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Abstract

Objective—To determine whether previously reported socioeconomic status (SES)-related
disparities in cystic fibrosis (CF) health outcomes vary by the indicator used (median household
income by zip code [MI1Z], maternal educational attainment [MEA], and state insurance coverage
[MA]), and whether these disparities can be explained by differences in medical treatment.

Study design—A cross-sectional analysis of data on patients age <18 years from the
Epidemiologic Study of Cystic Fibrosis (ESCF).

Results—Disease severity showed a similar inverse correlation with all 3 SES measures. The
number of stable clinic visits was unrelated to SES. Patients with MA had more sick outpatient
visits and more courses of intravenous (IV) antibiotics for pulmonary exacerbations, and were
more likely to be prescribed all chronic therapies. Low-MIZ patients had slightly fewer sick visits
and more courses of 1V antibiotics, and were more likely to receive oral nutrition supplements but
less likely to receive macrolide prescriptions. Low-MEA patients were less likely to receive IV
antibiotics at home, more likely to receive oral nutrition supplements, but less likely to receive
macrolide prescriptions.

Conclusions—CF health outcomes are correlated with the SES spectrum, but these disparities

are not explained by differential use of health services or prescription of chronic therapy. Future

investigations should focus on the possible impact of environmental exposures and differences in
disease self-management.
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Socioeconomic status (SES) is a strong predictor of outcomes in patients with cystic fibrosis
(CF).12 Barriers to accessing quality care are an important cause of SES-related disparities
in many patient populations,3 but previous analyses of CF Foundation Registry data have
failed to show any SES-related difference in care at accredited CF care centers.? Until
recently, however, the CF Registry collected only limited data on the use of specific
therapies and practice patterns. Reports from the Epidemiologic Study of Cystic Fibrosis
(ESCF) show large variations in the use of chronic medications of proven efficacy? and in
outpatient monitoring,® and also demonstrate an association between these variations in care
and outcomes.® It is plausible that some of this variability in treatment and monitoring might
be related to some aspect of SES and serve as a possible explanation for the disparities in
outcomes.

There is no ideal measure of SES; different aspects impact health in different ways. Family
income affects overall financial resources, which can affect the ability to access care and
medications; measures of neighborhood income partly reflect individual income but have an
independent effect related to features of the physical, social, or service environments, such
as public transportation or distance from a CF center.” Maternal education level affects
disease self-management abilities. State insurance eligibility reflects financial resources, but
this differs by state and is determined in part by healthcare expenditures, leading to the
possible misinterpretation of the direction of causality in terms of conclusions regarding the
link between SES and health.8-13 Whether any specific indicator of SES most accurately
predicts disease outcomes in CF is not clear; to date, no comparison of different variables
associated with SES in the CF population has been reported.

We analyzed data from the ESCF to ascertain whether SES is associated with different
patterns of routine outpatient monitoring or the likelihood of prescription of various chronic
CF therapies. Given that a small minority of children with CF are uninsured,? we
hypothesized that due to potential access barriers, such as cost and transportation,’ the most
likely effect of SES would be in the number of outpatient visits, and any disparity in
prescribed medications would not be seen for Medicaid recipients. In addition, we
investigated whether any of 3 different indicators of SES for which ESCF tracked data
(median household income by zip code, maternal education, or insurance status) might have
a stronger association with disease severity or practice patterns compared with the others.
We further hypothesized that state insurance status might have the strongest association with
disease severity because of the higher likelihood that sicker patients are eligible for
Medicaid, and that neighborhood income might have a weaker association because of the
ecological nature of the variable.14

The design and implementation of the ESCF have been described previously.1® The ESCF is
a large, multicenter, longitudinal, prospective observational study of the clinical course of
patients with CF in the United States and Canada from 1994 through 2005. Data collected
on each patient included demographics, use of chronic therapies, results of pulmonary
function tests, results of respiratory tract cultures, information on growth and nutrition, and
details of antibiotic, anti-inflammatory, and other treatments. ESCF I, the second phase of
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the ESCF, was conducted from 2003 to 2005 and included several additional variables,
including those relevant to SES. Institutional review board approval was obtained at each
individual study site.

The data collection form was completed by the study site personnel from medical records
and identified certain prescribed therapies as chronic; there was no ascertainment of patient
adherence. Data also were collected on treatment of pulmonary exacerbations, including site
(home vs hospital) where intravenous (V) antibiotics were administered.

Cohort Definition and SES Measures

This analysis included patients who were age <18 years at the time of enrollment in ESCF
I1, had 2 or more medical encounters at least 30 days apart recorded in the ESCF Il database
during 2004, and had no missing data on the outcome variables of interest and at least 1 SES
variable. SES was evaluated using 3 indicators, defined as follows:

»  Median income of zip code of residence (M1Z). ESCF data on zip code of residence
were linked to United States Census reports from the year 2000 on median annual
income for each zip code in the United States. These data were categorized into 4
groups: < $40 000, $40 000 to < $50 000, $50 000 to < $60 000, and $ $60 000.

« Maternal educational attainment (MEA), reported by participating centers in 3
categories: less than high school, high school diploma, or college diploma

»  Eligibility for Medicaid or state health insurance cover age (MA), reported as a
dichotomous yes/no variable, independent of whether or not the patient had any
other form of health insurance.

Outcome Measures and Covariates

We evaluated the relationships between SES and disease severity, use of prescription or
chronic medications, and healthcare utilization. Disease severity for patients age < 6 years
was categorized using the first stable weight-for-age percentile (ie, <5, 5 to < 10, 10 to < 25,
25 to < 50, $ 50) in 2003 or 2004. For older patients, the first stable percent predicted
prebronchodilator forced expiratory volume in 1 second (FEV1) value (ie, < 40, 40 to < 70,
70 to < 100, $ 100) in 2003 or 2004 was used to categorize disease severity. Values for
percent predicted FEV; were calculated using the formula of Wang et al1® for males up to
age 17 years and females up to age 15 years. The equations of Hankinson et al'’ were used
for all older patients. In terms of chronic medications, the reported use of oral and enteral
nutritional supplements, vitamins, oral macrolide antibiotics, inhaled antibiotics, and
dornase alfa in 2004 was evaluated. Health-care utilization was evaluated as the number of
outpatient visits (distinguished by report as “stable” or “sick”) and number of pulmonary
exacerbations requiring IV antibiotics (as diagnosed by treating physician and distinguished
by a report as treated in the hospital or at home) in 2004. Age at enrollment and disease
severity were considered potential confounders and included as covariates in the analysis of
chronic medication use and healthcare utilization.
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Statistical Analysis

Results

Differences among patients in each SES category were evaluated by x2, Mantel-Haenszel
x2, or t tests, as appropriate. Separate multivariate models were used to evaluate each SES
indicator as a predictor of each outcome measure, controlling for age at enrollment in the
ESCF Il and for disease severity. Additional models containing either all 3 SES categories
or 2 categories at a time provided no novel outcomes and thus are not reported here. Because
disease severity was classified differently for children age < 6 and those age 6 to < 18, the
model was established with a different set of severity effects for these 2 age groups. Logistic
regression was used to model the likelihood of receiving chronic therapies and medications,
and linear regression was used to model the number of healthcare visits.

Of the 32 585 patients enrolled in the ESCF between 1994 and 2005, 17 722 were enrolled
in the ESCF II. Of these patients, 11 447 were age < 18 years at the time of enrollment in the
ESCF 11. Approximately 83% of these patients (n = 9534) had at least 2 medical encounters
in 2004 spanning a minimum of 30 days (mean number of encounters, 4.93 £ 2.65), and no
missing SES or disease severity data. MIZ was known for 9134 patients, MEA was reported
for 3731 patients, and MA status was known for 9168 patients. Figure 1 shows the overlap
of subjects with SES data.

The cohorts were similar with respect to mean age, sex, race/ethnicity, percent predicted
FEV1, height-for-age and weight-for-age percentiles, body mass index (BMI), and disease
severity (data not shown). The distributions of mother's education, median household
income, and type of healthcare insurance also were similar among the cohorts. For the MI1Z
and MEA cohorts, there were no differences between the study population analyzed and
those patients excluded from the analysis because of missing SES data (data not shown).
However, compared with the group included in the MA cohort, those with missing insurance
data tended to be older (mean age, 9.1 £ 5.0 vs 8.3 5.2 years; P = .007), to be non-Hispanic
white (94.3% vs 85.3%; P <.001), to have higher BMI (mean BMI, 18.7 £+ 3.4 vs 18.3 + 3.3;
P =.013), and to have higher percent predicted FEV{ (mean, 94.9 £ 19.7 vs 91.6 + 21.6; P
=.014).

As assessed by Spearman correlation coefficients, the correlation among SES indicators was
small to moderatel8: 0.193 between MIZ and MEA, 0.260 between MA and MEA, and
0.343 between MA and MIZ (P < .001 for all).

Comparisons of disease severity, as measured by both weight-for-age percentile and percent
predicted FEV1, and all measures of SES exhibited a linear inverse correlation (ie, low SES
associated with greater disease severity; all P < .0001) (Figure 2). There was no difference
in the prevalence of positive airway cultures for Pseudomonas aeruginosa by any SES
measure.

Likelihood of Chronic Medication Use

In models adjusting for age and disease severity, patients living in zip codes with the lowest
median income were more likely to receive oral nutritional supplements and inhaled
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antibiotics but less likely to receive macrolides; there were no discernible trends in the
prescription of other chronic therapies (Figure 3, A). Similarly, patients whose mothers had
less than a high school education were more likely to be prescribed oral nutritional
supplements but less likely to be prescribed vitamins and macrolides compared with patients
whose mothers were high school graduates (Figure 3, B). There was no significant
difference between high school and college graduates in the use of any chronic therapies, so
the results from a model using a dichotomous MEA variable are shown. Patients with MA
were about 30% to 50% maore likely than patients without MA to be prescribed all chronic
therapies and medications except macrolides (Figure 3, C).

Healthcare Utilization

In models adjusting for age and disease severity, no SES-related differences in the number
of stable outpatient visits were found. Patients living in zip codes with the lowest median
income had the fewest sick outpatient visits (Table). There was a trend across the category
for lower-income patients to receive more 1V antibiotics for pulmonary exacerbations. MEA
was not associated with any difference in outpatient visits or treatment for IV exacerbations,
but the children of mothers who did not graduate high school were less likely to be treated
for IV exacerbations at home. There was no significant difference between high school and
college graduates in terms of healthcare utilization, so the results from a model using a
dichotomous MEA variable are shown. Patients with MA had more sick visits than those
without MA, and they also had more pulmonary exacerbations treated with 1V antibiotics.

Discussion

SES is a strong predictor of disease severity in CF; patients of low SES have increased
mortality, worse lung function, and worse nutrition.12 This is confirmed by our ESCF data,
which also show a similar association whether SES is defined by median household income
by zip code, by maternal education, or by Medicaid status. Our findings suggest the
existence of some previously unappreciated SES-related differences in healthcare utilization
patterns in patients attending CF care centers in the United States that vary, to some degree
on the marker of SES used. Patients with low SES as indicated by M1Z) have fewer
outpatient sick visits, but patients with MA have more visits, and MEA does not seem to
influence the number of visits. The relationship between M1Z and number of sick visits
might reflect reduced access for patients with this marker, particularly if they live at a
distance from the CF center.1® Pulmonary exacerbations requiring IV antibiotics are
diagnosed and treated more frequently in patients with lower SES, as indicated by MIZ or
MA status but not by MEA. The reason for this is unclear; perhaps the CF providers sense
that patients with fewer resources are likely to deteriorate faster and thus need more
aggressive care. Among the SES measures, MEA primarily seems to influence whether a
patient's pulmonary exacerbations are treated with IV medications at home or in the hospital,
suggesting that providers are less likely to believe that low-MEA mothers can perform all of
the necessary treatments on their own or that the mothers perceive barriers to home care.

Most chronic medications are used at similar or slightly greater rates in patients with lower
SES. Patients with MA in particular are more likely to receive all medications evaluated
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except macrolides, perhaps reflecting the absence of financial barriers faced by patients who
have private insurance and need to make copayments for medications. Oral nutritional
supplements are more likely to be prescribed to low-MI1Z and low-MEA patients. Low-MIZ
patients receive more inhaled antibiotics, even though they are no more likely than others to
have Pseudomonas airway infection when rates are adjusted for disease severity and age.
The greater prescription of chronic therapies in this group might indicate that healthcare
providers recognize that patients with low SES have worse disease outcomes and attempt to
treat these patients more aggressively.

Children of more highly educated mothers and those living in wealthier zip codes are more
likely to be prescribed macro-lides. This analysis evaluated practice in 2004, the year after
publication of a major study documenting the efficacy of azithromycin in CF.20 It took
several years before the use of chronic macrolide therapy was consistently adopted at CF
centers, and even now it is used nationally in fewer than 60% of patients for whom it would
be appropriate.2! One possible explanation for this is that CF healthcare providers are
prompted by wealthier or better-educated mothers to prescribe macrolides sooner than they
might have otherwise. This is consistent with the theory that wealth or parental education
influences disease outcomes in children through their impact on disease self-management.22
Similarly, the greater use of vitamins in children with more educated mothers also might be
related to parental prompting.

Overall, we uncovered no compelling differences in health-care utilization or the
prescription of chronic therapies that would explain the significant and striking disparities in
health outcomes in low-SES groups. This contrasts with findings in other chronic diseases,
such as asthma, for which access to quality care is an important contributor to SES-related
disparities. Other mechanism are probably of greater importance in the CF population.?3 For
example, disease self-management is likely an important determinant of long-term outcomes
for chronic illnesses such as CF and appears to be associated with SES.2224 Health
behaviors, such as cigarette smoking, also are clearly linked to SES;25 secondhand smoke
exposure is a likely contributing factor to SES disparities in CF.26 Other potential risk
factors include exposure to psychological stress and environmental pollutants.2’

No previous comparison of SES measures has been undertaken in patients with CF; in fact,
very few comparison studies are available in the general pediatric literature.?8 SES is a
broad sociological concept with different attributes and no single ideal measure.82% Income
is an intuitively obvious measure of SES and is a good measure of material resources, but it
is potentially confounded by age, education, family size, regional cost of living, and whether
the income is generated by one or more family members.8 We do not have direct
information on family income in the ESCF database, but we used US Census data to link to
median household income by zip code. This approach has the usual weaknesses and
imprecision of an ecological measure,* but any resulting misclassification would typically
weaken statistical associations rather than cause spurious ones.30 Furthermore, some specific
neighborhood effects are probably relevant to an analysis of the impact of SES on health.3!
In particular, in our population of primarily Caucasian patients with CF, low median
household income is more likely to be associated with rural areas than inner-city urban
areas, and rural populations are more likely to encounter barriers due to distance from a CF
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center.1® Educational attainment may best predict disease self-management skills.
Furthermore, because the resources required to care for a sick child may drain a family of
wealth and time for work, low education is more likely than low income to be the cause,
rather than the result, of greater disease severity.22 Unfortunately, we have information on
MEA for only one-third of our patients, making it difficult to ensure that our sample is not
biased. State insurance (Medicaid) eligibility is closely tied to family income and is readily
ascertained, making it a simple measure to use. But eligibility is determined differently by
individual states, undermining its usefulness when comparing outcomes across centers. Of
medical expenses may be considered when evaluating eligibility;32 thus, sicker patients are
more likely to be eligible for MA at any given income level. The finding that MA was
associated with greater likelihood of receiving many therapeutic interventions suggests that
finances might play a role in prescribing patterns for low-SES patients, but this also may be
because higher medical expenses increase the likelihood of being eligible for MA. This
makes the finding that MA was no stronger a predictor of disease severity than the other 2
SES measures even more interesting.

The low correlation among SES measures is intuitively surprising (although it has been
reported previously?) and reflects the fact that SES is a heterogeneous category with
different components. This has presented significant methodological challenges in
attempting to differentiate the relative contribution of SES to racial disparities33 in CF along
with other conditions; the contradictory reports on the relative impact of race on outcomes in
CF stem from the use of different SES measures to control for that factor.1-2 Attempts to
combine components of SES into a single composite measure have met with limited
acceptance;8 in our own analysis, models combining all measures provided essentially the
same results as those containing only 1 or 2 measures.

Because this was a cross-sectional study, the direction and causality of the relationship
between SES and disease severity could not be determined definitively. Nevertheless, our
findings are consistent with those from previous longitudinal analyses. In addition, without
performing a prospective cohort study, we cannot technically conclude that SES status
preceded the differences (or similarities) in treatment, or that those treatments preceded the
SES-related outcome disparities, but it is likely that both contribute to these findings.

In conclusion, we have confirmed previous observations regarding SES and disease severity
in CF and have found that this relationship exists in association with all 3 of the SES
markers that we studied. Although our data show mild differences in the use of outpatient
and inpatient services, these are unlikely to have an important relationship with SES-
associated disparities. The differences in the use of chronic therapies suggest that low-SES
patients are treated equally or more intensively than higher-SES patients, so again this
aspect of care is unlikely to explain the SES disparities. MA eligibility is clearly associated
with an increased likelihood of receiving various prescribed treatments and appears to
increase the use of the outpatient clinic for sick visits. O
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Glossary
BMI Body mass index
CF Cystic fibrosis
ESCF Epidemiologic Study of Cystic Fibrosis
FEV1 Forced expiratory volume in 1 second
v Intravenous
MA Medicaid or state insurance
MEA Maternal educational attainment
MIZ Median household income by zip code
SES Socioeconomic status
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N = 9534

MA (n = 9168)
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MEA (n = 3731) 14

Figure 1.
Distribution of subjects for each SES cohort.
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SES by Weight-for-age Percentile Severity Category: Ages <6
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SES by FEV, Percent Predicted Category: Ages 6-17
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Distribution of SES by disease severity, defined by weight-for-age percentile in children age
< 6 years A, and percent predicted FEV in children age 6 to 17 years B.
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Figure 3.
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Adjusted odds ratios for the likelihood of being prescribed chronic therapy according to SES
status, as defined by M1Z A, MEA B, and MA C. Logistic regression models include age at
enrollment and severity as covariates.
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