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Abstract

Adolescents with asthma are at-risk for poor sleep quality. Little research has examined the relationship
between sleep quality and inhaled corticosteroids (ICS) adherence. Individuals from lower-income
backgrounds experience disparities that may also contribute to sleep quality. This study sought to 1)
examine associations between household income and sleep quality and 2) analyze the relationship
between sleep quality and ICS adherence among adolescents with asthma. Forty-one adolescents with
persistent asthma (Mage = 14.83, SD = 1.28) completed the Adolescent Sleep Wake Scale (ASWS) to
measure sleep quality across five subscales. Caregivers provided their estimated household income per
year and completed a free response question measuring ICS adherence. Spearman’s rank-order
correlations were used to examine associations between sleep quality, household income and ICS
adherence. Sleep quality and household income were not significantly related (r = .262, p = .098). Sleep
quality was not associated with ICS adherence (r =-.028, p = .867). Sleep quality was not significantly
related to household income or ICS adherence in adolescents with asthma. Limitations include limited
power given a small sample size and less reliable measures of household income and adherence therefore,
future directions should focus on using more precise measures. Additional research with larger sample
sizes may help better understand potential relationships between sleep quality, ICS adherence, and
household income within youth with asthma.
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Introduction

In the United States alone, over 6 million children are living with asthma (Zahran et al.,
2018). Asthma is a chronic illness that inflames airways in the lungs, making it difficult to
breathe. It is one of the most common chronic diseases in children, and the global prevalence of
symptoms continues to increase (Ferrante & La Grutta, 2018). Asthma management is
multidimensional and consists of ongoing education, medication adherence, symptom
monitoring, primary care, trigger avoidance, and personalized action plans (Gibson et al., 2003).
Many people with asthma use medications such as inhaled corticosteroids (ICS) to manage

asthma. Adhering to the proper amount of medication has shown to lead to decreases in
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inflammation of the lungs (Burgess et al., 2010). Unfortunately, barriers often prevent proper
ICS adherence from being achieved, as research has shown adherence rates of less than 70% and
in certain populations like low-income adolescents, even lower rates around 33-41% (McQuaid,
2018). Consequences of poor adherence can result in increased morbidity, exacerbations,
hospitalizations and overall lead to poor quality of life for adolescents with asthma and burden
on families (Bourdin et al., 2012).

Barriers to ICS adherence can occur at an individual/ familial level, patient-physician level
and broader system level (McQuaid, 2018). ICS adherence rates tend to decline as children
become older, as a shift in increased responsibilities with asthma management is put onto
adolescents (Koster et al., 2015). Individual barriers can include mental health symptoms like
depression, which has been found to be an increased risk to poor ICS adherence; other factors
like medication beliefs or preference to alternative medicines create barriers for medication
adherence, especially for minority groups who may have concerns about historical unethical
medical care among diverse minority populations (McQuaid, 2018). Socioeconomically
disadvantaged families can experience barriers to accessing consistent asthma care and
medications (Canino et al., 2009). Furthermore, lower levels of education may impact one’s
ability to understand health information about medications and make informed health decisions.

Sleep plays an essential role in the health and well-being of individuals. It is a biological
necessity of life, and loss of sleep has been proven to influence higher risks of various infectious
and inflammatory diseases as well as mortality (Irwin, 2015). Sleep quality is a concept within
the field of psychology that is difficult to define. Ohayon et al. (2017) defines sleep quality as a
solicited self-rating reflecting “an individual’s satisfaction with his or her sleep” (p. 7). Factors
of sleep quality that can be measured include the ability to fall/stay asleep, how rested one feels
when they wake up, and the number of awakenings throughout the night. In a sleep study
consisting of 943 adolescents, 10% of the sample reported difficulties falling asleep while 25%
reported needing additional sleep (Morrison et al., 1992). The same study also concluded
adolescents with sleeping problems displayed more anxious, depressed, inattentive, and conduct
disorder behaviors compared to adolescents without sleeping problems, stressing the importance
of sleep within this population. Insufficient sleep within adolescent age groups has been
associated with poor physical and mental health outcomes, academic outcomes, and

neurocognitive deficits (Mindell et al., 2016).
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Adolescents with asthma appear to experience more sleep problems than their healthy
counterparts. In a study comparing sleep duration, sleep hygiene and insomnia in adolescents
with and without asthma, the results found adolescents with asthma reported insufficient
weekday sleep 13% higher than those without asthma, a significant difference in poor sleep
hygiene for adolescents with severe asthma, and twice as many adolescents with severe asthma
reporting clinically significant insomnia compared to participants with mild or no asthma
(Meltzer et al., 2014). Some factors that create this gap between adolescents with asthma and
their healthy counterparts include nocturnal symptoms (e.g., coughing, wheezing, shortness of
breath) lower sleep duration, and nighttime awakenings (Lawless et al., 2020). This places
adolescents with asthma at an increased risk for poor sleep which can lead to additional negative
outcomes.

Poor asthma control has been associated with sleep quality, as seen in Luyster et al. (2012),
which found people with asthma experience worse sleep quality than those without asthma, and
poor sleep quality is associated with poor asthma control. However, little research has been
conducted on how sleep quality may impact ICS adherence in adolescents with asthma. To date,
there is one study that found an indirect, significant effect of sleeping problems on medication
usage through compromised family functioning, specifically behavioral control (Sonney et al.,
2017). No direct associations were found. No other study has examined the direct associations
between sleep quality and asthma ICS adherence, highlighting a gap in the literature within this
population.

In addition to asthma symptoms, socioeconomic (SES) factors like household income may
influence sleep quality in this population. This may be due to economic disparities preventing
access to resources like adequate bedding, and neighborhood environments which lower-income
households experience such as higher exposure to light, noise, and overcrowded housing
conditions (Mindell et al., 2016). Of the studies conducted, there are mixed results between sleep
quality and household income levels. A systematic review of eight included studies suggested
poorer neighborhood socioeconomic status was associated with shorter sleep duration in children
(Tomfohr-Madsen et al., 2020). One of the studies highlighted in the review used an income-to-
needs ratio to examine if presleep worries and home environment conditions were mediators
between low SES and poor sleep (Bagley et al., 2015). The results found lower SES was
associated with more sleep/wake issues and daytime sleepiness, mediated by disruptive
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conditions and presleep worries (Bagley et al., 2015). Contrary to these findings, Smaldone et al.
(2007) examined characteristics related to inadequate sleep within children age 6-11 and
adolescents age 12-17. The results showed children with inadequate sleep were more frequent
among non-Hispanic white children whose families have higher incomes and education levels.
The mixed results displayed throughout the current literature require further investigation.
Aims and Hypotheses

For youth with asthma, multiple factors can contribute to significant effects on health
outcomes, such as relationships between poor sleep quality, nonadherence to ICS controllers and
demographic variables. Little research has been conducted on sleep quality and the potential
impacts it has on ICS adherence, while the literature on sleep quality and household income
contains mixed results. This project aims to 1) examine the associations between household
income and sleep quality in adolescents and 2) examine the relationship between sleep quality
and ICS adherence for adolescents with asthma. For aim 1, it is hypothesized household income
will be correlated with sleep quality, with lower income being related to poorer sleep quality.
This is based on the prior meta-analysis of neighborhood socioeconomic status and sleep
duration that included studies of poor environmental conditions which low-income adolescents
are exposed to (Tomfohr-Madsen et al., 2020). For aim 2, it is hypothesized sleep quality will be
associated with ICS adherence for adolescents with asthma, with poorer sleep quality being
related to lower ICS adherence. Reasoning behind this includes findings on the relationship poor
asthma control has on sleep quality (Luyster et al., 2012). It is important to continue research
efforts on health disparities in order to create targeted interventions that prevent morbidity and
mortality, provide better healthcare services, reduce disparities and promote health for families
with lower SES. Research efforts to understand more about the relationship between sleep
quality and ICS adherence may lead to the development of more targeted interventions aimed at
improving health outcomes among adolescents with asthma, such as increasing educational
efforts on how to promote healthy sleep habits, understanding the relationship between sleep
quality and asthma, and how to better adhere to controller medication.

Methods

Participants

Participants consisted of 41 adolescents, aged 13-17 with persistent asthma, and their parents/

legal guardians. Participants were included if they 1) had persistent asthma, 2) were between
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ages 13-17, 3) had a parent/legal guardian accompany the child to the appointment, and 4) were
attending a scheduled visit at UF’s pediatric clinic. Exclusion criteria consisted of 1) the inability
to read and speak English and 2) having an intellectual disability diagnosis or psychotic disorder.
Procedures

Adolescents were recruited from the Pediatric Pulmonary Diagnostic Center in the Medical
Plaza of UF Health. The parent/ legal guardian provided informed consent while the adolescent
gave informed assent prior to completing the study. The adolescent and caregiver completed
study questionnaires during their clinic visit and were compensated for their participation. The
institutional review board approved this study (IRB201300732). This study is based on
secondary analyses from a previously published study analyzing sleep hygiene and the potential
relationships between sleep quality, cognitive fatigue, asthma control and management, and
quality of life in adolescents with asthma (Lawless et al., 2020).

Measures
demographics.

Caregivers completed demographic information including the adolescent’s date of birth, sex,
race, ethnicity, grade level in school, in addition to their own age, household income, occupation,
educational level, and marital status. Caregivers identified the estimated family income per year
through the options “below $9,999,” “$10,000-$19,999,” “$20,000-29,999,” “$30,000-$39,999,”
“$40,000-$49,999,” “$50,000-$59,999,” “$60,000-$69,999,” “$70,000-$79,999,” and “over
$80,000.”

sleep quality.

Adolescents completed the Adolescent Sleep Wake Scale (ASWS) (LeBourgeois et al.,
2005), a 28-item measure which assessed sleep quality within the past month across the
following sub-scales: going to bed, falling asleep, maintaining sleep, reinitiating sleep, and
returning to wakefulness. Overall sleep quality was measured by calculating the average of the
sub-scale scores. The measure addressed the frequency of sleep behaviors that occurred during
the last month. Items used a 6-point Likert scale, where 1 = “always” and 6 = “never. Higher

scores indicate better sleep quality.
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medication adherence.

Caregivers completed a single free response question which measured medication adherence.
The question asked, “In the last 30 days, how many days do you estimate that your child took
his/her asthma controller medication(s) exactly as prescribed?”

Analyses

Analyses was conducted in SPSS. The data was examined for normality. Basic descriptive
analyses were ran to characterize the sample. Statistical significance was analyzed at (p < .05).
Cohen’s (1992) conventions were used to describe the correlation coefficient (r). A correlation
coefficient of 0.1 indicates a small effect size, 0.3 a medium effect size and 0.5 a large effect
size. Spearman’s rank-order correlations were conducted to examine associations between
household income and sleep quality. Partial Spearman rank-order correlations were conducted to
assess if sleep quality related to asthma medication adherence. The variable age was controlled
for during data analysis due to known associations between age and sleep quality in addition to
medication adherence.

Results

Initial analysis included checking for skewness and kurtosis through generating histograms
and running descriptive statistics. ICS adherence was highly skewed, with over a third of
families reporting 100% ICS adherence. The study used Spearman’s Rank-Order Correlations to
account for the uneven distributions. Participants ranged from 13 to 17 years (M= 14.83,
SD=1.28). ICS adherence ranged from 0 to 30 days (M = 20.65, SD =10.90). Of the 41
adolescents, 21 were male. The majority of caregivers were currently married (n=18), had
completed some college (n= 20), and consisted of mothers (n=36). Income ranged from below
$9,999 to over $80,000, with the largest percentage of families generating $10,000 to $19,999
per year (29.3%). Table 1 provides additional demographic information.
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Table 1. Participant and Caregiver Demographic Characteristics

Frequency Percent
Participant Gender
Male 21 512
Female 20 48.8
Caregiver Relationship
Mother 36 87.8
Father 4 9.8
Other Legal Guardian 1 24
Care er M
C 18 439
Si 12 293
Si 7. 17.1
i 3 7.3
i 1 24
Cai
1 24
00! 3 73
Graduated high school 7 17.1
Some college 20 48.8
G lege 9 22.0
1 24
Fai
Below $9,999 S 12.2

$10,000-519,999 12 29.3
9.8

$20,000-529,999

4
$30,000-$39,999 5
$40,000-849,999 7 17.1
$50,000-859,999 1 24
$60,000-569,999 1
$70,000-579,999 4
Over $80,000 2

24
9.8
4.9

For aim 1, there was not a significant relationship between overall sleep quality and
household income (r=.262, p=.098). The effect size was small as described by Cohen’s 1992
conventions. None of the ASWS sub scales were significantly related to income. For aim 2, sleep
quality was not associated with ICS adherence (r=-.028, p=.867). Table 2 shows additional
Spearman’s Rank-Order Correlations between the ASWS subscales, household income, and ICS

adherence.

Table 2. Spearman’s Rank-Order Correlations

ICS Adherence Household Income

Correlation coefficient Sig. (2-tailed) Correlation coefficient Sig. (2-tailed)
Total Sleep Quality -028 -.867 262 098
Returning to -.105 .524 173 279
Wakefulness
Reinitiating Sleep 017 916 249 3R b
Maintaining Sleep 073 660 287 069
Falling Asleep -.080 627 183 251
Going to Bed .000 1.000 182 254

Discussion

Adolescents with asthma face an increased risk of poor sleep and negative health outcomes.
For those living in low-income households, they may face additional disparities surrounding
asthma prevalence (Akinbami et al., 2012). This study examined associations between 1)

household income and sleep quality and 2) ICS adherence and sleep quality in adolescents with
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asthma. Overall, no significant associations were found between sleep quality, income, and ICS
adherence. The results in this study are important in further understanding relationships between
sleep quality and household income in adolescents with asthma and aids in advancing clearer
directions in research on this population.

The hypothesis in which lower household income would relate to poorer sleep quality was
not supported, despite there being some prior literature suggesting socioeconomic status was
associated with reduced sleep duration and quality (Bagley et al., 2015; Felden et al., 2015;
Tomfohr-Madsen et al., 2020). The results from this study do relate to other mixed literature that
did not find associations between household income, sleep duration, and sleep quality (Johnson
et al., 2018). Additionally, other findings have found higher SES relating to poorer sleep quality
(Smaldone et al., 2007). The effect size on overall sleep quality and household income was
small, suggesting this finding be re-evaluated within larger samples.

The hypothesis that poorer sleep quality would be associated with lower ICS adherence was
not supported. Although literature shows people with poorly controlled asthma appear to
experience poorer sleep health (Luyster et al., 2012; Prasad et al., 2014), this study’s findings do
not suggest poor sleep quality is associated with ICS adherence. Only one known study has
examined how sleep quality may impact ICS adherence, and found an indirect significant effect
through behavioral control. The study did not find any direct associations between sleep
disturbances and adherence and suggests analyzing other factors that may interact between the
two variables (Sonney et al., 2017). When examining sleep quality and adherence within other
diseases, such as HIV, one study found mediating effects of depressive symptoms influencing
the relationship between sleep quality and adherence (Phillips et al., 2005). It may be possible
sleep quality indirectly relates to ICS adherence through other unknown factors. One potential
variable that would be important to examine is allergic rhinitis, which is a common comorbidity
in people with asthma and may relate to sleep disturbances (Dixon et al., 2006). Additional
research is suggested.

The current study had several limitations. One limitation was the small sample size.
Increasing the sample size may have allowed an increase in statistical power. Another limitation
was the chosen measures for household income and ICS adherence. The measure for household
income may not adequately represent socioeconomic status because it is multifaceted, including

other factors such as educational attainment and occupational status (Adler & Stewart, 2007). A
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caregiver-report was the only measure of adolescent ICS adherence within the study, which may
have been biased and inaccurate based on their perceptions of their adolescent's ICS adherence.
Literature suggests self-report measures are subject to bias and over-estimated compared to
objective measures (Adams et al., 1999). A study measuring adherence in children with asthma
showed on average, self-report measures of adherence were reported above 80%, canister weight
measures of adherence were around 69%, and electronic devices measures of adherence were
around 50%, suggesting objective measures of adherence may be more accurate (Bender et al.,
2000). Additionally, the sample heavily consisted of Caucasian (n=18) and African American
(n=17) participants. The findings in this study therefore may not be generalizable with other
diverse populations in the US.

Conclusion

Future research should examine the relationship between household income and sleep quality
using a more accurate measure of socioeconomic status, such as the MacArthur
Sociodemographic questionnaire (Adler & Stewart, 2007). Future studies may want to analyze
specific factors of sleep quality concerning household income, like maintaining sleep. Studies
analyzing sleep quality and ICS adherence should use an objective measure of adherence.
Additional research is necessary to better understand whether sleep quality is associated with
household income and ICS adherence in adolescents with asthma.

The results of this study add to the current literature known about sleep quality in relation to
household income and ICS adherence. Although this study revealed null results, it is important to
publish null findings to prevent publication bias and prevent retesting of hypotheses shown
unlikely be true (Landis et al., 2014; Munafo & Neill, 2016). The null findings in this study aid
to create a more complete body of literature surrounding sleep quality, household income, and
ICS adherence in adolescents with asthma, which advances scientific knowledge within this
population.
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