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Abstract. Preexisting comorbidities like COPD and smoking history
increase SARS-CoV-2 risk, but the impact of homelessness and men-
tal health remains underexplored. This study investigates the correla-
tion between homelessness and COVID-19 hospitalizations in patients
with COPD, mental illness, smoking habit, and age using national EHR
data from All of Us, including 129,524 patients, 3,547 of whom were
homeless. A statistical examination using logistic regression confirmed
that homelessness increases hospitalization odds, with 19.83% of home-
less COVID-19 patients hospitalized, compared to 15.08% in the general
population. SHAP plots, an explainable AI method highlighted signif-
icant interactions between homelessness, COPD, smoking, gender, and
mental disorders on COVID-19 hospitalizations.
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1 Introduction

Homelessness is a burgeoning social obstacle in the United States of America.
A report from 2023 shows that 653,100 people were experiencing homelessness
in the United States of America, which is a 12% increase from 2022 [1]. Home-
lessness is associated with a wide range of factors such as domestic violence,
poverty, inadequate access to resources, and unaffordable housing [2-6]. This
problem has a connection with mental disorders, drug abuse, and the criminal
justice system [7,8]. Homeless people experience different kinds of chronic dis-
eases as they have limited access to proper medical care and health insurance,
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making the homeless population have higher vulnerability and morbidity than
the general population. Often, homeless people have many underlying condi-
tions that remain unaddressed because of their unwillingness to express their
healthcare needs, thus putting homeless people at risk [9,10]. Homeless people
are more prone to chronic obstructive pulmonary disease (COPD), asthma and
other pulmonary diseases. The outbreak of COVID-19 has shown an unprece-
dented challenge to the public health systems worldwide. Unfortunately, since
then, homeless people have had a tough time, making them more susceptible
to the COVID-19 pandemic. The virus responsible for COVID-19 can transmit
quickly, spreading infections with a heightened risk of infecting people who live
in homeless shelters. Elderly individuals and those with pre-existing diseases
are at a higher risk of experiencing severe symptoms from COVID-19 [15]. The
homeless population often have illnesses similar to older adults and develop the
conditions at an earlier stage of life than the general population [16]. In addi-
tion, chronic illnesses like hypertension, diabetes mellitus, pulmonary diseases,
and cardiovascular disease are more frequent among the homeless than in the
general population and are often left uncured [17,18]. Data also indicates a higher
rate of infection with COVID-19 among persons experiencing homelessness [14].
Also, it has been observed that a previous history of Chronic Obstructive Pul-
monary diseases and asthma increases the severity of COVID-19-related illness
among homeless [11,12], thus increasing the risk of COVID-19-related hospital-
ization.

Many researchers have investigated the impact of COVID-19 on the homeless
population. In [22], the authors focused exclusively on determining the COVID-
19 infection rate among the homeless in the Greater Boston area. Similarly,
authors in [23] examined COVID-19 positive rates among the homeless, but their
study was limited to major cities, neglecting the fact that homeless individuals
also reside in smaller cities and rural areas. Although, authors in [24] attempted
to analyze the impact of various factors on COVID-19 hospitalization among
the homeless, their study had several limitations. Furthermore, the method used
to identify recent homelessness may have overlooked individuals not utilizing
health or shelter services. The study also failed to differentiate between vari-
ous subgroups within the homeless population and did not investigate factors
associated with acute care utilization during the COVID-19 pandemic.

So, health disparity is prevalent among homeless, which affects their health.
Moreover, the COVID-19 outbreak added additional severity to homeless health,
such as the increased risk of COVID-19 hospitalization. However, little is known
about how the pandemic and what factors have impacted hospitalizations among
this vulnerable population. This research aims to determine which variables
affect clinical severity most, like COVID-19 hospitalization, focusing on a statis-
tical analysis and explainable Al to find the prevalence of Chronic obstructive
pulmonary disease (COPD), COVID-19, and other associated factors in COVID-
19 hospitalizations among the homeless population.
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The rest of the paper is organized as follows. Section 2 contains the research
methodology. Section 3 contains results and discussion of our proposed method.
Section 4 contains the conclusion.

2 Research Methodology

In this study, a pairwise method is initially used, employing Eq.1, 2, 3,
4, 5 to determine the prevalence of Chronic Obstructive Pulmonary disease
(COPD), COVID-19 and their comorbidity among the homeless population in
comparison to the non-homeless population, facilitating understanding of the
effect of preexisting disease history in the COVID-19. Later, a statistical method
using logistic regression is used to identify and quantify the factors contribut-
ing to COVID-19-related hospitalization among the homeless population, which
was corroborated by SHapley Additive exPlanations (SHAP), an explainable Al
method [13]. Figure 1 illustrates our proposed methodology for this research.

Data Dataset | | Pairwise Ratio Logistic Explainable

Collection [”|Preparation|”| ~ Calculation Regression Al (SHAP)
Results

Fig. 1. Flowchart of the proposed method

In the following subsections, more detail about the methodology is discussed.

2.1 Data Collection

The dataset utilized in this study was gathered from the All of Us Research
Platform’s [26] Survey Domain and Observation Domain, spanning the period
from February 1, 2020, to July 1, 2022, from the USA. In the Survey Domain,
participants were asked various questions about their living conditions and place
of residence. Observation Domain stores clinical data about a patient obtained
in the context of an examination, questioning, or procedure, and data not rep-
resented by another domain, such as medical history, social and lifestyle facts,
and family history, recorded here.

Homeless Participant Selection Criteria. The criteria used to identify
and filter homeless participants for this study involved a combination of survey
responses and direct observation spread across two primary domains. In the Sur-
vey Domain, participants were classified as homeless based on their responses to
specific questions. Those who reported living outside or self-identified as home-
less were included. This was determined using questions such as “Where are
you currently living?” with an answer option of “Outside,” and “What type of
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household do you live in?” with an option for “Homeless.” In the Observation
Domain, participants were directly labeled as “Homeless” based on observational
data.

Initially, these methods combined to identify a total of 7,010 homeless par-
ticipants. Additional filtering criteria were then applied to refine this group.
Participants who did not provide gender information, either by skipping the
question or preferring not to answer, were excluded. The study then focused
on participants aged between 40 to 95 years old. After applying these filters,
the final count of participants identified as homeless and fitting the age and
gender criteria was 3,547. This rigorous process ensured a focused and relevant
participant group for the study.

Non-homeless Participant Selection Criteria. The survey domain and
observation domain were used to determine the non-homeless population, where
participants were asked questions about their living place and the type of
it. Participants who responded affirmatively about having a living place were
marked as non-homeless. Initially, 357,499 non-homeless were identified based
on their answer. Then, additional filtering was applied to exclude participants
who skipped gender information and include participants aged between 40 and
95 years, yielding a total number of participants of 125,977.

2.2 Dataset Description

This dataset contains 3,547 homeless participants and 125,977 non-homeless
participants aged between 40 to 95 years containing the participant’s unique
identification number, gender, age, smoking history, COPD history, COVID-19-
history, mental illness history, COVID-19-related hospitalization history. The
following Table 1 describes the features of the dataset used in this study.

Table 1. Features description

Variable Type Categories/Range
Smoker Categorical Yes/No

Homeless Categorical Yes/No

Mental Disorder Categorical Yes/No

Age Categorical 40 to 95 years
Gender CategoricalMale/Female
COPD Categorical Yes/No

Covid-19 Hospitalization Categorical Yes/No

Comparing both Figs. 2a and 2b, it appears that the non-homeless population
has a higher frequency of individuals in younger age groups, which could be due
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Non Homeless Population Distribution of Age Homeless Population Distribution of Age
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Fig. 2. Age distribution comparison between non-homeless and homeless populations

to a larger overall population size or a different age structure in the general pop-
ulation. The homeless population shows a more even distribution across middle
ages but a sharp decline in older ages, which could reflect various socioeconomic
factors or access to resources affecting lifespan and the likelihood of becoming
homeless at different ages.

Non Homeless Distribution of Gender Homeless Distribution of Gender
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Fig. 3. Gender distribution comparison between non-homeless and homeless popula-
tions

Comparing the gender distributions using Fig. 3a and 3b, it’s apparent that
within the homeless population, males are disproportionately represented. This
could be due to a variety of social, economic, and health-related factors. On
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the other hand, the gender distribution in the non-homeless population is more
balanced, which is typical in many societies where the numbers of males and
females are fairly equal.

The participants include COVID-19-positive patients who required hospital-
ization. The following Table 2 describes the participant count for different types
of COVID-19 patients among people experiencing homelessness. Among the 474
COVID-19-positive homeless patients, 94 (19.83%) were hospitalized.

Table 2. Case Group/Homeless Participant Count

Description Count
Total Homeless Patients 3,547
COVID-19 Positive Hospitalized Patients 94
COVID-19 Positive Homeless Patients 474
COVID-19 “Non-Determined Homeless” (3,073

The following Table 3 describes the participant count for different types of
COVID patients among non-homeless.

Table 3. Control Group/Non Homeless Participant Count

Description Count
Total Non-Homeless Patients 125,977
COVID-19 Positive Hospitalized Patients 1,882
COVID-19 Positive Patients 12,480
COVID-19 “Non-Determined” Non-Homeless|111,615

The control group includes 12,480 COVID-19-positive non-homeless patients;
among them, 1,882 (15.08%) were hospitalized, making it evident that COVID-
19 hospitalization is more prevalent in homeless population.

The data presented in Table 4 outlines various health conditions and sta-
tuses among homeless and non-homeless populations, with a focus on smok-
ing, COVID-19 hospitalizations, mental disorders, and Chronic Obstructive Pul-
monary Disease (COPD). Among the non-homeless, smokers constituted 18.46%
of the population, while a higher proportion of homeless individuals, at 32.79%,
were smokers. COVID-19 hospitalization rates for smokers showed a signifi-
cant disparity; 54.26% of homeless smokers required hospitalization compared
to 24.65% of non-homeless smokers. A striking 95.74% of homeless individuals
hospitalized for COVID-19 had mental disorders, compared to 73.70% in the
non-homeless hospitalized group. The prevalence of mental disorders was also
high among the homeless population at 90.89%, compared to 60.82% among
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Category Positive Cases|/Total Cases|%

S, NH 23,259 125,977 |18.46
S, H 1,163 3,547 32.79
Hosp., S, H 51 94 54.26
Hosp., S, NH 464 1,882 24.65
MD, Hosp., H 90 94 95.74
MD, Hosp., NH |1,387 1,882 73.70
MD, H 3,224 3,547 90.89
MD, NH 76,614 125,977 60.82
COPD, Hosp., H 40 94 42.55
COPD, Hosp., NH|571 1,882 30.34
COPD, H 1,226 3,547 34.56
COPD, NH 18,878 125,977 [14.99

7

NH = Non-Homeless, H = Homeless, Hosp. =
Covid-19 Hospitalization, S = Smoker, MD = Men-
tal Disorder, COPD = Chronic Obstructive Pul-
monary Disease.

the non-homeless. For those with COPD, the hospitalization requirement due
to COVID-19 was 42.55 % for the homeless and 30.34 % for the non-homeless.
The overall COPD prevalence was 34.56% among homeless individuals and sig-
nificantly lower at 14.99% in the non-homeless population. This data highlights
the disproportionate impact of these health conditions on homeless individuals,
especially regarding hospitalization rates and the prevalence of mental disorders
and COPD.
Figure4 also provides graphic visualization of the Table 4.

2.3 Dataset Preparation

Each participant’s documented history of certain diseases is examined against
their COVID-19 hospitalization status. To analyze the impact of specific dis-
eases, gender or habits on the hospitalization rates among homeless people due
to COVID-19, the dataset was organized by assigning a unique ID to each par-
ticipant. The medical history of the participants was grouped under these IDs. If
a participant had a documented history of a particular disease, such as Chronic
Obstructive Pulmonary Disease (COPD), the corresponding column for that dis-
ease was marked as “YES.” Conversely, if there was no history of the disease, the
column was marked as “NQO” . This approach enabled the examination of how dif-
ferent features, including the presence of specific diseases or habits, might influ-
ence the hospitalization rates among homeless people who contracted COVID-
19. This structured data is essential for identifying correlations and potentially
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Summary of Cases by Category (Percentage)
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Fig. 4. Summary of cases by category

causative factors affecting health outcomes in this vulnerable population. Later,
a label encoder was used to code “YES” and “Male” as “1” and “0” otherwise.

2.4 Pairwise Ratio Calculation of COPD and COVID-19

A matrix representing COPD and COVID-19 interactions among a population is
constructed and normalized. For two diseases D, as COPD and D5 as COVID-19,
the interaction count count(D;, Ds) is calculated, which represents the number
of individuals diagnosed with both D; and Dy together, yielding comorbidity of
Dy and Ds. The resulting counts are then normalized to represent the proportion
of the population exhibiting each disease combination. Let T denote the total
count of participants in the study. The normalized interaction for each disease

pair is computed as Normalized Interaction = %D“DQ) % 100. This normal-
ization process converts the raw interaction counts into percentages, indicating
the prevalence of each disease combination relative to the total population. Equa-
tions 3, 4 were used to calculate the interaction for homeless and non-homeless

populations.
Interaction Countp, p, = count(D, Ds)
T = Total number of individuals

. Interaction Countp, p
Interaction of Homelessp, p, = L2

THomeless

Interaction Countp, p,

Interaction of Non-homelessp, p, = T
Non-homeless
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Interaction of Homelessp, p,

Comparison of Interactions = (5)

Interaction of Non-homelessp, p,

These final ratios of interactions obtained by Eq. 5 is used to understand the
prevalence of COPD and COVID-19 in the homeless population compared to the
non-homeless population. This approach allows us to gain insights into poten-
tial differences in COPD and COVID-19 patterns and pervasiveness between
these two distinct groups of people. The provided visualization in Fig.5 in the

result section visually represents these findings, shedding light on the widespread
presence of the disease among homeless and non-homeless individuals.

2.5 Statistical Analysis

Statistical analyses, such as P-value, 95% Confidence Interval (95% CI), and
Odds Ratios, were determined for variables like age, COPD, smoking history,
and mental disorder, which may increase the risk of COVID-19 hospitalization
in homeless. Pairwise logistic regression is used between predictor variables like
age, gender, COPD history, smoking history, and mental disorder history with
the target variable, COVID-19 hospitalization, to determine the P-value, 95%
confidence interval, and odd ratio. The significance of logistic regression in statis-
tical analysis is underscored by its ability to handle binary and categorical out-
comes, provide interpretable results, model complex relationships. The results in
the logistic regression model indicate how the relationship between homelessness
and COVID-19 hospitalization odds (Odd Ratio) changes when considering the
effect of another variable compared to the reference group, which consists of indi-
viduals who are not homeless and do not have the condition specified above (e.g.,
age, smoking history, mental disorder, gender, COPD). The analysis determines
the p-value, indicating the statistical significance of the results rejecting the null
hypothesis where it states that the specific disease condition has no contribu-
tion on covid-19 hospitalization. A p-value of less than 0.001 suggests that the
result provides enough confidence that the result observed is not due to random
chance.

2.6 Explainable AT (SHAP Values)

AT or Machine learning is being used everywhere in this modern technological
world, from the healthcare sector to space technologies [19-21,25]. Previously,
the AT model was a black box, making it difficult to understand its inner opera-
tions. However, Explainable AI or interpretable Al is a system that can under-
stand the underlying reasoning of an AI model’s decision-making process. It
provides an overall insight into a predictor variable’s range of affecting capabil-
ity on an Al model’s decision, unlike the black box idea of the AI model. This
research employs an explainable Al-based method, namely SHapley Additive
exPlanations (SHAP) [13] on the logistic regression method that was used for
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statistical analysis, to identify the predictor variables that necessitate COVID-19
hospitalization, further justifying the corroboration of the results of the above-
mentioned statistical analysis.

3 Result Analysis and Discussion

This section, revisiting the primary objective of this research, focuses on the
prevalence of COPD, COVID-19, and factors that increase hospitalization among
homeless COVID-19 patients. The following subsections discuss the detailed
results obtained by the proposed methodology.

3.1 Result of Pairwise Ratio of COPD and COVID-19

The pairwise ratio helps to understand the prevalence of COPD, COVID-19,
and their interaction among people experiencing homelessness compared to non-
homeless. In the following results, the heat map shows the ratios of COPD and
COVID-19 prevalence among the homeless compared to non-homeless. This heat
map is generated using the Eq. 5.

Pairwise Ratio Comparlson of Respiratory Disease Between Homeless and Non Homeless

I 2.0

Chronic Obstructive Lung Disease Covnd 19
Respiratory Disease (Non Homeless)

Chronic Obstructive Lung Disease

Respiratory Disease Type (Homeless)

Fig. 5. Respiratory Disease Prevalence on the homeless population

To understand the heat map, it is important to read from column vs
row, which shows the ratio of disease among the homeless denoted by column
value against ratio value of disease among the non-homeless denoted by row
value.

Figure 5 demonstrates that the incidence of COVID-19 is significantly higher
among the homeless population, being 1.4 times greater than that of the non-
homeless population. Furthermore, the prevalence of Chronic Obstructive Pul-
monary Disease (COPD) is notably higher in the homeless population, occurring
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at a rate three times greater than in those who are not homeless. Most strik-
ingly, the comorbidity of COVID-19 and COPD is observed four times more
frequently in the homeless population compared to those with stable housing.
This data underscores the heightened health risks faced by individuals experi-
encing homelessness, adding more severity to COVID-19 patients with COPD
history, yielding four more times prevalent.

3.2 Interpretation of the Statistical Analysis

The statistical analysis finds the contribution of each variable (Odd Ratios)
independently on COVID-19 hospitalizations. It confirms that the results are
not due to a random chance by a hypothesis testing with a p-value less than
0.001. In this research null hypothesis is that predictor variables mentioned in
the Table 5 has no contribution on covid-19 hospitalization. The following table
shows the statistical results obtained by the proposed methodology.

Table 5. Statistical Results

Variable p-value|Odds Ratio95% CI

Age <0.001{1.01 1.01-1.02
Smoker <0.001{3.02 2.27-4.01
Mental disorder Patient|<0.001/1.90 1.53-2.35
Male <0.001|2.10 1.66-2.64
COPD Patient <0.001|2.20 1.60-3.03
Homeless <0.001/1.80 1.46-2.41

The pairwise statistical results between predictor variables and target vari-
ables from the logistic regression model show how the relationship between
homelessness and the odds of COVID-19 hospitalization varies when consid-
ering the effects of additional variables. Specifically, the age indicates that with
each additional year, the odds of COVID-19 hospitalization for homeless individ-
uals increase by a factor of 1.01, 95% CI (1.01-1.02), assuming other variables
are constant. This suggests that aging gradually increases the risk of COVID-19
for the homeless population compared to those who are not homeless. In the
case of smoking, it is found that homeless individuals who are smokers have
3.02 times greater odds of being hospitalized with 95% CI (2.27-4.01) due to
COVID-19 than non-homeless without smoking habit, considering other factors
remain the same. This highlights the significant risk increase due to smoking
among people experiencing homelessness. Furthermore, the result shows that
homeless individuals with a mental disorder are 1.90 times (95% CI (1.53-2.35))
more likely to be hospitalized for COVID-19 compared to non-homeless indi-
viduals without a mental disorder, controlling for other factors. This indicates
a substantial increase in risk associated with mental disorders in the homeless
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population. Additionally, the result suggests that gender influences the effect
of homelessness on COVID-19 hospitalization risk. Male homeless individuals
have 2.10 times the odds of hospitalization with 95% CI (1.66-2.64) compared to
non-homeless female. The COPD reveals that homeless individuals with Chronic
Obstructive Pulmonary Disease (COPD) have more than double the odds (2.20
times) with 95% CI (1.60-3.03) of COVID-19 hospitalization compared to non-
homeless individuals without COPD pointing to a significantly heightened risk
for this subgroup of the homeless population. Lastly, Homeless population itself
without any previous history of diseases have 1.80 times with 95% CT (1.46-2.41)
odds of being hospitalized compared to non-homeless population. All the statis-
tical results obtained by the proposed method are accompanied by a p-value of
less than 0.001, indicating that results are not due to a random chance rejecting
the null hypothesis.

3.3 Explainable AT (SHAP) Results

High

COPD Pode cam v

Mental Disorder e+ e[ i 1
Age | looM“nlnu lom ;

Gender =0 e -
Smoker 3 L et 2
Homeless f o v

Low

04 02 00 02 04 05
SHAP value {impact on modlel output|

Fig. 6. SHAP Summary Plot

In this section, SHAP (SHapley Additive exPlanations) was applied on the logis-
tic regression model that was used for statistical analysis for further verifica-
tion of the result. SHAP (SHapley Additive exPlanations) values explain fea-
ture importance in logistic regression models by decomposing predictions into
contributions from each feature. This method provides a consistent and inter-
pretable measure of feature importance, considering all possible subsets of fea-
tures (Fig.6).

This SHAP (SHapley Additive exPlanations) summary plots-based logistic
regression analysis identifies key predictors for COVID-19-related hospitaliza-
tion that bolsters the results obtained by statistical analysis. These predictors,
represented by red dots on the positive side of the x-axis in the plots, correlate
with an increased likelihood of hospitalization. The y-axis in these plots ranks
the importance of each feature, further emphasizing their significance in the
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predictive model. A notable finding is the high impact of Chronic Obstructive
Pulmonary Disease (COPD) on the model’s predictions, where positive SHAP
values indicate an increased risk of hospitalization. Similarly, patients with men-
tal disorders show a significant number of positive SHAP values, suggesting a
higher likelihood of hospitalization. Age also contributes as a crucial factor; as
age increases, the SHAP values show that older age groups may face a higher
risk of hospitalization. Another contributing predictor is homelessness, which
positively influences the model’s prediction for hospitalization. Smoking history
is equally significant, with being a smoker associated with positive SHAP values,
indicating a greater chance of hospitalization. Gender difference plays a role as
well, with the data showing that homeless males are more likely to be hospital-
ized due to COVID-19 indicated by the red dots on the positive side of the x axis.
In conclusion, the SHAP summary plots underscore the contribution of factors
such as age, smoking status, homelessness, history of COPD, and the presence of
a mental disorder in determining the risk of COVID-19-related hospitalization.

4 Conclusion

This study presents a comprehensive analysis on identifying factors that con-
tributes to COVID-19 hospitalization among homeless population in United
States of America as a initiative to tackle COVID-19 crisis as well as future
pandemic. This can offer recommendations to policy maker and public health
officials where to focus on. This research will also assess the current preventive
measure for pandemic helping to reform public health strategies and health pro-
vision models. To further expand this research, more data of countries and conti-
nents can be included thus facilitating the process of understanding how varying
policy approaches and healthcare systems influence COVID-19 outcomes among
the homeless.
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