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Abstract: Low socioeconomic status (SES) is associated with greater morbidity and increased health-
care resource utilization (HRU) in IBD. We examined whether a financial assistance program (FAP) to
improve healthcare access affected outcomes and HRU in a cohort of indigent IBD patients requiring
biologics. IBD patients (>18 years) receiving care at a ‘safety-net’” hospital who initiated biologics
as outpatients between 1 January 2010 and 1 January 2019 were included. Patients were divided
by FAP status. Patients without FAP had Medicare, Medicaid, or commercial insurance. Primary
outcomes were steroid-free clinical remission at 6 and 12 months. Secondary outcomes were surgery,
hospitalization, and ED utilization. Multivariate logistic regression was used to calculate odds ratio
(OR) and 95% confidence interval (CI). Decision tree analysis (DTA) was also performed. We included
204 patients with 258 new biologic prescriptions. FAP patients had less complex Crohn’s disease
(50.7% vs. 70%, p = 0.033) than non-FAP patients. FAP records indicated fewer prior surgeries
(19.6% vs. 38.4% p = 0.003). There were no statistically significant differences in remission rates,
disease duration, or days between prescription and receipt of biologics. In multivariable logistic
regression, adjusting for baseline demographics and disease severity variables, FAP patients were
less likely to undergo surgery (OR: 0.28, 95% CI [0.08-0.91], p = 0.034). DTA suggests that imaging
utilization may shed light on surgical differences. We found FAP enrollment was associated with
fewer surgeries in a cohort of indigent IBD patients requiring biologics. Further studies are needed to
identify interventions to address healthcare disparities in IBD.

Keywords: Crohn’s disease; ulcerative colitis; inflammatory bowel disease; healthcare disparities

1. Introduction

Inflammatory bowel diseases (IBD), include Crohn’s disease (CD), ulcerative colitis
(UQ), and indeterminate colitis, are immune-mediated GI disorders associated with sig-
nificant morbidity and economic impacts. The current estimated annual cost of treating
IBD is USD 6.3 billion in the US, and despite advancements, treatment costs continue to
rise [1-4]. While surgery and hospitalizations were previously reported to be the primary
factors explaining risings cost for IBD treatment, biologic agents have recently taken on a
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larger role [1-6]. Importantly, delays in providing treatment modalities that can suppress
or arrest IBD disease activity can increase long-term morbidity while also increasing overall
healthcare costs by creating more and serious complications. Consequently, strategies that
accelerate delivery of healthcare resource utilization (HRU) in IBD are critically important
and will likely improve patient outcomes.

Low socioeconomic status (SES) is a well-described risk factor for poor health out-
comes and higher healthcare resource utilization in a number of chronic illnesses [7-10].
Interestingly, previous studies have found no association between disease severity, pheno-
type, or medication adherence and low SES in IBD patients that could explain differences
in HRU and outcomes [11-15]. Thus, this suggests the possibility that low SES, by limiting
and/or delaying access to critical resources needed for timely diagnosis and treatment,
may result in more frequent, and potentially preventable, disease complications. There-
fore, identifying interventions to improve healthcare access, such as access to medications,
provider visits, procedures, and labs, in low SES patients with IBD may ultimately re-
duce IBD-related complications and improve the overall economic burden of IBD on the
healthcare system.

To improve healthcare in the indigent patient population of Dallas County, TX, Park-
land Memorial Hospital (PMH), a ‘safety-net’ hospital, have implemented a financial
assistance program (FAP) to improve healthcare access for uninsured and underinsured
Dallas County residents. The FAP reduces out-of-pocket costs for medications and med-
ical services rendered at PMH. For IBD patients, this includes a significantly discounted
cost and easier access (i.e., no insurance pre-authorizations) to obtain biologics, especially
anti-TNF agents. While many prior studies have identified impaired access to care as a risk
factor for poor outcomes, it is not clear whether improved healthcare access has an impact
on outcomes and resource utilization in this unique IBD population. Because IBD patients
requiring biologic agents are at highest risk for poor outcomes and increased resource uti-
lization, we evaluated the impact of a FAP on healthcare outcomes and healthcare resource
utilization in a cohort of indigent IBD patients requiring biologic agents.

2. Materials and Methods
2.1. Study Design and Patient Population

We performed a retrospective cohort study of patients with IBD seen in our gastroen-
terology clinics at PMH, which is a large safety net hospital system serving the residents of
Dallas County, Texas. PMH is unique in that it is closed healthcare system, such that the ma-
jority of patients obtain all aspects of their care at PMH, including primary care, specialist
care, surgical care, etc. IBD patients were identified through our electronic medical records
using ICD 9 and 10 codes for Crohn’s disease (ICD-9 555, ICD-10 K50), ulcerative colitis
(ICD-9 556, ICD 10 K51), and indeterminate colitis. No surgeries were studied beyond
12 months.

We included IBD patients aged >18 years who initiated a new biologic agent intended
to treat their IBD between 1 January 2010 and 1 January 2019, with at least 3 months of
outpatient follow-up at PMH. Patients were excluded if they had <3 months of follow-up
or if the biologic was intended to treat a condition other than IBD. Outcomes after each new
biologic prescription were analyzed separately. Included patients were dichotomized by
FAP status. At PMH, the FAP provides financial assistance for medical services (i.e.,
medications, labs, procedures, outpatient visits, etc.) rendered at PMH for qualified
individuals based on household income in relation to the Federal Poverty Income Level.
Patients enrolled in the FAP were underinsured or uninsured. Non-FAP patients had
insurance coverage with Medicare, Medicaid, or commercial insurance. FAP and non-FAP
patients were equally eligible for all the same medical care at PMH. Patient outcomes
were ascertained via manual chart review for up to 12 months of follow-up after starting
a biologic agent. Manual chart review was also performed to obtain demographic and
clinical data. Disease location and behavior were defined using the Montreal classification
system [16]. Fibrostenosing and penetrating CD were combined in a composite group
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called “complex CD”. Although in some analyses we combined both UC and CD as ‘IBD’,
we also evaluated data for both groups separately.

Patient-level analysis, as it relates to FAP status, was performed on data that was not
likely to change between records (gender, race, IBD diagnosis, mean number of biologics,
CD/UC location, complex CD behavior, perianal CD, upper GI involvement). Some of
these measures had a minimal number of changes between records for patients, but for the
sake of analysis, we use the patient’s first record.

Record-level analysis, as it relates to FAP status, was performed on data that was likely
to change between records (age, BMI, smoker status, disease duration, active medications,
prior surgeries, biologic naive, number of clinic visits, time between prescription and
initiation, medical outcomes). The Institutional Review Board at UT Southwestern and the
Research Office at PMH approved this study (IRB number: 27569, 18 April 2019).

2.2. Outcomes

The primary outcome was corticosteroid-free clinical remission (CSFR) at 6 and
12 months after initiation of a biologic agent. Assessment for clinical remission was deter-
mined based on physician global assessment, where CSFR was defined as resolution of
CD or UC-related symptoms without need for corticosteroids. The secondary outcomes
included (i) IBD-related hospitalizations, (ii) IBD-related surgeries, (iii) emergency de-
partment and/or urgent care visits during the 12 months of follow up after initiating the
biologic agent, and (iv) CT/MRI scans during the 12 months of follow up after initiating
the biologic agent.

2.3. Statistical Analysis

For univariate analysis of relationships between data and FAP status, significance
was determined using chi-square for categorical variables and binary logistic regression
or Wilcoxon rank-sums test for continuous variables. Multivariate logistic regression was
used to calculate odds ratio (OR) and 95% confidence interval (CI) for outcome variables
with significant differences. Statistical significance was defined at p < 0.05.

The data was further analyzed using decision tree analysis (DTA). This was accom-
plished using the Conditional Inference Tree (ctree) functionality of the ‘partykit’ R library.
This method uses decision tree induction to generate a decision tree that predicts the
outcome in question. The first node, or root node, is the node that starts the decision
algorithm and is the best variable that predicts/splits the data by the outcome. Factors
used in the analysis include age, BMI, smoker status, disease duration, active medication,
prior surgeries, number of clinic visits, prior surgeries, biologic-naive status, race, weight,
IBD diagnosis, PFA status, amount of time between prescription and initiation of biologic,
and the number of CT/MRIs, ED visits, and hospitalizations within 12 months following
initiation of the current biologic. Each split represents the value of only one variable, and
DTA rejects variables that have no role in arriving at the variable in question or that are not
statistically significant.

All statistical analyses were performed using the R statistical language (R Core Team.
R: A language and environment for Statistical Computing. R Foundation for Statisti-
cal Computing, Vienna, Austria. 2017. URL: https://www.r-project.org (accessed on
12 May 2021)).

3. Results
3.1. Study Cohort

We included 204 unique patients with 258 new biologic prescriptions (records). The
list of biologics we analyzed includes Adalimumab (Humira), Infliximab, Ustekinumab
(Stelara), Vedolizumab (Entyvio), Golimumab, Certolizumab and Natalizumab. Compari-
son of baseline, record-level characteristics are summarized in Table 1. When comparing
FAP and non-FAP records, there were no significant differences in active smoking status,
age, BMI, disease duration, active medications, or biologic-naive status. A significantly
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lower proportion of FAP records indicated previous IBD-related surgeries (19.6% vs. 38.4%
p = 0.003). In looking at factors related to healthcare access, there was no difference in mean
number of clinic visits (p = 0.942) or in mean number of days to receive a biologic agent
after placement of the prescription (p = 0.104).

Table 1. Cohort demographics and differences between IBD records with and without financial
assistance program (n = number of unique biologic prescriptions).

Non-FAP Records

FAP Records (1 = 185) (1 =73) p-Value
Mean Age (Standard 0.916
deviation (SD)) 39(12.7) 39.2(13.1) (Bin. Log. Reg.)
Mean Body Mass Index 0.576
(SD, kg/m?) 276 (6.8) 27.1(7.7) (Bin. Log. Reg.)

o 0.276
Current Smoker, # (%) 12 (11.3) 8 (20.0) (Chi Square)

Mean Disease Duration 0.095
(SD, years) 84(8.2) 105 (99) (Chi Square)

Active Meds @time of biologic initiation, n (%)

. 0.410
Steroid 79 (42.7) 36 (49.3) (Chi Square)

0.113
5-ASA 113 (61.1) 36 (49.3) (Chi Square)

0.700
Immunomodulator 108 (58.4) 40 (54.8) (Chi Square)

. . 0.418
Biologic 70 (37.8) 23 (33.3) (Chi Square)

Prior IBD-related 0.003
surgery, 1 (%) 36(19.6) 28 (38.4) (Chi Square)

. R o 1
Biologic naive, 1 (%) 107 (58.2) 43 (58.9) (Chi Square)
Healthcare access
Mean # of clinic visits 0.942
(SD) 3.0(1.4) 3.0(1.3) (Wilcoxon)
Days between Rx and 0.104
initiation of biologic 31.6 (41.2) 42.8 (62.4) (W'l. xon)
agent (SD) ricoxo

Comparison of baseline, patient-level characteristics are summarized in Table 2. Sta-
tistical significance was performed using chi-square, unless otherwise stated in the table.
Statistics pertaining to Crohn’s Disease (location, complex behavior, perianal, and upper
Gl involvement) were only measured among the subset of patients with Crohn’s Disease.
Similarly, statistics pertaining to Ulcerative Colitis (location) were only measured among
UC patients.

These statistics pertain only to each patient’s first record. There were cases when some
of these values may change between records: Differences in IBD Diagnosis were handled
by including the patient in any group for which they were diagnosed. Thus, a patient
whose first record is for UC, and second record is for CD, would be counted in both groups.
This same procedure was used for CD location (two non-FAP, one FAP patients) and UC
location (one FAP patient). Two patients (both FAP) had changing complex CD behavior
designations, and one FAP patient had a change in perianal CD classification. These values
are TRUE/FALSE values, so a change indicates a TRUE value at some point. As such, these
patient were counted when a changing value occurred.
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Table 2. Cohort demographics and differences among IBD patients with and without financial

assistance program (n = number of unique patients).

Non-FAP Patients

FAP Patients (1 = 140) (1 = 64) p-Value
Female, n (%) 59 (42.1) 38 (59.4) 0.032
Race, n (%) <0.001
White 36 (25.7) 17 (26.6)
Black 35 (25.0) 35 (54.7)
Hispanic 64 (45.7) 9 (12.3)
Asian 4(2.9) 34.7)
Other 1(0.7) 0
IBD Diagnosis, 1 (%) 0.137
Ulcerative colitis 70 (50) 22 (34.4)
Crohn’s disease 69 (49.3) 40 (62.5)
IBD-Unclassified 4(2.9) 2(3.1)
Me“]}“ia‘;‘g“ilc’:r of 1.32 (0.55) 1.14 (0.47) (W?lfffon)
Crohn’s Disease Location, 0.057
1 (% of CD patients)
Small bowel 9 (13) 6 (15)
Colonic 24 (34.8) 10 (25)

Ileocolonic 37 (53.6) 22 (55)
Ufl(’;r(gl(}]‘;";’;:’iz‘l‘t‘;‘)‘t' 7 (15.6) 1(3.3) 0.184
C:;f,}fff"ccgpl;‘:iheﬁi‘)’r’ 35 (50.7) 28 (70) 0.033
P e:l‘(a;:aé fé‘g‘;;i‘ﬁf;se' 23 (33.3) 16 (40.0) 0.518

Ulcerative colitis Location, 0.098
n (% of UC patients)
Proctitis 0 0
Left-sided 14 (20) 9 (40.9)
Pancolonic 57 (81.4) 13 (59.1)

When comparing FAP and non-FAP patients (Table 2), there were no significant dif-
ferences in IBD diagnosis, CD or UC location, upper GI involvement, or perianal CD
status. Non-FAP patients were more likely to be female than FAP patients (59.4% vs. 42.1%,
p = 0.032), as well as more likely to have complex CD behavior (in CD patients, 70% vs. 50.7%,
p =0.033). Significant differences among the two groups exist with respect to race (p < 0.001):
FAP patients were more likely to report as Hispanic (45.7% vs. 12.3%), while non-FAP
patients were more likely to report as Black (54.7% vs. 25%). Finally, FAP patients had a
higher mean number of biologics than non-FAP patients (1.32 vs. 1.14, p = 0.002).

3.2. Healthcare Outcomes

There was no significant difference between FAP and non-FAP patients in achieving
CSFR at 6 months (38.2% vs. 34.4%, p = 0.845) and at 12 months (45.2% vs. 36%, p = 0.526,
Table 3). In terms of secondary outcomes, there was no significant difference in mean num-
ber of emergency department (ED) visits (p = 0.789) and proportion of patients requiring



Pathophysiology 2022, 29

388

IBD-related hospitalization (p = 0.590). A significantly lower proportion of FAP patients
required surgery compared to non-FAP patients (5.6% vs. 16.7%, p = 0.034). Using a multi-
variate logistic regression model to adjust for age, gender, race, prior IBD-related surgery,
disease duration, and complex CD behavior, FAP status was found to be independently
associated with protection from surgery during the follow-up period after initiation of a
biologic (odds ratio: 0.28, 95% confidence interval (CI) [0.08-0.91]). In a subgroup analy-
sis of patients with a prior history of IBD-related surgery, FAP remained independently
associated with less need for surgery (OR: 0.14, 95% CI [0.02-0.99]), p = 0.049).

Table 3. Differences in outcomes and healthcare resource utilization between IBD records with and
without financial assistance program (1 = number of unique biologic prescriptions).

FAP Records Non-FAP Value Odds Ratio
(n = 185) Records n=73) P [95% CI]
Clinical outcomes,
n (%)
Clinical remission at
PR 60 (38.2) 21 (34.4) 0.845 -
Clinical remission at
12 months 56 (45.2) 18 (36) 0.526 -
Healthcare resource
utilization
IBD-related
Hospitalization, n (%) 64 (354) 30 (41.7) 0.590 )
IBD'relflt'(iS)surgery 10 (5.6) 12 (16.7) 0.034 0.28 [0.08-0.91] &
Mean number of ED 0.63 (1.65) 1.03 (4.67) 0.781 -

visits (SD)

Mean number of CT
and MRI studies in 0.71 (0.96) 0.92 (1.33) 0.518
12 months (SD)

% Multivariable logistic regression analysis performed adjusting for age, gender, race, IBD diagnosis, prior
IBD-related surgery, disease duration, and complex CD behavior.

In order to identify factors that may explain the differing surgical rates between FAP
and non-FAP patients, we performed a decision tree analysis considering all baseline factors
in Table 1, as well as race, weight, IBD diagnosis, PFA status, and the number of CT /MR,
ED visits, and hospitalizations within 12 months following initiation of the current biologic.
These factors were used to determine which might predict or contribute to the need for
surgery. Patients overall and non-FAP patients were analyzed separately (Figures 1 and 2,
respectively); the decision tree classifier for FAP patients unilaterally predicts no surgery
with 94.475% accuracy; this outcome is attributable to the low number of FAP patients
with surgery (1 = 10) versus those who did not (n = 171). In the overall model, CT and
MRI imaging of the abdomen/pelvis was the first ‘splitting” variable, and a best cut-off
level of 3.5 studies was identified. Sixty percent (out of n = 10) of patients who underwent
>3.5 studies required surgery. The need for hospitalization was identified as the second
splitting variable; 99% of patients could be correctly classified as not needing surgery.
Finally, baseline 5-ASA use was the last splitting variable, with 52% of the remaining
patients classified as requiring surgery at a positive classification rate of 95%. Similar to the
overall model, the number of imaging studies was the first splitting variable for non-FAP
patients. However, a lower best cut-off level of 2.5 imaging studies was identified compared
to 3.5 in the overall model. Because both groups contained ‘numbers of imaging studies’
as their first node, the DTA model suggests that the number of imaging studies was the
most accurate variable on which to split patients who did vs. who did not require surgery.
While it is not meant to be implicated as a causative factor, the number of imaging studies
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may reflect differences in healthcare access between the two groups, which influenced the
subsequent need for surgeries.

Number of CT/MRI A/P 12 months following starting current biologic

p <0.001
< 3.50
(n=242)

p <0.001

Number of IBD-related Hospitalizations 12 months following starting current biologic

< 0.50 >= 0.50
(n=159) (n=83)
99%
p =0.039
Current Medication (choice=5-ASA)

No
(n=40)
70%

Yes
(n=43)
95%

Figure 1. Decision-tree analysis of baseline demographic variables to predict surgery in IBD patients
regardless of FAP enrollment. The percentage represents the accuracy, while n represents the number
of patients that apply to a given step.

Number of CT/MRI A/P 12 months following starting current biologic

p < 0.001

Figure 2. Decision-tree analysis of baseline demographic variables to predict surgery in IBD patients
not enrolled in FAP.

4. Discussion

Estimated to affect nearly 3 million Americans, IBD is associated with significant
morbidity and economic burden [17]. The current estimated annual cost of treating
IBD is USD 6.3 billion in the US, and the average direct costs per patient per year
is three-fold higher compared to non-IBD patients (USD 22,987 vs. USD 6956) [18].
Recently, biologic therapy has surpassed surgery and hospitalization as the primary
driver of costs. In 2014, anti-tumor necrosis factor (TNF) agents accounted for 64.1% of
healthcare costs in CD and 31.4% in UC. In contrast, hospitalizations and surgeries in
CD patients accounted for 19% and <1% of their healthcare costs, respectively; for UC
patients, hospitalizations and surgeries amounted to 23% and 1.4%, respectively [6]. In
2015, IBD patients requiring biologics accounted for USD 36,051 per patient per year
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costs attributed to outpatient IBD medications compared to <USD 5000 in IBD patients
only requiring 5-ASA [19]. While contributing to a smaller proportion of costs in IBD,
surgery remains a costly part of IBD management. Therefore, identifying patients at
high-risk of increased HRU is important to improve outcomes and the economic impact
of IBD. The rate of therapy maintenance may affect IBD-related surgery, which is one
reason why we believe that access to PFA may improve outcomes for these patients.
Escalating biologic therapy could enhance endoscopic remission, thus minimizing the
surgery, hospitalizations and imaging required per patient.

Several prior studies have explored the relationship between socioeconomic status
and HRU in IBD [11-14]. Because prior studies reported no associations between SES and
disease phenotype, severity, and medication adherence [11,15], the association between
HRU and SES in IBD may reflect disparities in healthcare access and, as a result, timely
management of disease complications. In our current study, we study the impact of a FAP,
intended to improve healthcare access, on outcomes and healthcare delivery in a cohort of
indigent patients with IBD requiring biologic agents.

Studies in other chronic illnesses have demonstrated that minimizing healthcare dispar-
ities can have an immediate impact. In a cluster-randomized trial of black male barbershop
patrons with uncontrolled hypertension, Victor et al. demonstrated hypertension screening
and management delivered in barbershops resulted in much larger blood-pressure reduc-
tions compared to standard management by primary care practices [20]. In that study, the
investigators improved healthcare access by bringing blood pressure screening to an at-risk
patient population. At PMH, a FAP was implemented to help reduce financial burden
and improve access to healthcare and medications for the indigent patient population
in Dallas County, TX. For IBD, the FAP improves care by providing biologic agents at a
significantly discounted co-pay, particularly anti-TNF agents, and removes the need for
prior authorization. Similarly, to studies in other chronic diseases, we observed a beneficial
impact of a FAP in the care of IBD patients. Specifically, we found that FAP patients were
less likely to undergo surgery within 12 months after starting a biologic agent, even after
adjusting for race and for variables relevant to disease severity such as IBD type, disease
behavior, disease duration and prior IBD-related surgeries (OR: 0.28, 95% CI [0.08-0.91],
p =0.034).

To identify potential explanations for the difference in surgical rates, we found that
the overall patient set (both FAP and non-FAP) had a higher cutoff value for imaging
studies compared to non-FAP patients alone (3.5 vs. 2.5 studies) prior to undergoing
surgery in the decision tree analysis. These findings suggest that the number of imaging
studies was the best predictor of surgery among the two groups, and that the average
patient who required surgery underwent more necessary imaging prior to surgery than
non-FAP patients alone. This possibly suggests that the number of imaging studies is
a manifestation of differences in healthcare system access between FAP and non-FAP
patients, resulting in differing risks of surgery. In other words, it may be easier for
FAP patients to obtain required imaging studies compared to non-FAP patients, due
to lower burden from prior authorization or co-payments. We speculate that because
FAP patients are better able to obtain necessary imaging studies to inform treatment
adjustments following initiation of biologic therapy, they had better outcomes and less
need for surgery. On the other hand, non-FAP patients potentially had more difficulties
obtaining necessary imaging studies to monitor their disease until it was severe enough
to require surgery. The finding of fewer imaging studies in the FAP vs. non-FAP
group is, at face value, somewhat surprising. While not yet clear, it is also possible
that the lower number of imaging studies in the FAP group could reflect the lower
overall disease severity in this group, which created a less frequent need for imaging,
compared to the non-FAP group, which may have received more imaging studies based
on somewhat less well-controlled disease. We observed that FAP patients had a lower
number of complex CD behaviors (50.7% for FAP versus 70% for non-FAP) while having
similar average age and average body mass index, but a shorter disease duration than
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our non-FAP population. While additional studies are needed to validate this, it may
suggest that FAP administration may reduce disease severity and the associated costs
of managing treatment.

While our findings demonstrate benefits of improved healthcare access in an indi-
gent IBD population, they also highlight the complexity of IBD management to prevent
undesired outcomes such as surgery. Recent trends have demonstrated a decline in
surgical rates in IBD, but this cannot be attributed to the advent of biologic agents alone.
The decline of surgery rates in IBD more likely reflects the culmination of evolving
practice patterns of early initiation of biologics, closer endoscopic and radiographic
follow-up, stricter treatment targets, and better access to specialists [21,22]. Successfully
managing each component of IBD care requires a significant amount of manpower
and resources that are difficult to obtain even in a non-indigent population. Thus, our
findings also underline the need for support and resources to provide quality care in
order to improve outcomes and lessen the economic burden on the healthcare system.

Our study has a couple of notable strengths. To the best of our knowledge, this
is the first study to evaluate the efficacy of an intervention for improving healthcare
access in an indigent cohort of IBD patients. Additionally, the study was conducted
in a closed healthcare system, so we were able to track most aspects of our patient’s
care. Our study also provided data from a large sample size. Several limitations of
our study include its retrospective nature and the lack of systematic documentation of
validated clinical and endoscopic indices for measuring remission in progress notes
and endoscopic reports, which could underestimate response rates. Another possible
limitation of this study is that our data show a significantly lower proportion of FAP
patients had previous IBD-related surgeries. There are several causes of this which
could include more limited access to HRU; it is possible but unlikely that these patients
were simply ‘healthier’, given their similar rates of CSFR. Additional studies which
evaluate such patient characteristics are therefore warranted. Furthermore, this study
reports a single center experience at a ‘safety-net” hospital system in Dallas, TX, so the
extent to which our findings may be generalizable to other indigent IBD populations in
other regions of the US remains unclear. However, our findings provide a foundation to
initiate planning for optimized healthcare in high-risk patient populations designed to
improve outcomes and reduce healthcare costs in IBD.

5. Conclusions

In conclusion, we observed that IBD patients requiring biologic pharmacotherapy and
enrolled in FAP were less likely to require surgery after initiating biologic therapy and
underwent more necessary imaging studies prior to needing surgery, compared to IBD
patients not enrolled in FAP. These findings suggest that programs designed to improve
access to care can potentially improve healthcare delivery and outcomes in IBD patients
from low socioeconomic backgrounds. Further studies are needed to identify additional
interventions which address healthcare disparities in IBD to improve outcomes and its
growing economic burden.

Author Contributions: P.G.: Planning and conducting the study, collecting, analyzing, and in-
terpreting data, drafting the manuscript. E.C.: analyzing and interpreting data, revising the
manuscript. A.G. and C.C.: Conducting the study, collecting and interpreting data, drafting
the manuscript, approval of final draft submitted. E.M.: Conducting the study, collecting data,
drafting the manuscript, approval of final draft submitted. D.L.F.: Interpreting data, drafting
the manuscript, approval of final draft submitted. P.K., U.C.,, M.T. and ].5.A.: analyzing and
interpreting data, drafting the manuscript, approval of final draft submitted. E.B. and M.B.:
Planning and conducting the study, interpreting data, drafting the manuscript, approval of final
draft submitted. All authors have read and agreed to the published version of the manuscript.



Pathophysiology 2022, 29 392

Funding: Research work by E.C., PK. and U.C. reported in this publication was supported by an
Institutional Development Award (IDeA) from the National Institute of General Medical Sciences of
the National Institutes of Health under grant number P20 GM103424-20.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board at UT Southwestern and the
Research Office at PMH (protocol code: 27569; date of approval: 18 April 2019).

Informed Consent Statement: Patient consent was waived because this was a retrospective data
review project and no identifying patient information was collected.

Data Availability Statement: Data are available on request to authors.

Conflicts of Interest: David Fudman has served on an advisory board for Pfizer.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kappelman, M.D.; Rifas-Shiman, S.L.; Porter, C.Q.; Ollendorf, D.A.; Sandler, R.S.; Galanko, J.A.; Finkelstein, ]J.A. Direct health
care costs of Crohn’s disease and ulcerative colitis in US children and adults. Gastroenterology 2008, 135, 1907-1913. [CrossRef]
[PubMed]

Coward, S.; Heitman, S.J.; Clement, F; Hubbard, J.; Proulx, M.-C.; Zimmer, S.; Panaccione, R.; Seow, C.; Leung, Y.; Datta, N.; et al.
Ulcerative colitis-associated hospitalization costs: A population-based study. Can. J. Gastroenterol. Hepatol. 2015, 29, 357-362.
[CrossRef]

Xu, J; Tang, M.; Shen, J. Trends and factors affecting hospitalization costs in patients with inflammatory bowel disease:
A two-center study over the past decade. Gastroenterol. Res. Pract. 2013, 2013, 267630. [CrossRef] [PubMed]

Bewtra, M.; Su, C.; Lewis, ].D. Trends in hospitalization rates for inflammatory bowel disease in the united states. Clin.
Gastroenterol. Hepatol. 2007, 5, 597-601. [CrossRef] [PubMed]

Saro, C.; da la Coba, C.; Casado, M.A.; Morales, ].M.; Otero, B. Resource use in patients with crohn’s disease treated with
infliximab. Aliment. Pharm. Ther. 2007, 26, 1313-1323. [CrossRef] [PubMed]

Van der Valk, M.E.; Mangen, M ].; Leenders, M.; Dijkstra, G.; van Bodegraven, A.A.; Fidder, H.H.; de Jong, D.].; Pierik, M.; van
der Woude, C.J.; Romberg-Camps, M.J.L.; et al. Healthcare costs of inflammatory bowel disease have shifted from hospitalisation
and surgery towards anti-tnfalpha therapy: Results from the coin study. Gut 2014, 63, 72-79. [CrossRef]

Samson, L.W.; Finegold, K.; Ahmed, A.; Jensen, M,; Filice, C.E.; Joynt, K.E. Examining measures of income and poverty in
medicare administrative data. Med. Care 2017, 55, €158-e163. [CrossRef]

Fiscella, K.; Franks, P.; Gold, M.R.; Clancy, C.M. Inequality in quality: Addressing socioeconomic, racial, and ethnic disparities in
health care. JAMA 2000, 283, 2579-2584. [CrossRef]

Epstein, A.M.; Stern, R.S.; Weissman, J.S. Do the poor cost more? A multihospital study of patients” socioeconomic status and use
of hospital resources. N. Engl. |. Med. 1990, 322, 1122-1128. [CrossRef]

Mustard, C.A.; Frohlich, N. Socioeconomic status and the health of the population. Med. Care 1995, 33, DS43-DS54. [CrossRef]
Nahon, S.; Lahmek, P.; Macaigne, G.; Faurel, ].P; Sass, C.; Howaizi, M.; Fleury, A.; Baju, A.; Locher, C.; Barjonet, G.; et al.
Socioeconomic deprivation does not influence the severity of crohn’s disease: Results of a prospective multicenter study. Inflamm.
Bowel Dis. 2009, 15, 594-598. [CrossRef]

Nguyen, G.C.; Bayless, T.M.; Powe, N.R.; Laveist, T.A.; Brant, S.R. Race and health insurance are predictors of hospitalized
crohn’s disease patients undergoing bowel resection. Inflamm. Bowel Dis. 2007, 13, 1408-1416. [CrossRef]

Greenberg, D.; Schwartz, D.; Vardi, H.; Friger, M.; Sarid, O.; Slonim-Nevo, V.; Odes, S. Health-related utility weights in a cohort of
real-world crohn’s disease patients. J. Crohns Colitis 2015, 9, 1138-1145. [CrossRef]

Gu, P; Kapur, A,; Li, D.; Haritunians, T.; Vasiliauskas, E.; Shih, D.Q.; Targan, S.R.; Spiegel, B.M.; Mcgovern, D.P,; Black, ].T.; et al.
Serological, genetic and clinical associations with increased health-care resource utilization in inflammatory bowel disease. J. Dig.
Dis. 2018, 19, 15-23. [CrossRef]

Nguyen, G.C; LaVeist, T.A.; Harris, M.L.; Datta, L.W.; Bayless, T.M.; Brant, S.R. Patient trust-in-physician and race are predictors
of adherence to medical management in inflammatory bowel disease. Inflamm. Bowel Dis. 2009, 15, 1233-1239. [CrossRef]
Satsangi, J.; Silverberg, M.S.; Vermeire, S.; Colombel, ].F. The montreal classification of inflammatory bowel disease: Controversies,
consensus, and implications. Gut 2006, 55, 749-753. [CrossRef]

Nguyen, G.C.; Chong, C.A.; Chong, R.Y. National estimates of the burden of inflammatory bowel disease among racial and ethnic
groups in the united states. J. Crohns Colitis 2014, 8, 288-295. [CrossRef]

Park, K.T.; Ehrlich, O.G.; Allen, J.I.; Meadows, P.; Szigethy, E.M.; Henrichsen, K.; Kim, S.C.; Lawton, R.C.; Murphy, S.M,;
Regueiro, M.; et al. The cost of inflammatory bowel disease: An initiative from the crohn’s & colitis foundation. Inflamm. Bowel
Dis. 2020, 26, 1-10.

Yu, H.; Maclsaac, D.; Wong, ].J.; Sellers, Z.M.; Wren, A.A.; Bensen, R.; Kin, C.; Park, K.T. Market share and costs of biologic
therapies for inflammatory bowel disease in the USA. Aliment. Pharmacol. Ther. 2018, 47, 364-370. [CrossRef]

Victor, R.G.; Lynch, K; Li, N.; Blyler, C.; Muhammad, E.; Handler, ].; Brettler, J.; Rashid, M.; Hsu, B.; Foxx-Drew, D.; et al. A
cluster-randomized trial of blood-pressure reduction in black barbershops. N. Engl. ]. Med. 2018, 378, 1291-1301. [CrossRef]


http://doi.org/10.1053/j.gastro.2008.09.012
http://www.ncbi.nlm.nih.gov/pubmed/18854185
http://doi.org/10.1155/2015/627370
http://doi.org/10.1155/2013/267630
http://www.ncbi.nlm.nih.gov/pubmed/24307891
http://doi.org/10.1016/j.cgh.2007.01.015
http://www.ncbi.nlm.nih.gov/pubmed/17382602
http://doi.org/10.1111/j.1365-2036.2007.03507.x
http://www.ncbi.nlm.nih.gov/pubmed/17850419
http://doi.org/10.1136/gutjnl-2012-303376
http://doi.org/10.1097/MLR.0000000000000606
http://doi.org/10.1001/jama.283.19.2579
http://doi.org/10.1056/NEJM199004193221606
http://doi.org/10.1097/00005650-199512001-00007
http://doi.org/10.1002/ibd.20794
http://doi.org/10.1002/ibd.20200
http://doi.org/10.1093/ecco-jcc/jjv167
http://doi.org/10.1111/1751-2980.12566
http://doi.org/10.1002/ibd.20883
http://doi.org/10.1136/gut.2005.082909
http://doi.org/10.1016/j.crohns.2013.09.001
http://doi.org/10.1111/apt.14430
http://doi.org/10.1056/NEJMoa1717250

Pathophysiology 2022, 29 393

21. Nguyen, G.C.; Nugent, Z.; Shaw, S.; Bernstein, C.N. Outcomes of patients with crohn’s disease improved from 1988 to 2008 and
were associated with increased specialist care. Gastroenterology 2011, 141, 90-97. [CrossRef] [PubMed]

22. Ma, C.; Moran, G.W.; Benchimol, E.I; Targownik, L.E.; Heitman, S.J.; Hubbard, J.N.; Seow, C.H.; Novak, K.L.; Ghosh, S.;
Panaccione, R.; et al. Surgical rates for crohn’s disease are decreasing: A population-based time trend analysis and validation
study. Am. |. Gastroenterol. 2017, 112, 1840-1848. [CrossRef] [PubMed]


http://doi.org/10.1053/j.gastro.2011.03.050
http://www.ncbi.nlm.nih.gov/pubmed/21458455
http://doi.org/10.1038/ajg.2017.394
http://www.ncbi.nlm.nih.gov/pubmed/29087396

	Introduction 
	Materials and Methods 
	Study Design and Patient Population 
	Outcomes 
	Statistical Analysis 

	Results 
	Study Cohort 
	Healthcare Outcomes 

	Discussion 
	Conclusions 
	References

