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Abstract

The purpose of this study was to examine relationships among caregiver social support, caregiver depressive symptoms,
medication adherence, and asthma control in a sample of low-income, urban, Black children aged 3—12 years with uncontrolled
asthma and their caregivers. Using longitudinal data from a randomized controlled trial (RCT) assessing the efficacy of an
environmental control educational intervention, we used generalized estimating equations and ordered logistic regression models
to evaluate the relationship between caregiver social support (Medical Outcomes Study Social Support Survey), depressive
symptoms (Center for Epidemiologic Studies Depression scale), and two child asthma outcomes: (a) medication adherence
(Asthma Medication Ratio) and (b) asthma control. At baseline, 45.7% of the 208 children had very poorly controlled asthma.
Nearly a third of caregivers (97% female) had clinically significant depressive symptoms at each data collection point. Social
support was not associated with either asthma outcome nor did it moderate the relationship between depressive symptoms and
child asthma outcomes. Higher caregiver depressive symptoms predicted decreased medication adherence (b=—0.003, SE 0.002).
Moderate asthma at baseline (OR: 0.305, SE: 0.251), severe asthma at baseline (OR: 0.142, SE: 0.299), household income <
$20,000 per year (OR: 0.505, SE: 0.333), and fall season (OR: 0.643, SE: 0.215) were associated with poorer asthma control.
Attending to the social context of low-income, urban, Black children with asthma is critical to reduce asthma morbidity. Maternal
depressive symptoms are modifiable and should be targeted in interventions to improve child asthma outcomes in this vulnerable
population. The RCT was registered with ClinicalTrials.gov (NCT01981564) in October 2013.
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Asthma is one of the most common child health conditions in ~ for asthma [1] and are more likely to die from the disease [1]
the USA, but the burden of asthma is greatest among low-  than their economically advantaged, non-Hispanic, White
income, urban, Black children [1]. These children have higher ~ peers. Accumulating evidence suggests that complex and in-
rates of uncontrolled asthma [2], more frequent missed school ~ terconnected risk factors at multiple social-ecological levels
days due to asthma [3], and higher healthcare utilization rates ~ drive these disparities [1, 4]. The disproportionate impact of
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asthma extends to parents and caregivers who bear ultimate
responsibility for disease management. Medication adher-
ence, including daily use of long-term preventive controller
medications, is particularly critical for effective asthma self-
management due to its relationship with better asthma control
and reduced asthma morbidity and mortality [5-7].
Caregivers of youth with poorly controlled asthma may
experience significant hardships due to the demands of asthma
management including lost wages and benefits [8], inability to
maintain stable, full-time employment [9], and psychological
distress [10]. Research suggests that between 30 and 50% of
mothers of low-income, urban, Black children with asthma
have clinically significant symptoms of depression which per-
sist over time [11-13]. Not only do mothers within this pop-
ulation experience poor quality of life as a result of clinically
significant depressive symptoms [14], but these symptoms
have been associated with impaired asthma management, in-
cluding inconsistent adherence to child asthma medication
regimens [13] and increased asthma morbidity [15].
However, less is known about protective factors (i.e., con-
ditions that buffer against risk exposure) and resource factors
(i.e., conditions that facilitate positive outcomes whether or
not the individual is at risk) [16, 17] that may play a critical
role in reducing asthma health disparities and improving
asthma-related outcomes. Social support, defined as “a social
network’s provision of psychological and material resources
intended to benefit an individual’s ability to cope with stress”
[18] has been positively associated with physical and psycho-
logical health across diverse populations including low-in-
come, Black mothers [19] and mothers of children with chron-
ic health conditions [20]. Among caregivers of low-income,
urban, racial minority children with poorly controlled asthma,
higher levels of social support have been linked to less depres-
sive symptomology [12]. Social support may facilitate asthma
management and control by protecting against the negative
effects of caregiver depressive symptoms among low-income,
minority children with asthma; however, this relationship has
not been evaluated empirically. In several studies, social

support was observed to have a direct effect on reduced symp-
tom frequency, decreased functional morbidity, and better
asthma control, suggesting that social support may serve as a
resource factor, facilitating asthma management and control
irrespective of caregiver depressive symptomology [21-23].

To address the current gaps in the literature, we utilized a
risk and resilience framework to examine caregiver perceived
social support as a resource factor or a protective factor on
child asthma outcomes (i.e., medication adherence and asthma
control) in a sample of low-income, urban, Black children
with uncontrolled asthma (Fig. 1). The purpose of this study
was to answer the following research questions: Do higher
levels of caregiver social support [1] predict improved asthma
medication adherence or asthma control over time (i.e., re-
source factor) and [2] moderate the relationship between care-
giver depressive and asthma medication adherence or asthma
control over time (i.e., protective factor)?

Method
Data Source

We used data from a randomized controlled trial (RCT) that
evaluated the efficacy of an educational intervention for chil-
dren with persistent asthma and frequent emergency depart-
ment (ED) visits [24]. Participants were recruited from two
large urban hospitals during a pediatric ED visit for treatment
of an acute asthma exacerbation. Eligible children (a) were
between the ages of three and 12 years, (b) had physician-
diagnosed persistent and uncontrolled asthma based on the
National Asthma Education and Prevention Program
(NAEPP) [5] guidelines, (c) had > 2 asthma-related ED visits
or > | hospitalization for an asthma exacerbation during the
previous 12 months, and (d) lived in the metropolitan area
where the study was being conducted. Children with signifi-
cant non-asthma respiratory condition (e.g., cystic fibrosis),
no working phone, or foster care placement were excluded.

Covariates
Predictor Outcome 1. BASELINE CHILD
CHARACTERISTICS
RISK FACTOR ASTHMA MANGEMENT a. Asthma severity
AND MORBIDITY b. Age
Caregiver depressive c. Gender
symptoms Medication adherence
Asthma control 2. BASELINE CAREGIVER
CHARACTERISTICS

>~

_ :

a. Relationship status
b. Educational level
Household income

| Protective Factor

Resource Factor |

3. ENVIRONMENTAL

\/

CHARACTERISTICS

Caregiver perceived social support

a. Season

Fig. 1 Conceptual model
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Enrollment occurred on a rolling basis between August 2013
and February 2016. Of the 554 children screened in the pedi-
atric ED, 222 (40%) enrolled in the study and were random-
ized to the intervention or an attention control group [24]. We
restricted our analysis to Black children and their caregivers
(N =208) who comprised 93.7% of the full sample.

The institutional review boards of participating medical
centers approved the RCT. Each child’s caregiver gave writ-
ten informed consent (and children > 8 years of age gave
verbal assent) prior to study participation, which included per-
mission to obtain the child’s pharmacy records. At baseline
(T1), six (T2), and 12 (T3) months, surveys were administered
in the home to each caregiver by trained research assis-
tants. Surveys included sociodemographic and health in-
formation as well as self-reported measures of child
asthma control, caregiver depressive symptoms, and
caregiver-perceived social support.

Participants randomized to the intervention group received
a follow-up visit with a pediatric nurse practitioner in the ED
within 7 days of enrollment to evaluate asthma symptoms,
provide education on guidelines-based controller and rescue
medication use, and review allergen lab results [24]. In addi-
tion, the intervention group received two home visits during
which a home visiting nurse trained in integrated pest man-
agement provided environmental control education and reme-
diation based on the child’s allergy testing results, as well as a
brief motivational interview to instigate a total ban of smoking
in the home if needed. The attention control group also re-
ceived in-home services, including standard asthma education
during three home visits from a community home visiting
nurse, within 7 to 14 days of enrollment.

Measures
Dependent Variables

Medication Adherence Dispensing records from the past 12
months were obtained from pharmacies identified as used for
asthma medication fills by the caregiver. Based on the work of
Schatz et al. [25], an asthma medication ratio (AMR) was
subsequently calculated by dividing the number of controller
medication fills by the total asthma medication fills (i.e., con-
troller medication and rescue medication). An AMR > 0.50
has been associated with less asthma morbidity, including
better asthma control, less severe asthma symptoms, better
quality of life, and fewer hospitalizations and ED visits in
adults and children with asthma [25]. AMR was treated as a
continuous variable.

Asthma Control As shown in Table 1, child asthma control
was based on the NAEPP [5] guidelines and determined by
caregiver report of (a) number of symptom days over the past
14 days, (b) number of symptom nights over the past 30
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Table 1
Guidelines

Asthma Control Algorithm based on NAEPP-EPR3 (2007)

Classification of asthma control

Component of Well controlled ~ Not well Very poorly
asthma control controlled controlled
Symptom days <4 5-13 14
past 2 weeks
Symptom 0-1 2-4 >4
nights past 4
weeks
Activity Not at all limited ~ Slightly limited, Extremely
limitation or very slightly moderately limited or
past week limited limited, or totally
very limited limited
Rescue No Yes Yes
medication
use past 2
weeks
ED visit or ED visits =0 or ~ ED visits=1 or ED visits > 2 or
hospitaliza- hospitaliza- hospitaliza- hospitaliza-
tion past 12 tions=0 tions= 0-1 tions >1
months
Courses of 0-1 >2 >2
OCS past 12
months

Note. ED emergency department, OCS oral corticosteroid

nights, (c) short-acting beta agonist (SABA) use over the past
14 days, (d) activity limitation over the past 7 days, (e) number
of oral corticosteroid courses in the past year, and (f) number
of asthma ED visits or hospitalizations over the past 12
months. Only children with not well-controlled or very poorly
controlled asthma were eligible for study participation.
Therefore, no children had well-controlled asthma at baseline.

Independent Variable: Depressive Symptoms Caregiver de-
pressive symptoms were measured using the established 20-
item Center for Epidemiological Studies Depression scale
(CES-D) [26]. Scores on the CES-D range from 0 to
60. A score > 16 suggests that an individual may be
at risk for clinically significant depressive symptoms
[26]. The CES-D scale has been used widely with care-

givers of children with asthma [12, 21].

Moderator: Social Support Caregiver social support was mea-
sured using an 18-item version of the Medical Outcomes
Study Social Support Survey (MOS-SSS) which has
been validated for use with caregivers of low-income,
urban, Black children with asthma [27, 28]. Scores on
the MOS-SSS range from 18 to 90 with higher scores
indicating a higher level of social support. We tested
the moderating effects of social support and its direct
effects on each of the dependent variables.
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Covariates We included group status (i.e., intervention or con-
trol group), event time (i.e., T1, T2, and T3), and baseline
child asthma severity determined by the study team according
to the national guidelines [5], season, child age and sex, care-
giver relationship status (partnered or not), educational level
(high school graduate or not), and annual household income
(<$20,000; $20,000 to $39,999; or > $40,000) as covariates in
the statistical models.

Data Analysis

Missing Data Data attrition is shown in Table 2. Missing data
analysis revealed that participants who were missing CES-D
and MOS-SSS scores at T2 had younger children than those
who had completed scores, suggesting that data were not
missing completely at random. We used multiple imputation
using chained equations to compute 20 imputations for the
missing data on the following variables: asthma control at
T3 and caregiver social support and depressive symptoms at
T2 and T3. The final imputation regression model included all
the dependent and independent variables and covariates de-
scribed in the measures section with the exception of “spring”
and “summer,” which were eliminated due to
multicollinearity. We also added caregiver age in years and
sex (dummy-coded into 1= female and 0 = male) to the impu-
tation model. Several other relevant asthma morbidity vari-
ables (e.g., symptom days, symptom nights, hospitalizations)
could not be added to the imputation model due to
multicollinearity.

Multivariate Analysis To examine the direct (i.e., resource fac-
tor) and moderating (i.e., protective factor) effects of caregiver
social support on medication adherence, we used generalized
estimating equations (GEE) [29] with an unstructured corre-
lation matrix and robust standard errors. The moderation
model contained the interaction term (i.e., caregiver social

Table 2 Number of participants and percent missing data for key
variables per time point

N (% missing)

Variable Tl T2 T3

CES-D 208 173 (16.82) 136 (34.62)
MOS-SSS 208 176 (15.4) 144 (30.7)
AMR* 184 -- 182 (1.1)
Asthma control 208 201 (3.37) 154 (25.97)

Note. CES -D Center for Epidemiologic Studies Depression Scale, MOS-
SSS Medical Outcomes Study Social Support Survey, AMR Asthma
Medication Ratio. * AMR collected at T1 and T3 only. Patients missing
on AMR did not have any asthma medication prescriptions on file at area
pharmacies which made it impossible to calculate an AMR

support x caregiver depressive symptoms) and the covariates.
To examine the direct and moderating effects of caregiver
social support on asthma control, we used ordered logistic
regression model, adjusting for clustered data and with robust
standard errors [30]. Because the proportional odds assump-
tion was met, a single odds ratio was derived across the three
categories of asthma control [30]. The moderation model
contained the interaction term (i.e., caregiver social support
x caregiver depressive symptoms) and the covariates. In the
four multivariate models, the independent variables (i.e., care-
giver depressive symptoms and caregiver social support) and
covariates were entered as time-varying except for baseline
child asthma severity and socio-demographics. We analyzed
data using Stata 14.2 [31].

Results

A slight majority of the children were male (65%), and they
had a mean age of 6.3 years (SD = 2.7) (Table 3). Caregivers
were primarily female (97%) with a mean age of 31.5 years
(SD = 7.6). Similar to the findings for the full study reported
by Butz et al. [24], there were no statistically significant base-
line differences between the intervention and control groups.
Table 4 presents descriptive data for the longitudinal variables
at each time point. At T1, AMR could not be calculated for 24
children, because they did not have any controller or rescue

Table 3  Participant demographics and baseline asthma morbidity
(N=208)

M (SD) or N (%)
Child’s age 6.3 (2.7)
Child sex (male) 136 (65%)
Baseline asthma severity
Mild, persistent 55 (26.4%)
Moderate, persistent 95 (45.7%)
Severe, persistent 58 (27.9%)
Symptom days in past 2 weeks 5.9 (4.8)
Symptom nights in past 4 weeks 7.1 (8.8)

Asthma ED visits in the past 3 months (range: 0-12) 1.3 (1.4)

Caregiver age (range: 18-62) 31.5(7.6)
Caregiver female 202 (97%)
Caregiver single 156 (75%)
Caregiver HS education or more 168 (80.8%)
Annual household income

Very low income (< $19,999) 95 (45.7%)
Low income ($20,000-$39,999) 55 (26.5%)
Higher income (> $40,000) 30 (14.4%)

Note. Percentages may not add up to 100 due to missing data. HS high
school
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Table 4 Longitudinal variable description by time point

Table 5 Results of GEE predicting medication adherence

M (SD) Coeff. SE 95% CI lower  95% CI upper
Tl T2 T3 Unadjusted model

MOS-SSS —0.0007 0.0009 —0.002 0.001
MOS-SSS (range: 18-90) 76.75 (17.08) 82.20 (1449) 77.69 (19.15) oo o L0000 0002 —0.003 0.0009
CES-D (range: 0-60) 12.95 (11.43) 11.41 (10.69) 10.8 (10.76) cons 0 4' e 0'01 6 o 4'3 P 0' 208
CES-D Score > 16" 66 31.7) 50 (28.9) 36 (26.5) - ‘ A dju.ste dimo dél '
AMR (range;()*l) 0430.26) - 0.51(0.26) MOS-SSS ~0.0002  0.0009 —0.002 0.002
AMR > 0.50 91 (49.5) - 109 (59.9) CES.D L0003 0002  —0.006 0,001

. ! : : :
Asthma control” Event time 0.043 0013 0018 0.069
Well controlled 00 253200 1502 Moderate asthma  0.00002  0.042  —0.083 0.083
Not well controlled 93 (44.7) 81 (38.9) 78 (37.5) Severe asthma 0028 0.047  —0.066 0121
Very poorly controlled 115 (55.3) 95 (45.7) 61 (29.3) Child age 0011 0006  —0.001 0.023
A . : ) )

Season Male child —0.0005 0.037 —0.073 0.072
F a,“ 73350 46 (22.1) 61(29.3) Partnered 0.092 0053 —0.012 0.196
Winter 55264 - 33159 38(18.3) HS grad 0.008 0052 —0.09% 0.110
Spring 4@l 9E3y 32054 Very low income  0.029  0.050  —0.069 0.128
Summer 35(16.3) °2(25.0) 24(11.5) Low income 0014 0051 —0.116 0.088
Note. " N(%). * Only children with not well-controlled or very poorly Fall —0.006  0.042  —0.089 0.077
controlled asthma were eligible for study participation, and no children Winter 0.040 0.046  —0.049 0.130
had well-controlled asthma at baseline. MOS-SSS Medical Outcomes Intervention ~0.039 0034 —0.107 0.028
Study-Social Support Scale. CES-D Centers for Epidemiologic Studies- cons 0355 0.089 0.180 0.530

Depression Scale. AMR Asthma Medication Ratio. Fall, September 21 to
December 21. Winter, December 22 to March 21. Spring, March 21 to
June 21. Summer, June 22 to September 20

medications on file at the pharmacies identified by their care-
givers. Caregivers of children who did not have a baseline
AMR had higher mean CES-D scores (M = 18.75) than care-
givers of children who did have a baseline AMR (M = 12.19),
and this difference was statistically significant [32]. The
MOS-SSS demonstrated excellent internal reliability with
Cronbach’s alphas of 0.97, 0.98, and 0.99 at T1, T2, and T3,
respectively. The CES-D demonstrated good internal reliabil-
ity with Cronbach’s alphas of 0.81, 0.85, and 0.87 at T1, T2,
and T3, respectively.

Multivariate Longitudinal Analyses

GEE revealed that caregiver social support (MOS-SSS) was
not a statistically significant predictor of asthma medication
adherence in the unadjusted model or when the covariates
were added (Table 5). In the adjusted model, caregiver depres-
sive symptoms and event time were the only statistically sig-
nificant predictors of medication adherence. For every one-
unit increase on the CES-D, AMR declined by 0.003, indicat-
ing that higher caregiver depressive symptoms were associat-
ed with lower asthma medication adherence. AMR increased
four percent from T1 to T3, reflecting an improvement in
asthma medication adherence over time. The interaction term
testing the moderating effect of social support was not statis-
tically significant.

@ Springer

Note.” p<0.05,"" p <0.001; MOS-SSS Medical Outcomes Study-Social
Support Scale. CES-D Centers for Epidemiologic Studies-Depression
Scale

In the unadjusted model, there was a statistically significant
relationship between caregiver depressive symptoms and asth-
ma control. For every one-unit increase in CES-D (i.e., more
depressive symptoms), there were three percent proportionally
lower odds of asthma control. However, this effect was atten-
uated in the adjusted model where time was the only statisti-
cally significant predictor of better asthma control. Over time,
children had 75% increased proportional odds of better asth-
ma control. Baseline asthma severity, income, and seasonality
were also statistically significant predictors of poorer asthma
control (see Table 6). Severe asthma at T1 was the most robust
predictor of poorer asthma control, followed by moderate
baseline asthma severity (Table 6). Very low income (i.e.,
<$20,000 per year) had a medium effect, while season (fall)
had a small effect [33].

Discussion

In this sample of low-income caregivers of urban, Black
youths with uncontrolled asthma, caregiver depressive symp-
toms were associated with asthma medication adherence and,
to a lesser degree, child asthma control. These findings are
consistent with research linking maternal depressive
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Table 6 Results of ordered

logistic regression for asthma Coefficient SE 95% CI lower 95% CI upper OR

control
Unadjusted model
MOS-SSS 0.002 0.006 —0.009 0.013 1.002
CES-D —0.021 0.010 —0.042 —0.0008 0.979"
Adjusted model
MOS-SSS —0.006 0.007 —-0.019 0.008 0.994
CES-D -0.021 0.012 —0.045 0.004 0.980
Event time 0.561 0.115 0.335 0.787 1.752"
Moderate asthma -1.188 0.251 -1.679 -0.697 0.305™
Severe asthma -1.949 0.299 -2.535 -1.363 0.142™
Child age 0.061 0.042 —0.022 0.144 1.063
Male child 0.147 0.212 —0.270 0.563 1.158
Partnered —0.027 0.299 -0.613 0.560 0.974
HS grad —0.448 0.296 -1.028 0.133 0.639
Very low income —0.683 0.333 —-1.335 —0.031 0.505"
Low income -0.229 0.358 —0.931 0.473 0.795
Fall —0.441 0.215 —0.863 —-0.020 0.643"
Winter -0.329 0.239 -0.797 0.139 0.720
Intervention 0.152 0.209 —0.258 0.561 1.164

Note. “p < 0.05, " p < 0.001; MOS-SSS Medical Outcomes Study-Social Support Scale. CES-D Centers for
Epidemiologic Studies-Depression Scale

symptoms to suboptimal management of child asthma medi-
cation regimens among low-income, urban, Black children
with asthma including (a) primary medication nonadherence
(i.e., failure to fill a new prescription) [32], (b) daily controller
medication nonadherence [13], and (c) reliance on quick-re-
lief/rescue medications [34]. Maternal depressive symptoms
have also been associated with other aspects of asthma man-
agement, including higher rates of asthma-related ED visits
[11], asthma-related unscheduled clinic visits, and hospitali-
zations [35]. Our findings highlight the need for
healthcare providers to understand the social context of
children with asthma and to provide appropriate family
supports, including assessment and monitoring of care-
giver depressive symptoms and linkage to mental health
resources [4, 36]. Many brief, validated tools for screen-
ing depressive symptoms are available, including a two-
item version of the Patient Health Questionnaire [37].
Stepped care approaches for identifying and managing
maternal depression in pediatric settings have been well-
described in the literature on postpartum depression and
may provide a useful framework for addressing depres-
sive symptoms among asthma caregivers [38].
Telehealth, which has expanded dramatically during
the COVID-19 pandemic, may facilitate access to men-
tal health services for identified caregivers and is an
important area of future investigation [39].

Baseline asthma severity was the strongest predictor of
poor asthma control over time, which further underscores

the importance of providers engaging families of youths with
higher disease severity for intervention. Because an annual
income less than $20,000 was also associated with poorer
asthma control, healthcare providers should be aware that
poverty not only contributes to poor asthma outcomes, but it
also disproportionally affects Black children [4]. Furthermore,
structural racism has been—and continues to be—a major
driver of economic disadvantage in Black communities that
needs to be addressed on a policy level [4]. Children living in
low-income neighborhoods have increased exposure to indoor
allergens and second-hand tobacco smoke combined with in-
sufficient financial resources to implement the home environ-
mental controls needed to mitigate that exposure [9, 40].
Finally, season (fall) also predicted poorer asthma control,
reflecting a known seasonal pattern of increased asthma exac-
erbations and hospitalizations associated with increased viral
exposure when school starts, fall allergen exposures, and low
controller medication fills in late summer [41].

We were surprised that caregiver social support had neither
a significant direct (i.e., resource factor) nor indirect (i.e., pro-
tective factor) effect on child asthma outcomes. Our results
could reflect the optimal matching hypothesis [42], suggesting
that social support is most effective when it is tailored to meet
the needs imposed by a specific source of stress. Indeed, it is
possible that specific supports related to asthma caregiving
may be required to improve caregiver well-being and, in turn,
child asthma outcomes. Two interventions that included com-
ponents providing targeted asthma-caregiving support
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showed reduced symptom frequency [23] and better asthma
control [22] in similar samples of children with asthma and
their caregivers. A general measure of social support, such as
the MOS-SSS used in this study, might not be able to capture
the specific supports that provide an optimal match. Bellin
et al. [43] reported similar results, finding general social sup-
port measured by the MOS-SSS did not buffer the negative
effects of asthma management stress on caregiver quality of
life in a longitudinal study within a similar population of asth-
ma caregivers. Therefore, future research is needed to develop
and test social support measures that match the specific needs
associated with asthma caregiving, especially among care-
givers of low-income, urban, Black children with poorly con-
trolled asthma. Furthermore, while several interventions that
provided targeted material, informational, and emotional sup-
port related to asthma management have demonstrated direct
effects on reduced symptom frequency [23] and better asthma
control [22], more research is needed to identify and assess
interventions that precisely target the specific needs of care-
givers related to management of their child’s asthma.

Given the dearth of literature on the moderating effect of
social support (general or asthma related) on the relationship
between caregiver depressive symptoms and any child asthma
outcome, future studies are needed to examine social support
as a protective factor. Research investigating the possible
moderating effect of caregiver social support on the relation-
ship between caregiver depressive symptoms and (a) asthma-
related emergency healthcare utilization and (b) asthma symp-
toms may be particularly fruitful given a growing body of
research linking caregiver depression to these specific asthma
outcomes [11, 35, 44]. Investigation of other possible protec-
tive factors—including religiosity, self-efficacy, and coping
skills, among others—may be warranted as well [19, 45].

Notably, medication adherence and asthma control im-
proved over time for participants in both the intervention
and attention control groups. This finding suggests that the
provision of services in the home to all caregivers and children
may have played a role in improving these outcomes. Indeed,
while the Asthma Express intervention was distinct from the
Attention Control services, both groups received some form of
in-home asthma education from a nurse. Several other inter-
ventions that provided in-home services have demonstrated
positive outcomes [23, 46, 47]. For example, among children
3 to 13 years with poorly controlled asthma, Krieger et al. [23]
found that those in the social support intervention group—
which involved asthma education from a community health
worker (CHW) during home visits—had nearly 25 more
symptom-free days per year than the those in the control group
who did not receive any in-home services. Parker et al. [46]
implemented a year-long intervention that consisted of multi-
ple CHW home visits to 298 urban, racial, and ethnic minority
children aged 7 to 11 years with persistent asthma. Among
several other positive outcomes, the intervention effectively
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reduced the proportion of children reporting inadequate use of
asthma controller medication and the proportion of caregivers
reporting depressive symptoms. Future research should inves-
tigate what specific components of these types of interven-
tions mediate improvements in asthma outcomes for children
(e.g., social support, self-efficacy, information/education,
relationship/therapeutic alliance with the interventionist) and
the relationship between intervention setting (e.g., home, hos-
pital, clinic) and efficacy. In the context of the COVID-19
pandemic, examining the role of telehealth and other digital
interventions may be particularly relevant as a means of in-
creasing access to psychosocial support for children with asth-
ma and their caregivers [48].

This study has several strengths including the focus on a
high-risk population and the use of longitudinal data. Another
strength was the use of pharmacy records to calculate AMR.
There are limitations to this study as well. First, besides AMR,
variables were measured by caregiver self-report, which intro-
duces recall, social desirability, and common method bias.
Although AMR was calculated based on pharmacy records,
the pharmacies were identified by caregiver report. Future
studies should use a combination of measurement methods
(e.g., caregiver report, healthcare provider report, child report,
medical records) in order to reduce the aforementioned biases.
Second, although child age was not significant, the ages of
children included in the study (3 to 12 years) encompass a
wide range of development. Different developmental phases
require contrasting levels of parental involvement and parent-
ing strategies, which may have an impact on medication ad-
herence and asthma control. Future studies should explore the
relationship between child development/parenting and asthma
outcomes. Third, nearly 12% of the sample (24/208) could not
be included in the GEE predicting AMR because these chil-
dren did not have any controller or rescue medications on file
at the pharmacies identified by their caregivers. Caregivers of
these children had higher mean scores on the CES-D (p=0.03),
suggesting that caregiver depression may have been a factor in
the caregiver not filling prescriptions for the child’s asthma
medications (i.e., primary medication nonadherence).
Margolis et al. [32] identified caregiver depressive symptoms
as a predictor of primary medication nonadherence in a sepa-
rate multivariate analysis. Finally, the results of this analysis
of a specific population might not be generalizable to other
populations of children with asthma and their caregivers.

Despite these limitations, the results of this study demon-
strate that although non-modifiable factors (i.e., season) and
entrenched structural factors (i.e., economic disadvantage) ap-
pear to have the largest effect on select asthma outcomes
among low-income, urban, Black children with persistent
and uncontrolled asthma, other potentially modifiable factors
might be areas for future intervention. Specifically, this study
found that maternal depressive symptoms play a role in asth-
ma medication adherence, which healthcare providers can
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target to improve asthma care and outcomes for these children
and their caregivers. Finally, although we did not find that
social support was a resource or protective factor in this study,
we note that only a very small body of literature has examined
the direct effect of caregiver social support on child asthma
morbidity. Moreover, no other study has examined the mod-
erating effect of social support (general or asthma related) on
the relationship between caregiver depressive symptoms and
any child asthma outcome. Further investigation of the rela-
tionships between caregiver social support, caregiver depres-
sive symptoms, and child asthma outcomes among low-in-
come, urban, Black families is needed to inform efforts to
improve asthma healthcare and well-being for this high-risk
population.
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