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1 Introduction

» Healthcare Disparities
» Marginalized Population

» Explainable Al “Bridging the Gap between Application and Theory in Healthcare”

 Research Motivation
 Overall Problem Description and Severity

O Al application (Distance Decay and Social Determinants)
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Refers to

Unequal Access to Healthcare

Driving Factors

Socio-economic Status (more than 50%o)

Result in

Poor Health Outcomes

Artificial Intelligence

Systematic Exclusion
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According to the U.S. Department of Health :
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Population

O Systematic Exclusions in Emerging Al Applications while Limiting Marginalized Patient

> Lack of Research

» Google Scholar (Marginalized Population, Healthcare, Predictive Modeling) < 45

"Marginalized Population”, "Healthcare", "prediction models” n

About 41 results (0.04 sec

A Comparative Study of Thyroid Dysfunction Prediction Models using Machine
Learning

AT Akindele, AF Ajayi... - LAUTECH JOURNAL OF ..., 2021 - laujci.lautech.edu.ng

... These models are less expensive to build; thereby making sure that qualitative healthcare

is affordable and accessible to the marginalized population in most developing and third ...

vr Save 99 Cite Related articles All 3 versions 99

tiML County-level impact of the COVID-19 pandemic on excess mortality among
US Veterans: a population-based study
Y Feyman, SG Auty, K Tenso, KL Strombotne... - The Lancet Regional ..., 2022 - Elsevier
... cross-validate eight mortality prediction models at the county-... , 8 and disruptions in healthcare
access may increase the ... affects Veterans from marginalized population groups.13, 14, 15 .

‘ vr Save 99 Cite Cited by 12 Related articles All 8 versions
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According to the CDC

O African Americans are 30% more likely to die from heart disease
than non-Hispanic whites

O Hispanic Americans are 50% more likely to die from diabetes than

non-Hispanic whites.

O African Americans are 60% more likely to have diabetes than non-

SAN JOAQUIN VALLEY,

Hispanic white Americans CALIFORNIA

O Low-Income Individuals are more likely to have uncontrolled high
blood pressure

O Individuals with Disabilities have higher rates of chronic diseases
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Patients Residing in Broome County, NY
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\ Broome County Healthcare Disparity Indicators |

Percentage of population (2018) Median annual household income in US dollars Percentage of families below poverty Total mortality per 100,000 population, age-adjusted
(2017-2021)
84% 39% 907
$56.927
780
$45325 $43.958
26% 587
$32.288
14% 355
10%
White Black Asian/Pacific Hispanic White Asian/Pacific Hispanic Black
Hispanic Asian/Pacific White Black White Hispanic Asian/Pacific
Infant mortality per 1,000 live births Percentage of premature births (= 37 weeks gestation - Percentage of premature deaths (< 75 years) Diabetes mortality per 100,000 population, age-adjusted
clinical estimate) (2017-2021)
15 80%
14% 77% 1
12%
10% 23
9%
9
8
38% 37% 15
4
. |

Black AsianPacific Hispanic White Black Asian/Pacific Hispanic White Hispanic Asian/Pacific White Black White Asian/Pacific Hispanic

This dashboard’s data was obtained from Department of Health
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 Part of NY State but drastically different than
NYC demOgraphiCS Poverty Status ' \/

. High poverty area
209% of the population or more are below the
poverty level

 Poverty is 14.1% of the population in 2021 possible igh poverty area

The confidence interval includes "20% of the
population or more are below the poverty level "
but the point estimate s lower than that threshold

» Higher than the national poverty rate. Not a high poverty area

Areas that do not meet either of these criteria

' Data not available
Dalta is not shown for these areas

BROOME
A
Y 2 Binghamton

 Percentage of persons 65 years and above is

20% of the population

» Higher than the national rate. \

Poverty Status Viewer: With a Focus Area on Broome County, NY.
Source: U.S. Census Bureau (2021)
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Demonstrate, Highlight, Propose and Improve...

xxxxxxxxxx

4 Healthcare Disparities ]

 Inequity and Inequality /@\ R

O Al Biasness
Bias in data Health disparity

0NN
uuuovu

] Data Biasness

O Systemic Exclusions in Healthcare
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Application Marginalized Methodology Integrated System
Population

Investigating Distance Improve Access to Broome County, NY Machine learning (ML) From Data Acquisition to

Decay and Social Preventative Care Meta-Ensembles and Automation

Determinants on Hybrid Models (Patient List)

Healthcare Outcomes
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Study Goal/Objectives/General Approach tUHS UNIVERSITY
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Objective Approach

» Improve Marginalized « Recommend System > e (g e, N [PEen
Patient Population Integrated Automated » Data Preprocessing
: « Training, Validating, Testing
Healthcare Outcomes Frameworks to Provide

_ Predictions Generator
Insights for Stakeholders

User Friendly Interface
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O Substantial Transformations in Transportation and % put off appointment [l % ran out of medicines
7
- Medi " .
Healthcare Systems Using Al 3,044 15% 8%

n=182 (6.0%) did not have medicines to pick up

O Distance Decay and Utilization of Healthcare \

Medicaid 32% 21%
n=5,019

O Social Determinants and Spatial Interactions in 1545 (10.9%) 6d not have madicines 1o pick up

Dual eligible 48% 32%‘
n=903

n=43 (4.8%) did not have medicines to pick up

Healthcare

Participants were asked to not include occasions when they missed an appointment because of the
COVID-19 pandemic (for example, shelter-in-place mandates or not wanting to leave their house)
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(
Marginalized

- Availability of transportation is key in Population

conceptualizing Marginalized

Patients access - - N
« Longer Travel Distance and Critical C T tation |

Transportation Availability are Linked ritical Lare ransporiation 1ssue

to Healthcare Outcome \ y \ y
 Social Determinants and Economic

Status

Preventative Care Distance Decay
- J
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O Previous studies mainly relied on Traditional Statistics

O Machine Learning is crucial to Evaluate Confounding Factors in such Complex
System

O No research in machine learning applications studied the
“Impact of Distance Decay on Healthcare Qutcomes among Marginalized Patient Population”

O The first study to use meta-ensembles to study the Distance Decay in Marginalized
Patients
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U Improve Healthcare Outcomes in Marginalized Populations
using Al-Based Integrated Systems

O Address/Highlight Social Determinants Association to
Healthcare Outcomes

> Awareness

> Education

U Propose Early Intervention Workflow Practices
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O Objective: Improve Office Utilization and Reduce Critical Care Utilization

Q Inputs: 11 Features (Patient Related and Clinic Related)

O Output: Critical Care Group (High/Low)




Data Description and Features

 Hospital database.

 January 2021 and July 2022.

O Each row in the dataset represents a patient

4 43,152 unique patients, 38,812 no-shows,
394,116 attended visits, 3,923 emergency
department (ED) visits, and 8,877
hospitalization episodes.

 Critical Care Group.

R
UHS
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Factor Name Inclusion Type Levels
Last Visit Date Removed Date/Time
Patient Primary Care . 8 levels
Department Kept Categorical (Primary Care Offices)
Patient Age Removed Categorical
Known Transportation Issue Kept Categorical 2 levels
. . . 9 Levels
Financial Class Kept Categorical .. .
P g (Medicaid, Medicare...etc.)
Distance between the . _
patient's address and clinic Kept Categorical 3 Levels: (A, B, C)
6 levels: (Baby Boomer,
Generation X, Generation
Patient Generation Kept Categorical Z, Greatest Generation,
Millennials, Silent
Generation)
Patient Sex Kept Categorical 2 levels
Patient Race Kept Categorical 17 levels
Missed Appointments Transformed Numerical
No-show Rate Created Categorical 2 levels (High, Low)
ED Visits Transformed Numerical
Hospitalizations Transformed Numerical
Critical Care group Created Categorical 2. levels (High, Low)
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CstanceGaoup
Measures of Healthcare System Utilization with Respect to Transportation _
Known Average Office Average Critical
Transportation Issue | Visits Utilization Care Utilization . -
No 91.5% 2.5% Kraown T ransportasonissus
Yes 79% 6.5% . | | , |
o S000 10000 15000 20000

Measures of Healthcare System Delivery with Respect to Race and
Transportation

Commarical -

Transportation Average Average MedicadManaged -
Igsue Race Office Visits | Critical Care R
Utllization Utilizatlon Medicars - a 100400 20000 anqna
1 Wleschi ol -
BIaCk Or Afrlcan 81% 3.6% WorkersComg -
No American —
White 93% 2.5%
o Canlract -
Black or Afrlcan 69% 7 504 —
Yes American 0 5000 10000 15000
R Frequanc
White 81% 6.5% e

** Distance Group in Miles

A: [0,5]
B: (5,15]
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Data Integration, Staging, Normalization, and Finalization Preprocessing, Training, Testing, Automation

- Representational State Transfer Representational State Transfer
Electronic Healthcare ippﬁ:aﬁon PTOgramming p.f:pplicatiun Programming Staging Phase
Medical Records Interface interface
Dat= Balance uzing Performance
2 Preparation SMOTE() MWeasures to Select
.— Mormalization Phase Best Madel
Finalization Phase Trgin Valigation Toat ROC
Imputing and )

A —— —— CPU Time

Handling Missing Accuracy

Values |—— j I Sensitivity

Specificity

ogle Maps

Local Hospital Google Maps o
cal Hospita _ _ i
Data ha:e — Local Hospital Encoding
— Database Categorical e Automate to
WVarizbles Predict Patient
Bagged RF Critical Care Group
| KNS for Patients
— - Niet
Patients Address Dl'flri"lol:ng IE:;t;I;::E Average Hybod Model _
- GEDEPdEd into Address to (RF-ENN-Nuet) Generzte Patients
L"“LE;_“UE and Primary Care Data is Ready to Optimized Weighted Sum Hybeid Model RE-KNN-Noet Work List for the
titude L 3
Clinic e Preprocessed Majority Vting Hybrid Model (RE-KNN-Nnet) PDP“‘:"C‘" Hezlth
. Two Layers Stacked Hybnd hodel urses
odbe (RF-NB-Nnet base model, GBM Top Layer)

== R — @

SMOTE: synthetic minority over-sampling technique




Data Acquisition, Staging, Normalization, and Finalization

b
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Reprasentations| State Transfer
Application Programming
Interface

Electronic Healthcare
Medical Records

_—

Local Hospital

Database

gﬁnﬂgle MMaps

>
‘R Patients Address
Geocoded into
DBI _
Longitude and
Latitude
odbg

0L

v

Raw Data

DBI : Database Interface
ODBC: Microsoft Open Database Connectivity

Representational state Transfer
Application Programming
Interface

ogle Maps

&

Driving Distance
from Patient
Address to
Primary Care
Climic

-

“Rﬁ.

DBI I

Staging Phase

FMormalization Phase

Finalization Phase

Local Hospital
Database

Data is Ready to
be Preprocessed
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Data Balance using Performance
Preparation SMOTE() Measures to Select
Best Model

Train Validation Tast ROC
Imputing and r I 1 CPU Time
Handling Missing | Accuracy
Values | | | Sensitivity
Specificity
Encoding
Categorical - Automate to
Variables Predict Patient
Bagged RF Critical Care Group
for Patients
| KNN
Niet I
Average Hybrid Model -
Generate Patients
-EKNN-Nnet
Ll ) Worlk List for the
Optimized Weighted Sum Hybrid Model RF-KNN-Nnet Population Health
Majority Voting Hybrid Model (RE-KNN-Nnet) Nurses
Two Layers Stacked Hybrid Model
(RF-NB-Nnet base model, GBM Top Laver)




Hybrid Models (1/2) YUHS Ty
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Random Forest NNet
X —
SoL S S O
‘ \ -
Nl 59—
\+) v . =

Average

Weighted Average I
Majority Voting - - -
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Random Forest

Hybrid Models (2/2)
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Performance and Computational Cost Metrics

Normalized

Model Accuracy | Sensitivity | Specificity | CPU Time
(min)

RF 74.28% 70.3% 78.21% 37
Bagged RF 74.47% 72.1% 77.8% 20
KNN 76% 78% 73% 16
FF-Nnet 74% 77% 71% 8
Average Hybrid Model RF-KNN-Nnet 78% 79% 76% > 60
Optimized Weighted Sum Hybrid Model RF- 779 29% 7504 > 60
KNN-Nnet
Majority Voting Hybrid Model RF-KNN-Nnet 78% 79% 77% > 60
Two Layers Stacked Hybrid Model 820 29% 80% > 60

(RF-NB-Nnet base model, GBM Top Layer)

10

08

06

04

02

00

ity

UHS

BINGHAMTON
UNIVERSITY

STATE UNIVERSITY OF NEW YORK

ROC KNN
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KnownTranspartationlssue ¢
Factor Level Overall
NGShDWRHtE + KnownTransportationlssue-Yes 100
NoShowRateHigh 91.8
FinancialClass ¥ DistanceGroupB 28.688
.. SEX Male 23.8
LastPCPVisitDepartment | —* :
MyChartActivated-Yes 21.792
Myﬂhamﬁctivated L % Clinic A 18.277
FIRSTRACEWhite 17.291
DistanceGmup —+* DistanceGroupC 16.662
FinancialClassMedicaidManaged 12.528
FIRSTRACE GenerationGenerationX 12.452
G i . GenerationMillenials 12.349
eneration Clinic B 10.495
SEX Financial Class Medicare Managed 10.178
I I I I I Clinic C 10.105

0 20 40 all Gl 100

Importance
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U Developed Integrated Al-driven frameworks specific to marginalized patient populations

(Under researched Area)

O Developed an automated Al application that generates a list of patients’ names who could benefit from early
Interventions to help them attend their primary wellness visit as well as reduce their critical care use.

O The study inspected for the first time the effect of distance decay and other social determinants

O Meta-ensembles and hybrid predictive models.

O Multiple models were evaluated for generalizing capability for the used dataset

O The Hybrid Model based on (RF-NB-Nnet, GBM Top Layer) model showed a potential to identify contributing

factors to poor health outcomes, such as unavailability of transportation, no-show rate, insurance type, clinic,

and travel distance.
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U Improve data representation

» Develop Al algorithms that are trained on diverse data sets and specifically designed to address

the unigue needs and characteristics of marginalized patient populations.
U Increase access to healthcare services through Al-enabled technologies

» Transportation broader coverage , telemedicine and chatbots, Patient work List to propose

alternatives
1 Address Social determinants of health.

» Developing Al models that can identify and address social determinants of health to improve

healthcare outcomes for marginalized patients.
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* Induction of Labor from Decision to Delivery Using Hybrid Predictive Models based on a Metaheuristic Feature Selection Approach
Anemone Kasasbehl, Liliane EI-Kassis, and Hiroki Sayama (Ready to Submit)

International Journal of Clinical Practice

* Web-based Healthcare Delivery Integrated System to Forecast COVID-19 Hospitalizations in a Marginalized Patient Population: A Case Study in Broome County, New York,
A Kasasbeh, M Yildirim, A Booth, N Khan, H Sayama (Submitted)

Journal of Environmental and Public Health

* Modelling the Impact of Transportation Availability and Travel Distance on Healthcare Outcomes: A Bagged Random Forest Approach
A Kasasbeh, M Yildirim, A Booth, N Khan, H Sayama
IISE Annual Conference Proceedings (2023)

* Influential Factors for Failure to Show up for a Postpartum Visit

A Kasasbeh, M Yildirim, A Booth, MT Khasawneh

IISE Annual Conference & Expo 2019, 883-889 (2019)

» Crash severity prediction using a series of artificial neural networks
A Kasasbeh, R Shabbar, D Santos

IISE Annual Conference. Proceedings, 443-448 (2018)

» Charging station allocation for electric vehicle network using stochastic modeling and grey wolf optimization
R Shabbar, A Kasasbeh, MM Ahmed

Sustainability 13 (6), 3314 (2021)

» Crash Analysis Using Artificial Neural Network and Decision Tree

A Kasasbeh, R Shabbar

Industrial and Systems Engineering Review (ISER) (2017)

» Demand forecasting for inventory control: A case study on automotive spare parts in Saudi Arabia
N Khan, A Kasasbeh, R Alkhasawneh
» 1ISE Annual Conference & Expo 2018 (2018)

+ Proactive Event Management using ANN with PSO Prediction in Transport Processes
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Questions?
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