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Abstract

IMPORTANCE—Childhood asthma is characterized by disparities in the experience of morbidity,
including the risk for readmission to the hospital after an initial hospitalization. African American
children have been shown to have more than 2 times the hazard of readmission when compared
with their white counterparts.

OBJECTIVE—To explain why African American children are at greater risk for asthma-related
readmissions than white children.

DESIGN, SETTING, AND PARTICIPANTS—This study was completed as part of the Greater
Cincinnati Asthma Risks Study, a population-based, prospective, observational cohort. From
August 2010 to October 2011, it enrolled 695 children, aged 1 to 16 years, admitted for asthma or
wheezing who identified as African American (n = 441) or white (n = 254) in an inpatient setting
of an urban, tertiary care children’s hospital.

MAIN OUTCOMES AND MEASURES—The main outcome was time to asthma-related
readmission and race was the predictor. Biologic, environmental, disease management, access, and
socioeconomic hardship variables were measured; their roles in understanding racial readmission
disparities were conceptualized using a directed acyclic graphic. Inverse probability of treatment
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weighting balanced African American and white children with respect to key measured variables.
Racial differences in readmission hazard were assessed using weighted Cox proportional hazards
regression and Kaplan-Meier curves.

RESULTS—The sample was 65% male (n = 450), and the median age was 5.4 years. African
American children were 2.26 times more likely to be readmitted than white children (95% ClI,
1.56-3.26). African American children significantly differed with respect to nearly every
measured biologic, environmental, disease management, access, and socioeconomic hardship
variable. Socioeconomic hardship variables explained 53% of the observed disparity (hazard ratio,
1.47; 95% ClI, 1.05-2.05). The addition of biologic, environmental, disease management, and
access variables resulted in 80% of the readmission disparity being explained. The difference
between African American and white children with respect to readmission hazard no longer
reached the level of significance (hazard ratio, 1.18; 95% CI, 0.87-1.60; Cox 2= .30 and log-rank
P=.39).

CONCLUSIONS AND RELEVANCE—A total of 80% of the observed readmission disparity
between African American and white children could be explained after statistically balancing
available biologic, environmental, disease management, access to care, and socioeconomic and
hardship variables across racial groups. Such a comprehensive, well-framed approach to exposures
that are associated with morbidity is critical as we attempt to better understand and lessen
persistent child asthma disparities.

Asthma-related hospitalizations, readmissions, emergency department visits, and deaths
disproportionately affect racial minorities.22 Questions remain about what factors causally
affect disparities and about which could be modified to promote improved symptom control.
Often, studies that attempt to answer such questions limit their focus to genetic variation or
to specific social and environmental factors.3-> A broader lens that includes multiple,
potentially interrelated elements is essential as we seek to decipher and define meaningful
drivers of disparities.6-8

An American Academy of Pediatrics policy statement highlighted the multidimensional
nature of race and complexities of race’s nongenetic context.® We recently illustrated that
African American individuals had double the risk of being rehospitalized for asthma within
12 months of an index hospitalization; approximately 50% of this disparity was explained by
financial and social hardships.1% We have also identified associations or interactions between
race and other biological, social, and environmental factors; many of these same variables
have been linked to asthma symptoms and, in some cases, readmission.19-15 Further
delineation of how this broad array of factors contributes to, confounds, or modifies our
understanding of racial disparities would facilitate development, implementation, and
evaluation of disparity-reducing interventions.16-18

Comprehensive methods are critical to developing this understanding. Statistical methods
that seek conclusions around causal inferences have shown promise, although they generally
assess limited sets of variables.”10 Directed acyclic graphs (DAGs) can be used to facilitate
a richer understanding of potentially relevant variables.1® Directed acyclic graphs are
diagrams that serve to explicitly depict complex relationships between various factors, from
distal antecedents of disease to those more proximal that shape how disease is experienced.
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They also help establish sufficient adjustment sets of covariates and evaluate the effect of
unmeasured confounders to causal pathways under investigation. Here, we used a DAG to
order our thinking, hypothesizing that observed racial disparities in readmission hazard
(among already admitted children) would be reduced given improved accounting for
available potentially underlying factors.

Study Design and Population

This study was completed as part of the Greater Cincinnati Asthma Risks Study, a
population-based, prospective, observational cohort study of children aged 1 to 16 years
admitted for asthma or bronchodilator-responsive wheezing at Cincinnati Children’s
Hospital Medical Center (CCHMC), an urban, academic, pediatric hospital. The Greater
Cincinnati Asthma Risks Study included 774 children, 695 of whom identified as either
African American or white. Hospitalizations were identified through the use of the
institution’s clinical pathway for acute asthma. Children with significant respiratory or
cardiovascular comorbidities, a residence outside of the 8-county service area, or with a
non-English-speaking caregiver (approximately 2% of those otherwise eligible) were
excluded. Index hospitalizations occurred between August 2010 and October 2011. Full
cohort accrual details have been previously described.10 Briefly, research personnel enrolled
about 63% of those eligible with staff available to recruit. A 25% subsample of enrolled
patients was contacted by telephone 12 months after the index admission; of those reached,
zero reported an admission to a hospital other than CCHMC. The CCHMC institutional
review board approved this study, and written consent was obtained from parents/guardians.

The main outcome was time to first asthma-related readmission, defined as the interval
between the discharge date of the index hospitalization and the date of first asthma-related
rehospitalization. This was captured in CCHMC billing data, with outcome accuracy verified
by electronic health record review. Censoring occurred at the end of follow-up (October
2012) for those not readmitted; all had 12 or more months of follow-up.10

Self- or parent report is the way data on race are generally captured, likely representing both
genes and experience. Here, child race was obtained from the primary caregiver via face-to-
face survey completed during the index admission. Caregivers could choose from race/
ethnicity categories used by the US Census. These analyses included only those identified as
non-Hispanic and either black/African American or white.

Developing an Analytical Framework

We constructed a DAG to facilitate a deeper understanding of complex causal associations
between variables (Figure 1). By sorting out conditional associations between measured
variables, the DAG also provides a clear picture as to whether remaining, unmeasured
variables could affect study results.20 We considered a variety of variable classes conceived
to be associated with both race and readmission (eTable in the Supplement).

Biological variables included age, sex, and sensitizations to certain allergens. Allergen
sensitizations were assessed using Immunocap (ARUP), a measure of allergen-specific
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serum IgE. Indoor allergens tested included Alternaria alternatal A tenuis, Aspergillus
fumigatus, American cockroach, mouse epithelium, Dermatophagoides pteronyssinus,
Dermatophagoides farinae, and cat and dog dander. Outdoor allergens include drag-weed
and white oak. Per convention, test results were considered positive when IgE was greater
than or equal to 0.35 kU/L.14 Indoor and outdoor sensitizations were aggregated to indicate
1 sensitization or more. Participants for whom serum was not obtained were assigned to a
separate missing category.

Environmental variables included tobacco, traffic-related air pollution (TRAP), and other
reported in-home exposures. Tobacco exposure was determined using salivary cotinine
concentrations, defined as above or below the level of detection.1® Participants who did not
provide a salivary sample (or who provided insufficient quantity) were assigned to a separate
“missing” category. Traffic-related air pollution was estimated using validated land-use
regression models that approximate exposure at the specific street addresses that were
reported by families during the face-to-face survey.2! Traffic-related air pollution was
defined as above or below the sample median, as we have used it previously.3 In-home,
caregiver-reported exposures included the presence of 1 or more of the following: mold/
mildew, water leaks, cockroaches, rodents, cracks/holes in the walls or ceiling, wall-to-wall
carpeting, and furry pets.14

Disease management variables were also obtained from the survey, assessing whether the
child routinely spends nights away from home and whether the family had run out of or
missed doses of medications.11

Finally, the access domain included measures of insurance, vehicle ownership, and primary
care access. Insurance was defined as public/self-pay or private. Primary care access was
assessed using the access subscale to the Parent’s Perception of Primary Care instrument.
Those with subscale scores of less than 75 were considered to have low access; 75 to 99,
medium access; and 100, perfect access, consistent with our previous approach to this
instrument.22:23

We also assessed family- or household-level markers of socioeconomic status and hardships.
As we have done before, reported annual household income was dichotomized at $15 000
per household person (reported household income divided by individuals within the
household) and caregiver educational attainment at high school completion.10 Financial
hardship questions queried caregivers on difficulty making ends meet, looking for work but
being unable to find it, being unable to pay rent or utilities, having to move in with others,
pawning possessions, having a creditor demand payment, or having property repossessed all
for financial reasons. Responses were aggregated to determine the presence of 1 or more
financial hardships. Social hardship was assessed by the presence of 1 or more of the
following: recent history of borrowing money, the inability to borrow money or receive help
from family or friends, or the inability to receive an immediate loan during times of
need.24-26 \Wealth was assessed via home ownership. Finally, we assessed those who defined
themselves as single and never married.10-12
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Unavailable or unmeasured variables were considered, including ancestry, genetics,
historical experience (eg, exposure to racism and discrimination), community factors (eg,
neighborhood resources), the outdoor physical environment (eg, green space), and other
unknown patient- or family-level stressors.

The DAG illustrates conceived associations between race and readmission and with both
measured and unmeasured variables. Biological, environmental, disease management, and
access variables were conceptualized as being directly associated with readmission.
Socioeconomic hardship was thought to be directly associated with race, likely as
manifestations of historical experiences and exposures, and with those variables that were
more proximally related to asthma-related readmission.1% Unavailable or unmeasured
variables were also depicted, often, to be acting through measured variables. Based on this
DAG, and with assumptions of measurement accuracy, the total and direct effects of race on
readmission hazard could be estimated with minimal bias.

Analytic Approach

First, we used inverse probability of treatment weighting (IPTW), a propensity score
method, to balance differential distributions of factors between groups.2” Previously, we
used IPTW to evaluate racial disparities after accounting for differences in socioeconomic
hardships between African American and white individuals.1® Still, our DAG suggests that
accounting for just these factors would lead to unmeasured confounding and potentially
biased estimates. Therefore, we expanded analyses to include available biological,
environmental, disease management, and access variables. To do so, we constructed a
propensity score using stepwise variable selection procedures with logistic regression
(significance threshold of P<.15). If a selected variable was not able to be balanced by the
propensity score, we added this variable back into the logistic model and reconstructed the
propensity score. This was done iteratively until all key variables were balanced. The inverse
of the developed propensity score was used as the weight, the IPTW, in subsequent analyses.

Next, we took semiparametric Cox proportional hazards regression2® and nonparametric
Kaplan-Meier approaches.2? For both, we first determined bivariate associations between
race and readmission. Next, we used the IPTW that was derived considering only
socioeconomic hardship variables. Finally, we used the IPTW derived when considering all
measured variables. Comparing models before and after balancing allows us to gauge the
extent to which the racial disparity is explained by, first, just socioeconomic hardship and,
second, hardship plus the other measured variables together. Hazard ratios and the Pvalues
from the likelihood ratio test within Cox proportional hazards regression were reported. The
extent to which the association between race and readmission was explained by each model
was calculated from the percentage change in the parameter estimate () for race. Adjusted
Kaplan-Meier curves were constructed and compared using the log-rank test.2% We also
assessed results in both analyses using the IPTW trimmed at 0.1 to 0.9 to avoid the strong
influence with weights close to 0 or 1. Analyses used SAS statistical software (version 9.3;
SAS Institute).
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Of the 695 African American and white children enrolled, approximately 65% were male (n
= 450); the median age was 5.4 years. As previously reported, the 12-month asthma-related
readmission rate for African American children was 23% and 11% for white children.10

There were clear differences by race for nearly every measured variable (Table 1). For
example, there were differences in the allergens to which children were sensitized, the
exposures that were more likely to be reported or measured, the location and routine of
medication administration, and the degree of access identified. African American children
were also significantly more likely to be of lower socioeconomic status and experience
higher rates of hardship.10

The stepwise selection procedures resulted in the inclusion of variables across measured
domains: outdoor allergen sensitization, salivary cotinine, TRAP, running out of or missing
dose of medication, and vehicle ownership alongside measures of financial and social
hardship, caregiver educational attainment, and caregiver marital status. These variables
were sufficiently balanced by IPTW, as indicated by narrowed standardized mean
differences (Table 1 and Figure 2).

In Table 2, model 1 represents the unadjusted association between race and time to
readmission. After balancing racial groups with respect to socioeconomic hardship
differences (model 2), the hazard ratio from the weighted Cox proportional hazards model
was reduced from 2.26 (95% CI, 1.56-3.26) to 1.47 (95% CI, 1.05-2.05), corresponding to a
53% reduction. After balancing additional differences, the hazard ratio was reduced to 1.18
(95% Cl, 0.87-1.60), an 80% reduction. With this adjustment, the readmission hazard
between the 2 racial groups was no longer statistically significant (P =.30). After applying
the trimming procedure, the results differed slightly but still, there was no significant
readmission difference between the groups (hazard ratio, 1.31; 95% Cl, 0.94-1.82; P=.11).
Figure 3 illustrates similar results using the nonparametric Kaplan-Meier approach, showing
the degree to which the African American and white survival curves approximate one
another after balancing. Figure 3A highlights this narrowing when just weighted on
socioeconomic hardship. Clearly, the curves move closer together with a log-rank Pvalue
indicating borderline significance in the remaining disparity (XZ = 3.84; P=.05). Figure 3B
illustrates that with further balancing, the gap between the 2 curves closes completely (X2 =
0.74; P=.39). Again, trimming did not substantively change results.

Discussion

This study offers conceptual and methodologic advances in our effort to achieve a more
comprehensive understanding of disparities in child asthma readmissions. Building on our
previous work, we used DAG and IPTW methods to estimate the extent to which racial
disparities would exist should African American and white children experience similar,
balanced social and physical environments. Our results suggest that when considering and
balancing differences across a range of factors, the racial disparity gap for asthma-related
readmission closes. This suggests that the deeper consideration of potentially relevant
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exposures and factors, and the use of novel, rigorous statistical methods, could provide a
more accurate characterization of racial disparities as we seek to achieve racial equity in
pediatric clinical outcomes.

The DAG provided an intuitive framework that could illustrate potentially causal
mechanisms hypothesized to underlie asthma-related disparities.2° It also served as an
explicit depiction of the underlying assumptions we had made to reduce bias while
understanding the possibility that bias could still remain (eg, reverse causation and selection
bias).1® With the DAG as our analytic guide, we demonstrated that much, if not all, of the
disparity could be explained by measurable and, in some cases, modifiable, actionable
factors. Children sensitized to certain allergens might be treated more aggressively with
medication changes or allergen-specific immunotherapy.3%:31 Those reporting environmental
exposures may be connected to in-home interventions designed to remove such potential
triggers.32 Similarly, children with challenges relating to disease management or
accessibility of routine and available preventive care might be connected to home- or school-
based care providers.33 Similar interventions, alongside more robust community
connections, could begin to mitigate the excess risk contributed by socioeconomic
hardships.34 Of course, we deliberately chose not to include history of admissions and
asthma severity in this investigation. Likely, other measured and unmeasured factors (eg,
general health and comorbidities) could be shared causes of both prior admission (severity)
and readmission. Inclusion of these types of factors in one model could induce spurious
associations.3®> Additionally, history is, by definition, not modifiable.

The lives of racial minorities differ markedly from the lives of those in the majority for both
health outcomes and for the lived experience, highlighting their potential relevance to one
another.38 Here, African American and white children differed on nearly every available
measure. We attempted to statistically balance the breadth of this lived experience using
IPTW. Still, unmeasured differences in the day-to-day and cross-generational experiences of
included children may complicate our ability to fully comprehend what perpetuates the
existing disparity. Providing clinical and public health services in ways that advance equity
in health outcomes is our challenge, taking “the social context of asthma seriously”18 and
deploying interventions that more effectively identify and mitigate modifiable risk.32-37

Accurate and adequate measurement is a key challenge to defining what drives disparities
and to identifying where and when interventions can be deployed.1® When possible, we used
objective measures and validated questions for risks and exposures thought to be of
relevance. It is still possible that measurement challenges limit our ability to truly discern the
magnitude of each variable’s effect. Additionally, we were not able to assess other key
variables, including historical discrimination and area-level or contextual supports or
challenges. Future work assessing how we might better identify, measure, and account for
such pertinent variables, and prioritize relevant interventions, would be a major step
forward.6:38

Measurement of race is also critical to tracking racial disparities. In clinical practice, race is
nearly always defined according to patient, parent, or caregiver report, which may highlight
how one experiences race more than how one’s race is associated with underlying genetic
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predispositions. We defined and categorized race via self- or caregiver report in this study,
and our findings highlight factors that are largely nongenetic. Should investigators be
interested in genetic drivers, this means of racial categorization could be problematic as
socially constructed categories may distort the underlying continuum or spectrum that race
actually represents.3 Although it is certainly plausible that children of different ancestries
have differing genetic or physiologic predispositions to morbidity,3 differences in how
genes are expressed, turned on (or off), as a result of one’s environment or experience may
play an even more critical part in perpetuation of disparities.840

There were limitations to this study. First, our sample was composed of non-Hispanic
African American and white children who had already been hospitalized at CCHMC. Thus,
our results may differ in, and may not generalize to, other populations at other institutions.
Future work should test our model in other populations. Discerning whether decisions
around disposition may be biased by a child’s race would also be of benefit. At CCHMC,
data suggest that African American and white children do not differ with respect to hypoxia
or respiratory rate at initial presentation. Second, there may be errors present within included
measures. We used objective laboratory data and validated survey responses when possible,
but the reality felt by many may differ from the data gathered. For example, some children
may have “access” to care, but the care provided may be suboptimal. Also, social
desirability bias may limit the accuracy of responses to some of our more sensitive questions
(eg, in-home exposures and income). Missing data may, too, have limited our findings.
Third, there are many variables of relevance that were unavailable or unmeasured. Such
variables may explain the remaining approximate 20% of the disparity even if our DAG
adequately and accurately placed them in the appropriate location relative to measured
variables. Further identification and assessment of unmeasured variables (eg, assessment of
neighborhood or community context using area-level data connected to geocoded patients) is
needed. Fourth, our weight was calculated based on our sample distribution, which was
largely driven by African American children. Other weights or methods could be considered
to alter the distributions (eg, matching, subclassification, and regression adjustment). We
opted to use IPTW as it has been recommended in the study of survival outcomes.2’

Conclusions

Ultimately, our goal is to achieve equitable outcomes by reducing asthma-related morbidity
and disparities in that morbidity. Here, we used a DAG to make explicit our thinking and
improve our understanding of racial disparities in pediatric asthma-related readmission. This
allowed us to account for a broad range of variables as opposed to looking variable by
variable. This moves us toward sounder explanations for why children of different races
continue to face different clinical outcomes across a range of conditions. Better explanations
could, in turn, inform interventions aimed at reducing morbidity and narrowing unnecessary

gaps.
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Key Points
Question

How much of the racial disparity in readmission hazard among children hospitalized for
asthma can be explained given improved accounting for available, potentially underlying
factors?

Findings

In this population-based, observational cohort study, approximately 80% of the observed
asthma-related readmission disparity between African American and white children can
be explained by balancing patients with respect to available biological, environmental,
disease management, access, and socioeconomic hardship variables. The disparity no
longer reached statistical significance.

Meaning

Conceptual and methodologic advances increase our ability to explain racial disparities in
health and may allow improvements in how we mitigate them.

JAMA Pediatr. Author manuscript; available in PMC 2017 July 10.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Beck et al.

Page 13

4
Genetics Biological factors

Stressors

Family socioeconomic
\

status and hardships Reported race A
Ancestry -
\ ~

CY Readmission
e

—> Disease
management

Historical factors  Society or
or racism community factors

\ ) Access to care

Physical environment Environmental
exposures

Figure 1. [llustration of the Directed Acyclic Graph Developed to Guide Analyses
The light blue ovals indicate variables thought to be directly associated with readmission;

white oval, patient, parent, and family factors thought to be directly associated with race and
certain variables; white rectangles, unavailable or unmeasured variables thought to be
associated with race or readmission; and dark blue ovals, reported race is the primary
predictor or exposure variable and time to first asthma-related readmission is the outcome of
interest.
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Illustration of the Balance Between African American and White Children Before and After
Application of Inverse Probability of Treatment Weighting
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A Unadjusted model vs model adjusted for socioeconomic variables
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Figure 3. Adjusted Kaplan-Meier Curves After Balancing Procedures Are Completed With
Inver se Praobability of Treatment Weighting

The curves use adjusted Kaplan-Meier estimator and log-rank test with inverse probability
of treatment weighting.2° Using the trimmed inverse probability of treatment weighting, the
log-rank test provides A= .04 in panel A and A= .16 in panel B. A, Comparison of an
unadjusted model with a model adjusted for pertinent socioeconomic hardship variables.
Adjusted model in panel A includes measures of financial and social hardship, caregiver
educational attainment, and caregiver marital status. B, Comparison of an unadjusted model
with a model adjusted for pertinent socioeconomic hardship, biological, environmental
exposure, disease management, and access to care variables. Adjusted model in panel B
includes measures of outdoor allergen sensitization, salivary cotinine, traffic-related air
pollution, running out of or missing dose of medication, and vehicle ownership alongside
measures of financial and social hardship, caregiver educational attainment, and caregiver

marital status.
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Hazard Ratio

Reduction in Race Parameter Estimate

Model Race Parameter Estimate (SD) (95% ClI) P Value? Compared With Model 1, %
Model 1 (no covariates) 0.81(0.19) 2.26 (1.56-3.26) <.01 NA
Model 2 0.39 (0.17) 1.47 (1.05-2.05) .02 0.53
Model 264 0.42 (0.17) 1.52 (1.08-2.13) 01 0.49
Model 3 0.16 (0.16) 1.18 (0.87-1.60) 30 0.80
Model 3¢ 0.27 (0.17) 1.31 (0.94-1.82) 11 067

Abbreviation: NA, not applicable.

a . - . . ! . . . A N
The models illustrate the reduction in the race parameter estimate after balancing African American and white children with respect to biological,
environmental, disease management, access, and socioeconomic hardship variables using inverse probability of treatment weighting.

vaaIue obtained from the likelihood ratio test comparing African American and white children using adjusted Cox proportional hazards

regression modeling.28

Model 2 includes measures of financial and social hardship, caregiver educational attainment, and caregiver marital status.

Trimmed inverse probability of treatment weighting for a more stabilized result as a sensitivity analysis.

e . N . . ) . . . - —
Model 3 includes outdoor allergen sensitization, salivary cotinine, traffic-related air pollution, running out of or missing dose of medication, and
vehicle ownership alongside measures of financial and social hardship, caregiver educational attainment, and caregiver marital status.
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