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Abstract: Study Objectives: This study analyzed the association between the Respiratory Disturbance Index (RDI) and 

two behavior measures, the Conners’ Parent Rating Scale (CPRS-R) and the Child Behavior Checklist (CBCL) in school-

aged children to determine whether there is an optimal threshold of Sleep-disordered Breathing (SDB) associated with in-

creased risk of behavior problems. 

Methods: The Tucson Children’s Assessment of Sleep Apnea Study (TuCASA) is an observational cohort study of 6-11 

year old Caucasian and Hispanic children designed to assess the anatomic, physiologic and neurocognitive correlates of 

SDB. 403 children with both polysomnography (PSG) and behavioral data were included in this analysis. Three defini-

tions of SDB were used: RDI independent of oxygen desaturation (RDI0), RDI with 2% oxygen desaturation (RDI2) and 

RDI with 3% oxygen desaturation (RDI3). T-scored behavioral data were dichotomized at a cutoff point of 65, a score in-

dicative of moderate to severe clinical impairment. Logistic regression was used to access the risk associated with SDB. 

Results: The analyses conducted using three different definitions of RDI suggest that the likelihood of having a clinically 

significant CPRS-R or CBCL subscale score was not necessarily progressive or linear across RDI categories. Cutoff 

points and prevalences for each definition of RDI proposed to be indicators of clinically significant SDB were RDI0  7 

(19.38%), RDI2  2 (29.38%) and RDI3 0.5 (23.96%) events per hour of sleep. Behaviors such as CPRS oppositional, 

social problems, psychosomatic and CBCL somatic complaints, social problems and aggressive behaviors were found to 

be significantly associated with SDB. 

Conclusions: This analysis found an increased risk of behavior problems such as somatic complaints, oppositional or ag-

gressive behaviors and social problems associated with sleep-disordered breathing in school-aged children. RDI cut points 

for three definitions of SDB are proposed: 7 for RDI0, 2 for RDI2, and 0.5 for RDI3 respectively. 
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INTRODUCTION 

 Sleep disordered breathing (SDB) is a condition in which 
breathing during sleep is reduced for brief periods of time. 
Sleep apnea, defined as complete cessation of breathing, is 
the extreme form of SDB. SDB has been estimated to be 
present in 2-3% of the pediatric population [1].

 
SDB is ac-

knowledged as an important cause of morbidity in children, 
with behavior and neurocognitive abnormalities occurring 
more commonly in children with SDB than in those without 
SDB [2-4]. Treatment for SDB can result in significant im-
provement in behavior and cognitive performance [5-7].

 

 Recent research has suggested that children with SDB are 
at increased risk for behavior and cognitive abnormalities. A 
wide range of behavior problems has been associated with 
SDB including somatic complaints, aggression, oppositional 
behavior, anxiety, depression and hyperactivity [8-14]. 
However, not all studies have identified behavior problems  
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as being related to SDB [15, 16]. Methodological issues may 
provide one explanation for this lack of consistency in find-
ings pertaining to SDB and behavior (reviewed in [4]). Early 
studies did not utilize standardized behavior measures [17, 
18]. Some studies have used only parent report for sleep and 
breathing problems [6, 17]. Not all have used polysomno-
grams (PSGs) together with standardized behavior measures 
[10, 19]. Moreover, most of the research has been done on 
clinical samples [6, 12, 20]; relatively few studies have ex-
amined these relationships in a population sample. The Res-
piratory Disturbance Index (RDI) which is the number of 
SDB events per hour of sleep, is the most common metric 
used to identify the occurrence and severity of SDB. How-
ever, the threshold for defining the presence of SDB has not 
been established for children. 

 The Tucson Children’s Assessment of Sleep Apnea 
Study, TuCASA, is a prospective cohort study of sleep apnea 
and its effect on preadolescent children sampled from the 
general population. In this paper we analyze the association 
between the RDI and 2 behavior measures, the Conners’ 
Parent Rating Scale (CPRS-R) and the Child’s Behavior 
Checklist (CBCL), to determine whether there is an optimal 
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threshold of SDB associated with an increased likelihood to 
experience abnormal behavioral outcomes. 

METHODS 

Subjects 

 The design of the TuCASA study specified recruitment 
of Hispanic and Caucasian children aged 6 through 11 years 
old to undergo unattended home PSG with anthropometric 
measurements, to complete a pediatric sleep habits question-
naire, and to perform a neurocognitive and behavior assess-
ment. Subjects were recruited by eliciting cooperation from 
19 elementary schools in the Tucson Unified School District, 
a very large school district with a population representative 
of children in southern Arizona. A detailed description of 
recruitment procedures has been previously published [21]. 
Briefly, parents were asked to complete a 1-page, 13-item 
survey designed to assess the severity of obstructive sleep 
apnea syndrome (OSAS) related symptoms in children. It 
was sent home with all children in a “notes home” folder. At 
the time the survey was completed, parents were given the 
opportunity to provide their contact information if they 
would allow study personnel to call for further participation. 
Children were excluded from the study if they had a history 
of asthma, OSAS, tonsillectomy, other chronic respiratory 
problems, or mental retardation. The Tucson Unified School 
District (TUSD) and the University of Arizona Institutional 
Review Boards approved the study protocol. 

Polysomnography 

 An unattended home PSG was scheduled as soon as pos-
sible after recruitment. A 2-person, mixed-sex team arrived 
at the child’s home approximately 1 hour prior to the child’s 
normal bedtime. The methods for obtaining and processing 
PSG data have been described previously [21]. Briefly, PSGs 
were acquired using the Compumedics PS-2 system (Ab-
botsford, Victoria, Australia). The Compumedics software 
system was used to process all PSG data. Apneas were 
scored if the amplitude (peak to trough) of the airflow signal 

using the thermister decreased below at least 25% of the am-
plitude of baseline breathing (identified during a period of 
regular breathing with stable oxygen levels) and if this 
change lasted for more than 6 seconds or two breath cycles. 
Apneic events were classified as obstructive or central by the 
presence or absence of ventilatory effort respectively. Hy-
popneas were designated if the amplitude of any respiratory 
signal decreased below 70% of the base line amplitude and if 
the thermister signal did not meet the criterion for apnea. 
After full scoring, analysis software was used to link each 
event to data from the oxygen saturation and electroencepha-
logram channels. Respiratory events were marked independ-
ently of concomitant oxygen desaturation; this allowed char-
acterization of events according to differing degrees of asso-
ciated desaturations or various combinations of these meas-
ures. In this way, the Respiratory Disturbance Index was 
defined as the number of respiratory events (apneas and hy-
popneas) per hour of the total sleep time. Scoring software 
generated the RDI based on events independent of any oxy-
gen desaturation (RDI0) and associated with a 2% (RDI2) or 
3% (RDI3) oxygen desaturation. 

Behavior Assessment 

 Approximately 4 weeks after their PSG, children were 
scheduled to undergo an extensive neurocognitive test bat-
tery as previously reported [22]. At that time, behavior as-
sessments were obtained from the parents using the Revised 
Conners’ Parent Rating Scale (CPRS-R) and the Child Be-
havior Check List (CBCL). 

 The CPRS-R is a popular research and clinical tool for 
obtaining parent reports of childhood behavior problems. It 
is a well-validated 80 item behavior rating scale that meas-
ures symptoms of attention deficit hyperactivity disorder 
(ADHD) (hyperactivity, impulsivity, and inattention) as well 
as comorbid behaviors such as oppositional behavior, anxi-
ety, and somatic complaints [23, 24]. The 12 scales and the 
symptoms or problems that are assessed are shown in Table 
1. 

Table 1. Conners Parent Rating Scale-Revised (CPRS-R) Scales, Symptoms and Mean T Scores 

 

Scales Symptoms/Problems Measured Mean SD Min Max 

Oppositional Angry, resentful, fights & argues, easily annoyed 51.9 10.5 39 90 

Cognitive problems Difficulty in concentrating/completing work 52.3 10.8 40 90 

Hyperactivity Excitable, impulsive, restless, hard to control 54.2 11.4 42 90 

Anxious Shy Timid, easily frightened, shy, withdrawn, clings to parents 52.1 11.0 40 90 

Perfectionism Sets very high goal for self, everything must be just so 49.6 8.9 40 90 

Social Problems No friends, does not know how to make friends 51.6 10.8 45 90 

Psychosomatic Aches, pains, headaches, stomach aches, seems tired 52.3 11.5 42 90 

ADHD Index Easily distracted, short attention span, easily frustrated 52.6 11.1 40 90 

Global Index Total Overactive, impulsive, easily distracted, cries often/easily 52.2 11.0 40 90 

DSM Inattentive Avoids/difficulty in engaging in tasks, forgetful, distracted 52.0 11.0 40 90 

DSM Hyperactive Impulsive Talks excessively, interrupts others, always ‘on the go’ 55.1 11.4 41 90 

DSM Total Combined DSMI and DSMH 53.7 11.3 40 90 

Table Abbreviations: ADHD = Attention deficit hyperactivity disorder; DSM = Diagnostic and Statistical Manual; DSMI = DSM Inattentive; DSMH = DSM Hyperactive. 
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 Behaviors are rated on a four-point scale that ranges from 
“Very Much True”(3), “Pretty Much True”(2), “Just A Little 
True”(1) and “Not True At All”(0). A T-Score is derived 
from the raw scores for each scale, based on a large age and 
gender specific normative sample. T-scores are standard 
scores that are calculated from raw scores such that each 
scale will have the same mean (= 50) and standard deviation 
(SD = 10). T-scores allow each obtained score to be com-
pared to the same reference value. A T-score over 65 is con-
sidered to indicate moderate to severe clinical impairment. 

 The CBCL allows assessment of 118 parent-reported 
behavior and emotional problems of children aged 4-18 
years [25]. Parents rate their children on a three-point scale 
(Not True, Somewhat True, or Very/Often True). In addition 
to eight syndrome scales such as Withdrawn, Somatic com-
plaints, Anxious/Depressed, Social problems, Thought Prob-
lems, Attention problems, Delinquent behavior and Aggres-
sive behavior, the CBCL includes a Total Problem Score, 
and higher order Internalizing and Externalizing scales. In-
ternalizing scales include Anxious/Depressed, Withdrawn 
and Somatic Complaints. Externalizing scales include Ag-
gressive Behavior and Delinquent Behavior. Some symp-
toms of each behavior are shown in Table 2. Identical to 
CPRS-R scales, a T-Score for the CBCL is derived from the 
raw scores for each scale, based on a large age and gender 
specific normative sample. It has been suggested that a T-
score over 65 indicates moderate to severe clinical impair-
ment. Therefore, a T-score of 65 was used as the cutoff point 
in our analysis. 

Statistical Methods 

 Logistic regression was used to determine the level of 
respiratory disturbance index that would predict a greater 
likelihood of having a T score > 65 for the various subscales 
of the CPRS-R and CBCL. The RDI and behavior measures 
were categorized using cut points found to be associated 
with sleep or behavioral problems on previous studies [1, 12, 
22, 26, 27]. RDI0 (the number of respiratory events per hour 
independent of oxygen desaturation) was categorized by cut 
points at 3, 5 and 7 events per hour; RDI2 (the number of 
events per hour associated with a 2% or greater oxygen de-

saturation) was categorized by cut points at 0.5, 1 and 2 
events per hour; while RDI3 (the number of events per hour 
associated with a 3% or greater oxygen desaturation) was 
categorized at 0.5 and 1. Thus, the dependent variables were 
the dichotomized CPRS-R and CBCL scales, while the inde-
pendent variables were the three definitions of RDI, fitted at 
the above selected cut points. The following potential co-
variates were included in the regression models: WASI IQ 
(Wechsler Abbreviated Scale of Intelligence), age, gender, 
ethnicity and obesity. 95% confidence intervals that ex-
cluded 1 were considered statistically significant. Statistical 
analyses were performed using Stata 9 for Windows (Stata 
Corporation; College Station, TX). 

RESULTS 

 There were 403 children with polysomnographic data, all 
of whom had CBCL behavioral data; 397 also had CPRS 
data. The sample consisted of 52% boys, 60.8% Caucasian, 
and 9.2% of children with BMI greater than the 95

th
 percen-

tile (defined as obese). The mean age of the sample was 8.3 
years (SD = 1.6, Median = 8, Range 6-11) and the mean 
Wechsler Abbreviated Scale of Intelligence (WASI) full 
scale IQ was 106.1 (SD = 15.46). 

 The range and the means for the three definitions of RDI 
used in this study were as follows. RDI0 ranged from 0 to 
72.3 with a mean of 5.24. The prevalence rates for RDI0 in 
the following categories were RDI0<3 28.54%, RDI0 3 and 
<5: 29.79%, RDI0 5 and <7: 22.29%, and RDI0 7: 19.38%. 
RDI2 ranged from 0 to 48.5 with a mean of 1.90. The preva-
lence rates for RDI2 in the following categories were 
RDI2<0.5: 17.50%, RDI2 0.5 and <1: 25.00%, RDI 1 and 

2: 28.13%, and RDI2>2: 29.38%. The mean of RDI3 
dropped further to 0.9 with a range from 0 to 29.1. The 
prevalence rates for RDI3 in the following categories were 
RDI3<0.5: 50.63%, RDI3 0.5 and <1: 25.42%, and 
RDI3 1: 23.96%. There were no significant differences re-
lated to ethnicity or gender. Tables 1 and 2 provide the over-
all means and range of scores on the CPRS-R and the CBCL 
for the study sample. 

 

Table 2.  Child Behavior Check List Scales, Symptoms and Mean T Scores 

 

Scales Symptoms/Problems to Measure Mean SD Min Max 

Withdrawn Shy, timid, would rather be alone, refuse to talk, unhappy, depressed 53.8 6.3 35 85 

Somatic complaints Feel dizzy, nausea, pains, overtired 55.7 7.1 41 82 

Anxious/Depressed Lonely, cries a lot, 54.5 7.6 36 88 

Social problems Too dependent, not get along w. peers 54.1 7.5 50 91 

Thought problems Strange idea/behavior, see/hear things 54.6 6.9 50 82 

Attention problems Can’t concentrate, acts too young, confused 55.1 8.3 50 88 

Delinquent behavior Lack guilt, bad companions, lies, steals alcohol/drug 54.4 6.8 50 82 

Aggressive behavior Argues, brags, mean to others, destroy things 53.8 6.8 50 82 

Total score Combination of all symptoms 49.8 12.4 37 82 

Internalizing Withdrawn, somatic, anxious 50.4 11.2 33 81 

Externalizing Aggressive, delinquent 48.5 11.0 30 78 
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 In Table 3 are shown the associations between RDI0 and 
the various subscales of the CPRS-R and the CBCL. For this 
analysis, RDI0 was grouped into four categories: <3 (refer-
ent), between 3 and 5, between 5 and 7 and more than 7. 
This was done to create adequate numbers for analysis in 
each category, and also to explore whether any associations 
between RDI0 and the CPRS-R and CBCL represented pro-
gressive or threshold relationships. 

 

 It can be seen from Table 3 that for CPRS-R opposi-
tional, psychosomatic, and CBCL somatic complaints, social 
problems, aggressive behavior and externalizing scales, there 
are significant odds ratios (OR) ranging from 2.73 to 5.26 for 
the RDI0 group  7 with highly significant p-values, indicat-
ing that those subjects in the RDI0  7 group, are 2.73-5.26 
times more likely to have such behavior problems than the 
group with RDI0 less than 3. In contrast for these behavior 
scales, the OR for RDI0 groups between 3 and 5 and be-
tween 5 and 7 are not significant. For all other CPRS-R and 

Table 3. Associations Between CPRS-R and CBCL Scales and RDI0 

 

3< = RDI0<5 5< = RDI0<7 RDI0> = 7 

N = 124 N = 85 N = 77 CPRS-R Scales 

OR  p OR  p OR p 

Oppositional 0.74 0.521 0.75 0.577 2.73 0.022* 

Cognitive Problems 0.78 0.545 1.1 0.831 1.74 0.185 

Hyperactive 0.9 0.77 0.81 0.59 0.76 0.504 

Anxious-shy 1.49 0.329 1.96 0.122 1.01 0.99 

Perfectionism 3.87 0.095 2.85 0.24 4.48 0.074 

Social problems 1.3 0.604 1.79 0.274 2.54 0.064 

Psychosomatic 4.6 0.004** 2.98 0.066 5.26 0.003** 

ADHD Index 0.85 0.711 1.53 0.344 1.74 0.221 

Global Total 0.6 0.213 0.62 0.289 1.22 0.634 

DSM Inattentive 0.88 0.77 1.26 0.608 1.69 0.226 

DSM Hyperactive 0.78 0.495 0.93 0.858 0.97 0.944 

DSM Total 0.62 0.263 1.13 0.769 1.31 0.522 

Reference Group is RDI <3 (N = 111). 

* p<0.05 ** p<0.01 vs Reference Group. 

3< = RDI0<5 5< = RDI0<7 RDI0> = 7 

N = 124 N = 86 N = 77 CBCL Scale 

OR  p OR  p OR p 

Withdrawn 1.88 0.26 0.9 0.883 1.67 0.396 

Somatic Complaints 1.54 0.41 2.25 0.124 3.33 0.017* 

Anxious/Depressed 1.36 0.543 2.32 0.095 1.92 0.204 

Social Problems 2.18 0.146 2.12 0.205 4.16 0.009** 

Thought Problems 0.87 0.736 0.61 0.321 1.65 0.248 

Attention Problems 1.32 0.495 1.13 0.78 1.87 0.141 

Delinquent Behavior 1.14 0.76 1.04 0.937 1.07 0.894 

Aggressive Behavior 1.29 0.652 1.65 0.402 3.06 0.039* 

Total Score 1.06 0.895 1.14 0.778 2.11 0.08 

Internalizing 1.18 0.728 2.06 0.132 1.69 0.284 

Externalizing 1.71 0.33 1.29 0.676 3.54 0.02* 

Reference Group is RDI <3 (N = 116). 

* p<0.05 ** p<0.01 vs Reference Group. 

Table Abbreviations: ADHD = Attention deficit hyperactivity disorder; DSM = Diagnostic and Statistical Manual; DSMI = DSM Inattentive; DSMH = DSM Hyperactive. 
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CBCL subscales, there were no significant differences be-
tween higher RDI0 groups and the reference group. 

 A similar analysis was done on RDI2, which also was 
grouped into four categories as follows: less than 0.5 (refer-
ent), between 0.5 and 1, between 1 and 2, and more than 2. 
The regression result is shown in Table 4. It can be seen that 
for CPRS-R social problems, psychosomatic, and CBCL 
somatic complaints and social problems, there are non-
significant odds ratios for the RDI group between 0.5 and 1 
and for the RDI group between 1 and 2. While for the RDI 

group of more than 2, there is an increase in odds ratios 
ranging from 3.63 to 8.23 with significant p-values. 

 Finally, RDI3 was divided into three groups as follows: 
RDI3 less than 0.5 (referent), and groups between 0.5 and 1, 
and more than 1. Only three groups were used because of the 
paucity of subjects with RDI3 exceeding 2. As shown in 
Table 5, for RDI3 between 0.5 and 1 there are significant 
ORs for CPRS-R social problems and psychosomatic, and 
CBCL withdrawn, anxious/depressed, social problems, de-
linquent behavior, aggressive, total, internalizing and exter-

Table 4. Associations Between CPRS-R and CBCL Scales and RDI2 

 

.5< = RDI2<1 1< = RDI2<2 RDI2> = 2 

N = 105 N = 107 N = 116 CPRS-R Scale 

OR  p OR  p  OR  p 

Oppositional 0.75 0.585 0.51 0.223 1.47 0.406 

Cognitive Problems 0.86 0.757 1.18 0.724 1.45 0.408 

Hyperactive 0.75 0.474 0.57 0.186 0.66 0.308 

Anxious-shy 1.45 0.463 1.81 0.239 1.89 0.193 

Perfectionism 2.73 0.375 4.31 0.184 5.56 0.11 

Social problems 1.88 0.376 2.68 0.152 4.24 0.028* 

Psychosomatic 6.76 0.014* 4.36 0.065 8.23 0.006** 

ADHD Index 0.82 0.693 1.07 0.897 1.63 0.302 

Global Total 0.6 0.27 0.68 0.415 0.89 0.795 

DSM Inattentive 0.91 0.852 1.17 0.756 1.6 0.313 

DSM Hyperactive 0.67 0.314 0.6 0.213 0.72 0.39 

DSM Total 0.6 0.257 0.51 0.159 1.01 0.983 

Reference Group is RDI <0.5 (N = 69). 

* p<0.05 ** p<0.01 vs Reference Group. 

.5< = RDI2<1 1< = RDI2<2 RDI2> = 2 

N = 104 N = 112 N = 112 CBCL Scale 

OR  p OR  p  OR  p 

Withdrawn 3 0.262 6.16 0.05 5.12 0.077 

Somatic Complaints 2.89 0.133 3.1 0.108 4.67 0.022* 

Anxious/Depressed 0.77 0.68 1.97 0.214 1.64 0.36 

Social Problems 1.36 0.668 3.68 0.044* 3.63 0.045* 

Thought Problems 1.04 0.936 0.58 0.297 1.5 0.372 

Attention Problems 0.91 0.844 1.35 0.506 1.22 0.661 

Delinquent Behavior 1.48 0.462 1.72 0.301 1.2 0.732 

Aggressive Behavior 0.62 0.459 1.27 0.67 1.35 0.586 

Total Score 0.74 0.554 1.25 0.631 1.29 0.576 

Internalizing 1.48 0.501 2.1 0.184 1.89 0.251 

Externalizing 1.49 0.533 1.91 0.301 1.88 0.302 

Reference Group is RDI <0.5 (N = 75). 

* p<0.05 ** p<0.01 vs Reference Group. 

Table Abbreviations: ADHD = Attention deficit hyperactivity disorder; DSM = Diagnostic and Statistical Manual; DSMI = DSM Inattentive; DSMH = DSM Hyperactive. 
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nalizing. In addition, for RDI3>1, the ORs are still signifi-
cant for CPRS-R social problems and psychosomatic al-
though attenuated. In addition, the CBCL scales are no 
longer significant. 

Table 5. Associations Between CPRS-R and CBCL Scales 

and RDI3 

 

.5 = <RDI3<1 RDI3> = 1 

N = 102 N = 93 CPRS-R Scale 

OR p OR p 

Oppositional 2.07 0.057 1.23 0.622 

Cognitive Problems 1.43 0.517 1.23 0.578 

Hyperactive 1.07 0.85 0.77 0.471 

Anxious-shy 1.99 0.057 1.35 0.429 

Perfectionism 1.9 0.27 2.14 0.175 

Social problems 3.25 0.006** 2.56 0.032* 

Psychosomatic 2.47 0.02* 2.45 0.021* 

ADHD Index 1.61 0.207 1.31 0.493 

Global Total 1.77 0.113 1.05 0.893 

DSM Inattentive 1.53 0.25 1.34 0.442 

DSM Hyperactive 1.51 0.195 0.93 0.824 

DSM Total 1.72 0.133 1.27 0.534 

Reference Group is RDI <0.5 (N = 202). 

* p<0.05 ** p<0.01 vs Reference Group. 

.5 = <RDI3<1 RDI3> = 1 

N = 101 N = 92 CBCL Scale 

OR p OR p 

Withdrawn 4.17 0.006** 2.17 0.163 

Somatic Complaints 1.6 0.27 2.12 0.058 

Anxious/Depressed 2.64 0.02* 1.91 0.132 

Social Problems 4.17 0.001** 1.97 0.151 

Thought Problems 1.09 0.826 1.25 0.558 

Attention Problems 1.5 0.244 1.04 0.92 

Delinquent Behavior 2.4 0.018* 0.71 0.469 

Aggressive Behavior 2.67 0.019* 0.96 0.944 

Total Score 2.23 0.026* 1.38 0.398 

Internalizing 2.23 0.044* 1.4 0.416 

Externalizing 2.69 0.02* 1.07 0.894 

Reference Group is RDI <0.5 (N = 210). 

* p<0.05 ** p<0.01 vs Reference Group. 

 
 The preceding analyses using 3 different definitions of 
RDI suggest that the likelihood of having a clinically signifi-
cant CPRS-R or CBCL subscale score was not necessarily 
progressive or linear across RDI categories, and the follow-
ing cutpoints were indicators of clinically significant SDB: 

RDI0  7, RDI2 2 and RDI3 0.5 events per hour of sleep. 
To further define these relationships, RDI0, RDI2 and RDI3 
were grouped into two categories with a single cutoff point, 
one group below the cutoff point and the other equal or more 
than the cutoff point. The odds ratios between these two 
groups were computed, adjusting for the same covariates as 
used before, IQ, age, gender, ethnicity and obesity (Table 6). 
In general, most of the associations remained the same al-
though there was attenuation of the ORs for some of the sub-
scales. 

DISCUSSION 

 In this study, we have analyzed the association between 
SDB in school-aged children and their parents’ assessment 
of behavior in order to identify the minimum severity of 
SDB associated with a moderate to severe degree of clinical 
behavioral impairment. Using three definitions of RDI, we 
found that there were thresholds of SDB severity corre-
sponding with an increased likelihood of elevated CPRS-R 
and CBCL subscale scores. Furthermore, the RDI threshold 
level decreased as the requirement for oxygen desaturation to 
define a respiratory event increased. 

 We found that irrespective of the definition of RDI used, 
several CPRS-R and CBCL subscales were associated with 
SDB. These results are consistent with the report by Rosen et 
al. who observed that children with SDB in the Cleveland 
Children’s Sleep and Health Study also had elevated scores 
in a number of domains assessed by the CPRS-R and CBCL 
[13]. Although the latter study was performed in a general 
population cohort similar to ours, SDB was identified using 
either a limited channel cardiorespiratory monitor or parent 
reported “loud snoring”. Most (reviewed in [3, 4]), but not 
all [15, 16] clinical studies also have found either evidence 
of abnormal behavior in children with SDB compared to 
normal subjects, or an increased percentage of children with 
SDB showing behavior problems in a clinically relevant 
range. This analysis provides additional evidence in a gen-
eral population that SDB is associated with an increased 
likelihood of abnormal behavior in preadolescent children. 

 The mechanism by which SDB results in abnormal be-
havior in children has not been conclusively established. 
Two factors are proposed to be important. Intermittent hy-
poxia related to SDB is a possible mechanism and has been 
shown in animal models to result in both structural and be-
havioral deficits [28, 29]. However, SDB frequently occurs 
in children without severe hypoxia. Sleep disruption and 
fragmentation related to SDB is the other major mechanism 
that may be operative. Both non-SDB sleep fragmentation 
and sleep restriction can produce neurobehavioral abnormali-
ties in children [30, 31]. Nevertheless, arousals related to 
SDB are not always observed in children [32]. It is plausible 
that both intermittent hypoxia, and sleep disruption and re-
striction are important, but whether there are other mecha-
nisms involved remains to be determined. 

 Although the RDI is the generally accepted metric used 
to indicate the severity of SDB in both adults and children, 
there is little consensus as to the best definition particularly 
in children. A number of RDI thresholds have been used 
ranging from 1 to 5 events per hour with varying require-
ments for associated oxygen desaturation [13, 22, 26, 33,  
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34]. As demonstrated in a recent study by Tang et al. [35], 
variation in the definition used to define a respiratory event 
can lead to a 20 fold difference in the median RDI within a 
population. The lack of an accepted standard for RDI has 
important implications. From a clinical perspective, it be-
comes another factor hindering identification of SDB in 
children. From an epidemiological and public health view-
point, estimates of SDB prevalence become imprecise. Fur-
thermore, comparison of research studies using different 

definitions is difficult. Unfortunately, there have been rela-
tively few studies in adults or children that have attempted to 
establish the boundary between normal and SDB. The first 
such study in children was performed by Marcus et al. in 50 
normal children. They found apneic events to be rare and 
suggested that an apnea index  1 was abnormal [33]. How-
ever, hypopneas were not scored and the study population 
included some older adolescents approaching adulthood. 
Subsequently, several studies reported that apneas and hy-

Table 6. Dichotomous Associations Between RDI Definitions and CPRS-R and CBCL  

 

RDI0> = 7 RDI2> = 2 RDI3> = 0.5 

N = 77 N = 116 N = 195 CPRS Scale 

OR  p OR  p OR  p 

Oppositional 3.27 0.001** 2.07 0.029* 1.62 0.146 

Cognitive Problems 1.85 0.079 1.44 0.249 1.33 0.349 

Hyperactive 0.83 0.612 0.9 0.728 0.92 0.751 

Anxious-shy 0.72 0.417 1.3 0.414 1.65 0.103 

Perfectionism 1.79 0.267 1.95 0.159 2.02 0.15 

Social problems 1.96 0.086 2.19 0.027* 2.89 0.005** 

Psychosomatic 1.93 0.07 1.93 0.043* 2.46 0.007** 

ADHD Index 1.63 0.195 1.71 0.105 1.46 0.237 

Global Total 1.63 0.172 1.24 0.512 1.39 0.29 

DSM Inattentive 1.66 0.162 1.56 0.166 1.43 0.246 

DSM Hyperactive 1.08 0.822 0.99 0.992 1.2 0.494 

DSM Total 1.48 0.277 1.54 0.174 1.48 0.196 

Reference Groups: RDI <7 (N = 320), RDI<2 (N = 281), and RDI<0.5 (N = 202) respectively. 

* p<0.05 ** p<0.01 vs Reference Group. 

RDI0> = 7 RDI2> = 2 RDI3> = 0.5 

N = 77 N = 112 N = 193 CBCL Scale 

OR  p OR  p OR  p 

Withdrawn 1.3 0.588 1.45 0.397 3.04 0.016* 

Somatic Complaints 2.22 0.032* 1.91 0.059 1.86 0.072 

Anxious/Depressed 1.33 0.48 1.31 0.456 2.25 0.025* 

Social Problems 2.45 0.024* 1.76 0.124 2.99 0.004** 

Thought Problems 1.96 0.073 1.77 0.084 1.17 0.623 

Attention Problems 1.63 0.161 1.11 0.736 1.26 0.433 

Delinquent Behavior 1.01 0.989 0.83 0.625 1.46 0.254 

Aggressive Behavior 2.41 0.033* 1.41 0.378 1.75 0.143 

Total Score 1.99 0.049 1.3 0.417 1.78 0.064 

Internalizing 1.28 0.528 1.2 0.608 1.78 0.091 

Externalizing 2.68 0.016* 1.25 0.575 1.8 0.122 

Reference Groups: RDI <7 (N = 326), RDI<2 (N = 291), and RDI<0.5 (N = 210) respectively. 

* p<0.05 ** p<0.01 vs Reference Group. 

Table Abbreviations: ADHD = Attention deficit hyperactivity disorder; DSM = Diagnostic and Statistical Manual; DSMI = DSM Inattentive; DSMH = DSM Hyperactive. 
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popneas were uncommon in younger children, but event 
definitions were not always comparable among all studies 
[34, 36-39]. Additionally, the frequency of events as deter-
mined in asymptomatic children was used to define the nor-
mal range for RDI. In contrast, in an earlier study from the 
TuCASA cohort, using several definitions of RDI, we identi-
fied threshold values for each definition that were associated 
with a greater likelihood of SDB symptoms [26]. Our find-
ings in this current analysis extend our previous observations 
to include behavioral outcomes. Nevertheless, there are some 
small differences between the studies. Both analyses indi-
cated that for RDI2, a cutpoint of 2 was optimum. However, 
the RDI0 analysis using SDB symptoms suggested a cutpoint 
of 5, whereas behavioral data indicate a cutpoint of 7. Simi-
larly, RDI3 symptom analysis indicated a cutpoint of 1 in 
comparison to 0.5 using behavioral data. These findings sug-
gest that the severity of SDB required to produce clinical 
symptoms may be different than the severity resulting in 
behavioral abnormalities. 

 We observed that as the definition of a respiratory event 
required increasing oxygen desaturation, the number of 
events identified decreased. These findings are similar to 
those observed by Tang et al. in children [35] and Redline et 
al. [40] in adults. They further reinforce the concept that 
event definition especially with respect to assessment oxy-
gen desaturation is critically important in identifying the 
presence of SDB in children. 

 Several caveats should be considered in the interpretation 
of this study. Firstly, this study is correlational and does not 
provide confirmation of a causal relationship between RDI 
and behavior problems. Thus, although reverse causality 
such that behavior problems lead to an increase in RDI can-
not be excluded, biologic plausibility is unlikely. Secondly, 
behavior measures were dependent upon parent report only. 
The study did not engage teachers or young subjects in 
evaluating behavior. Multiple informants and multiple ways 
of measuring behavior provide the best and most evidence of 
behavior problems. It is possible that different findings may 
have been observed if multiple or alternative assessments of 
behavior had been utilized. Thirdly, there were insufficient 
subjects for certain combinations between RDI3 and behav-
ior groups. Thus we were not able to detect a significant 
odds ratio for RDI3 >1 compared with the corresponding 
reference group. A larger number of subjects also would 
have increased the precision in our odds ratio estimates. 
Fourth, no associations between SDB and behaviors such as 
hyperactive, perfectionism and ADHD were detected. Be-
haviors may have different specificity and sensitivity in rela-
tion to SDB. Further studies to explore these relationships 
are required. Fifth, scoring of SDB events in this study was 
performed using data from thermisters. Although we have 
demonstrated that nasal pressure monitoring in children will 
identify a greater number of respiratory events [41], use is 
associated with a greater rate of malfunction, and it is not 
recommended as the primary flow monitor in children [42]. 
Nevertheless, if nasal pressure monitoring is used to identify 
more subtle SDB events, the thresholds proposed in this 
study may not be applicable. Given the growing use of nasal 
pressure monitoring, additional studies examining the rela-
tionship between SDB and behavior in children are needed. 
Sixth, although central apneas were included in our defini-
tion of RDI, they represented a very small proportion of the 

total number of respiratory events, and thus we do not think 
their presence altered our conclusions. Finally, while we 
propose cutpoints for 3 different definitions of RDI, it re-
mains unclear whether any of these RDI definitions are supe-
rior to the others. This continues to be an area that requires 
additional investigation. 

 Despite the aforementioned limitations, to the best of our 
knowledge, this study is the first to use behavioral outcome 
data to define RDI thresholds for the identification of SDB in 
children. Additional strengths are the large size of the cohort, 
use of a community sample in lieu of a clinic derived cohort 
and home PSG to reduce disruption in sleep from a labora-
tory environment. Furthermore, use of the definitions pro-
posed in this study should aid clinicians in identifying which 
children have SDB and thus may require treatment. They 
also will facilitate comparison of PSG results obtained at 
different times from the same child. Finally, from a public 
health perspective, they will assist investigators in determin-
ing the true prevalence of childhood SDB in various popula-
tions. 

 In conclusion, this analysis found an increased risk of 
behavior problems such as somatic complaints, oppositional 
or aggressive behaviors and social problems, associated with 
sleep-disordered breathing in school-aged children. RDI cut 
points for three definitions of SDB are proposed. These cut 
points should help physicians identify children with SDB 
that may have an increased risk of abnormal behavior, and it 
may help determine appropriate treatments. Furthermore, 
these analyses provide additional evidence that evaluation of 
SDB should be considered in children exhibiting moderate to 
severe levels of behavior problems. 

ACKNOWLEDGEMENT 

 This study was supported by grant HL 62373 from the 
National Heart Lung and Blood Institute. 

REFERENCES 

[1] O'Brien LM, Mervis CB, Holbrook CR, et al. Neurobehavioral 

correlates of sleep-disordered breathing in children. J Sleep Res 
2004; 13: 165-72. 

[2] Schechter MS. Technical report: diagnosis and management of 
childhood obstructive sleep apnea syndrome. Pediatrics 2002; 109: 

e69. 
[3] Owens JA. The ADHD and sleep conundrum: a review. J Dev 

Behav Pediatr 2005; 26: 312-22. 
[4] Beebe DW. Neurobehavioral morbidity associated with disordered 

breathing during sleep in children: a comprehensive review. Sleep 
2006; 29: 1115-34. 

[5] Gozal D. Sleep-disordered breathing and school performance in 
children. Pediatrics 1998; 102: 616-20. 

[6] Stradling JR, Thomas G, Warley AR, Williams P, Freeland A. 
Effect of adenotonsillectomy on nocturnal hypoxaemia, sleep dis-

turbance, and symptoms in snoring children. Lancet 1990; 335: 
249-53. 

[7] Huang YS, Guilleminault C, Li HY, Yang CM, Wu YY, Chen NH. 
Attention-deficit/hyperactivity disorder with obstructive sleep ap-

nea: a treatment outcome study. Sleep Med 2007; 8: 18-30. 
[8] Blunden S, Lushington K, Kennedy D, Martin J, Dawson D. Be-

havior and neurocognitive performance in children aged 5-10 years 
who snore compared to controls. J Clin Exp Neuropsychol 2000; 

22: 554-68. 
[9] Chervin RD, Dillon JE, Bassetti C, Ganoczy DA, Pituch KJ. Symp-

toms of sleep disorders, inattention, and hyperactivity in children. 
Sleep 1997; 20: 1185-92. 

[10] Chervin RD, Archbold KH, Dillon JE, et al. Inattention, hyperac-
tivity, and symptoms of sleep-disordered breathing. Pediatrics 

2002; 109: 449-56. 



Sleep Disordered Breathing and Children’s Behavior The Open Epidemiology Journal, 2008, Volume 1    9 

[11] Chervin RD, Dillon JE, Archbold KH, Ruzicka DL Conduct prob-

lems and symptoms of sleep disorders in children. J Am Acad 
Child Adolesc Psychiatry 2003; 42: 201-8. 

[12] Lewin DS, Rosen RC, England SJ, Dahl RE. Preliminary evidence 
of behavioral and cognitive sequelae of obstructive sleep apnea in 

children. Sleep Med 2002; 3: 5-13. 
[13] Rosen CL, Storfer-Isser A, Taylor HG, Kirchner HL, Emancipator 

JL, Redline S. Increased behavioral morbidity in school-aged chil-
dren with sleep-disordered breathing. Pediatrics 2004; 114: 1640-8. 

[14] Gottlieb DJ, Vezina RM, Chase C, et al. Symptoms of sleep-
disordered breathing in 5-year-old children are associated with 

sleepiness and problem behaviors. Pediatrics 2003; 112: 870-7. 
[15] Chervin RD, Archbold KH. Hyperactivity and polysomnographic 

findings in children evaluated for sleep-disordered breathing. Sleep 
2001; 24: 313-20. 

[16] O'Brien LM, Holbrook CR, Mervis CB, et al. Sleep and neurobe-
havioral characteristics of 5- to 7-year-old children with parentally 

reported symptoms of attention-deficit/hyperactivity disorder. Pe-
diatrics 2003; 111: 554-63. 

[17] Weissbluth M, Davis AT, Poncher J, Reiff J. Signs of airway ob-
struction during sleep and behavioral, developmental, and aca-

demic problems. J Dev Behav Pediatr 1983; 4: 119-21. 
[18] Simonds JF, Parraga H. Sleep behaviors and disorders in children 

and adolescents evaluated at psychiatric clinics. Dev Behav Pediatr 
1984; 5: 6-10. 

[19] Montgomery-Downs HE, Jones VF, Molfese VJ, Gozal D. Snoring 
in preschoolers: associations with sleepiness, ethnicity, and learn-

ing. Clin Pediatr 2003; 42: 719-26. 
[20] Owens JA, Sprito A, Marcotte AC, McGuinn M, Berkelhammer L. 

Neuropsychological and behavioral correlates of obstructive sleep 
apnea syndrome in children. Sleep Breath 2000; 4: 67-78. 

[21] Goodwin JL, Enright PL, Kaemingk KL, et al. Feasibility of using 
unattended polysomnography in children for research--report of the 

Tucson Children's Assessment of Sleep Apnea study (TuCASA). 
Sleep 2001; 24: 937-44. 

[22] Kaemingk KL, Pasvogel AE, Goodwin JL, et al. Learning in chil-
dren and sleep disordered breathing: findings of the Tucson Chil-

dren's Assessment of Sleep Apnea (TuCASA) prospective cohort 
study. J Int Neuropsychol Soc 2003; 9: 1016-26. 

[23] Conners CK, Sitarenios G, Parker JD, Epstein JN. The revised 
Conners' Parent Rating Scale (CPRS-R): factor structure, reliabil-

ity, and criterion validity. J Abnorm Child Psychol 1998; 26: 257-
68. 

[24] Conners CK. Conners' Rating Scales-Revised Technical Manual. 
North Tonawanda, New York: Multi Health Systems, 2000. 

[25] Achenbach T. Integrative Guide for the 1991 Cbcl 4-18, Ysrm Abd 
Trf Profiles. Burlington, VT: University of Vermont Department of 

Psychiatry, 1991. 
[26] Goodwin JL, Kaemingk KL, Fregosi RF, et al. Clinical outcomes 

associated with sleep-disordered breathing in Caucasian and His-
panic children--the Tucson Children's Assessment of Sleep Apnea 

study (TuCASA). Sleep 2003; 26: 587-91. 

[27] Mulvaney SA, Goodwin JL, Morgan WJ, Rosen GR, Quan SF, 

Kaemingk KL. Behavior problems associated with sleep disordered 
breathing in school-aged children--the Tucson children's assess-

ment of sleep apnea study. J Pediatr Psychol 2006; 31: 322-30. 
[28] Payne RS, Goldbart A, Gozal D, Shurr A. Effect of intermmittent 

hypoxia on long-term potentiation in rat hippocampal slices. Brain 
Res 2004; 1029: 195-9. 

[29] Row BW, Liu R, Xu W, Kheirandish L, Gozal D. Intermittent 
hypoxia is associated with oxidative stress and spatial learning 

deficits in the rat. Am J Respir Crit Care Med 2003; 167: 1548-53. 
[30] Steenari MR, Vuontela V, Paavonen EJ, Carlson S, Fjallberg M, 

Aronen E. Working memory and sleep in 6- to 13 year old school-
children. J Am Acad Child Adolesc Psychiatry 2003; 42: 85-92. 

[31] Picchietti DL, Underwood DJ, Farris WA, et al. Further studies on 
periodic limb movement disorder and restless legs syndrome in 

children with attention-deficit hyperactivity disorder. Mov Disord 
1999; 14: 1000-7. 

[32] McNamara F, Issa FG, Sullivan CE. Arousal pattern following 
central and obstructive breathing abnormalities in infants and chil-

dren. J Appl Physiol 1996; 81: 2651-7. 
[33] Marcus CL, Omlin KJ, Basinki DJ, et al. Normal polysomno-

graphic values for children and adolescents. Am Rev Respir Dis 
1992; 146: 1235-9. 

[34] Verhulst SL, Schrauwen N, Haentjens D, Van Gaal L, De Backer 
WA, Desager KN. Reference values for sleep-related respiratory 

variables in asymptomatic European children and adolescents. Pe-
diatr Pulmonol 2007; 42: 159-67. 

[35] Tang JP, Rosen CL, Larkin EK, et al. Identification of sleep-
disordered breathing in children: variation with event definition. 

Sleep 2002; 25: 72-9. 
[36] Montgomery-Downs HE, O'Brien LM, Gulliver TE, Gozal D. 

Polysomnographic characteristics in normal preschool and early 
school-aged children. Pediatrics 2006; 117: 741-53. 

[37] Traeger N, Schultz B, Pollock AN, Mason T, Marcus CL, Arens R. 
Polysomnographic values in children 2-9 years old: additional data 

and review of the literature. Pediatr Pulmonol 2005; 40: 22-30. 
[38] Uliel S, Tauman R, Greenfeld M, Sivan Y. Normal polysomno-

graphic respiratory values in children and adolescents. Chest 2004; 
125: 872-8. 

[39] Acebo C, Millman RP, Rosenberg C, Cavallo A, Carskadon MA. 
Sleep, breathing, and cephalometrics in older children and young 

adults. Part I -- Normative values. Chest 1996; 109: 664-72. 
[40] Redline S, Kapur VK, Sanders MH, et al. Effects of varying ap-

proaches for identifying respiratory disturbances on sleep apnea as-
sessment. Am J Respir Crit Care Med 2000; 161: 369-74. 

[41] Budhiraja R, Goodwin JL, Parthasarathy S, Quan SF. Comparison 
of nasal pressure transducer and thermistor for detection of respira-

tory events during polysomnography in children. Sleep 2005; 28: 
1117-21. 

[42] Iber C, Ancoli-Israel S, Chesson AL, Quan SF. The AASM Manual 
for the Scoring of Sleep and Associated Events. Chicago: American 

Academy of Sleep Medicine, 2007. 

 
 

Received: November 21, 2007 Revised: January 11, 2008 Accepted: January 15, 2008 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


