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Introduction
Attention deficit hyperactivity disorder (ADHD) is a disorder 

manifesting predominantly in childhood with symptoms of 
hyperactivity, inattention, and impulsivity which can have a dramatic 
effect on the child’s behavioral, social, and emotional functionality.1 
As many as 8 to 11% of school aged children are diagnosed with 
ADHD, and billions of dollars have been dedicated to their care, 
both pharmacologic and psychological.2 The pathogenesis of ADHD 
is incompletely understood. A genetically inherited imbalance in 
catecholamine metabolism is the most commonly accepted hypothesis 
given the available animal studies, functional brain imaging, and 
patients’ efficacious response to stimulant medications.3 However, 
in recent years, a number of researchers have proposed a link 
between ADHD symptoms and sleep disorders.4–8 In a recent review 
in Pediatrics, Bonuck et al.,6 found that those with sleep disordered 
breathing were significantly more likely to have behaviors resembling 
ADHD than those without sleep disordered breathing.6 Obstructive 
sleep apnea (OSA) is a sleep disorder commonly affecting children and 
can have significant neuro developmental implications on the child’s 
health.7,8 American Academy of Pediatrics clinical practice guidelines 
recommend that patients or their caregivers be screened for snoring 
(as well as a focused evaluation for other symptoms if noted to have 
habitual snoring) at each routine health examination, and if positive, 
be referred to a sleep specialist.9 Despite these recommendations, 
screening for snoring is widely variable and many children at risk for 
OSA are not being screened according to the guidelines.10 Previous 
studies have reported screening proportions ranging from 8% to 
24%; however, few studies have examined practitioners’ screening 
patterns for OSA when considering the diagnosis of ADHD.11,12 The 
aims of this study were to describe the snoring screening practices 

of various clinicians when considering the diagnosis of ADHD and 
to analyze various patient and provider characteristics to determine 
their predictiveness for screening about snoring. We hypothesized that 
patients were not being routinely screened for OSA risk factors prior 
to being diagnosed with ADHD.

Methods
Setting and participants

This study was a retrospective chart review conducted between 
January 1st, 2015 and December 31st, 2017. Children aged 4 to 18 
years of age presenting with symptoms suggestive of undiagnosed 
ADHD at either a well-child or illness office visit were eligible. 
Exclusion criteria included any child with a previous diagnosis of 
ADHD, ADHD diagnosed prior to January 1st, 2015, any child with 
a previous sleep evaluation or polysomnography, and any child with 
a history of adenotonsillectomy. Two office visits were reviewed 
for each patient: their first office visit with concern for ADHD 
symptoms, and their first follow up visit thereafter. Encounters were 
reviewed from four individual clinics under the same healthcare 
system. Providers included attending physicians, resident physicians, 
advanced nurse practitioners (APN), and physician assistants (PA). 
The institutional review board of the University of Illinois College of 
Medicine at Peoria approved this study and waived informed consent, 
as no protected health information was collected or stored during the 
duration of this review. 

Data collection and analysis

Data was collected via retrospective chart review in two encounters 
per eligible patient during the study time frame. Data was analyzed in 
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Abstract

Objective: To examine healthcare providers’ screening practices for obstructive sleep 
apnea (OSA) in children when considering a diagnosis of attention deficit hyperactivity 
disorder (ADHD). We hypothesized that patients were not being routinely screened for 
OSA risk factors prior to being diagnosed with ADHD.

Methods: Retrospective chart review examining 113 patient encounters in which a 
diagnosis of ADHD was given. Children were aged 4 to 18 years of age and were 
evaluated in a resident staffed, university affiliated community health clinic. We used 
chi square tests to examine various health care providers’ questioning about snoring 
based on patient demographics, health characteristics, and provider characteristics. 

Results: Providers asked about snoring in 15% of patients. Factors predicting 
questioning over snoring included provider level (p< .01) and number of years in 
training (p< .001). No patient health factors or provider specialties were significantly 
predictive.

Conclusion: Results suggest that many children evaluated for ADHD are not being 
screened for OSA. Among providers, there is wide variation in clinical practice 
in screening for snoring in children presenting with symptoms of ADHD. Future 
directions include developing interventions and evidence based methods to increase 
awareness and screening for OSA in those children with inattention or hyperactivity. 

Keywords: attention deficit hyperactivity disorder, obstructive sleep apnea, snoring, 
sleep medicine
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association with our university’s statistician. The primary outcome 
was the presence of questioning about snoring. Chi-square tests 
were utilized to analyze bivariate associations between screening for 
snoring and multiple patient and provider characteristics. The patient 
characteristics analyzed included gender and body mass index (BMI). 
Provider characteristics analyzed included provider level (attending, 
APN, PA, resident) type of training (pediatrician, medicine/pediatrics, 
family medicine, physician assistant, and nurse practitioner), and 
number of years in training. 

Results
Patient flow

Patient flow is illustrated in (Figure 1). 445 unique patient charts 
were reviewed. 282 patients were diagnosed with ADHD prior to the 
study time frame. 37 did not have a record of their diagnosis in the 
electronic medical record, suggesting their diagnostic encounter was 
completed on paper charts prior to the clinic transitioning to electronic 
medical record keeping. 4 patients had a previous diagnosis of OSA. 4 
patients were diagnosed at an outside, non-affiliated clinic. 2 patients 
had previous adenotonsillectomy. There were 3 duplicate charts. After 
these exclusions, 113 patients qualified for inclusion in the study. 

Figure 1 Study Flow Diagram.

Demographics and primary outcome

Children included in the study numbered 80 males (71%) and 
33 females (29%). They were between the ages of 4 and 16, with a 
mean age of 7.5 (SD=2.6) years and a median age of 7 years. Their 
BMI percentages ranged from 1st percentile to 99th percentile, with 
a mean BMI at the 69th percentile (SD=27) and a median at the 77th 
percentile. 61% were diagnosed with ADHD combined subtype 
(69 patients), 11% were diagnosed with the hyperactive subtype 
(12 patients), 12% were diagnosed with the inattentive subtype (14 
patients), and 16 percent had an unspecified ADHD subtype (18 
patients). Attending physicians completed 26% of encounters, APNs 
and PAs accounted for 9% of encounters, and resident physicians 
completed the remaining 65% of encounters. Of the 113 patients, 17 
were screened for snoring (15%), while 96 had no questioning about 
snoring (85%). 

Screening by patient characteristics

Bivariate analyses were conducted on two major patient 
characteristics: gender and BMI percentage of the 80 males, 13 

(16%) were screened and 67 (84%) were not screened for snoring. In 
contrast, of the 33 females, 4 (12%) were screened and 29 (88%) were 
not screened for snoring (P= 0.774). A BMI threshold was set at the 
90th percentile to divide patients into two groups. We hypothesized 
that a provider’s likelihood to question a child about snoring would 
be greater with increasing BMI, and, although the Centers for Disease 
Control define an overweight BMI as greater than the 85th percentile 
to less than the 95th percentile, many providers easily recognize a 
BMI at the 90th percentile or greater as abnormal in the pediatric 
population. Of 75 children with a BMI less than the 90th percentile, 61 
(81%) were not screened and 14 (19%) were screened for snoring, as 
opposed to those with a BMI greater than the 90th percentile where 35 
(92%) were not screened and only 3 (8%) were screened for snoring 
(P= 0.130). Neither patient characteristic were statistically significant 
in predicting screening for snoring. 

Figure 2 Screening for snoring by provider level of training.

Screening by provider characteristics

Multivariate analyses were also conducted on several different 
clinician characteristics. Providers were compared based on level of 
training, whether attending level, PA, APN, or resident (Figure 2). 
The resident physician groups were also separated out by number 
of years in training (Figure 3). Of the 10 patients seen by an APN 
or PA, none were screened for snoring. Of the 29 patients seen by 
attending physicians, 1(3%) was screened for snoring while 28 were 
not. Among the resident group, 16 of 74 patients (22%) were screened 
for snoring (P=0.029). Further categorization of these groups into 
resident physician vs non-resident physician (attending, PA, APN) 
revealed that only 1 patient (3%) was screened for snoring among 
the non-resident group, as compared with 16 patients (22%) in the 
resident group (P=0.007). The resident physician group was also 
further investigated based on number of years in training. Of the 74 
patients seen by resident physicians, 32(43%) were seen by first year 
residents, 24(32%) by second year residents, 11(15%) by third year 
residents, and 7(10%) by fourth year residents. First year residents 
screened for snoring in 1 patient (3%); second year residents in 11 
patients (46%), third year residents in 4 patients (36%), and fourth 
year residents in no patients (P=<.001). Bivariate analyses were 
conducted on the progression between each resident year, with the 
second-year residents more likely to screen for snoring compared 
to the first-year residents (P=<.001). Screening between second 
and third year residents and third and fourth year residents was not 
statistically significant. 
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Figure 3 Screening for snoring by resident level of training. PGY indicates 
Post Graduate Year of training.

Discussion
This study demonstrates that snoring and OSA are not routinely 

considered in the differential diagnosis of children presenting with 
ADHD symptoms, confirming our primary hypothesis. The overall 
screening rate of 15% was much lower than we expected given the 
current literature associating ADHD symptoms with sleep disturbances. 
It is possible that clinicians were screening for or discussing snoring 
more frequently during these visits than the data reveal; however, we 
adopted the standard that if it was not documented, then it did not 
happen. Among our patient population, we had a realistic distribution 
ratio of approximately 3:1 between male and female which was 
consistent with the national incidence of ADHD noted to be around 
4:1 for hyperactive subtypes and 2:1 for inattentive subtypes.13 While 
the prevalence of ADHD has been noted to increase with increasing 
patient age, our study population had a mean age of 7.5.14 This is 
likely due to increasingly early diagnosis, as approximately one-third 
of patients with ADHD are diagnosed before 6 years of age.15 Our 
population also had the full range of BMI, from 1st percentile to the 
99th percentile, with a mean in the upper third quartile. The majority 
of our patients were diagnosed with the combined subtype, suggesting 
that they were displaying symptoms of hyperactivity consistent with 
possible concomitant sleep disturbances. Neither child demographic 
characteristic was statistically significant in predicting clinician 
screening rates. Contrary to our hypothesis, those with a BMI greater 
than the 90th percentile were less likely to be screened for snoring 
than those without an elevated BMI. While this was not statistically 
significant, we suspect that we would have observed the same trend if 
our study had a higher power. Several reasons could contribute to this 
fact, including clinicians overlooking the BMI measurement in the 
medical record, inaccessibility of BMI data in the patient’s chart, or 
placing the focus of the visit on dietary and exercise counseling and 
obesity prevention instead of on screening for OSA. 

Furthermore, in a busy pediatric practice, increasing demands are 
placed on physicians to discuss many aspects of child health, and the 
association between ADHD symptoms and sleep disturbances may not 
be at the forefront of the clinician’s mind during a particular clinical 
encounter, even if that child presents with an elevated BMI. Patient 
gender was also not found to be a significant screening predictor. 
While multiple studies have demonstrated a higher prevalence of 
sleep disordered breathing and OSA in males, this did not correlate 
to an increased rate of screening for snoring in our population.9,16 

There was widespread practice variation among clinicians in their 

screening habits for snoring. Both the clinician level of training 
(resident vs attending vs PA) as well as training year for resident 
physicians were statistically significant in predicting the clinician’s 
likelihood of screening for snoring. Somewhat surprisingly, among 
our clinician population, the attending physicians were less likely to 
screen for snoring than the resident physicians. This was a peculiar 
finding, given that other research has revealed an increasing suspicion 
for OSA the longer a particular provider has been in practice.17 
Attending physicians often have time constraints that residents and 
APNs/PAs do not have, possibly limiting their ability to either take a 
thorough history or document said history. Furthermore, it is possible 
that attending and mid-level providers were in fact screening these 
children for snoring, but was not documented secondary to time 
constraints or other unforeseen factors. Also, variation in screening 
based on resident year was equally fascinating. We did not find an 
increasing likelihood for questioning based on more time in training, 
except for the significant increase noted between the first and second 
year residents. This is likely due to the fact that, at our institution, 
many second-year residents tend to complete an elective in pulmonary 
medicine and are educated on this topic. Several factors may contribute 
to the low screening rate among various providers. Firstly, the average 
amount of time dedicated to pediatric sleep medicine in medical 
schools and pediatric residencies is approximately 17minutes and 4.4 
hours, respectively, based on recent studies.18,19 Furthermore, OSA is 
an area where nurse practitioners receive very little training, although 
curricula can be variable.20 Strengths of this study include addition 
to the current knowledge base regarding screening practices among 
various healthcare providers with different levels of training, which 
is less defined than the current literature regarding the epidemiology 
of snoring, OSA, and ADHD in general. We were interested in 
examining screening for snoring specifically in the presence of 
ADHD symptoms, which could lead to an earlier diagnosis of OSA 
followed by prompt intervention to prevent the chronic sequelae of 
hypoxia. This study also limitations, most notably its retrospective 
nature, which predisposes it to potential bias and confounding factors. 
Moreover, we only screened for snoring and not for other symptoms 
of sleep disorders such as apnea, enuresis, and daytime fatigue, as 
examples, which may be present in the absence of snoring in a subset 
of patients. 

Finally, as mentioned previously, it is feasible that snoring could 
have been included in these visits at a higher rate than indicated by 
the documentation. Existing evidence suggests that ADHD symptoms 
can be significantly reduced if the child’s underlying OSA is treated 
with adenotonsillectomy.21 Given this fact, interventions designed to 
increase awareness of sleep disorder related hyperactivity and provider 
screening practices is a worthwhile pursuit. Potential interventions 
could include introduction of sleep medicine education earlier in 
the APN/PA curriculum to increase exposure and hopefully impact 
future screening practices. Moreover, continued introduction of sleep 
medicine education to first year residents early on in their training 
either via didactic lectures or ambulatory based teaching could 
positively impact screening practices while these young physician 
habits are still being developed. Furthermore, a screening question 
about snoring could easily be added to the standardized ADHD 
questionnaires to encourage parents to include sleep symptoms in the 
discussion with their doctor and scoring clinicians to include OSA and 
sleep disordered breathing in their differential diagnosis for patients 
presenting with hyperactivity. Finally, as the association between 
hyperactivity, ADHD, snoring, and OSA becomes better recognized 
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and established in the literature, routine polysomnography may 
become part of the routine workup for ADHD.22

Conclusion
The data in this study indicate that snoring and OSA are not 

routinely considered in the differential diagnosis of children presenting 
with symptoms of ADHD. Interventions should target evidence-based 
methods to assist primary care providers in identifying potential OSA 
related hyperactivity. 
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