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Abstract [ MOREONLINE

Objective @ CME Course
To identify relationships between idiopathic intracranial hypertension (IIH) and socioeco- NPub.org/cmelist
nomic determinants of health, such as low-income status and proximity to healthy food.

Methods

This retrospective case—control study of adult female neuro-ophthalmology patients from one
institution identified 223 women with and 4,783 women without ITH. Street addresses were
geocoded and merged with US census data to obtain census tract-level information on income
and food access. Choropleth maps visualized ITH clusters within certain neighborhoods. Lo-
gistic regression compared the proportion of patients with ITH from racial and ethnic minority
backgrounds, low-income census tracts, and food deserts and swamps to controls without ITH.

Results

In our cohort, when adjusted for age, women with IIH were more likely to be Black (odds ratio
[OR] 3.96, 95% confidence interval [CI] 2.98-5.25), Hispanic (OR 2.23, 95% CI 1.14-4.36),
and live in low-income tracts (OR 2.24, 95% CI 1.71-2.95) or food swamps (OR 1.54, 95% CI
1.15-2.07). Patients with ITH were less likely to live in food deserts than controls (OR 0.61,
95% CI 0.45-0.83). The association between Black race and ITH remained significant even after
adjusting for other variables.

Conclusion

ITH is more common among Black and Hispanic women than expected even when accounting
for the demographics of a metropolitan city. Some of this relationship is driven by the asso-
ciation of obesity and ITH incidence with low income and proximity to unhealthy foods.
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Glossary

BMI = body mass index; CDC = Centers for Disease Control and Prevention; CI = confidence interval; ICD-9 = International
Classification of Diseases—9; ICD-10 = International Classification of Diseases—10; IIH = idiopathic intracranial hypertension;

OR = odds ratio; USDA = US Department of Agriculture.

Idiopathic intracranial hypertension (IIH), also known as the
primary pseudotumor cerebri syndrome, occurs most com-
monly in obese women of childbearing age." As obesity is the
primary risk factor for ITH,” socioeconomic and environ-
mental factors related to obesity may provide context for
understanding the incidence of IIH. Specifically, local food
access has been shown to affect neighborhood-level obesity
rates. A 2010 study found that a higher number of neigh-
borhood supermarkets was associated with a lower obesity
rate, whereas a higher amount of convenience stores and fast
food restaurants was associated with higher levels of obesity.’
Food deserts (neighborhoods with low access to healthy food
options) and food swamps (neighborhoods with a high
density of high-calorie fast food and junk food options) are
both risk factors for obesity, although the relationship with
food swamps appears to be stronger.”” Food deserts and food
swamps are both found more frequently in low-income
communities, and a recent Centers for Disease Control and
Prevention (CDC) review found that among women, higher
incomes were associated with lower obesity prevalence.® Both
income and food access limitations disproportionately affect
minority communities. As a result, obesity has been noted to
be more common in the Black and Hispanic population,” and
the progression of IIH among African Americans appears to
be more severe,” although there are no known differences in
terms of disease incidence. Although the causal link between
obesity and ITH remains unclear, many different socioeco-
nomic factors play a role in its incidence. We aimed to identify
the relationships between certain socioeconomic and geo-
graphic factors and ITH incidence.

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by the University of Pennsylvania
Institutional Review Board. For this retrospective analysis of
existing data, the need for written informed consent was
waived.

Study Methods

We performed a retrospective single-center cohort study of
adult (age 18 or older) female patients with IIH as well as
controls without ITH. Using electronic health record data, pa-
tients who had an initial outpatient visit with a neuro-
ophthalmologist at the University of Pennsylvania between
January 1, 2010 (when electronic medical records were first
available) and July 1, 2018 were identified, and information
regarding age, race (self-identified), ethnicity (self-identified),
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sex, insurance payer, and street address was obtained. Patients
who had a diagnosis code for ITH (ICD-9 348.2, ICD-10 G93.2)
or papilledema (ICD-9 377.00-01, ICD-10 H47.10-11) and
order for a lumbar puncture were identified; their charts were
reviewed to confirm that they met current diagnostic criteria for
ITH,” and data on weight and body mass index (BMI) at each
health system encounter were collected. We limited our ITH
cohort to women with no identifiable cause of increased in-
tracranial pressure other than obesity. Controls without IIH
were limited to women 50 years of age or younger in order
to approximate ITH demographics. To ensure that the street
address, weight, and BMI recorded at the initial neuro-
ophthalmology visit were generally indicative of conditions at
the time of disease onset, we also restricted the IIH cohort to
newly diagnosed, incident cases and excluded patients who
presented with a remote history of treated ITH.

Next, de-identified street addresses were converted into US
census tracts using the US Census Bureau’s batch geocoding
program.® Using publicly available data from the US De-
partment of Agriculture (USDA) Economic Research Ser-
vice’ and the CDC Division of Nutrition, Physical Activity,
and Obesity,10 we identified census tracts with low access to
healthy food options (food deserts) or with a high proportion
of unhealthy vs healthy food options (food swamps).” The
USDA defines a food desert as a census tract where a sub-
stantial number (at least 500 people) or proportion (at least
33%) of the population is more than 1 mile from the nearest
supermarket, supercenter, or large grocery store for an urban
area or more than 10 miles for a rural area. The US Census
Bureau defines a census tract as urban if the geographic
centroid of the tract is in an area with more than 2,500 people;
all other tracts are rural. Using the CDC’s Modified Retail
Food Environment Index,'® we defined food swamps as
census tracts where 10% or less of food retailers provided
healthy food options. We also used publicly available 2010 US
Census data to determine the total and minority population in
each census tract and to identify low-income tracts (defined as
census tracts where the poverty rate exceeds 20% or the tract’s
median family income is less than or equal to 80% of city-wide
or state-wide median family income).

Statistical analyses were performed using STATA IC/15.1
(College Station, TX). Descriptive statistics for IIH and neuro-
ophthalmology patients without ITH were summarized. We
produced choropleth maps of the metropolitan Philadelphia
area to visualize the geographic distribution of ITH and neuro-
ophthalmology patients without IIH and used logistic re-
gression to compare patients with ITH and controls adjusting
for age, race, ethnicity, BMI, Medicaid coverage (as a proxy for
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socioeconomic status), and neighborhood characteristics (low-
income census tracts, food desert, and food swamp census
tracts). Among patients with ITH, we measured the association
between race, ethnicity, income, neighborhood food access,
and baseline weight/BMI using linear regression.

Data Availability

Raw data were generated at the University of Pennsylvania
Health System. Personal and geographically de-identified data
supporting the findings of this study are available from the
corresponding author on request.

Results

We included 223 women with ITH and 4,783 women without
ITH from our tertiary neuro-ophthalmology clinics over an 8-
year period (figure 1). Baseline demographic characteristics of
patients with ITH and controls without IIH are summarized in
table 1. Median age was 29 years for patients with ITH and 40
years for patients without ITH. Over half of patients with ITH
were Black or Hispanic, compared to 22.9% of patients
without ITH. A total of $1.1% of patients with ITH lived in low-
income census tracts and 20.6% relied on Medicaid insurance.

When adjusted for age, women with ITH were more likely to
be Black (odds ratio [OR] 3.96, 95% confidence interval [CI]
2.98-5.25), Hispanic (OR 2.23, 95% CI 1.14-4.36), and live
in low-income (OR 2.24, 95% CI 1.71-2.95) or food swamp
census tracts (OR 1.54, 95% CI 1.15-2.07) (table 2). In
contrast, patients with ITH were less likely to live in a food
desert census tract than controls without ITH (OR 0.61, 95%
CI 0.45-0.83). After adjusting additionally for race, ethnicity,
and Medicaid status, patients with ITH were still more likely to
be Black (OR 3.45,95% CI2.45-4.87) or Hispanic (OR 2.01;
95% CI 1.01-4.00), but the association between census tract
characteristics and ITH was no longer statistically significant.
The association between Black race and IIH remained sig-
nificant even after adjusting for BMI (OR 2.261, 95% CI
1.53-3.34).

Figures 2 and 3 show the approximate geographic distribution
of patients with ITH in metropolitan Philadelphia relative to
census tract characteristics. Census tracts with one or more
patients with IIH (denoted by a green dot randomly located
within their respective boundaries and thus not indicative of
exact geographic coordinates) were clustered primarily in
West and North Philadelphia. These areas correspond to low-
income and food swamp census tracts but not food desert
census tracts, which are concentrated in outlying areas.

Among patients with ITH in our cohort, baseline BMI was
higher in patients who were Black (mean difference 2.33 kg/
m?, 95% CI 0.09-4.57) or lived in low-income census tracts
(mean difference 3.30 kg/ m? 95% CI 1.13-5.48) than those
who did not, but these did not remain significant after adjusting
for Medicaid use and census tract characteristics (table 3).
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Figure 1 Flowchart Depicting Subject Identification

Female neuro-opthalmology patients,
2010-2018
(N =12,440)

/\

Non-IIH controls Patients referred for
(n=11,426) suspected papilledema
l (n=1,014)
Successfully geocoded l
(n=10,166) Underwent lumbar puncture
l (n =594)
Age <55 years (matched l
to IIH population) Incident cases of
(n=4,783) confirmed primary IIH

(n=232)

!

Successfully geocoded
(n=223)

!

Complete longitudinal BMI data
(n=200)

BMI = body mass index; IIH = idiopathic intracranial hypertension.

Discussion

In this study of over 5,000 neuro-ophthalmology patients, we
found that ITH was more common among Black and Hispanic
women and those living in low-income and food swamp

Table 1 Demographic Characteristics of Female Patients
With and Without Idiopathic Intracranial
Hypertension (IIH) at the University of
Pennsylvania, 2010-2018

Non-IIH
(n=4,783) IIH (n = 223) p Value
Age,y 40 (29-48) 29 (24-38) <0.001
Race/ethnicity <0.001
White 2,297 (77.0) 108 (48.4)
Black 1,117 (20.0) 105 (47.1)
Hispanic 164 (2.9) 10 (4.5)
BMI, kg/m? 26.1 37.4 <0.001
(22.3-31.9) (31.7-43.5)
Medicaid 546 (9.8) 46 (20.6) <0.001
Low-income census tract 1,737 (31.1) 114 (51.1) <0.001
Low food access census 2,237 (40.1) 63 (28.3) <0.001
tract
Food swamp census tract 1,629 (35.8) 90 (48.1) 0.001

Abbreviation: BMI = body mass index.
p Values calculated using t tests for continuous variables and x? tests for
categorical variables. Values are median (interquartile range) or n (%).
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Table 2 Age-Adjusted Logistic Regression of Idiopathic
Intracranial Hypertension as a Function of
Sociodemographic and Geographic
Characteristics

Adjustment 1°  Adjustment 2®  Adjustment 3¢
Race/ethnicity
White Ref Ref Ref
Black 3.96 3.45 2.26
(2.98-5.25) (2.45-4.87) (1.53-3.34)
Hispanic 2.23 2.01 1.66
(1.14-4.36) (1.01-4.00) (0.79-3.48)
Low-income 2.24 1.17 0.78
census tract (1.71-2.95) (0.83-1.63) (0.53-1.16)
Low food access  0.61 1.00 1.02
census tract (0.45-0.83) (0.71-1.41) (0.70-1.49)
Food swamp 1.54 1.06 1.01
census tract (1.15-2.07) (0.72-1.42) (0.72-1.42)

Values are odds ratio (95% confidence interval).

@ Adjusted for age.

® Adjusted for age, race, ethnicity, low-income tract, and Medicaid status.

¢ Adjusted for age, race, ethnicity, low-income tract, Medicaid status, and
body mass index.

census tracts. While obesity is more prevalent in minority
populations and is associated with both income and neigh-
borhood characteristics, in this study, race appeared to be

additionally independently associated with IIH even after
adjusting for BMI, income, and food access.

Previous studies have reported that a significant proportion of
patients with ITH come from minority backgrounds in the
United States, but direct comparisons with the general pop-
ulation are lacking. In academic centers in Atlanta” and Detroit,"!
44%-65% of patients with ITH are Black, but this may be similar
to or higher than the general population depending on whether
the catchment area is primarily within city limits or whether it
includes surrounding suburbs.” Other population-based studies
of ITH prevalence have been conducted in predominantly White
populations in the United States and Europe.'” In our cohort,
51.6% of patients with ITH in Philadelphia were Black or His-
panic, but by using our non-IIH neuro-ophthalmology patient
population as a control group that captures our actual socio-
demographic catchment area, we are able to show that this is

significantly higher than expected.

Obesity is the primary risk factor for ITH, and there are also data
revealing that obesity is more prevalent in minority populations
in the United States, so it is possible that the association be-
tween race/ethnicity and IIH is confounded by obesity. How-
ever, in our study, patients with ITH were still more than twice as
likely to be Black than neuro-ophthalmology patients without
ITH even after adjusting for BMI, and among patients with ITH,
neither baseline weight/BMI nor weight loss was significantly
associated with race after adjusting for confounders. Thus, racial

Figure 2 Geographic Approximation of Patients With Idiopathic Intracranial Hypertension (IIH) in Low-Income and Food

Desert Census Tracts in Metropolitan Philadelphia

j e
Food desert tract
e Low income tract

Green dots denote census tracts with
1 or more patients with IIH. Dots are
randomly placed within correspond-

® Patient with IIH 1 7 ‘ ing census tract and are therefore
Water ! i approximations that do not indicate

< exact geographic coordinates.
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Table 3 Linear Regression of Baseline Weight and Body Mass Index (BMI) Among Patients With Idiopathic Intracranial
Hypertension as a Function of Sociodemographic and Geographic Characteristics

BMI, kg/m? Weight, b
Unadjusted Adjusted? Unadjusted Adjusted?
Race/ethnicity
White Ref Ref Ref Ref
Black 2.33(0.09-4.57) 0.51 (-2.29 to 3.30) 6.90 (0.23-15.58) 2.81(-5.54to 11.15)
Hispanic 2.12(-3.98 to 8.21) 0.60 (-5.62 to 6.82) -0.27 (-18.43 to 17.88) -3.62 (-22.22 to 14.97)

Low-income census tract 3.30(1.13-5.48)

2.96 (0.19-5.74)

8.45 (1.94-14.97) 7.29 (-1.00 to 15.58)

Low food access census tract -1.57 (-4.03 to 0.89)

-0.07 (-2.77 to 2.62)

-3.13(-10.54 to 4.15) 0.91 (-7.14 to 8.96)

Food swamp census tract 1.88 (-0.52 to 4.28)

0.28 (-2.42 to 2.98)

3.99 (-3.31 to 11.29) -0.36 (-8.30 to0 8.23)

Values are B (95% confidence interval).
? Adjusted for race, ethnicity, low-income tract, and Medicaid status.

differences in IIH prevalence do not appear to be explained
solely by obesity. In light of other studies that have found more
acutely presenting symptoms, higher CSF opening pressure, and
more severe papilledema and vision loss in Black patients with
ITH compared to White patients with IIH,” our results provide
further support for racial disparities that can be seen in ITH.
Although at least some of this relationship is driven by the
association of obesity and ITH incidence with low income and
food swamps, it does not fully explain the observed differences,

and other systemic health disparities and inequities are likely
involved.

The relationship between race/ethnicity, obesity, and IIH is
further complicated by complex socioeconomic determinants of
health. Specifically, low-income census tracts and those with
limited food access are associated with an increased risk of obe-
sity, both of which disproportionately affect minorities.*® Calorie-
dense foods (such as those served in fast food restaurants) are less

Figure 3 Geographic Approximation of Patients With Idiopathic Intracranial Hypertension (lIH) in Food Swamp Census

Tracts in Metropolitan Philadelphia

Food swamp tract
@ Patientwith IIH
Water
o 7

Green dots denote census tracts with
1 or more patients with IIH. Dots are
randomly placed within correspond-
ing census tract and are therefore
approximations that do not indicate
exact geographic coordinates.
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expensive than healthy alternatives, and reliance on these food
sources in the setting of income limitation is associated with
obesity. The term food desert is used to identify areas that have
limited food access. Food swamps are described as areas with a
higher ratio of calorie-dense and unhealthy foods compared to
healthy foods and have recently been identified as a better pre-
dictor of obesity rates than food deserts.” We found significant
associations between low-income and food swamp census tracts
and IIH prevalence, which appear to be mediated primarily
through their association with obesity. Given the relatively
compact dimensions of central Philadelphia and that the defini-
tion of a food desert in an urban setting only requires a super-
market to be within 1 mile of the population, most inner-city
census tracts were effectively disqualified from being a food de-
sert. This would explain why in our group, patients with IIH were
more likely to live in food swamps than food deserts.

There are a few limitations to this study. Given the proximity of
our center to certain low-income neighborhoods in Philadelphia,
it is possible that our sample of patients with ITH may not be
representative of all patients with IIH in Philadelphia, with pa-
tients from higher-income areas pursing care elsewhere in the
city. However, our use of a control group from the same health
care system suggests that this is not the case, as neuro-
ophthalmology patients without ITH are not concentrated within
the same neighborhoods. Similarly, it is possible that the so-
cioeconomic background of our controls without ITH may not
be representative of all patients without ITH in the area. Because
the controls in our study were required to have been seen by a
neuro-ophthalmologist, both to confirm the presence or absence
of papilledema and account for geographical referral patterns,
they may not be representative of the general population due to
their underlying reason for referral, and it is possible that non-
ITH referrals to neuro-ophthalmology, such as multiple sclerosis,
myasthenia gravis, or concussion, may be more prevalent among
White patients, which would skew comparisons made between
patients with ITH and their controls without ITH. However, the
only way to truly sample appropriate controls would be to have a
large cohort of patients throughout the entire community who
undergo surveillance fundus photography to screen for papil-
ledema regardless of symptoms, which would not be feasible.

We demonstrate that in our cohort, IIH is more common than
expected among Black and Hispanic women, even when ac-
counting for the demographics of a metropolitan city. At least
some of this relationship is driven by the association of obesity and
ITH incidence with low income and food swamps. Given the many
variables associated with the disease process, these findings, in
some part, can likely be attributed to systemic health disparities and
inequity, suggestive more towards a multifactorial basis rather than
simply race or ethnicity. Further studies are warranted to better
elucidate the causal link between race, ethnicity, access to healthy
foods, exposure to unhealthy foods, and the incidence of ITH.
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