficiency of 90%. In 

general, there was little distortion in sleep architecture with stage 2 sleep accounting for 

approximately 50% of the sleep period, REM approximately 20%, and slow-wave sleep 

approximately 22% of total sleep time."' ~ Mean sleep and REM latencies were slightly 

prolonged at 17 and 131 minutes respectively.""' 

A description of the RDI distribution calculated using various levels of associated 

oxygen desaturation is shown in Table 3. In the event that no associated oxygen 

desaturation is required, the median RDI was approximately 5. and ranged from 0.2 to 
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Table 1. Baseline characteristics of TuCASA children completing polysomnography 

Male (55.2%) 
(n=132) 

Female (44.8%) 
(n=107) 

Total 
(n=239) 

n % of total* n % of total* n % of total* 

Ethnicity Caucasian 58 24.2 59 24.7 117 49.0 
Hispanic 74 31.0 48 20.1 122 51.0 

Age 6-8 74 31.0 56 23.4 132 55.2 
9-11 58 24.3 51 21.3 107 44.8 

BMI >95% Yes 19 7.9 9 3.8 28 11.7 
No 113 47.3 98 41.0 211 88.3 

Snore Yes 23 9.0 12 5.0 35 14.6 
No 109 45.6 95 39.7 204 85.4 

EDS Yes 15 6.3 25 10.5 40 16.7 
No 117 49.0 82 34.3 199 83.3 

WITAP Yes 9 3.8 7 2.9 16 6.7 
No 123 51.5 100 41.8 223 93.3 

Insomnia Yes 39 16.3 22 9.2 61 25.5 
No 93 38.9 85 35.6 178 74.5 

LP Yes 7 2.8 6 2.5 13 5.4 
No 125 52.3 101 42.3 226 94.6 

*may not sum to 100% due to rounding 



Table 2. Sleep architecture (n=239) 

Mean SD 

Sleep Time 490 minutes 78.5 minutes 
Sleep Efficiency 90.0% 6.0% 
Stage 1 (%) 5.6% 4.0% 
Stage 2 (%) 50.9% 6.4% 
Stage 3/4 (%) 21.8% 6.0% 
REM (%) 21.7% 5.1% 
Sleep Latency 17.0 minutes 21 minutes 
REM Latency 130.9 minutes 49.3 minutes 



Table 3. Description and distribution of RDI 

Mean SD Median Min Max 

RDI(no02 desat) 5.9 5.6 4.97 .20 72.3 

RDI(2%02 desat) 2.3 3.8 1.44 0 48.4 

RDI(3%02 desat) 1.2 2.6 .65 0 29.1 



72,3. As expected, when an associated 2% oxygen desaturation is required for the event 

to be included, the median RDI drops to 1.4 events per hour, ranging from 0 to 48.4. If 

an associated 3% desaturation is required, the median RDI drops again to 0.65. and 

ranges from 0 to 29.1. 

Cutpoints of RDI using an index calculated without any associated oxygen 

desaturation were examined against the prevalence of OSAS related symptoms reported 

by parents (Table 4). .\i an RDI of 4 events per hour or greater. 18.5% of children had 

report of SN versus 8.6% of those with an RDI of less than 4 (p<.04). EDS (19.9% vs 

11.8%. p<. 11) and LP (7.5 vs 2.2. p< .07) were also reported more frequently for those 

children with an RDI of 4 or greater, although neither were statistically significant. 

However, when an RDI of 5 events per hour or greater was used as a cutpoint. SN (20.3% 

vs 9.1%. p< .01). EDS (22.9% vs 10.7%. p< .01). and LP (8.5% \ s 2.5%. p < .04) were 

all statistically significantly different. Each of these symptoms were highly significant 

across cutpoints of RDI at 6. 7. and 8 events per hour when no associated oxygen 

desaturation was linked to the event (Table 4. data for RDI cutpoints of 7 and 8 not 

shown). 

A similar analysis was done for cutpoints of RDI when the event was required to 

be associated with at least a 2% oxygen desaturation (Table 5). Children with an RDI of 

1 were significantly more likely to have reports of SN (18.9% vs 6.3%. p <.009) and LP 

(7.5% vs 1.5%. p< .05) than children with an RDI of less than 1. EDS was not significant 

at this cutpoint of 1 (17.6% \ s 15.0%). however. EDS was significant at the RDI cutpoint 

of 2 (23.3% vs 12.8%. p<.03). SN and LP remained highly significant at higher 



Table 4. Prevalence of symptoms associated with increasing cutpoints of RDI 
(no associated oxygen desaturation) 

RDI 2 RDI 3 RDI 4 RDI 5 RDI 6 

Yes % 15.5 15.9 18.5 20.3 21.4 
SN No% 5.0 10.0 8.6 9.1 11.0 

P NA .30 .04 .01 .03 

Yes % 16.9 17.5 19.9 22.9 27.4 
EDS No% 15.0 14.0 11.8 10.7 11.0 

P .82 .56 .11 .01 .001 

Yes % 5.9 6.9 7.5 8.5 9.5 
LP No% 0.0 0.0 2.2 2.5 3.2 

P NA NA .07 .04 .04 



Table 5. Prevalence of symptoms associated with increasing cutpoints of RDI 
(associated with a 2% oxygen desaturation) 

RDI .75 RDI 1 RDI 1.5 RDI 2 RDI 3 RDI 4 

Yes % 16.6 18.9 19.7 21.1 28.8 38.5 

SN No% 7.7 6.3 9.8 10.7 10.7 11.7 

P .11 .009 .03 .03 .001 .001 

Yes % 19.3 17.6 19.7 23.3 21.2 19.2 

EDS No% 7.7 15.0 13.9 12.8 15.5 16.4 

P .05 .61 .24 .03 .33 .71 

Yes % 7.0 7.5 9.4 10.0 15.4 15.4 

LP No% 0.0 1.5 1.6 2.7 2.7 4.2 

P NA .05 .008 .02 .001 .02 
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cutpoints of RDI for those children classified with the higher RDI based on 2% oxygen 

desaturation related events, whereas EDS did not. 

When a 3% oxygen desaturation was required for an event to be included in the 

calculation of RDI. a similar pattern was seen (Table 6). At an RDI of 1 or greater. SN 

(24.0% vs. 10.4%. p<.006). EDS (24.0% vs 13.4%. p<.04). and LP were (10.7% vs 3.0%. 

p<.02) were all significantly more likely to be reported than for those children w ith RDI 

less than 1. This remained true at an RDI cutpoint of 2. however, the number of children 

who had events associated with a 3% desaturation was not sufficient in this population-

based study to test statistical significance. 

Regardless of the cutpoint of RDI or oxygen desaturation criteria that was used to 

define events, neither ethnicity nor gender altered these associations. This was also true 

for age categorv . obesity, insomnia, and WIT.AP. 

DISCUSSION 

The TuCASA study has documented the relationships between RDI values based 

on polysomnography and clinical symptoms of SDB in children ages 6-11. At an RDI of 

>5. when no oxygen desaturation accompanies the respiratory event, there was a 

significantly higher prevalence of SN. EDS, and LP. Similarly, an RDI of >2 was 

associated with an increase prevalence of these symptoms when a 2% oxygen 

desaturation is required, and a RDI of >1 was associated with these symptoms when a 3% 

oxygen desaturation is required. Hispanic or Caucasian ethnicity, gender, age category, 

obesity, insomnia, and WITAP were not associated with RDI regardless of event 

definition. 



Table 6 Prevalence of symptoms associated with increasing outpoints of RDl 
(associated with a 3% oxygen desaturation) 

RDl .5 RD! .75 RDl 1 RDl 1.5 RDl 2 

Yes % 18.2 21.2 24.0 26.5 40.0 

SN No% 9.4 10.4 10.4 11.6 11.0 

P .06 .01 .006 .008 .001 

Yes % 20.3 21.2 24.0 16.3 17.5 

EDS No% 11.5 13.3 13.4 16.8 15.8 

P .07 .11 .04 .93 .30 

Yes % 8.4 8.7 10.7 12.2 16.7 

LP No% 1.0 3.0 3.0 3.7 3.8 

P NA .05 .02 .02 .004 
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The principal findings of this study are that there are v alues oFRDl ascertained by 

polysomnography associated with an increase in prevalence of clinical symptoms of SDB 

or OSAS. Heretofore, data linking objective indices of RDI severity to the presence of 

clinical symptoms have been lacking. Currently used RDI thresholds are derived 

empirically from clinical experience or are based on statistical inference.' 

Alternatively, values that are used for adults are applied to children although evidence 

shows that OSAS or SDB is a different disease in children than in adults.'^ Children may 

develop clinical sequelae with what appears to be relatively mild SDB. Thus an apnea 

inde.x of 10 is considered to be severe by most pediatric pulmonologists. whereas it is 

considered only mildly abnormal in adults.'" No previous studies have linked values for 

RDI based on full polysomnography to clinical symptoms in a population-based sample. 

Nevertheless, our findings are similar to a previously published standard suggesting that 

an apnea index greater than 1 is abnormal."" However, our data extend these 

observations by indicating that hypopneas are equally important in defining SDB 

severity. Therefore, these findings represent an important step towards examining the 

relationship between SDB severity and specific clinical outcomes. 

Our conclusions contribute much needed information for detennining clinically 

significant levels of RDI based on differing definitions of respiratory events. One of the 

major hindrances to establishing clinically significant thresholds of RDI is that the metric 

has been defined differently by each study that has presented RDI data in children. 

Studies of OSA or SDB in children report a prevalence ranging from 0.7% to 2.9% to 

10.3%.^" The disparity is due to varying criteria for RDI event definition. Our 
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findings support those recently reported by Tang et. al. that the RDI value in children 

can vary by as much as 20-fold depending upon the definition used for respiratory 

events."^ A similar analysis in adults found a 10-fold difference in RDI.''' If events are 

counted regardless of oxygen desaturation. the RDI level associated with a greater 

prevalence of clinical outcomes is higher than if the event requires a 2% desaturation. 

This value is gradually reduced as the level of o.xygen desaturation required for an event 

is increased; results similar to those found by Redline in both adults and children."^ 

Additionally, our data show a consistent association between RDI values and clinical 

outcomes. For e.xample. the outcomes that are significant for events associated with a 2 

or 3% oxygen desaturation are similar to those found with no desaturation required. 

Establishing values for RDI which relate to clinical outcomes will not only be 

important in allowing consistent estimates of disease, but will permit clinicians to 

ascertain if clinically significant SDB is present and to assess whether there is risk for 

clinical sequelae. The varying approaches for quantification of RDI in the past has led to 

poor clinical estimates of both the presence and severity of SDB in children. Previously, 

both limited channel sleep studies and parent questionnaires have been used as screening 

measures for clinically important SDB. however, there has been no consensus on a 

"group" of symptoms or polysomnographic characteristics to guide treatment decisions 

pertaining to SDB in children. Thus, our findings may be an important first step in 

providing such information to clinicians. 

Although SN, EDS. and LP were associated strongly with RDI. gender or age was 

not. This is possibly due to homogenous physical characteristics between pre-pubescent 
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school-aged children, and is consistent with previous reports."^ The relationships in this 

study between RDI and clinical symptoms were not significantly associated with 

Hispanic ethnicity, although parental report of symptoms consistent with OSAS or SDB 

in children are reported at a higher rate in Hispanics."'^ No epidemiological studies of 

SDB have been done in Hispanic children, however. SDB has been found to be more 

prevalent in a population-based sample of Hispanic adults/' 

Children categorized as obese were not more likely to have a higher RDI at any of 

the listed thresholds."'^ Although previous studies have reported this association, they 

have used clinical samples with patients referred for a sleep related problem. Thus, 

participants were more likely to have OSAS or SDB as well as be obese. It has been 

reported that SDB in childhood is more prevalent in obese children. However. TuCASA 

is population-based, and therefore, not as likely to enroll a high number of children with 

morbid obesity. This explanation is supported by the recent report of Gozal et a! who 

found that OSAS was associated with morbid obesity in children, not just being 

overweight."' 

Our analysis did not show insomnia to be associated with increased RDI in these 

children. This may be due to the ver>' broad definition used to define this symptom. 

which was based upon questions answered on the Sleep Habits Questionnaire 

administered on the night of the sleep study. The prevalence of this symptom was 25.5% 

of the sample. Thus, it is not surprising that there would be no statistical difference 

between the two groups. This high prevalence of insomnia is similar to that recently 

found by Chervin et al in a general pediatric clinic population.^" WITAP was also not 
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significantly associated with increasing RDI. This observation is not necessarily unusual 

since a parent cannot accurately observe the frequency of apneic events for the entire 

duration of sleep. 

Our finding that children exceeding any given threshold value of RDI were more 

like to have report of LP must be qualified. Our assessment of LP was based on the 

answer to one question on the screening sur\ ey. therefore, parental report could be 

subject to interpretation or cultural bias. Furthermore, this question has not been 

validated in a large sample. Nevertheless, it does have face validity and was consistently 

associated with threshold values of RDI across all definitions used in this analysis. 

Although, this association was highly significant in our analysis, we were not able to 

control for variables known to be associated with LP. such as socio-economic status 

(SES) or parent education. Further prospective studies with objective measures of 

neurocognitive function should be conducted to confirm this relationship. 

Our assessment of RDI was based on a single-night, unattended, ambulatory sleep 

study. Although laboratory polysomnography is the gold standard, this method is 

generally not feasible for a large, population-based, epidemiological study of sleep in 

children. Other studies have shown that unattended studies are reliable for measuring 

RDI and have little first night effect in children.'^ The sleep architecture data presented 

in Table 2 support the concept that sleep in TuCASA children is comparable to the 

"normal" sleep architecture in children of this age. 

Recent studies have suggested that it may not be appropriate to include central 

apneas when calculating the RDI in children.'""To address this issue, we conducted a 
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similar analysis to the one used for RDl based on an "obstructive apnea-hypopnea 

index" (OAHI). in which central events were not used in the summary measure of RDI. 

Our findings were unchanged, most likely because the preponderance of events in 

TuCASA children were hypopneas. with few obstructive or central apneas contributing to 

the total RDl. Our mean hypopnea index was 4.6 (4.3). and the combined index for 

OAHI. which included only apneas that were obstructive, had a mean of 4.7 (4.5). This 

represents approximately 80% of the total events, whereas central events were only 20% 

of the total. 

We acknowledge that this observational study design is not without limitations. 

A ver>' large number of children must be enrolled in order to accumulate an adequate 

number of symptomatic children with SDB to analyze. Furthermore, recruitment may 

have incurred a selection bias so that parents who participated might be more likely to 

have symptomatic children with SDB than those who do not participate. Given that our 

prevalence of snoring is similar to other studies, we do not think that a large amount of 

selection bias has occurred. 

In summary, the TuCASA study has demonstrated that there are RDl values 

above which there is a higher prevalence of clinical symptoms of SDB. These findings 

should assist in determining prevalence rates based on polysomnographic results in 

epidemiologic studies and assist clinicians by providing more objective criteria for case 

identification. 
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APPENDIX D 

LIST OF ABBREVIATIONS 

AAP American Academy of Pediatrics 

ADHD attention deficit hyperactivity disorder 

ATS American Thoracic Society 

BMI body mass index 

CI 95% confidence interval 

DESAT desaturation 

ECG electrocardiogram 

EDS excessive daytime sleepiness 

EEC electroencephalogram 

EMG electromyogram 

EOG electrooculogram 

ESL English as a Second Language 

LCD liquid cry stal display 

HoRDI, value of RDI on first night of home polysomnography 

HoRDh value of RDI on second night of home polysomnography 

LP learning problems 

NREM non-rapid eye movement sleep 

OAHI obstructive apnea hypopnea index 

OSA obstructive sleep apnea 
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OSAS obstructive sleep apnea syndrome 

PCMCIA personal computer memory card international association 

PCO2 pressure of carbon dioxide 

PIB patient interface box 

PSG polysomnogram 

RDI respiratory disturbance index 

REM rapid eye movement sleep 

SDB sleep disordered breathing 

SDBI sleep disordered breathing index 

SES socio-economic status 

SHQ sleep habits questionnaire 

SN snoring frequently or almost alua> s 

SPSS Statistical Package for the Social Sciences 

TcPCO. transcutaneous carbon dioxide 

TuCASA Tucson Children's Assessment of Sleep Apnea 

TUSD Tucson Unified School District 

WITAP witnessed apnea 
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APPENDIX E 

HUMAN SUBJECTS COMMITTEE APPROVAL 

iHf UNIVERSiri Of 

ARIZONA. I . M.ilii l M 
P.IV IliiN I 17 

Health Scicnccs CtNTtR I Ai rt''i. J i ' M ' 
02f» 0721 24 November 1998 

Stuart Quan, M.D. 
Department of Medicine 
Division of Respiratory Sciences 
PO BOX 245030 

RE: HSC #98-203 PREVALENCE AND CORRELATES OF CHILDHOOD SLEEP APNEA 

Dear Dr. Quan: 

We received your 18 November 1998 letter and accompanying revised 
consent forms for the above referenced project. All of che 
condicions as set out in our 8 September 1998 and 22 September 1990 

letters to you have been addressed in your response of 18 November 

1998 and consent forms have been revised appropriately. Therefcre, 

full Committee approval for this subjects-at-risk project is 

granted effective 24 November 1998 for a period of one year. 

The Human Subjects Committee {Institutional Review Board) of '-he 
University of Arizona has a current assurance of compliance, nunoer 
M-1233, which is on file wich Che Department of Health and Hi'nan 
Services and covers this activity. 

Approval is granted with the understanding that no further changes 
or additions will be made either to the procedures followed or to 
the consent form(s) used (copies of which we have on file) without 
the knowledge and approval of,the Human Subjects Committee and your 
College or Departmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported 
to each committee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerelv vours. 

/Tohn D. Palmer, Ph.D.,M.D 
CnairiTian 
"Jniman Subjects Committee 

JDP:rs 

cc: Departmental/College Review Committee 


