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Abstract

Objective. The objective of this study was to determine the
impact of patient demographics and socioeconomic factors
on the utilization of tertiary rhinology care services in an
upper Midwestern academic medical center.

Study Design. Retrospective review of electronic health records.
Setting. Academic medical center.

Methods. The electronic health record of our academic center
was interrogated for the demographics and diagnosis of chronic
rhinosinusitis (CRS) among adult patients seen by fellowship-
trained rhinologists from 2000 to 2019. Patient characteristics
(age, sex, race, insurance status) and population-level data
(median income and education level) were compared with utili-
zation of tertiary rhinology services for CRS. Utilization rates
were calculated for each regional zip code and correlated with
census data for median income and education. The association
between determinants of health and tertiary rhinology utiliza-
tion was assessed by multivariate regression analyses.

Results. A total of 8325 patients diagnosed with CRS used
tertiary rhinology services. Patients were older (median,
58.9 years) and more likely to be female (57.6%), White
(85%), and privately insured (60%) when compared with
patients seen across our hospital system (P < .00l).
Adjusted analyses showed median income, education level,
and White race to be independently correlated with tertiary
care utilization. Private insurance alone was not an indepen-
dent contributing factor to access.

Conclusion. Utilization of tertiary rhinology services corre-
lated with income, race, and education level. Private insur-
ance was not an independent factor. These results highlight
social differences in determinants of access to tertiary oto-
laryngologic care.
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ealth care disparities are differences in health care

utilization, access, and treatment, which may contrib-

ute to inequities in health outcomes. This is distinct
from health disparities, which refer to patterns of disease
burden associated with socioeconomic factors. Health deter-
minants are predictors of health outcomes and include the
subset of social determinants—namely, income, education,
and family and social support.'

A recent report by the Center for Urban Population Health,
an academic-affiliated community health organization in
Milwaukee, Wisconsin, demonstrated regional health care
disparities by socioeconomic status.' Socioeconomic status is
a term used to supplement individual-level health information
with measures of socioeconomic characteristics of the area of
residence. Characteristics may include mean dwelling value,
education level, employment, and income.?

Rhinosinusitis affects up to 15% of the US population
annually, with a direct cost >$11 billion.* Although there are
no data correlating race with incidence of rhinosinusitis, there
are data showing inequities between race and socioeconomic
status with regard to work absenteeism, insurance coverage, spe-
cialty visits, and procedures.* Despite these secondary differ-
ences, chronic rhinosinusitis (CRS) appears to be equally
susceptible across the population and can serve as a surrogate dis-
order to evaluate access to specialty care within otolaryngology.
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In 2020 our department initiated a comprehensive quality
and outcomes assessment platform called OTO Clinomics to
improve the provision of otolaryngologic care in southeast
Wisconsin. Initial steps to improving and personalizing care
are focusing on the demographics of those being served and
the disparities in access. This study seeks to identify health
care disparities by assessing racial and socioeconomic factors
influencing utilization of tertiary rhinologic services provided
at the only academic medical center in southeast Wisconsin.

Methods

The OTO Clinomics platform and processes for interrogating
our electronic medical record were approved by the Medical
College of Wisconsin/Froedtert Hospital Institutional Review
Board (PRO00036649). The Clinical Research Data
Warehouse, a component of the Clinical and Translational
Science Institute of southeast Wisconsin (UL1TR001436),
maintains a monthly updated mirror of the entire electronic
health record system in a Jupyter Hub.

The Froedtert and Medical College health system predomi-
nantly serves southeast Wisconsin and contains >1.3 million
individual patient records. In southeast Wisconsin, there is 1
academic medical center, which has had 2 or 3 fellowship-
trained rhinologists at any one time between 2000 and 2019.
We define tertiary care as care provided by fellowship-
trained subspecialists at an academic medical center. There
was | unaffiliated fellowship-trained rhinologist in the region
from 2017 to 2019, whose patients were not accounted for in
this study. Our comprehensive otolaryngology division sees
relatively few patients with CRS as compared with the rhinol-
ogy division, most of whom are seen in suburban satellite
clinics. Thus, they were not accounted for in this study.

Patient Demographics and Study Design

All adult patients (>18 years) diagnosed with CRS
(International Classification of Diseases, Ninth Revision and
Tenth Revision codes: J32.0-J32.4, J32.8-]32.9; 473.0-473.3,
473,8-473.9) by a fellowship-trained rhinologist at our institu-
tion from 2000 to 2019 were identified through query of the
Jupyter Hub. Data extracted for each patient included diagno-
sis, provider, encounter date (shifted for privacy), age, race,
zip code of primary residence, and insurance status at or near-
est to the date of encounter.

We examined area of residence across the entire state with
a focus on 8 counties comprising southeast Wisconsin.
Identical demographic data were obtained for all unique
patients in the entire health system to represent the baseline
catchment area, as well as for those with a diagnosis of CRS.
Rhinology utilization rate was defined as the number of
unique patients seen in our clinic for CRS between 2000 and
2019 divided by the population of that zip code in the 2014
US Census Bureau American Community Survey statistics.
Specific determinants of health were based on those com-
monly reported in the literature and those readily accessible
from the US Census Bureau data.*°

Determinants of health of those utilizing the tertiary care
services at Froedtert Hospital were then compared directly

with the demographics of all patients receiving care at Froedtert
Hospital as well as with the general population to look for differ-
ences in relative rates of usage based on demographics.

Regional Demographic and Socioeconomic Data

US Census Bureau data (2010-2014) were accessed to deter-
mine the median age, racial distribution, median household
income, educational level, and insurance status distribution for
adults in each zip code from southeast Wisconsin. Zip codes in
southeast Wisconsin were stratified by median income into
the following bins: <$42,000, $42,000 to $53,100, >$53,100
to $59,300, >$59,300 to $67,500, >$67,500 to $77,800,
>$77,800 to $87,000, and >$87,000. This stratification was
used to be consistent with DATAUSA (datausa.io), a publicly
accessible database compiling multiple government sources,
including the Census Bureau, the Bureau of Labor Statistics,
and the Bureau of Economic.

We assessed the Area Deprivation Index (ADI) for each
zip code in Wisconsin. The ADI is a measure ranking neigh-
borhoods by socioeconomic disadvantage with factors such as
income, education, employment, and housing quality.”®
Regression analyses were performed comparing the ADI with
the utilization rate for tertiary care rhinology services.

Statistical Analyses

Patient characteristics were obtained through query of the
Jupyter Hub for those using rhinology services and those seen
in the entire health system (Supplemental Material,
“Methodology of Data Extraction for Chronic Rhinosinusitis
Patients’’; available online). Population-level data were com-
puted from census records. These features were compared
between groups (rhinology vs health system and rhinology vs
region) by chi-square test. Age between groups was compared
by an independent 2-group ¢ test. Patients from the 126 zip
codes composing the 8 counties of southeast Wisconsin, for
which patient population data were available, accounted for
88.3% of all patients seen and were utilized for further analy-
ses. Univariate analysis with the Kruskal-Wallis test assessed
rhinology utilization rates, race, insurance status, and educa-
tion within stratified income categories. Median values and
interquartile ranges were reported and P < .05 used to repre-
sent statistically significant differences. Multivariate regres-
sion analyses were performed to independently assess the
effect of race, income, education, and insurance status on uti-
lization rate with P values calculated by analysis of variance.
All statistical tests were performed within the Jupyter note-
book with R language (version 3.6.1; R Foundation).

Results

Our rhinologists diagnosed CRS in 8325 unique patients
(Table 1). Demographic and socioeconomic factors were
compared between patients with CRS and (1) adult patients
seen in our academic affiliated health system (n = 1,365,021)
and (2) southeast Wisconsin residents (n = 2,083,474).
Patients with CRS seen in our practice were significantly
older than those seeking care in the health system and those
residing in the region (58.9 years vs 50.8 vs 47.1, P < .001).
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Table I. Characteristics of Adult Patients: Rhinology Services, Froedtert Health System, and Southeastern Wisconsin (2010-2014).

Patients, % (No.)*

Effect size (A vs B)

A: Rhinology B: Froedtert Health SE Wisconsin
(n = 8325) (n = 1,365,021) (n =2,083,474) Odds ratio® 95% ClI

Age, y, median (95% ClI) 58.9 (24.6-88.9) 50.8 (4.2-95.6) 47.1 0.19¢ 0.174-0.217
Women 57.6 (4799) 50.2 (685,240) 50.7 (1,056,113) 1.35 1.293-1.410
Race

White 85 (7079) 72 (982,471) 88 (1,622,691) 221 2.083-2.350

Black 9.3 (778) 15.6 (213,399) 6.0 (288,362) 0.56 0.517-0.600

Asian 1.3 (109) 2.2 (29,474) 1.6 (49,721) 0.60 0.497-0.726

Other 2.5 (205) 6.0 (82,403) 2.4 (89,264) —

Unknown 1.8 (154) 0.7 (9751) 2.0 (33,436) —
Insurance

Private 60.0 (4994) 49.8 (680,346) 57.2 (1,169,000) 1.50 1.444-1.577

Public 38.1 (3168) 36.5 (497,872) 31.4 (643,000) 1.06 1.024-1.119

Other 0.9 (75) 1.2 (16,357) 3.6 (74,000) —

Self-pay 0.6 (54) 3.8 (52,065) 7.7 (157,000) 0.16 0.126-0.215

No insurance record 0.4 (34) 8.7 (118,381) 0.04 0.031-0.060

*Values are presented as % (No.) unless noted otherwise.

bFor race, sex, and insurance variables, because they are categorical, we used odds ratios (ORs) as effect size statistics: OR >1, greater odds of association with
the variable and utilization outcome; OR = |, no association between variable and outcome; OR <, lower odds of association between the variable and utilization.
For the age variable, because it is continuous value, we used Cohen d as the effect size statistic: d = 0.2, small effect size; 0.5, medium effect size; 0.8, large

effect size.

In addition, we saw a significantly greater proportion of
women as compared with the proportion accessing the medi-
cal center or living in southeast Wisconsin (57.6% vs 50.2%
vs 50.7%, P < .001).

The utilization rate ranged from 0% to 1.26% (Figure 1).
Of the 8325 patients seen in our clinic, 7882 (94.7%) were
from Wisconsin. The 8 counties of southeast Wisconsin
accounted for 88.3% of all patients with CRS, with the highest
utilization seen immediately proximal to the medical center.
Residents of Milwaukee County represented 40.5% of all
patients with CRS seen in our clinic and those of Waukesha
County, 23.4% of all patients. The medical center is proximal
to the border between these counties.

The rhinology service saw proportionally fewer Black
patients than Black residents in southeast Wisconsin (9.3% vs
13.8%, P < .001) and fewer than were cared for in our health
system (9.3% vs 15.6%, P < .001). We also assessed racial
diversity in those diagnosed with CRS in primary care settings
as opposed to our clinic, to identify potential differences in
access to our service. There were significant differences
between patients with sinusitis seen by the rhinology clinic
and those in primary care settings: 85.0% vs 84.2%, White
(P < .05); 9.3% vs 10.9%, Black (P < .01). However, these
differences were of lesser magnitude when compared with the
health system or southeast Wisconsin.

The rhinology clinic saw a significantly higher percentage
of insured patients, private and public, when compared with
our health system and the region. Sixty percent of patients
seeing tertiary rhinology for CRS had private insurance, as
opposed to 49.8% in the medical center and 56.1% in south-
east Wisconsin (P < .001). Similarly, 38.1% of patients

seeing rhinology for CRS had public insurance, as opposed to
36.5% and 30.9% in the hospital system and region, respec-
tively (P < .001). Accordingly, the clinic saw a significantly
lower percentage of patients who self-pay or have no insur-
ance when compared with the health system and the region
(P < .001).

A linear regression model based on categorized income
levels as a sole predictor showed that rhinology clinic utiliza-
tion correlated with the median income of the zip code of
origin (Table 2). The social determinants race, private insur-
ance rate, and college education rate were significant within
each income category (P < .001), suggesting a positive linear
correlation between each social determinant and income
(Supplemental Figure S1, available online). Zip codes with
median household incomes >$53,100 to $59,300 had the
lowest utilization rate. Areas with higher median household
income had significantly increased utilization rates.
Utilization rate in zip codes in the median income category
>$87,000 was significantly higher at a P value <.001 from
each other income category.

Linear regression analyses showed a significant positive
impact of income, education, and private insurance on utiliza-
tion (Figure 2). White race did not reach statistical signifi-
cance in this analysis. These analyses also demonstrated an
inverse relationship between clinic utilization rate and ADI:
the more disadvantaged an area, the lower the utilization rate
(Figure 3).

Due to the codependency of these variables, multivariate
regression was performed. This demonstrated college educa-
tion, White race, and median income as significant indepen-
dent factors in rhinology clinic utilization (Table 3). Private
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Table 2. Rhinology Utilization, Race, Insurance Status, and Education Among Income Categories of 126 Zip Codes in Southeast Wisconsin.

Income,* $
<42,000 42,000-53,100 >53,100-59300 >59,300-67,500 >67,500-77,800 >>77,800-87,000 >87,000 Effect size® 95% Cl
Utilization rate 0.22 (0.16-0.31)  0.25 (0.09-0.32) 0.18 (0.08-0.29) 0.25 (0.18-0.38)  0.29 (0.2-0.38) 0.3 (0.28-0.4)  0.49 (0.35-0.62) 0.499 0.355-0.620
White 36.8 (17.1-60.2) 82.5 (74.5-90.1) 92.6 (87.5-94.6) 94.9 (88.7-95.7) 94.7 (90.7-96.1)  96.1 (94.8-96.8) 95 (92.8-96.4) 0.648 0.534-0.739
Private insurance  30.5 (29.1-33.9) 47.3 (40.5-50.4) 53.2 (48.9-55.2) 52.8 (50.9-55.5)  58.9 (55.3-61) 62.4 (60-64.6) 63.8 (62.8-66.4) 0.849 0.792-0.892
College educated 18 (112-23.8) 215 (204-25.7) 212 (189-27.4) 30.3 (225-343) 30.7 (23.6-41) 33 (30.2-37.5)  50.5 (39-59.5) 0644  0529-0.736

*Values are presented as percentage (95% Cl).

PEffect sizes were calculated via Pearson correlations (r). The effect size is low if r varies around 0.1, medium if around 0.3, and large if >0.5.

Rhinology Utilization Rate 2009-2019

?r.

ow on

Milwaukee County

Median Income Per Zip Code

Milwaukee County

Figure 1. Geographic variation in tertiary rhinology utilization
rate (top) and median income (bottom) for each zip code in
Wisconsin, with a focus on southeast Wisconsin and the area
immediately surrounding the tertiary rhinology clinic (red star).

insurance was not independently significantly correlated with
utilization of rhinology services. For each 1% increase in col-
lege education rate, there was a 0.7% increase in rhinology
utilization. White race and income had lesser-magnitude
effects on utilization than education, with White race alone
having a slightly negative relationship regarding utilization.

Discussion

Our results show that race and associated social determinants
negatively affect access to rhinology care, a pattern seen
across the United States.”'® The inequalities in access to care
have been well established and shown to be greater in the
United States than other wealthy countries.'' As a first step to
address these inequalities in access, we sought to define racial
and socioeconomic factors influencing utilization of our rhi-
nologic services, at the only academic medical center in
southeast Wisconsin.

In 2017, Samuelson et al published an evaluation of the uti-
lization rates of rhinology care in Davidson County,
Tennessee.” The authors compared socioeconomic factors
such as sex, race, and insurance status among utilization at the
Vanderbilt Rhinology Clinic, utilization in general at the
Vanderbilt University Medical Center, and the population
data of Davidson County. They found disparities in rhinology
utilization rates independently associated with college educa-
tion but not uniquely associated with race, income, or insur-
ance status.

We saw proportionally fewer Black patients versus the pop-
ulation in our region, although the magnitude of difference in
the Vanderbilt study appears larger than in our clinic (clinic vs
region: 12% vs 27%, Nashville, Tennessee; 9.3% vs 13.8%,
southeast Wisconsin). This difference may be explained by the
geographic range of our analyses. We studied the 8 counties of
southeast Wisconsin, a defined state region for socioeconomic
and business assessment. The Vanderbilt study assessed only
Davidson County, principally Nashville. Milwaukee County
has the highest Black population in Wisconsin, and comparison
solely within this county identifies a similar utilization differ-
ence by Black patients, at 9.3% in our clinic versus 25.7%
residing in Milwaukee County.

There was a lower proportion of Black patients seen in our
clinic for CRS as compared with the proportion in the health
system with a diagnosis of CRS (9.3% vs 10.9%). This raises
a question of whether there is an internal bias, in addition to a
regional factor, preventing patients with CRS from reaching
our clinic. We were unable to analyze the 1.6% with CRS not
seen in our clinic to identify unique barriers to referral. One
explanation for the different proportions may be the accuracy
of diagnosis. While we are working under the assumption that
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Figure 2. Median income, college education rate, and private insurance rate positively correlated with utilization (P <.0001). White race
did not reach significance and was weakly negatively correlated with utilization rate in multiple regression analyses (see Table 3). Line indi-

cates linear regression. Shaded area indicates 95% ClI.

the diagnosis of CRS with our rhinology clinic is accurate, we
cannot confirm the presence of CRS for those diagnosed in
other departments.

Interestingly, no association has been found with socioeco-
nomic status in patients with acute rhinosinusitis seeking care
in the emergency department.'*'* To our knowledge, this has
not been studied in CRS, but perhaps there is a similar trend
with patients with CRS in Milwaukee County, explaining the
higher proportion of Black patients diagnosed with CRS out-
side our clinic.

The significant racial disproportion in utilization rate may
represent geographic segregation. The segregation index is a
dissimilarity index that represents the percentage of Blacks
who would need to relocate to be fully integrated with Whites
across metropolitan neighborhoods: 100 represents complete
segregation and 0 complete integration.'* Reproducing the
Davidson County study in the Milwaukee area allows us to

compare a northern city to a southern city, as northern cities in
general have higher segregation indices than those in the
south. Milwaukee remains the most segregated city in
America, largely due to the policy of redlining, which was a
practice where banks limited home loans to people of color to
certain parts of the city.'> Milwaukee ranked highest in segre-
gation of all major cities, with a segregation index of 79.8
between 2013 and 2017.'* In contrast, Nashville ranked 35th
in the nation with a score of 54.2."* Regional segregation and
the location of our medical center in a more affluent area of
Milwaukee County likely influence rhinology utilization
rates. Interestingly, even with Milwaukee representing an
extreme of segregation, we report similar findings of utiliza-
tion with Nashville, which is a dramatically less segregated
city.

A direct measure of a region’s social and economic well-
being is found in the ADI. A ranking of 1 indicates the lowest
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Table 3. Multivariate Regression Analyses of Predictors of Rhinology Utilization in Southeast Wisconsin.?

Variable Coefficient SE Upper bound Lower bound P value
College education rate 0.00727 1.25E-03 9.72E-03 4.82E-03 <.001
White, % —0.0041 1.02E-03 —2.09E-03 —6.11E-03 <.001
Median income, $ 2.66E-08 1.27E-08 5.16E-08 1.71E-09 .038
Privately insured, % 0.00398 2.77E-03 9.41E-03 —|.45E-03 153

?Effect size was calculated with Cohen f statistics: f = 0.1, small effect; f = 0.25, medium effect; f = 0.4, large effect. Cohen f statistic is one appropriate effect
size index to use for a |-way analysis of variance. Cohen fis a measure of a standardized average effect in the population across all the levels of the indepen-
dent variable. Cohen f static is calculated by f* = R%(I —R?) = 1.048 and interpreted as follows: 0.02, small; 0.15, medium; 0.35, large. The confidence interval
of R is (Rz,upper, RZ,Iower) =R+t 1=a y_k_1) SEr2. The confidence interval of the f statistic is calculated by the upper and lower bound of the R."
Adjusted R* = 0.5119; the effect size of multivariate regression is 1.048(0.652-1.692).

* coefficient: -4.42E-05; p<0.0001

1.0

Utilization Rate (%)

0.0

25 50 75 100
Area Deprivation Index
Figure 3. Linear regression analysis evaluating the effect of the
Area Deprivation Index on rhinology utilization. Utilization from
zip codes with higher indexes (ie, greater deprivation) showed sig-
nificantly lower rates of tertiary care. Line indicates Pearson r.
Shaded area indicates 95% CI.

level of “disadvantage’ within the nation, and an ADI with a
ranking of 100 indicates the highest level.”* We found an
inverse correlation between the ADI and clinic utilization,
supporting the suggestion that socioeconomic factors within
geographic locales influence access to tertiary care services.

Our rhinologists saw a significantly higher proportion of
women than those in our health system or our community.
Samuelson et al also noted a higher proportion of women
seeking rhinology services versus that in the local community,
although less than that in their health system overall.” A
recent study indicates that, as compared with males, females
have a greater perception of CRS symptoms despite having a
higher tolerance for them.'® Female-presenting symptoms of
CRS are more often headache and facial pain, as opposed to
nasal obstruction in males.'” Perhaps migraine, which is more
prevalent in females, is being misdiagnosed as CRS and thus
contributing to this phenomenon.'®

When controlling for other variables, Samuelson et al
found that only college education correlated with utilization
rate for CRS.> While college education rate was the strongest
correlate for utilization among our determinants, the magni-
tude of the impact was seemingly less than that in the
Nashville region. In that region, every 1% increase in rate of
college education led to a 4% increase in rhinology utiliza-
tion, while in the Milwaukee region this led to just a 0.727%
increase. This may be related to the larger population of
southeast Wisconsin as compared with Davidson County,
leading to a larger denominator and smaller proportional
change. For example, a 4% increase in utilization in the
Nashville region would represent 19,612 patients, whereas a
0.727% increase in southeast Wisconsin would similarly rep-
resent 15,147 patients. Within this context, even such small
effect sizes are of practical importance.

The rate of private insurance in our region did not indepen-
dently show significant correlation with rhinology utilization
rate. We feel that this lack of significance is related to the
very low rate of uninsured patients in our area as compared
with Nashville (7.7% vs 15%). We also did not find a signifi-
cant negative impact of public insurance on rhinology utiliza-
tion. In fact, the rhinology service saw proportionally greater
volumes of publicly insured patients as compared with our
health system and region (38.1% vs 36.5% vs 31.4%). Thus,
having any insurance provides access to tertiary rhinology uti-
lization, not specifically private insurance.

Potential limitations to this study, in addition to the afore-
mentioned considerations, are that data extraction is depen-
dent on the data fields populated in the electronic health
record. We did, however, perform manual data extraction for
a subpopulation of these patients, confirming the accuracy of
the methodology. In this study, we are also working under the
assumption that tertiary care rhinologists have a low misdiag-
nosis rate for CRS and that they are accurately coding the
encounter diagnosis. We defined tertiary care as care provided
by fellowship-trained subspecialists at an academic medical
center. Comprehensive otolaryngologists in our department
were not included, given that their practice is almost exclu-
sively at satellite suburban clinics. This may have influenced
the data, though it is unlikely given the small number of
patients with CRS seen by these physicians. A community
fellowship-trained rhinologist was in practice for 3 of the 20
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years of data in this study, again potentially influencing our
referral patterns, but this is unlikely to have significantly
influenced the outcomes. Along these same lines, we make no
assumption that other providers do not care for patients with
CRS. Our interest is access to tertiary providers, which is why
we compared our clinic data with our academic health system
data and the region.

Although there are few data to suggest racial differences in
the prevalence of CRS, genetic differences predisposing or
protecting some populations from this condition could affect
utilization rates and underlie our findings. Generalizability of
our data is also uncertain; however, our data are consistent
with those of a much less segregated city such as Nashville,
raising concern for systemic barriers on a national level to
accessing tertiary level care. This report should prompt others
to examine their programs to identify inequities in care
access.

In conclusion, disparities exist in utilization of tertiary rhi-
nology services relative to race, income, and education level.
Regions with the highest Black populations had lower median
income and education levels and correspondingly lower ter-
tiary care utilization rates. These results, as compared with
reports from a Southern academic center, highlight the impact
of social determinants on access to tertiary care for CRS.
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