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Abstract
Objective: To examine primary care provider (PCP) screening practice for obstructive sleep
apnea (OSA) and predictive factors for screening habits. A secondary objective was to describe
the polysomnography (PSG) completion proportion and outcome. We hypothesized that both
provider and child health factors would predict PCP suspicion of OSA.
Methods: A computer decision support system that automated screening for snoring was
implemented in five urban primary care clinics in Indianapolis, Indiana. We studied 1086
snoring children between 1 and 11 years seen by 26 PCPs. We used logistic regression to
examine the association between PCP suspicion of OSA and child demographics, child health
characteristics, provider characteristics, and clinic site.
Results: PCPs suspected OSA in 20% of snoring children. Factors predicting PCP concern for
OSA included clinic site (p < .01; OR=0.13), Spanish language (p < .01; OR=0.53), provider
training (p=.01; OR=10.19), number of training years (p=.01; OR=4.26) and child age (p<.01),
with the youngest children least likely to elicit PCP concern for OSA (OR=0.20). No patient
health factors (e.g., obesity) were significantly predictive. Proportions of OSA suspicion were
variable between clinic sites (range 6% to 28%) and between specific providers (range 0% to
63%). Of children referred for PSG (n=100), 61% completed the study. Of these, 67% had OSA.
Conclusions: Results suggest unexplained small area practice variation in PCP concern for OSA
amongst snoring children. It is likely that many children at-risk for OSA remain unidentified.
An important next step is to evaluate interventions to support PCPs in evidence-based OSA

identification.
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ACCEPTED MANUSCRIPT

What’s New
This study describes a computer decision support system that automates screening for snoring in
primary care clinics, and examines factors that predicted clinical suspicion of obstructive sleep
apnea (OSA). Findings suggest low proportions of provider suspicion of OSA and referral as

well as unexplained practice variation.
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Obstructive Sleep Apnea (OSA) presents frequently in children and has been associated with
sequelae that negatively impact the lives of affected youth."™ American Academy of Pediatrics
(AAP) clinical practice guidelines include two recommendations particularly pertinent to the
primary care setting: 1) screen all children for habitual snoring and perform a focused evaluation
for those that are snoring; and 2) refer children with snoring and one or more additional signs or
symptoms of OSA.> However, studies consistently suggest low proportions of screening,
diagnosis, and management of OSA in pediatric primary care.® Most children are not regularly
screened for snoring, with proportions ranging from 8% to 24%."® When snoring is identified,
proportions of management are low, and patient adherence to recommended referrals is
undocumented.”® Low rates of screening and management for OSA are suggestive of
unwarranted practice variation, in which variation cannot be explained on the basis of illness,

medical evidence, or patient preference.’

Computer Decision Support Systems (CDSS) can be used to automate screening and provide
clinical decision-making support to PCPs. One such CDSS, Child Health Improvement through
Computer Automation (CHICA), has demonstrated improved PCP adherence to guidelines for
screening and management in many areas of child health, including asthma®® and developmental
delay.™* We introduced a novel module into the existing CHICA system (CHICA Snore) which

automates screening for snoring.
The aims of this study are to 1) describe the proportion of snoring children for whom PCPs

suspect OSA, within the context of an automated screening system; 2) examine predictive

provider- and child-level factors; and 3) describe the proportion of children referred for PSG who
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complete the procedure within one year. We hypothesized that PCPs would be more likely to
suspect OSA in children with known OSA risk factors (e.g., overweight). We further
hypothesized that providers who were completed training more recently would be more likely to
identify OSA.

Methods
CHICA System
CHICA, an innovative CDSS that has been operating in primary care clinics at our institution
since 2004, is described elsewhere in detail.”>™* Briefly, parents receive a prescreening form
(PSF) in the waiting room via electronic tablet at both sick and well child visits. The PSF
consists of twenty health risk items tailored to the child based on age and prior medical history.
With this information, CHICA generates up to six prompts for the PCP on a physician worksheet
(PWS), which appears in the electronic health record (EHR). The physician can mark check
boxes to document his or her response to the prompt, which is then imported into the child’s

EHR.

CHICA Snore Module

In September 2015, the CHICA Snore module was incorporated into the existing CHICA system.
Caregivers received the following item: “Does [CHILD NAME] consistently snore three or more
nights per week?” The frequency of three nights per week was selected based on AAP
guidelines.® The item was presented in English or Spanish, depending on the family’s preferred
language. An affirmative response automatically triggered a PCP prompt noting that the child
snores and recommending evaluation for OSA. PCPs could endorse one of three responses in the

prompt: child does not snore; I am concerned about OSA; | do not suspect OSA.
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Setting and Participants

This study was conducted between September 2015 and March 2016. Children ages 1-11.9 years
presenting for a sick or well child visit were eligible. We included PCPs who responded ten or
more times to the EHR prompt identifying a snoring child. Because the analysis included the
impact of provider variables (e.g., years since training) on PCP decision-making, we estimated
that at least ten responses were necessary to provide a sample adequate to estimate a PCP’s
typical response pattern. The CHICA Snore module was incorporated into five clinic sites in the
Eskenazi Health System in Indianapolis, Indiana. Twenty-two attending physicians and 4 nurse
practitioners participated in the project. The Institutional Review Board of the Indiana
University School of Medicine approved this study and waived informed consent, as the

screening for snoring was conducted as part of routine clinical practice.

Data Collection and Analysis

We extracted data from the CHICA system for eligible children whose caregivers were presented
with the snoring screening item during the study time frame. Data were analyzed using SAS
software, version 9.4 (SAS Institute, Inc., Cary, NC, USA). We calculated the caregiver response
for the snoring item, the frequency at which caregivers endorsed snoring, PCP response to the
associated prompt, and the frequency of specific PCP responses. Proportions of PCP suspicion of

OSA by clinic site and by provider were also explored graphically.

The primary outcome was PCP response to the prompt (concern for OSA vs. do not suspect
OSA). We also examined whether or not the PCP responded at all (any response vs. no

response). Chi-square tests were used to explore bivariate associations between the outcomes and
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clinic site, child, and provider characteristics. The following child characteristics were analyzed:
age group, gender, race/ethnicity (black, white, Hispanic, other/unknown), preferred caregiver
language (English, Spanish), insurance status (Medicaid, other), BMI status (BMI percentile <85
or >85), and presence or absence of ADHD symptoms. The presence of ADHD symptoms was
defined as prior initiation of ADHD evaluation documented in CHICA. Because the outcome of
the ADHD evaluation was often missing, ADHD diagnosis could not be used as a variable.
Provider characteristics included gender, years since training (above and below median), and
type of training (pediatrician, medicine/pediatrics physician, family medicine physician, nurse
practitioner). Years since training was dichotomized as the data were skewed and had large

variability. The clinic site variable consisted of the site at which the child was seen.

Because only a small proportion of providers (8%) practiced at more than one clinic site,
multiple children are nested under a single provider. Therefore, logistic regression with a random
effects model was used to explore variables that were associated with PCP concern for OSA.
Clinic site, child and provider characteristics were included in the model as fixed effects.
Provider is included in the model as a random effect to account for correlation of outcome

measures from the same provider.

Logistic regression modeling was used to examine the association between clinic site, child, and
provider characteristics with the two outcomes. We developed three models based on the
analyses of univariate associations with the outcomes, including variables with a p-value < .25.
Model one includes clinic and patient characteristics. Model two includes clinic and provider

characteristics. Model three includes clinic, patient, and provider characteristics with p-value <
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.25 at multivariate analyses (models one and two), and only the significant predictors and the

clustering factor (clinic) were retained in the final multivariate model.

For 175 children for whom the PCP indicated concern for OSA, we reviewed the child’s medical
record at their primary care clinic, and also cross-checked the patient names with a list of all
patient referred for a PSG from the start of the study (September 2015) until twelve months after
the end of the study (March 2017). For children referred for a study, we identified the referral
status (completed; currently scheduled; initiated but not completed; scheduled but not completed;
never scheduled). For completed studies we reviewed the PSG report to extract the apnea
hypopnea index (AHI), a measure commonly used to document OSA presence or absence as well
as severity. These data were collected and managed using REDCap electronic data capture tools

hosted at Indiana University School of Medicine.

Results
Patient Flow
Patient flow is summarized in Figure 1. Across the five clinic sites, caregivers of 8256 eligible
children were presented with a snoring item. A total of 8135 caregivers responded, for an overall
response of 99%. Of those who responded, 2320 (29%) of caregivers reported that their children

snored three or more days per week.

During the study timeframe, no prompt was generated for seven snoring children because other
health issues were prioritized for those children via the CHICA prioritization scheme.** Thirty-
nine PCPs or residents received a total of 2313 automated prompts in response to a positive

screen for snoring. Thirteen providers, primarily residents, were excluded because they received
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fewer than ten prompts over the data collection period, resulting in the exclusion of 30 children
in subsequent analyses and leaving 26 attending physicians and nurse practitioner providers for
the final analysis. Fifteen children were excluded because the PCP checked multiple boxes,

making results difficult to interpret. After these exclusions, 2268 children remained. Of these,

PCPs responded to prompts for 1086 children, a 48% response.

Child Characteristics

Participating children with PCP responses for snoring (n=1086) were 49% female and between
the ages of 1 and 11.9 years with a mean age of 5.5 (SD=3.3) years. Child race and ethnicity
were reported as follows: 44% Black, 5% White, 28% Hispanic and 21% Other. Spanish was the
preferred language for 40% of families, with 93% of these children being seen by a bilingual
PCP for the visit at which the screening occurred. Most children (84%) had Medicaid insurance,

and 36% were overweight or obese (Table 1).

Provider Characteristics

A total of 26 primary care providers were included in the analysis. Providers were 31% female
with a mean of 15.4 years (Range 3-42) since completion of residency training. Nurse
practitioners comprised 15% (n=4). Physicians were trained in pediatrics (n=15), pediatrics and

internal medicine (n=3) or family medicine (n=4).

PCP Response to Prompt
PCP responses to the checkboxes on the physician worksheet for the 1086 children were as

follows: 20% concern for OSA; 59% OSA not suspected; and 21% snoring not reported.

10
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Proportions of concern for OSA varied among the five clinic sites (range 6% to 28%). The

variability amongst individual providers was even greater (0% to 63%; Figure 2).

Predictors of PCP Concern for OSA

The univariate association analyses with PCP concern for OSA showed five significant
predictors: clinic, child’s age, language, provider training and number of training years, of which
all remained significant in the final model. In the final logistic regression model (Table 2) factors
predicting PCP concern for OSA included clinic site (p <.01), language (p < .01), provider
training (p=.013), number of training years (p=.011) and child’s age (p < .001). For child age,
the oldest children (ages 8.3-11.9 years) were most likely to elicit PCP concern for OSA
compared to the youngest (ages 1.0-2.5 years; OR=0.2) and middle group of children (ages 2.6-
5.2 years; OR=0.5). Children of caregivers who identified Spanish as the preferred language
were less likely to elicit concern for OSA compared to children of caregivers who identified
English as the preferred language (OR=0.53). Providers with higher than median number of
years since training (14 years) had 4 times higher odds of identifying OSA problem compared
with providers below the median for years since training (OR=4.3). Providers trained in both
internal medicine and pediatrics were more than ten times more likely to suspect OSA compared
to those trained in pediatrics (OR=10.19). No patient health factors (e.g., obesity status or ADHD
symptoms) were significantly predictive. Among snoring children for whom the PCP responded
to the prompt, 37% were overweight or obese (n=396) and 18% (n=190) had ADHD symptoms,

resulting in 44% (n=478) of children who met one or both criteria.

Predictors of PCP Response

11
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In unadjusted analyses, younger child age, not having ADHD, Hispanic and other race/ethnicity
(compared to non-Hispanic white) were associated with higher odds of PCP response to the
prompt. In the final logistic regression model, only younger child age (OR=1.58) and

race/ethnicity (OR=1.81 for Hispanic children and 1.89 for other) remained significant.

Referral Outcome
Of snoring children for whom PCPs noted a concern for OSA (n=175), 46% were referred for

PSG, 12% were referred to ENT, 18% received a different management plan (i.e., starting or

increasing nasal spray, allergy medication, montelukast, or similar), and 24% did not receive any

type of management plan or referral. Of those referred, only 61% completed the PSG (despite
scheduling availability), 17% were scheduled but cancelled or missed the appointment, 16%
were contacted for a PSG but never scheduled, 2% initiated but did not complete the PSG, and
4% had plans for a PSG referral documented in the chart but no evidence of any referral,
scheduled appointment, or completed study. OSA was identified in 51% of children completing
the PSG, with a range of severity: 56% mild (2.0<AHI>4.99); 12% moderate (5<AHI1>9.99)%);

and 32% severe (AHI>10).

Discussion
This study demonstrates the feasibility of using an automated system to screen patients for
snoring in busy primary care clinics. Caregiver response to the screening item was high (99%),
resulting in the identification of more than two-thousand snoring children. PCPs subsequently
noted that approximately 21% of snoring children in fact did not snore, which may have been

related to parental misinterpretation of the screening question or parental responding based on

12
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the child’s current status (i.e., child with an acute respiratory illness) instead of the child’s usual
health status. PCP response to the automated prompt was modest (48%), though similar to the
provider response in other studies using the CHICA system.™*® Further, the proportion of
children who were evaluated by their provider for snoring with CHICA (48%, as defined by PCP
response to the prompt) is much higher than in previous studies in primary care systems that did
not use an automated screening tool.® Previous research on the CHICA system has found that
providers are less likely to respond to prompts on topics in which they have less comfort and

17,18

experience,’® and OSA is an area in which both pediatricians*”*® and nurse practitioners™ receive

little training.

Despite automated identification of snoring children, this study found a low proportion of PCP
concern for OSA. There was a large degree of practice variation in PCP concern for OSA: some
PCPs never endorsed concern for OSA whereas others endorsed concern for more than half of
patients. While there are some systematic differences in the children seen by individual providers
(e.g., bilingual providers are more likely to see Latino children) as well as systematic
demographic differences between clinic sites, it is highly unlikely that this would account for the
degree of observed differences in provider practice, particularly given that the proportion of
suspicion is amongst already identified snoring children. Further, clinical variables that might be
expected to predict which children would elicit concern for OSA (e.g., obesity, ADHD
symptoms) were not in fact significant predictors. Altogether, these findings strongly support
unwarranted practice variation in PCP decision-making around OSA. Practice variation is

generally considered a strong indicator of lack of consensus and suboptimal quality in clinical

13
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practice.?’ Encouragingly, when PCPs did suspect OSA, 76% of the time there was a

documented management plan in the child’s medical record, most frequently a referral for PSG.

Also concerning is that only 61% of children referred for PSG had completed the study within a
year. As the PSG wait time during the study time period was never longer than 3 months,
availability of appointments was likely not a factor. Additional research would be helpful in

identifying modifiable factors that contribute to poor completion.

Age and caregiver language were the only significant child demographic predictors. The oldest
children (ages 8.3 to 11.9 years) were most likely to elicit concern for OSA, though the literature
does not support a higher prevalence in this age group.?* The finding that children whose
caregivers preferred Spanish language were half as likely to elicit concern for OSA is consistent
with previous work suggesting that non-English speakers in the United States may receive a
lower quality of care.”” While Spanish-speaking families in our clinics are often seen by one of
several bilingual providers this is not always the case, increasing the likelihood of
communication difficulties. Alternately, there may be cultural difference in perception of
snoring as concerning. Contrary to our hypothesis, PCPs who had been practicing longer were
four times more likely to note concern for OSA, compared to those who were more recently
trained. Finally, PCPs trained in internal medicine were ten times more likely to have concern
for OSA, a finding which is not surprising given their training with adults, in whom OSA is more

prevalent.

14

Page 14 of 24



Evidence-based guidelines recommend that snoring children with one or more additional signs
receive a referral for further OSA evaluation.” In the current study, when PCPs responded to
automated prompts they had a concern for OSA in only 16% of snoring children. While we do
not know how many children in the sample had at least one additional sign or symptom, the list
of additional signs and symptoms in the published guidelines is broad and inclusive, including a
total of 18 items. In our sample of snoring children for whom the PCP responded to the prompt,
we know that 44% had at least one of the two risk factors measured in this study (ADHD
symptoms and overweight). This strongly suggests there are many children who should be

referred for further evaluation per guidelines, yet are not eliciting PCP concern for OSA.

A number of factors may contribute to the low proportion of concern for OSA. The average
amount of time devoted to pediatric sleep medicine training in medical school and pediatric
residency is 17 minutes and 4.4 hours, respectively.'”*® PCPs have performed similar to chance
on tests of OSA knowledge and report low to moderate comfort in the diagnoses and

management of OSA.2*%

A major strength of this study is the inclusion of a large sample of diverse families across five
primary care clinic sites, as well as high caregiver responsiveness to the screening item.
Additionally, participating PCPs were diverse in regards to type of training and years of practice.
This study also has some limitations that warrant consideration. When PCPs did not suspect
OSA, many questions remain unanswered as to the factors involved in d. Finally, findings may
not fully generalize to practice patterns from other geographic areas and practices. These

findings, however, are consistent with the literature showing problematic PCP identification and

15
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management of OSA across a variety of geographic areas within the United States and

internationally.®

Altogether, this study highlights unwarranted practice variation in OSA suspicion in primary
care. Given the huge burden placed on PCPs to address multiple health areas in a short time,
strategies that support the provision of evidence-based care are critical. Automated decision
support tools represent one potential for increasing access to care for children with OSA, though
systems that include only screening for snoring are likely insufficient. An important next step is
to build and evaluate a more detailed OSA module that will provide PCPs with additional
support in evidence-based OSA identification and management. Supporting PCPs in evidence-
based OSA identification may be an important first step towards the goal of access to quality

care for children with OSA.
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Figure 1. Study Flow Diagram
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Figure 2: Variability in PCP Concern for OSA by Provider
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Table 1: Clinic, Child and Provider Characteristics

Variables Values N Percent
1 90 8.3
2 252 23.2
Clinic 3 164 15.1
4 326 30.0
5 254 23.4
Child characteristics
(n=1086)
Age (years) Mean (SD) 5.5(3.3)
1% (1.0 - 2.5 years) 278 25.6
Age group 2" (2.6 — 5.2 years) 265 24.4
(quartiles) 3" (5.3 -8.2 years) 269 24.8
4™ (8.3 -11.9 years) 274 25.23
Male 563 51.8
Gender Female 521 48.0
Missing 2 0.2
Black 475 43.7
White 57 5.3
Race Hispanic 302 27.8
Other 224 20.6
Missing 28 2.6
Language English 645 59.34
Spanish 441 40.6
Medicaid 909 83.7
Insurance Other 66 6.1
Missing 111 10.2
Normal/ underweight 469 43.2
Overweight/ obese 396 36.5
BMI (2 category) Missing* 221 20.4
No 896 82.5
ADHD symptoms Yes 190 175
Provider characteristics
(n=26)
. Male 18 69.2
Provider Gender Female 3 30.8
Family 4 15.4
Provider Training Med Peds 3 11.5
NP 4 15.4
Peds 15 57.7
Years since training group 2 median (14 years) 13 >0.0
< median (14 years)) 11 42.3
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‘ Missing ‘ 2 7.7 ‘

*Missing BMI data is primarily as BMI is not calculated for children under 2 years of age (208
children in our sample).

BMI=Body mass index; ADHD = Attention Deficit / Hyperactivity Disorder; Family = providers
completing family medicine residency; Peds = providers completing pediatric residency; Meds
Peds = providers completing a combined internal medicine and pediatric residency; NP=nurse
practitioner.
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Table 2: Final Multivariate Model for the Outcome of PCP Suspicion for OSA

Effects Comparisons OR 95% ClI P-value | Overall
P-value
1vs.5 0.59 [0.15, 2.30] 0.4497
- 2vs. 5 0.13 0.04, 0.49 0.0025
Clinic 3vs. 5 0.62 EO.lG, 2.40} 0497 | 00063
4vs. 5 1.25 [0.42, 3.72] 0.6878
1.0-25vs.83-11.9 0.2 [0.11, 0.38] <.0001
Age 2.6 -5.2vs.8.3-11.9 0.5 [0.30, 0.83] 0.0069 <.0001
53-8.2vs.8.3-11.9 1.01 [0.63, 1.60] 0.9827
Primary Spanish vs. English 0.53 [0.34, 0.82] 0.0050 0.0050
Language '
_ Family vs. Peds 1.99 | [0.39, 10.08] 0.4062
_I=I>_roy|_der Med Peds vs. Peds 10.19 | [2.46,42.23] | 0.0014 | 0.0127
raining NP vs. Peds 2.61 | [0.53,12.76] | 0.2358
Training Years > median (14) vs.< median 426 | [1.41,12.92] 0.0105 0.0105

(14)

PCP = primary care provider; OSA = obstructive sleep apnea; OR=odds ratio; Family = providers
completing family medicine residency; Peds = providers completing pediatric residency; Meds
Peds = providers completing a combined internal medicine and pediatric residency; NP=nurse

practitioner
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