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Abstract

BACKGROUND: Pediatric sleep-disordered breathing (SDB) disproportionately affects children 

with low socioeconomic status (SES). The multilevel risk factors that drive these associations are 

not well understood.

RESEARCH QUESTION: What are the associations between SDB risk factors, including 

individual health conditions (obesity, asthma, and allergies), household SES (maternal 

education), indoor exposures (environmental tobacco smoke [ETS] and pests), and neighborhood 

characteristics (neighborhood disadvantage), and pediatric SDB symptoms?

STUDY DESIGN AND METHODS: Cross-sectional analyses were performed on 303 children 

(aged 6-12 years) enrolled in the Environmental Assessment of Sleep Youth study from 2018 to 

2022. Exposures were determined by caregiver reports, assays of measured settled dust from the 

child’s bedroom, and neighborhood-level Census data (deriving the Childhood Opportunity Index 

to characterize neighborhood disadvantage). The primary outcome was the SDB-related symptom 

burden assessed by the OSA-18 questionnaire total score. Using linear regression models, 

we calculated associations between exposures and SDB-related symptom burden, adjusting for 

sociodemographic factors, then health conditions, indoor environment, and neighborhood factors.

RESULTS: The sample included 303 children (39% Hispanic, Latino, Latina, or Spanish origin; 

30% Black or African American; 22% White; and 11% other). Increasing OSA-18 total scores 

were associated with low household SES after adjustment for demographic factors, and with 

asthma, allergies, ETS, pests (mouse, cockroach, and rodents), and an indoor environmental 

index (sum of the presence of pests and ETS; 0-2) after adjusting for sociodemographic factors. 

Even after further adjusting for asthma, allergies, and neighborhood disadvantage, ETS and pest 

exposure were associated with OSA-18 (ETS: β = 12.80; 95% CI, 7.07-18.53, also adjusted for 

pest; pest exposure: β = 3.69; 95% CI, 0.44-6.94, also adjusted for ETS).

INTERPRETATION: In addition to associations with ETS, a novel association was observed for 

indoor pest exposure and SDB symptom burden. Strategies to reduce household exposure to ETS 

and indoor allergens should be tested as approaches for reducing sleep health disparities.

Keywords

children; disparities; OSA; OSA-18

Pediatric sleep-disordered breathing (SDB), including habitual snoring and OSA, is 

prevalent in 7% to 15% and 1% to 5% of children, respectively, and disproportionally 

affects children from minoritized backgrounds, with low socioeconomic status (SES) 

households, or living in disadvantaged neighborhoods.1-7 SDB is a risk factor for numerous 

health, neurobehavioral, and functional outcomes,1 and therefore may contribute to health 

disparities. In generally healthy school-aged children, the most commonly recognized risk 

factors for SDB are adenotonsillar hypertrophy and obesity.5 Black children have a fourfold 

increased risk for OSA compared with White children unexplained by obesity,4,8 and have 
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decreased response to treatment of OSA with adenotonsillectomy compared with White 

children, suggesting that risk factors other than adenotonsillar hypertrophy and obesity 

contribute to OSA disparities.9 Several studies suggest that neighborhood disadvantage 

associates with SDB prevalence or severity6,10,11; however, the underlying mechanisms are 

not understood.

A plausible explanation for disparities in SDB is that environmental exposures to allergens 

and irritants directly contribute to the pathogenesis or severity of SDB via effects 

on upper airway inflammation or indirectly influence SDB through effects on lower 

airway inflammation that increase risk of asthma. Asthma and allergic rhinitis frequently 

coaggregate with SDB, suggesting potential causal associations and shared risk factors.12-15 

Although allergen and irritant exposures, including rodents, cockroaches, and environmental 

smoke exposure (ETS), have been associated with increased asthma symptoms or increased 

asthma severity in children who are atopic,16-25 little is known about how these exposures 

affect SDB.

Understanding multilevel risk factors as risk factors for SDB is critical to mitigating 

childhood sleep health disparities. We hypothesize that multilevel risk factors—particularly 

the indoor environment—are associated with increased risk for SDB symptom burden in 

children. We focused on SDB symptom burden given that measures of symptom burden are 

increasingly valued as important health outcomes, the apnea-hypopnea index (AHI) does 

not fully reflect the clinical manifestations and chronic symptom burden experienced by 

children with SDB,26 and SDB symptoms better predict behavioral outcomes and response 

to intervention than the AHI.27

Study Design and Methods

The Environmental Assessment of Sleep Youth (EASY) study is a community-based study 

of children living in predominantly low-income neighborhoods of Boston, Massachusetts. 

A detailed description of the design for the EASY study and recruitment flow are included 

in e-Appendix 1 and Figure 1, respectively. Briefly, children were recruited from January 

2018 to June 2022 primarily from two sources: (1) 41 urban public elementary schools 

that participated in school-wide population surveys administered to the targeted school 

population and completed by their caregivers as part of the School Inner-City Asthma 

Study (SICAS),28 and (2) discharge lists from the Boston Children’s Hospital ED. Children 

aged 6 to 12 years who lived in their current residence ≥ 50% of the time for at least 1 

month before study enrollment with caregivers who spoke English or Spanish were eligible. 

Children with severe medical, neurobehavioral, neurodevelopmental, or psychiatric disorders 

that would limit their ability to participate and require special assistance were excluded. 

The study was approved by the Boston Children’s Hospital institutional review board (No. 

IRB-P00025433). Written informed consent was obtained from participants’ guardians, and 

assent was obtained from participants before enrollment.

Exposures

Individual-Level Factors: Medical history of asthma and allergic rhinitis were identified 

using the International Study of Asthma and Allergies in Childhood asthma and rhinitis 
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core questions. Asthma was defined as a score ≥ 5 on the International Study of Asthma 

and Allergies in Childhood eight-item global wheezing questionnaire. This definition has 

a sensitivity of 95% and a specificity of 100% for identifying asthma by physician 

diagnosis.29 Allergic rhinitis was defined as having both sneezing and itchy and watery eyes 

symptoms in the past 12 months; this definition has a positive predictive value of 63%.30 

BMI was calculated with participants’ measured height and weight. Obesity was defined as a 

BMI ≥ 95th percentile.

Household-Level Factors:

Household SES:  This was characterized using caregiver-reported maternal education 

(including eight response options ranging from eighth grade or less to professional degree) 

and dichotomized as more than a high school degree and high school degree or less as the 

primary exposure for low household SES. This variable is additionally used as a covariate in 

some analyses.

Indoor Home Environment:  From standardized household questionnaires modified from 

Adamkiewicz et al,31 we created binary variables for ETS and pest exposure. Participants 

were considered exposed to ETS if the caregiver reported anyone living in the residence who 

smoked in the residence and exposed to pests if reported seeing mice, rats, or cockroaches 

in the past 12 months more than a few times a year (scale range: never, few times per year, 

few times per month, few times per week, and every day) in individual questions. A summed 

index, the Indoor Environmental Index, reflected the arithmetical sum of exposure to ETS 

and the presence of pests (range, 0-2), summarized as 0, 1, and 2.

Bedroom Dust Allergen Exposure:  Settled dust samples were collected in each 

participant’s bedroom by vacuuming a 2-m2 area in the child’s bedroom floor plus bedding 

with a handheld vacuum using a standardized protocol.32 Concentrations of the mouse (Mus 

m 1) and German cockroach allergen (Bla g 2) were assessed using the Multiplex Array 

for Indoor Allergens (MARIA; Indoor Biotechnologies).33 The lowest limit of detection was 

0.002 ng/mg for Mus m 1 and 0.044 ng/mg for Bla g 2.

Neighborhood-Level Factors:  Each participant’s residential address was assigned to 

a US Census Tract database using the Geographic Information System ArcGIS Pro 

2.8.7 software (Environmental Systems Research Institute) with 80% spelling sensitivity 

based on georeferenced 2014 US Census Bureau Master Address File/Topologically 

Integrated Geographic Encoding. A manual review was then performed to geocode 

unmatched addresses. The Child Opportunity Index (COI) 2.0 total scores were 

used to model neighborhood disadvantage. COI 2.0, a tool for studying children’s 

neighborhoods, is composed of 29 variables in three domains (education, health/

environment, and social/economic opportunity) and is calculated using data from several 

sources (diversitydatakids.org).34,35 Nationally adjusted COI scores vary from 0 to 100 and 

were categorized as very low (0-20), low (20-40), moderate (40-60), high (60-80), and very 

high (80-100). Neighborhood disadvantage was defined as a COI score < 40 (very low or 

low).
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Covariates:  Children’s characteristics included caregiver-reported age (years), sex (male/

female), race (American Indian or Alaskan Native, Asian, Black or African American, 

White, more than one race, and other race), and ethnicity (Hispanic, Latino, Latina, or 

Spanish origin). Because of the paucity of individuals who identified as American Indian, 

Asian, and those with more than one race, these participants were recategorized to other. 

A dichotomized minority variable was then created to include Hispanic, Latino, Latina, 

or Spanish origin; Black or African American; and other compared with White children 

(reference group). Objective measures of SDB were collected with a single-night home 

assessment. Children were studied at home using the WatchPAT 200U (Itamar Medical) on 

their nondominant hand after the fit was checked by research staff (n = 169). Events were 

manually edited so that only events with ≥ 3% desaturation were used to calculate an AHI. 

Children in whom the WatchPAT 200U did not fit well were studied with a finger pulse 

oximeter (Nonin WristOx), which generated an oxygen desaturation index (n = 94). An 

AHI/oxygen desaturation index ≥ 5 was considered evidence for SDB.

Outcome

The study’s outcomes were derived from the OSA-18 questionnaire. The OSA-18 

questionnaire uses a point scale ranging from 1 (none of the time) to 7 (all the time) for 

the caregiver to rate the severity of the child’s problems in five domains: sleep disturbances 

(eg, snoring, breathing pauses, fragmented sleep), physical symptoms (eg, mouth breathing), 

emotional distress (eg, hyperactive behavior), daytime problems (eg, sleepiness, attention 

span), and caregiver concerns (eg, not getting enough air) . Scores on each item are 

summed to produce a total score ranging from 18 to 126; higher scores correspond to 

a greater symptom burden.36-38 Although the OSA-18 score was designed to evaluate 

changes in symptoms in children referred for evaluation and treatment of SDB, it provides 

a comprehensive assessment of SDB across relevant symptom dimensions and was found to 

have high internal validity (Cronbach α = 0.85) in a general pediatric sample, supporting 

its more general use as a measure of SDB symptom burden.39 The primary study outcome 

was defined as a continuous total OSA-18 score. Secondary analyses were conducted using 

continuous measures from each OSA-18 subdomain.

Statistical Analysis

Cross-sectional analyses were performed. We first examined the univariate association 

between each risk factor (individual, household, and neighborhood characteristics) and 

OSA-18 total score in separate linear regression models. We then modeled associations 

for individual health, household, and neighborhood exposures after adjusting for 

sociodemographics, including age, sex, racial or ethnic minority group, and maternal 

education (except for models that evaluated maternal education as the main predictor) (Table 

2). Next, we focused on the roles of the indoor environment and OSA-18 by testing (1) 

the association between ETS and OSA-18 after adjusting for pest exposure (model 2), plus 

asthma and allergic rhinitis (model 3) and plus neighborhood disadvantage (model 4), in 

addition to sociodemographics (model 1); and (2) the association between presence of pests 

and OSA-18 after adjusting for ETS exposure (model 2), plus asthma and allergic rhinitis 

(model 3) and plus neighborhood disadvantage (model 4), in addition to covariates in model 

1 (Table 3). We also investigated the associations between measured mouse (Mus m 1) and 
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cockroach (Bla g 2) allergen concentration (log-transformed) with OSA-18 in participants 

with bedroom dust allergen samples (n = 252) in similar models previously described (Table 

4).

Secondary analysis included investigating the linear association between the risk factors 

for SDB and the five OSA-18 subdomains as continuously measured dependent variables 

(Table 5). Effect modification for the association between asthma and allergic rhinitis with 

OSA-18 score by caregiver-reported pest exposure was tested using the cross-product terms 

in multivariable models (e-Table 1).

Results

Selected characteristics of study participants are presented in Table 1. The sample included 

303 children with a mean age of 9.5 years, and 44% were female. Of the sample, 

39%, 31%, 22%, and 9% were of Hispanic, Latino, Latina, or Spanish origin; Black or 

African American; White; and other race or ethnicity, respectively. Twenty-seven percent 

of respondents reported maternal education attainment of a high school diploma or less, 

and 65% of the sample lived in disadvantaged neighborhoods. Of the children, 28% met 

the criteria for objective SDB (AHI/oxygen desaturation index ≥ 5/h). Compared with the 

larger school cohort (SICAS enrollment pool; N = 4,983) from which we recruited, the 

reported sample was similar regarding the prevalence of asthma (23% vs 19%) and allergic 

rhinitis (14% vs 19%) for the SICAS and EASY samples, respectively. Missingness for 

variables included in the primary and secondary analyses ranged from four (1%) to 20 (6%) 

(e-Table 2). Participants from racial or ethnic minority groups, lower maternal education, 

neighborhood disadvantage, and asthma were more likely to have missing data (e-Table 1).

OSA-18 and Multilevel Risk Factors

The mean OSA-18 total score was 34.5 ± 15.8. Table 2 shows the estimated β coefficients 

and 95% CIs from models of the association between risk factors for SDB and total OSA-18 

score. In models adjusted for age, sex, racial minority groups, and ethnicity, low maternal 

education was associated with 7.55 (95% CI, 3.44-11.66; P < .01) increased OSA-18 score. 

In models adjusted for sociodemographics including maternal education, history of asthma 

and allergic rhinitis were associated with a 13.63 (95% CI, 9.44-17.82; P < .01) and 6.95 

(95% CI, 2.62-11.29; P < .02) increased OSA-18 score, respectively. In adjusted analyses, 

ETS was associated with an 11.59 (95% CI, 5.84-17.35; P < .01) increased score. Any 

pest exposure was associated with a 3.80 (95% CI, 0.26-7.34; P = .04) higher adjusted 

score, whereas caregiver-reported cockroach exposure was associated with a 6.07 (95% CI, 

1.15-10.99; P = .02) higher score. Notably, an Indoor Environmental Index score of 2 was 

associated with an 18.75 (95% CI, 10.96-26.53; P < .01) point increase. COI was associated 

with elevated OSA-18 only in the unadjusted model and not in the adjusted model (Table 2).

Associations With the Indoor Environment

Table 3 shows associations between measures of the indoor environment and OSA-18 score. 

The association between ETS and OSA-18 did not appreciably attenuate after additionally 

adjusting for pest exposures, asthma, allergic rhinitis, and neighborhood disadvantage. For 
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the association of pest exposure, the magnitude of associations with OSA-18 was about 

one-third of that for ETS but was significant after additionally adjusting for ETS, asthma, 

and allergic rhinitis. However, this association was no longer significant after adjusting for 

neighborhood disadvantage.

Associations With Bedroom Dust Allergens

There were 82% (n = 206) and 9% (n = 23) of homes with detectable levels of mouse 

(Mus m 1) and cockroach (Bla g 2) in the participants’ bedrooms, respectively. The overall 

concentration (geometric mean) of mouse and cockroach allergens was 0.06 and 0.12 ng/mg, 

respectively. A 10-unit increase of log (Mus m 1) was associated with a 1.7 increase in the 

OSA-18 score (β = 1.69; 95% CI, 0.15-3.23; P = .03) after adjusting for sociodemographics. 

For log (Bla g 2), a 10-unit increase was associated with a 6.91 (95% CI, 0.28-13.54; 

P = .04) increase in OSA-18 score in models adjusted for sociodemographics. Further 

adjustment for ETS, asthma, and allergic rhinitis showed similar trends with mouse allergen, 

whereas the association with roach allergen attenuated. Note that caregiver-reported mouse 

exposure was moderately correlated with measured bedroom mouse allergen (r = 0.57; P ≥ 

.01), whereas it was only weakly correlated with cockroach allergen (r = 0.09; P ≥ .01).

Secondary Outcomes

Table 5 shows adjusted linear associations between the indoor environmental exposures and 

the five OSA-18 subdomains. ETS was positively associated with all subdomains except 

for physical suffering when adjusted for sociodemographic factors, pest exposure, asthma, 

and allergic rhinitis. In analyses adjusted for sociodemographics, any pests or mice were 

most consistently associated with the physical suffering subscale; this relationship did 

not appreciably change after adjusting for ETS, asthma, and allergic rhinitis. Cockroach 

exposure was associated with sleep disturbance, physical suffering, and caregiver concerns 

in most models; however, associations were attenuated for sleep disturbance and physical 

suffering after adjusting for asthma and allergic rhinitis.

There was no interaction found between asthma or allergic rhinitis with caregiver-reported 

pest exposures (e-Table 2).

Sensitivity Analysis

In the subgroup of children without asthma and allergic rhinitis (n = 213), the univariate 

and multivariate associations also were similar to the whole sample of children (N = 303) 

(e-Table 3).

Discussion

To our knowledge, this is the first study to evaluate both the indoor and neighborhood 

environment in relation to SDB symptom burden in children. Our findings reveal that 

multilevel risk factors are associated with SDB-related symptom burden (ie, individual 

health conditions [asthma and allergic rhinitis], family/household SES [maternal education], 

neighborhood disadvantage [COI score]). Within households, exposures to irritants and 

allergens (eg, ETS, pests) were associated with an approximately 4-point to 12-point 
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increase in total OSA-18 scores, and those with both exposures had an approximately 20-

point increase in OSA-18 scores (approximately 1.3 SD increase) compared with children 

with no adverse indoor exposures.

These results are consistent with and extend those from prior studies that showed children 

living in low SES households have a high prevalence of SDB. In a Canadian cohort, children 

with mothers reporting less than high school education had nearly three times the odds 

of having OSA compared with university-educated participants.7 The underlying drivers 

of this association, however, are poorly understood. Poor indoor air quality because of 

tobacco smoke and allergen exposures from rodents, mold, and cockroaches have been 

shown to contribute to asthma symptoms.16,17,21-23 Although the pathogenesis for OSA 

and asthma differ, our results suggest that these conditions have overlapping risk factors. 

Irritants and allergens may exacerbate SDB by stimulating immune responses manifested 

as adenotonsillar hypertrophy and by amplifying nasopharyngeal inflammation, adversely 

affecting upper airway patency. ETS, although not common in this sample, was strongly 

associated with SDB symptoms, a finding that is consistent with previous reports.40-44 We 

additionally showed an association between pest exposure with SDB symptoms. Moreover, 

we studied the associations of bedroom dust allergen exposures in a large proportion of the 

cohort and demonstrated similar associations for mouse and cockroach bedroom dust levels 

with caregiver-report information, supporting the importance of household and bedroom 

environmental conditions and sleep health.

In addition to adverse home environmental conditions, prior studies identified a relationship 

between OSA prevalence or severity and neighborhood-level risk factors.6,11,35,44-46 In 

Cleveland, Ohio, residence in neighborhoods with low SES was associated with OSA 

prevalence after adjusting for prematurity, obesity, and race/ethnicity.11 In the six-city 

analysis of the Childhood Adenotonsillectomy Study, neighborhood factors (high poverty 

rate, high population densities, and close distance to major roads) were associated 

with increased OSA severity.6 Communities of largely Black and Hispanic families 

are disproportionately burdened by negative effects of zoning, highway placement, and 

investment because of previous discriminatory policies (eg, redlining beginning in the 

1930s), potentially leading to lower rates of home ownership and adverse exposures to a 

variety of social and environmental stressors, including poor air quality.47 In this sample, 

there were significant differences in measures of neighborhood disadvantaged (COI indices) 

in unadjusted analyses; however, this relationship was modestly attenuated and no longer 

significant after adjustment for demographics and maternal education. This may reflect the 

challenges in dissecting associations between race and ethnicity from those directly related 

to neighborhood because of within-neighborhood segregation. Future studies will need to 

examine wider geographic areas and address adverse outdoor environments.

Children in households with lower SES have been shown to experience increased chronic 

inflammatory diseases (eg, asthma, allergic rhinitis),48 which commonly coaggregate with 

OSA.4,12,13,49 We found approximately a 7-point to 14-point increase in elevated OSA-18 

scores with allergic rhinitis and asthma, respectively. Our analyses underscore the potential 

to leverage approaches from asthma prevention interventions to additionally address SDB 
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disparities. We explored whether asthma or allergic rhinitis might amplify the effects of pest 

exposure and did not find evidence for statistical interaction.

Study strengths include the study of a pediatric population living in predominantly low-

income and minoritized neighborhoods and the consideration of multilevel risk factors. A 

validated caregiver-reported measurement was our primary outcome, consistent with the 

recognition of the importance of perceived symptoms as important health-related targets.50 

Additionally, we showed an association between pest exposure and OSA-18 score using both 

caregiver report and bedroom dust allergen levels.

A study limitation includes a focus on a single geographic region. We recruited children 

from two sources—a school-based sample and a sample presenting for care at an ED. The 

relatively low participation rate of children in the broad target sample may have resulted 

in selection biases; however, this is unlikely to have weakened the internal validity of our 

findings. Although limiting inferences on prevalence rates, the prevalence of common health 

conditions (asthma and allergic rhinitis) was similar in the sample to the larger school-

based sample, suggesting that children with health problems from low-income communities 

were not overrepresented. A large proportion of children had objective evidence for SDB, 

consistent with data indicating high rates of SDB in low socioeconomic communities 

and children from underrepresented minority groups.1,3,7 Although the OSA-18 is most 

commonly used as a measure of SDB burden in children with known OSA, it has also 

been used with good psychometrics in general community samples.39 Other factors other 

than SDB may contribute to symptoms assessed by OSA-18, such as subclinical behavioral 

health symptoms (eg, anxiety, depression, attention-deficit/hyperactivity disorder), which 

could be secondary to SDB and were not included in our analysis. It is plausible that some 

of the items may reflect symptoms of asthma or allergic rhinitis rather than SDB. However, 

our key results persisted in analyses that adjusted for both asthma and allergic rhinitis, or 

analyses restricted to children without these conditions. Moreover, domain-specific analyses 

showed that ETS was consistently associated with elevated scores across each symptom 

domain, including a specific sleep disturbance domain. Cockroach exposure was associated 

with sleep disturbance and physical suffering and caregiver concerns. As for total OSA-18 

scores, most associations were not appreciably influenced by asthma and allergic rhinitis 

adjustment. Misclassification bias because of caregiver-reported data is possible; however, 

this would likely have biased the results toward the null. We used validated instruments 

when possible and corroborated OSA-18 associations based on caregiver reports for pests 

with objectively measured dust allergen levels. The weak correlation between caregiver and 

dust cockroach levels likely reflects the within-home differences in cockroaches (ie, higher 

in the kitchen than the bedroom, where sampling was done).16 The cross-sectional design 

limits causal inference; however, it is unlikely that the child’s SDB symptoms cause ETS 

or pest exposures. Moreover, the study results will provide the framework for future work 

on the understanding of the mechanistic pathways of environmental contributors to SDB 

pathophysiology in children.
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Interpretation

A broad assessment of multilevel risk factors in children living in predominantly low-

income neighborhoods found that SDB symptom burden was associated with exposures to 

ETS and pests and asthma and allergic rhinitis. These data highlight potential targets for 

improving sleep disparities, particularly indoor air quality, an underappreciated SDB-related 

risk factor. This study also identifies the need to research the mechanisms underlying these 

associations and consider the effectiveness of standard interventions for pediatric OSA (eg, 

adenotonsillectomy) in settings of chronic irritant and allergen exposures.
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EASY Environmental Assessment of Sleep Youth

ETS environmental tobacco smoke

Mus m 1 Mus musculus 1

SDB sleep-disordered breathing

SES socioeconomic status
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Take-home Points

Study Question:

What are the associations between multilevel risk factors and sleep-disordered breathing 

symptom burden in children living in predominantly low-income neighborhoods?

Results:

Within households, exposures to irritants and allergens (eg, pests, environmental tobacco 

smoke) were associated with an approximately 4-point to 12-point increase in OSA-18 

total score, and those with both exposures (Indoor Environmental Index score 2) had 

a nearly 20-point increase in OSA-18 total scores compared with children with no 

adverse indoor exposure in models adjusting for sociodemographics. Similar trends were 

observed in models additionally adjusted for asthma and allergies.

Interpretation:

A broad assessment of multilevel risk factors in children living in predominantly 

low-income neighborhoods found that sleep-disordered breathing symptom burden was 

associated with exposures to environmental tobacco smoke and pests and asthma and 

allergies.
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Figure 1 –. 
Flow of participants in the Environmental Assessment of Sleep Youth (EASY) study. 

BCH = Boston Children’s Hospital. aOther sources included a database with contacts for 

participants of other ongoing or previous studies at our hospital, siblings, and referrals made 

by participants and physicians.
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TABLE 1 ]

Sample Characteristics Among Participants of the Environmental Assessment of Sleep in Youth Study (N = 

303)

Characteristic Overall (N = 303)

Sociodemographic

 Age, mean ± SD, ya 9.5 ± 1.9

 Sex (female)a 133 (44)

 Race and ethnicitya

  Black or African American 91 (31)

  Hispanic, Latino, Latina, or Spanish origin 115 (39)

  White 66 (22)

  Other 26 (9)

 Racial or ethnic minority groupa,b 232 (78)

Household socioeconomic status

 Maternal education (≤ HS degree) 77 (27)

Health conditions

 BMI percentilea

  Mean ± SD 70.8 ± 29.6

  ≥ 95th percentile: obesity 93 (31)

 Asthma 56 (19)

 Allergic rhinitis 56 (19)

 SDB

  AHI/ODI 3%

  Mean ± SD 4.2 ± 3.7

  ≥ 5 events/h (SBD) 76 (28)

Household environment

 Environmental tobacco smoke 28 (9)

 Pestsc 158 (55)

  Mice 138 (49)

  Cockroaches 49 (17)

  Rats 21 (7)

 Indoor Environment Indexd

  0 114 (40)

  1 156 (55)

  2 15 (5)

Neighborhood environment

 Child Opportunity Index

  Mean ± SD 33.5 ± 29.6
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Characteristic Overall (N = 303)

  < 40, (very low and low) 184 (65)

Values are No. (%) or as otherwise indicated. AHI = apnea-hypopnea index; HS = high school; ODI = oxygen desaturation index; SDB = 
sleep-disordered breathing.

a
Missing data: n = 1; missingness for the other variables ranges from n = 4 to n = 20 (refer to e-Table 1).

b
Racial or ethnic minority group defined as Black or African American; Hispanic, Latino, Latina, or Spanish origin; and other. Reference group = 

White.

c
Pests are defined as reported exposure, mice, cockroaches, or rats in the home.

d
Indoor Environment Index is defined as the arithmetical sum of two household exposures: environmental tobacco smoke and the presence of pests 

(mice, cockroaches, or rats).
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TABLE 4 ]

Associations Between Measured Bedroom Dust Allergen Exposure and OSA-18 Total Score (n = 252)

OSA-18 Total Score

Mouse (log Mus m 1)a

 Unadjusted model 2.21 (0.77 to 3.66, < .01)

 Model 1 1.69 (0.15 to 3.23, .03)

 Model 2 1.67 (0.14 to 3.20, .03)

 Model 3 2.00 (0.60 to 3.39, .01)

 Model 4 1.34 (−0.12 to 2.80, .07)

Cockroach (log Bla g 2)a

 Unadjusted model 7.40 (0.73 to 14.08, .03)

 Model 1 6.91 (0.28 to 13.54, .04)

 Model 2 6.31 (−0.83 to 13.45, .08)

 Model 3 2.84 (−3.84 to 9.52, .40)

 Model 4 3.28 (−3.37 to 9.93, .33)

Values are β (95% CI, P value). Model 1 is adjusted for age, sex, racial or ethnic minority groups, and maternal education. Model 2 is model 1 
+ environmental tobacco smoke. Model 3 is model 2 + asthma and allergies. Model 4 is model 3 + neighborhood disadvantage (by Childhood 
Opportunity Index). Bold font = significant associations.

a
Exposure variables (Mus m 1 and Bla g 2 in ng/mg) were log-transformed (10-unit increase).
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