Area deprivation index predicts follow-up in
retinopathy of prematurity

Rebecca E. Tanenbaum, MD," Nikita Mokhashi, MD,* Alexis K. Warren, MD,"
Michael P. Blair, MD,*"” Simmer Beniwal, MPH,® and Sarah Hilkert Rodriguez, MD, MPH*

BACKGROUND

METHODS

RESULTS

CONCLUSIONS

"The risk of progression or development of retinopathy of prematurity (ROP) persists after
hospital discharge, and successful outpatient follow-up requires extensive coordination.
This study aimed to evaluate the impact of social drivers of health on attendance at outpa-
tient ROP examinations using an area deprivation index (ADI), a census-based composite
score indicating neighborhood affluence and opportunity.

The medical records of infants evaluated for ROP between January 1, 2016, and May 1,
2023, at the University of Chicago Medical Center were reviewed. The following demo-
graphic data were extracted from the record: birth weight, gestational age, sex, race,
ethnicity, and insurance status. ADI was calculated based on available maternal demo-
graphic data. Univariate and multivariable logistic regressions were performed to evaluate
predictors of missed first outpatient appointment.

A total of 540 infants who were evaluated during the study period required additional ROP
examinations after discharge. Of these, 174 patients (32%) missed their first outpatient
appointment, and 14 (2.6%) did not complete their ROP evaluations. For each level in-
crease in ADI, adjusted odds of missing initial follow-up increased by 17% (95% CI,
7%-28%; P < 0.001). Although race/ethnicity was associated with missed follow-up on un-
adjusted analyses, the apparent relationship became nonsignificant after adjusting for ADI
(OR = 1.21; 95% CI, 0.51-2.88; P = 0.663).

In our study cohort, patients with high ADI scores, indicating neighborhood disadvantage,
were at higher risk of missed outpatient follow-up during the acute phase of ROP evalua-

tion. (J AAPOS 2025;29:104227)

etinopathy of prematurity (ROP) can lead to

long-term follow-up with pediatric

ophthalmology

retinal detachment and poor visual outcomes if

not recognized in a timely fashion. Surprisingly,
despite advances in prevention, screening, and treatment
of ROP, this condition remains the leading cause of legal
blindness among children in the United States." ROP
care is a litigious area of ophthalmology, not only because
of risk of permanent visual impairment but also because
of complexities involved in coordinating examinations
following discharge.” A retrospective study by Mahmud
and colleagues’ determined that public insurance in certain
hospital systems was a significant risk factor for insufficient
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following ROP screening, despite a 94% rate of follow-up
to complete retinal vascularization among all study partic-
ipants. There was no association between follow-up and
other social factors, such as household income.” Our study
aimed to explore potentially modifiable risk factors to de-
layed follow-up that may contribute to disparate outcomes
in an urban population. Beyond race, ethnicity, and insur-
ance type, composite scores such as the area deprivation in-
dex (ADI), derived from census indicators, attempt to
capture the many social and structural drivers of health out-
comes in order to better assess health disparities on a pop-
ulation level.™ In this study, we used ADI to investigate the
impact of social drivers of health on the critical transition
point between inpatient and outpatient ROP evaluations.

Methods

This retrospective study was approved by the University of Chicago
Institutional Review Board and was compliant with the US Health
Information Portability and Accountability Act of 1996 and the
Declaration of Helsinki.

Study Population

The medical records of all infants evaluated for ROP at the Univer-
sity of Chicago Medical Center between January 1, 2016, and May
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1, 2023, because of birth weight (BW) of <1500 g, gestational age
(GA) of =31 weeks, or discretionary criteria determined by the
neonatology service, were reviewed. Participants for whom
maternal zip code or address was not available during the hospital
encounter were excluded. Demographic data were compiled by
the Center for Research Informatics at the University of Chicago
including: BW, GA, sex, race, ethnicity, insurance, and ADIL
Race and ethnicity were obtained from the electronic health record,
where they are recorded as separate variables. At our institution,
neonatal race and ethnicity are based on the maternal self-
reported race and ethnicity, which are obtained during intake.
Race and ethnicity were analyzed as a combined variable (denoted
as “race/ethnicity”): non-Hispanic White, non-Hispanic Black,
Hispanic or Latino, or other (American Indian or Alaska Native,
Asian Indian, Asian/Mideast Indian, other Pacific Islander, more
than one race, none of the above, patient declines to respond, un-
known, or patient unable to respond). Infants were divided into
two cohorts, based on active ROP lists maintained by the senior
author: those with type 1 ROP who received treatmentand all other
infants evaluated for ROP at our institution, which included infants
with any ROP that was less severe than type 1 ROP and those with
no ROP. Type 1 ROP was defined according to the Early Treat-
ment for Retinopathy of Prematurity (ETROP) study.’

Initial outpatient appointments for ROP evaluation were ar-
ranged prior to patient discharge, or in some cases made by the
Ophthalmology Department via contact with family members if
patients were discharged prior to this appointment being made.
Outpatient ROP appointments were scheduled to occur at the in-
terval designated by the examiner at the last inpatient examina-
tion, or at the appropriate age as determined by guidelines
published by the American Academy of Pediatrics’ if the patient
had received no examinations while inpatient. Appointments
were completed in an outpatient ophthalmology clinic adjacent
to the children’s hospital that houses the neonatal unit.

The primary outcome was failure to attend the initial outpa-
tient ophthalmology appointment following discharge, which
was confirmed by manual chart review. Failure to attend this
appointment triggered a process to reschedule by phone calls to
family members, with escalation to letters and/or assistance
from social workers if needed. The secondary outcome was failure
to complete the final ROP examination, indicating graduation
from the acute screening phase and transition to the long-term
follow-up phase, as determined by the examiner.

Patients were excluded if vascularization was determined
mature prior to hospital discharge, if they expired prior to
discharge, or if they transferred to another institution during
the acute phase of ROP examinations. In addition, some patients
were transferred to long-term care facilities where they continued
to undergo examinations by our ophthalmology service. These
patients were not considered lost to follow-up. Similarly, patients
who received laser for ROP during the inpatient stay were consid-
ered to have completed the ROP evaluation process and were
scheduled for comprehensive follow-up examinations.

Area Deprivation Index

ADI is a measure of neighborhood disadvantage created by the
US Health Resources and Services Administration. It is an aggre-

gate marker of resources and conditions available in metropolitan
areas across the United States that impact health outcomes and
disease. It is used to compare expected outcomes between neigh-
borhoods; the lower the ADI, the more affluent the neighbor-
hood. ADI is composed of 17 measures, including education,
employment, housing quality, and poverty, that are drawn from
US Census and American Community Survey data using nine-
digit zip codes. It has been made publicly available by the Univer-
sity of Wisconsin School of Medicine and Public Health (www.
neighborhoodatlas.medicine.wisc.edu).” ADI scores in this study
were obtained from the 2020 ADI dataset, which is derived from
the American Community Survey 5-year data from 2016 to 2020.

ADI was obtained for the home address on file for each patient
and recorded in deciles from 1 to 10. Each successive increase in
ADI (eg, from 1 to 2) refers to an increase in 10 percentage points.
ADI was also analyzed as a dichotomous variable to determine a
cut-off point at which the ADI conferred greatest risk for missed
follow-up.

Statistical Analysis

Statistical analyses were performed using Stata version 17.0 (Sta-
taCorp LP, College Station, TX). For baseline data, Pearson x
test or the Fisher exact test was used to evaluate categorical
data. The Wilcoxon rank-sum test was used to compare contin-
uous variables with skewed distribution; the ¢ test was used for
continuous variables with normal distribution. Univariate and
multivariable logistic regressions were used to evaluate predictors
of missed first outpatient appointment. Factors with significance
<0.10 were included on the multivariable analyses. Because of the
small number of missed final appointments, only univariate ana-
lyses were performed. Pvalues <0.05 were considered statistically
significant.

Results

A total of 1,032 infants were evaluated for ROP, of whom
903 had sufficient data for determination of ADI. Of those
903 patients, 540 required continued ROP examinations as
an outpatient. The majority of infants who required outpa-
tient follow-up were non-Hispanic and Black (70%). Me-
dian ADI in the cohort was 7 (IQR, 5-9) and ADI was
heavily skewed toward higher numbers in our population.
Eighty percent of patients had Medicaid insurance. Of
the patients who required follow-up after hospital
discharge, 41 patients (7.6%) were treated for type I ROP.°

Thirty-two percent of patients (n = 174) missed the
initial ophthalmology appointment following hospital
discharge. On univariate analysis, ADI was significantly
associated with missed follow-up (P < 0.001). The odds
of missing the initial appointment increased by 21%
(95% CI, 12%-32% [P < 0.001]) for each unit increase
in ADI. An ADI above 7 was found to be particularly
high risk, with a 2.31 times increased odds of missed
follow-up (95% CI, 1.60-3.34 [P < 0.001]).

In addition, higher BW, Medicaid insurance coverage,
and race/ethnicity were associated with missing the first
outpatient appointment on univariate analysis (Table 1).
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Table 1. Factors associated with missed outpatient follow-up

First outpatient appointment

Study parameter Missed (n = 174) Attended (n = 366) P value®
BW, g, median (IQR) 1118 (815-1343) 1025 (765-1330) 0.048
GA, weeks, median (IQR) 29 (26-30) 28 (26-30) 0.246
ADI, decile, median (IQR) 8 (6-9) 7 (4-8) <0.001
Race/ethnicity, no. (%) <0.001
Non-Hispanic White 8 (4.6) 38 (10)
Non-Hispanic Black 143 (82) 232 (63)
Hispanic or Latino 15 (8.6) 81 (22)
Other 8 (4.6) 15 (4.1)
ROP severity, no. (%) 0.082
Type 1 ROP” 8 (4.6) 33 (9.0
All other patients® 166 (95.4) 333 (91)
Insurance coverage, no. (%)
Medicaid 130 (92) 262 (75) <0.001
Private 12 (8.5) 8 (25)

ADI, area deprivation index; BW, birth weight; GA, gestational age; /QR, interquartile range; ROP, retinopathy of prematurity.
32 test for categorical variables, rank-sum for continuous variables with skewed distribution, and ¢ test for continuous variables with normal dis-

tribution.
®As defined by ETROP.°

®Including any ROP less severe than type 1 ROP and patients with no ROP.

However, after adjusting for ADI, race/ethnicity was no
longer associated with a missed appointment (OR =
1.21;95% CI, 0.51-2.88; P = 0.663).

We also assessed for an interaction between race/
ethnicity and ADI, and we found that race/ethnicity does
not modify the relationship between ADI and follow-up
(OR = 1.03; 95% CI, 0.89-1.18 [P = 0.660]). Since race/
ethnicity was a categorical variable, we also used indicator
variables to represent the different categories and test for
various interaction effects, and none of the interaction
terms were statistically significant.

On adjusted analysis, only ADI and insurance remained
significantly associated with increased odds of missing the

first follow-up after hospital discharge. After adjusting for
insurance, race/ethnicity, birth weight, and treatment for
ROP, the likelihood of missing the first appointment after
discharge increased by 17% (95% CI, 7%-28%) per unit
increase in ADI (Table 2).

Fourteen patients (2.6%) were permanently lost to
follow-up prior to complete retinal vascularization despite
multiple attempts to reach family members by phone,
certified letter, or with assistance from a social worker.
All 14 patients who failed to complete ROP examinations
also missed the first outpatient appointment. Among these
patients, no other factors were identified to predict failure
to complete a final ROP evaluation.

Table 2. Adjusted and unadjusted odds of missed initial outpatient appointment

Study parameter OR (95% Cl) Pvalue Adjusted OR® (95% Cl) Pvalue
ADI, per unit 1.21 (1.12-1.32) <0.001 1.17 (1.07-1.28) 0.001
increase
Race/ethnicity
Non-Hispanic Reference Reference
White
Non-Hispanic 2.93 (1.33-6.45) 0.008 1.21 (0.51-2.88) 0.663
Black
Hispanic or 0.88 (0.34-2.25) 0.789 0.49 (0.18-1.34) 0.164
Latino
Other” 2.53 (0.80-7.98) 1.83 (0.46-7.28) 0.87
Birth weight, per 1.05 (1.00-1.12) 0.048 1.01 (0.95-1.08) 0.703
100g
Medicaid 3.60 (1.90-6.82) <0.001 2.91 (1.48-5.73) 0.002
insurance
Type 1 ROP° 2.05 (0.93-4.55) 1.80 (0.75-4.30) 0.187

ADI, area deprivation index; C/, confidence interval; OR, odds ratio; ROP, retinopathy of prematurity.
adjusted for BW, race/ethnicity, ADI (per unit increase), insurance, and treatment for ROP.
®|ncluding American Indian or Alaska Native, Asian Indian, Asian/Mideast Indian, other Pacific Islander, more than one race, none of the above,

patient declines to respond, unknown, or patient unable to respond.
°As defined by ETROP.®
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Discussion

ROP is a source of both acute and long-term morbidity in
premature infants, and, based on data from the IRIS regis-
try, it remains the leading cause of vision loss in US chil-
dren." The transition to outpatient evaluation is critical
because of the ongoing risk of development or progression
of ROP after discharge. In addition to potential legal risks,
missed or delayed appointments in the outpatient setting
also remain a possible cause of poor visual outcomes for
high-risk patients after discharge.”*’

In this study, higher ADI independently predicted failure
to complete the first outpatient ROP examination during
this transition point, and every patient who failed to com-
plete ROP evaluations to vessel maturation had missed the
first outpatient examination. There was likely insufficient
power to detect an association between ADI and missed final
appointment due to the small number of patients who missed
the final appointment (n = 14). All of these patients were
determined to be low risk by the screening ophthalmologist
after multiple attempts to contact them by phone messages
and certified and uncertified letters.

Although previous studies have identified insurance sta-
tus as a relevant predictor of follow-up in this population,’
this factor was less informative in our study, where the ma-
jority of patients had Medicaid insurance. While Medicaid
coverage was still significantly associated with missed
follow-up, it did not render ADI insignificant on adjusted
analysis. ADI may, in fact, be a more useful marker for
identifying patients at risk of missed follow-up because it
allows for meaningful stratification, whereas Medicaid in-
surance—held by 80% of patients in our study—applies
to the majority and offers less differentiation.

In addition to insurance status, race/ethnicity was also
associated with follow-up in unadjusted analyses. Howev-
er, the relationship between race/ethnicity and follow-up
was not significant after adjusting for ADI, and no interac-
tion was found between race/ethnicity and ADI—meaning
that the effect of ADI on follow-up did not differ by racial/
ethnic group. Given that structural racism contributes to
residential segregation and socioeconomic deprivation,
the apparent relationship between race and follow-up
may be mediated through neighborhood-level disadvan-
tage, as represented by ADI. Race and ethnicity have
commonly been relied upon to draw population-based
conclusions in epidemiological research despite lack of bio-
logical basis and risk of encouraging unconscious bias."’
ADI, which does not include race or ethnicity in its calcu-
lation, provides a more comprehensive assessment of so-
cioeconomic deprivation in a given neighborhood that
may capture the effects of structural racism and socioeco-
nomic factors in general that co-vary with race and
ethnicity. As a result, the use of ADI has the potential to
reduce confounding compared with reporting on racial
composition alone. In addition, the collection of race and
ethnicity data is often inherently flawed and prone to er-
rors, particularly in pediatric populations.'’

Limitations of this study include lack of generalizability
due to particularly high ADI scores overall as well as poor
rates of appointment attendance. Notably, ADI is limited
insofar as it obtains its data from the census, which may
over or undercount some populations. In addition, our
study used the 2020 ADI, although our data collection
extended to 2023. We were not able to evaluate the rela-
tionship between ROP severity and follow-up in this pop-
ulation because of a lack of granular data on ROP stage.
Finally, as discussed above, the collection of race and
ethnicity data was flawed in our patient population. In
this retrospective dataset, an infant’s race and ethnicity
were recorded based on maternal race and ethnicity data
that were self-reported during intake at the time of delivery
admission. In the future, mothers will likely have the op-
portunity to identify the race and ethnicity of their child
independently at our hospital. However, this dataset limi-
tation may have resulted in inaccurate assumptions about
race and ethnicity, further supporting the argument for
prioritizing an independent measure such as ADI in draw-
ing conclusions from this study.

Our cohort, drawn from a level IV neonatal intensive
care unit on the south side of Chicago that serves a large
regional area across state lines, had a median ADI of 7,
indicating a high level of socioeconomic adversity. We
found that 32% of patients missed the first scheduled
appointment, although the great majority (97.4%) of pa-
tients ultimately resumed screening and were graduated
from the acute screening phase. This gap highlights the
burden placed on both physicians and support staff as
well as caretakers of premature infants due to the complex
and time-consuming efforts required to reschedule time-
sensitive appointments. This burden is likely outsized in
disadvantaged populations, as evidenced by our unusually
high rate of missed appointments. Additional resources
may be especially valuable in these settings to optimize out-
comes for vulnerable patients, although these findings may
not generalize to hospitals in areas of less socioeconomic
hardship.

Patients with an ADI above 7 were at particularly high
risk of missing follow-up, putting them at risk of poor
long-term outcomes. In this high-risk group, modifiable
barriers to follow-up should be addressed prior to
discharge through a mulddisciplinary effort. Interventions
might include providing culturally sensitive education in
multiple languages at a reasonable reading level, offering
transportation assistance, providing flexible appointment
times, and strengthening communication and coordination
among healthcare providers to ensure seamless transitions
of care. From a policy perspective, expanding social ser-
vices for families from disadvantaged neighborhoods can
ensure those with higher ADI receive the necessary support
to effectively follow up, narrowing potentially lifelong dis-
parities in health. Tools such as ADI quantify neighbor-
hood disparities and provide valuable insight for
policymakers, public health advocates, and clinicians in or-
der to address social and health inequities. Further research
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is needed to determine which interventions are most im-
pactful in reducing barriers to follow-up among patients
with high ADI scores. By incorporating objective measure-
ments of neighborhood-level deprivation, researchers and
practitioners can develop targeted and effective strategies
that surpass the limitations of traditional proxy indicators
for socioeconomic status.
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