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ABSTRACT
Objectives: To predict death, evaluate cost and hospital length of stay (LOS)
associated with cardiovascular disease (CVD) and stroke in human immunodeficiency
virus (HIV) patients during hospitalization.
Background: The risk for developing major CVDs and stroke in HIV individuals has
been acknowledged. However, the healthcare outcomes, financial impact, and LOS
linked to these diseases in hospitalized HIV individuals have not been concurrently
and adequately evaluated.
Design: A retrospective observational study where hospital discharge data between
2012 and 2014 were obtained from the National Inpatient Sample (NIS). The Agency
for Healthcare Research and Quality (AHRQ) comorbidity measure CM_AIDS was
used to identify HIV patients with coexisting medical conditions. Furthermore, HIV
patients with Acute Myocardial Infarction (AMI), Coronary Artery Disease (CAD),
Congested Heart Failure (CHF), and Atrial Fibrillation (A Fib), and Stroke were
selected using the appropriate International Classifications of Disease, Ninth Edition,
Clinical Modification (ICD-9-CM) codes.
Method: Multivariate logistic regression and generalized linear (GLM) models were
respectively used to predict death, evaluate cost and LOS.
Results: 39,540 de-identified HIV patients aged 18 to 79 years were selected for the
study. From this cohort were AMI 573(1.45%), CAD 484(1.23%), CHF 1394(3.53%),
and A Fib 440(1.11%), and stroke 725(1.84%). HIV patients with stroke were
significantly more likely than HIV patients without stroke to die [OR = 4.721 95% CI
(2.899-7.688)]. The likelihood of death for HIV patients with the remaining CVDs
was observed as follows: CHF [OR = 2.610 95% CI (1.972-3.453)]; AMI [OR =
vii

2.342 95% CI (1.576-3.480)]; A Fib [OR = 1.980 95% CI (0.783-5.002)]; and CAD
[OR = 0.377 95% CI (0.140-1.014)]. HIV patients with AMI (P<.0001) incurred the
highest average cost compared to HIV without AMI, followed by stroke (P<.0001),
CHF (P<.0009), CAD (P<0.1456), and A Fib (P<0.3669). HIV patients with stroke
(P<.0001) experienced a longer average LOS compared to HIV without stroke
followed by CHF (P<.0059), CAD (P<.0328), A Fib (P<0.1032), and AMI
(P<0.9401).
Conclusions: HIV patients with stroke were more likely to die and stay longer in
hospital. CHF was more prevalent. AMI was costliest. Minimal disparity was
observed in the analyses after adjusting for demographic and socio-economic factors.
More studies are needed to confirm these results.
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CHAPTER I
INTRODUCTION
1.1 Statement of the Problem
The risk for cardiovascular diseases (CVDs) and stroke in HIV individuals
continues to impose great challenges as a public health concern. In addition, the
implications of death, cost, and hospital length of stay (LOS) in HIV patients with
CVDs during hospitalization have not been concurrently and adequately examined.
Also, attaining efficient patient healthcare outcomes while containing cost is one of
the fundamental purposes of healthcare systems. For hospitalized individuals,
healthcare outcomes are changes occurred in their health status during the process of
care delivery. These changes can be identified by encounters occurred during LOS
such as death, typified as a negative event or maintenance of health, classified as a
positive event. For this study, healthcare cost typically represents expenditures
incurred while patients are receiving inpatient care and the methods of payment used
to acquit for these related expenses. Healthcare cost and LOS in addition to being
deeply interrelated, are associated with quality of care, demographic and socioeconomic status. Therefore, care outcomes can be viewed as the quality of health
status attained considering someone’s capability to cover for healthcare expenses
(Porter, 2010; Link & Phelan, 1995). What are the considerations of care outcomes
for individuals living with HIV?
There exists a paradigm shift in the HIV disease phenomenon, which can
potentially affect care outcomes, cost and hospital LOS. HIV has emerged as a
complex and chronic illness. HIV individuals are having a longer life and subject to
the development CVDs. Although they are at the heightened risk of developing major
1

cardiovascular conditions, there exists a lack of evidence to evaluate the prognosis of
death, cost and hospital LOS in this cohort of individuals during hospitalization.
The challenge of achieving high quality healthcare outcomes associated with
the delivery of cost-effective care, in the management of patients with chronic and
complex illnesses, is universally crucial for healthcare organizations worldwide. In
the U.S., the expenditures for the treatment plan of people living with chronic and
illnesses account for about $2.32 trillion annually, which is nearly 86% of the $2.7
trillion of the national budget allocated for the overall healthcare expenses (Centers
for Disease Control and Prevention, 2017) (CDC). HIV infection, being identified as a
chronic condition, remains a major public health problem with accrued financial
ramifications on the U.S. healthcare system. As reported by Kaiser Family Foundation
(KFF), in fiscal year (FY) 2017, it costs about $20.8 billion to manage HIV in the
U.S. Several federal and local government agencies along with community-based
organizations have demonstrated a concerted interest in promoting efficacious
management of this epidemic (KFF, 2017).
To capture and understand the magnitude of CVDs and stroke in HIV
individuals, it is important to highlight some of the underlying causes that trigger
these diseases in this population. Also, to slow the progression of the HIV infection
and its resulting ramifications, the U.S. Department of Health and Human Services
(DHHS) has developed treatment guidelines, which stipulate the initiation of
antiretroviral therapy (ART) as early as possible after a patient has been diagnosed
with HIV (KFF, 2017). However, the inclusion of ART in the plan of care of HIV
individuals has increased their risk of enduring chronic inflammation, abnormal fat
distribution or dyslipidemia causing them to have about 40-80% chances of
developing CVD (Klein et al., 2015; Eckard & McComsey, 2016; Feinstein et al.,
2

2016; Herrin et al., 2016). To alleviate this imminent resulting complication
secondary to ART, statin therapy, due to its anti-inflammatory, lipid lowering, and
antiretroviral properties, has become a very important component in the management
of HIV individuals on ART. In fact, this routine has been commonly used in their
treatment plans (Kelesidis, 2012; Hsue et al., 2012).
It is well recognized that the use of ART in combination with statins has
modified the clinical pathway of HIV infection care management (Rizzardini et al.,
2011; Sacchi et al, 2012). A large systematic review of multiple studies reveals
significant reduction in lipid levels after the use of statins in HIV patients (Gili et al.,
2016). Furthermore, it has been recognized that early initiation of statin therapy along
with ART, as a first line standard of care, may result in a lower prevalence of CVD in
HIV patients. Also, it may in turn lead to better healthcare outcomes, decline in CVD
events and death (Kelesidis, 2012; Triant, 2013; Bachhuber & Southner, 2014; Klein
et al., 2015), and ultimately a decrease in cost and hospital LOS. Even though a cure
for HIV is yet to occur, the advancement in the treatment plan of HIV patients has
greatly contributed to these individuals having about the same life expectancy
(Kaplan, Hanna & Rizer, 2016) as anyone in the general population as depicted in
Figure 1 below by World Bank (2015).
However, by having a longer life, HIV individuals are also predisposed to an
increased occurrence in CVD conditions and stroke. Considering the broad spectrum
of circulatory illnesses that fall under CVD, it becomes necessary to examine
healthcare outcomes and cost associated with the four-major CVD conditions AMI,
CAD, CHF, and A Fib, and stroke in HIV population during hospital LOS. The
supporting evidence is lacking to attest whether such work was ever done in HIV
population during hospital stay. Therefore, this project followed a retrospective
3

observational research method to establish the odds of dying in HIV patients with the
CVDs of interest and stroke and evaluate cost and LOS during hospital LOS after
adjusted for HIV patients’ demographics and socio-economic status.

Figure 1: United States of America – Life Expectancy (2015)

1.2 Background of the Problem
The pursuit of quality healthcare outcomes has always been a major public
concern. The National Academy of Medicine, previously known as the Institute of
Medicine’s (IOM) well-known report, “To Err Is Human”, has preoccupied a great
number of healthcare institutions and professionals in their quest to provide safer
patient care. The same report discloses that each year nearly 98,000 people die of
medical errors in American hospitals (Kohn, Corrigan & Donaldson, 2000). A
subsequent IOM release purports that on average inpatient individuals in the U.S.
undergo at least one medication error every day during their hospitalization period
(Institute of Medicine, 2006) (IOM). According to CDC (2016 C), hospitalized
4

individuals shouldn’t be subjected to healthcare-associated infection (HAI).
Unfortunately, based on CDC data, roughly 1.7 million HAI are registered in U.S.
hospital yearly, affecting about 5 to 10% of hospitalized people, generating 99,000
deaths with an estimated value of $20 billion in healthcare costs (CDC, 2016 C). On
top of all these health issues occurring through the U. S. healthcare system, Longman
(2007) and Hwang (2012) report that 126,000 people die yearly from their physicians’
failure to use evidence-based protocols to treat major chronic diseases. Considering
this evidence comes the necessity to analyze healthcare outcomes and cost in HIV
patients during hospitalization.
HIV infection is caused by a retrovirus that destroys the cells of the immune
system. It has been classified as one of the most destructive infectious diseases
emerging in recent history. It is considered and will continue to be one of the major
public health challenges for healthcare organizations in the years to come (Sharp &
Hahn, 2011). As stated above, failure to treat HIV infection can trigger AIDS, a
condition known as loss of the body’s cellular immunity that decreases its resistance
to fight infections and other malignant diseases. Early during the widespread of HIV
infection, clinicians have started treating patients with potent combination of ART.
Currently, we are over thirty-five years into the HIV epidemic, people with HIV are
living a longer lifespan due in part to the improvement in ART. However, they are
also predisposed to an increased risk of CVDs (Desai & Landay, 2010; Cerrato et al.,
2015; Eckard & McComsey, 2016; Hesling & Elixhauster, 2016).
In addition, the advance made over last decades in understanding the biology
and pathogenesis of HIV condition has also greatly contributed in the reduction of
morbidity and mortality among HIV people and represents a major achievement in
medical history (Volberding & Deeks, 2010). Nonetheless, despite this major
5

accomplishment in the field, many challenges remain to be addressed. Besides
chronic inflammation, a landmark issue among HIV patients, new concerns surfaced
with the establishment of the ART treatment protocol in HIV individuals. It is
understood that some antiretroviral agents could increase patients’ total cholesterol
and other lipids. Therefore, it became necessary to monitor and control HIV patients’
metabolic abnormalities such as fat redistribution and accumulation, frontrunners of
dyslipidemia known as an impending risk factor for CVDs and stroke.
The prevalence of dyslipidemia was estimated of up to 80% among HIV
patients’ population (Feinstein et al., 2015). The use of statins, considered as a
clinically substantial treatment for cardiovascular disease in the general population
(Cannon et al., 2004; Grabowski et al., 2012; Drechsler et al., 2017), was introduced
early in the treatment plan of these patients. This preventive measure aims to improve
health outcomes, control the spread of the epidemic, eventually decrease the risk of
CVD events and death, and allow HIV patients to have a healthier and longer live
(Heslin & Elixhauster, 2016). While a cure for HIV does not yet exist, the same
researchers convey that improvement in HIV care management has transformed HIV
ailment from a sharply fatal illness to a chronic condition resulting to a growing and
aging population of HIV-positive individuals. Nonetheless, as they are subjected to
develop chronic diseases such as CVDs and stroke, the association between healthcare
outcomes and cost in HIV individuals needs to be determined. This study had used a
side-by-side comparative approach to present the results of the statistical analyses of
HIV patients aged between 18 to 79 years who suffered with the four major CVDs
previously mentioned and stroke during hospital LOS in U.S. hospitals.

6

1.3 Significance of the Research
At some level, the management of the HIV epidemic continues to represent a
major public health challenge globally and in the U.S. According to CDC
Surveillance Report and CDC HIV Statistics (2015), in the U.S. nearly 675,000
people had deceased to HIV. The same source discloses that presently, over 1.2
million Americans are living with HIV and close to 50,000 new cases are projected to
occur annually. In addition to this alarming epidemiological evidence, it is estimated
that by 2020, in the U.S., a great number of HIV individuals will be 50 years or older
(Goldman et al., 2014; Mpondo, 2016; Mukerji et al., 2016). The literature suggests
this growth in longevity is associated with major improvement in HIV care
management using ART along with other health policies and programs (CDC, 2014;
Cerrato et al., 2015; Freiberg & So-Armah, 2015; Heslin & Elixhauster, 2016). These
researchers also believe by living a longer life, HIV individuals are exposed to the
development of complex and comorbid illnesses such as chronic diseases observed in
the general population whose immune systems are not compromised. A case in point
is the disorder of lipid metabolism, precursor of CVD events and stroke that are
known to affect a great number of HIV patients. Yet, it is not clear whether the
healthcare outcomes, cost, and LOS in hospitalized HIV individuals have been
described considering the prevalence of the four major CVD conditions such as AMI,
CAD, CHF, A Fib, and stroke in this population.
The current increase of healthcare cost in the U.S. is unprecedented. It was
estimated that in 2011 the U.S. health care expenditures accounted for about 18% of
the nation Gross Domestic Product (GDP) of $15.52 trillion (Pfuntner, Wier &
Steiner, 2013; World Bank, n. d.). Looking at healthcare cost data trends, Moore,
Levit, and Elixhauster (2014) reported that in 2012 cost for care typified a huge trunk
7

of the nation GDP of $16.16 trillion. They also purported that cost associated with
patient hospitalization represented approximately 29% of all healthcare payments,
which ranked inpatient hospital stay as one of the most expensive treatment methods
in healthcare services. In addition, the National Health Expenditures 2015 Highlights
published by the Centers for Medicare & Medicaid Services (CMS) revealed that in
2015, the U.S. spending for health care reached close to $3.2 trillion reflecting an
increase of 5.8% or $9,990 per person. The above Highlights conveyed that healthcare spending rose from 17.4% in 2014 to 17.8% in 2015 of the nation GDP and
hospital care expenses surged from 4.6 to 5.6 during the same period resulting in a
32% increase. Taking into consideration the trends in the rising cost of health care, in
general, the management of the HIV epidemic tends to impose huge economic
challenges on healthcare organizations.
In 2010, the average lifetime treatment expenditure of an HIV individual was
evaluated to be about $379,668 (CDC, 2017). As stated above, HIV is now classified
as a chronic condition and HIV individuals tend to have a rise in life expectancy that
leads to a growth in aging in this patient population. Therefore, they are potentially
exposed to the development of other complex and chronic conditions. Usually, people
with comorbid conditions are high users of healthcare utilization and their treatment
often requires frequent hospitalization. Thus, this study is suitable to evaluate
healthcare outcomes, cost, and LOS in HIV patients during hospitalization examining
the four major CVDs AMI, CAD, CHF, and A Fib, and stroke. To my knowledge, this
is the first investigational retrospective project seeking to predict death and evaluate
cost and LOS using a parallel paragon across the abovementioned diseases.
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1.4 Research Objectives
Though under the umbrella of CVD conditions is listed a wide range of
circulatory diseases, for this study, the following four major CVD disorders AMI,
CAD, CHF, and A Fib, and stroke were considered. Healthcare outcomes and cost in
HIV patients during hospital stay in U.S. hospitals represented the field of interest for
this research study. As CVD tends to manifest early and more frequently in HIV
individuals (Feinstein et al., 2015), the overall objective of this study was to use
hospital administrative data on admission and discharge occurred in U.S. hospitals
from 2012 to 2014 to:
1. Predict healthcare outcomes in 18 to 79 years old HIV patients with these CVDs,
AMI, CAD, CHF, and A Fib and stroke during hospital stay after adjusting for
demographic and socio-economic factors.
2. Evaluate healthcare cost in 18 to 79 years old HIV patients with these CVDs,
AMI, CAD, CHF, and A Fib and stroke during hospital stay after adjusting for
demographic and socio-economic factors.
3. Evaluate hospital length of stay in 18 to 79 years old HIV patients with these
CVDs, AMI, CAD, CHF, and A Fib and stroke after adjusting for demographic
and socio-economic factors.
4. Determine the rate of each of the CVDs, AMI, CAD, CHF, and A Fib and stroke
in HIV patients during hospital stay.
5. Provide policymakers and healthcare organizations with insights to refine policies,
allocate resources appropriately, and make timely decision in the future care
management of HIV patients.
In this study, demographic and socio-economic factors are defined as elements
that can possibly affect the clinical outcomes and cost in the care management of HIV
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patients. Thus, the specific objectives of this study are to determine the relationships
between healthcare outcomes, cost, length of stay in HIV patients taking into
consideration the following demographic (i to iii) and socio-economic (iv to vi)
factors:
i.

Age

ii.

Gender

iii.

Genetic racial group

iv.

Income level identified by median household income of patient’s ZIP
Code

v.

Residential location

vi.

Type of health insurance used to cover inpatient expenses

1.5 Research Hypotheses and Questions
Individuals affected with HIV are living longer and are at risk of developing
chronic CVD conditions, for example AMI, CAD, CHF, A Fib, and Stroke. To get
more insights on this phenomenon, the study seeks to answer the following research
questions and test the appropriate hypotheses.
Research Question 1 (RQ1): Is there any evidence of a higher risk of
mortality between HIV patients with CVD conditions (AMI, CAD, CHF, and A Fib)
and stroke compare to HIV patients without the stated CVD conditions and stroke
during hospital stay in the U.S. hospitals?
Null Hypothesis 1 (H01): There is no statistically significant difference in the
risk of dying for HIV patients with CVD conditions (AMI, CAD, CHF, and A Fib and
stroke) compare to HIV patients without the stated CVD conditions during hospital
stay in U.S. hospitals.
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Alternative Hypothesis 1 (Ha1): There is statistically significant difference in
the risk of dying for HIV patients with CVD conditions (AMI, CAD, CHF, and A Fib)
and stroke compare to HIV patients without the stated CVD conditions and stroke
during hospital stay in U.S. hospitals.

Research Question 2 (RQ2): Does the cost of healthcare differ for HIV
patients with CVD conditions (AMI, CAD, CHF, and A Fib) and stroke compare to
HIV patients without the stated CVD conditions and stroke during hospital stay in
U.S. hospitals?
Null Hypothesis 2 (H02): There is no statistically significant difference in the
cost of healthcare for HIV patients with CVD conditions (AMI, CAD, CHF, and A
Fib) and stroke compare to HIV patients without the stated CVD conditions and
stroke during hospital stay in U.S. hospitals.
Alternative Hypothesis 2 (Ha2): There is a statistically significant difference
in the cost of healthcare for HIV patients with CVD conditions (AMI, CAD, CHF,
and A Fib) and stroke compare to HIV patients without the stated CVD conditions
and stroke during hospital stay in U.S. hospitals.

Research Question 3 (RQ3): Does the length of stay differ for HIV patients
with CVD conditions (AMI, CAD, CHF, and A Fib) and stroke compare to HIV
patients without the stated CVD conditions and stroke during hospital stay in U.S.
hospitals?
Null Hypothesis 3 (H03): There is no statistically significant difference in the
length of stay for HIV patients with CVD conditions (AMI, CAD, CHF, and A Fib)
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and stroke compare to HIV patients without the stated CVD conditions and stroke
during hospital stay in U.S. hospitals.
Alternative Hypothesis 3 (Ha3): There is statistical significant difference in
the length of stay for HIV patients with CVD conditions (AMI, CAD, CHF, and A
Fib) and stroke compare to HIV patients without the stated CVD conditions and
stroke during hospital stay in U.S. hospitals.
1.6 Relevance to Biomedical Informatics
This research study falls under the category of population health and big data
analysis and therefore is inclined to exhibit relevance to the field of Biomedical
Informatics. In the era of analytics, data are viewed as the raw material and
information the quintessence extracted from data. Though both elements carry their
own identity and meaning, Biomedical Informatics tools can be used as an overlay
between them to expose the potential benefits of big data, improve care, and reduce
waste. For example, annually, the U.S. healthcare system spends about $750 billion,
equivalent to close to a third of its resources, on superfluous services and inefficient
care (Kakad, Rozenblum & Bates, 2017). The same researchers report that predictive
analytics tools have been used across the continuum of care to customize patients’
care plan according to their acuity.
Similarly, in this study trough the means of appropriate statistical analytic
methods, Biomedical Informatics tools were used to test the study hypotheses in
predicting healthcare outcomes and evaluating cost and LOS in HIV patients during
stay in U.S. hospitals. As HIV continues to represent an important public health issue
and the equilibrium between improving quality of care and hospital efficiency are
paramount, more studies are needed to further unveil the complexity of healthcare
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outcomes, cost, and LOS in HIV patients enduring the CVD conditions and stroke
studied during hospital LOS in the U.S. In addition, on a broader scale, the study
results can be applied to support policy-makers in making informed decisions vis-àvis the care management of patients with complex and chronic illnesses.
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CHAPTER II
LITERATURE REVIEW
2.1 Global View of the Epidemiology of HIV Infection
To effectively assess the global aspect of the epidemiology of HIV infection, a
reliable evaluation of the prevalence of this infection is necessary. The paroxysm of
the HIV epidemic heightened in the mid-1980 has created a high level of
unprecedented challenges worldwide in healthcare communities among government
and non-government agencies, healthcare organizations, policy makers, task force
initiators, clinicians and patients as well. While HIV infection may have been spread
in the years prior to 1980, up and until the 1980’s, it was not clear about the number
of people who developed this infection, how it was transmitted, and the accompanied
signs and symptoms (AVERT, 2016 A). The same source reported by that time, this
fear-provoking infection might have been spread to all the continents, including North
America, triggering a total number of about 100,000 to 300,000 infected individuals.
Evidence from compiled timeline of HIV/AIDS data from 1981 to early 2016
indicates, although, great strides have been made in addressing the treatment of HIV,
it continues to impose some challenges toward eradicating this dreaded infection
(AVERT, 2016 A; HIV.gov, 2016).
One can affirmatively speculate that since the discovery of this HIV/AIDS
epidemic more than thirty-five years ago, this pandemic continues to cause much
devastation around the world. In 2015 alone, there were nearly 5,700 new cases daily;
for the past 5 years, new occurrence of this infection among adults failed to drop and
the incidence rate had increased in some regions (KFF, 2016). During the Joint United
Nations Programme on HIV/AIDS (UNAIDS) held in 2017, the Geneva Press Release
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Executive Director, had advocated for a financial increase to continue facilitating HIV
prevention and protecting the health of about 22 million people living with HIV
(PLWHIV) whom yet do not have access to treatment.
On the other hand, The Henry J. Kaiser Family Foundations (2016) reported
that in 2015 there were an approximately cumulative number of 36.7 million
PLWHIV worldwide. This figure comprises an increase of about 3.4 million from the
global HIV statistics of 2010. Numerous study data suggest that this upturn in HIV
infection may be attributed to general population growth, ongoing new infections, or
the accrued longevity registered among PLWHIV due partly to access and
improvement in antiretroviral therapy (Desai & Landay, 2010; Deeks, Lewin &
Havlir, 2013; Bhatti, Usman & Kandi, 2016; KFF, 2016). Taking into account the
disparity between those who have access to care, the marginalized, and the financial
burden of HIV care, this study aims to determine the relationship between
individuals’ socio-economic dynamics, healthcare outcomes, cost, and LOS in HIV
individuals after adjusting for demographic and socio-economic factors. This
millennium infection affects to some extent every single country on planet earth. A
case in point, the U.S. is providing the greatest financial support of the HIV epidemic
globally; nevertheless, it is still undergoing the national burden of HIV epidemic
(AVERT, 2016 B).
2.2 A Glimpse at the Epidemiology of HIV in the United States
The CDC, the main guardian of the surveillance of HIV infection data in
the U.S., has been collaborated with other national institutions to compile, examine,
and disseminate HIV infection information to increase awareness about this epidemic.
This conjugated effort is necessary to assist with sustainable prevention methods,
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policy and service development, allocation of resources, and monitor the trend in the
progression of HIV infection. The first cases of HIV in the U.S. were reported in the
early 1980’s (CDC, 2001). Based on 2008 statistics, there were approximately 1.1
million PLWHIV in the U.S. where about 449,000 individuals in that population had
developed AIDS (Santella, Shi & Campbell, 2010). Another statistical report by
Heslin and Elixhauser (2016), revealed about 1.2 million people in the U.S are living
with HIV and the authors emphasized that this number reflects a decline of about 19%
over the last decade. Other researchers and institutions disclosed that annually, about
50,000 new cases have been reported and approximately 659,000 deaths recorded
since the beginning of the epidemic (Mangal, Rimland & Marconi, 2014; AVERT,
2016 B; CDC, 2016 B). They also reported that these figures are not particularly
alarming. In the era of ART, it is estimated that HIV-individuals living in the U.S. or
Canada are assumed to have a median life span into the 70’s (Samji et al., 2013;
Kaplan, Hanna & Rizer, 2016).
Thus, the need to proactively analyze trend among different groups of
institutions providing care to HIV population, to address current and potential health
risks, is becoming increasingly important. Though federally managed healthcare data
won’t be included in the data analysis for this project, the case for the Department of
Veterans Affairs (VA) or Veterans Health Administration (VHA) has been used only
as a comparative illustration to gauge the extent of the pandemic within other
community. In the U.S., the VA/VHA represents the major single provider of HIV
care where Veterans with this condition have received high quality of healthcare
service. Data from the VA Clinical Case Registry (CCR), a population registry
system, illustrate that nationally up to 2009 about 64,000 HIV Veterans had received
care through the VHA. Annually, VHA clinicians have seen approximately 23,000
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HIV Veterans across the VHA’s 21 Veterans Integrated Service Networks known as
VISNs U.S. Department of Veterans Affairs & Veterans Health Administration
(VA/VHA, 2012; Backus, et al., 2010). In 2008, care was rendered to closely 5.6
million Veterans where nearly one in every 250 Veterans from that population was
living with HIV/AIDS (VA/VHA, 2012). Thus, the necessity to continue promoting
research on HIV pandemic to provide sustainable responsive care to HIV individuals
becomes very important. The term HIV/AIDS have been extensively used when
addressing the HIV epidemic. How does HIV differ from AIDS?
2.3 Difference between HIV and AIDS
Great efforts have been made by governmental agencies and international
organizations worldwide to lessen the spread of the HIV. However, it seems to
present an unprecedented ultimatum to modern science and has been classified as one
of the serious causes of death in present-day. A blood-borne virus causes the infection
with HIV that generally spreads through sexual intercourse, sharing of intravenous
drug tools, transfusion of blood and of its derivatives (in the U.S. prior to 1985), and
mother to child transmission occurring during childbirth process and/or breastfeeding
(Cohen et al., 2011; Kuete et al., 2016; Bennett & Bronze, 2016). As a blood-borne or
hematological virus, the replication of HIV hubs mainly in the body’s immune cells,
especially the T-lymphocytes and macrophages. Thus, HIV infection harbors in this
environment can progress to a lifespan infection and eventually AIDS if not treated
(Hütter, 2016).
An overview of the acquired immunodeficiency syndrome (AIDS) exemplifies
it as a medical condition that develops from HIV (Bhatti et al., 2016). Both the virus
and the syndrome are frequently designated to as HIV/AIDS. AIDS is characterized
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by the loss of functional CD4+ T-cells, about less than 250 cells/mm3, that greatly
affects the body immune system the ability to battle against pathogens. This stage is
an indicative that AIDS has been developed where HIV individual are exposed to the
development of opportunistic infections and eventually death (Smurzynski, 2010;
Cohen et al., 2011; Hunt et al., 2011; Jourdain et al., 2013; Cichoki et al., 2016). The
overall development of the AIDS phenomenon is very alarming with the steadily
growing number of deaths among infected patients. Nordqvist (2016) purports that
annually in the U.S. about 13,712 people diagnosed with AIDS died with the average
expenditure of treatment per patient approaching around $379,668.00 during their
HIV/AIDS duration. It is well documented that AIDS was first reported in the US
in1981 as an emerging disease due to a great number of deaths, secondary to
opportunistic infections, registered among a group of young homosexual men (Sharp
& Hahn, 2011; CDC, 2014). Currently, there exists no established cure for HIV/AIDS
and this condition can trigger some underlying chronic diseases such as CVDs.
2.4 Cardiovascular Diseases and HIV
The term cardiovascular disease (CVD) represents a group of disorders
associated to the heart and the blood vessels. They comprise syndromes that can cause
an impact to the structure or function of one’s heart. Stroke, an acute cerebrovascular
(ACV) accident, is a disease related to the brain and the blood vessels. Ideally, the
human body works synergistically where the heart functions as a pump and supplies
oxygen rich blood to the whole body, including the brain. Both the heart and the brain
are interdependent and work in tandem. A disorder that affects one organ will
automatically has a ramification on the remaining body systems. For this research
study, four CVDs and one ACV event form the paradigm of the diseases covered.
18

These two categories of disorders are ranked among the leading cause of death in the
U.S. and are examples of the major healthcare problems affecting approximately 40%
of Americans (Steiner et al., 2012). The same researchers conclude that the
prevalence of these two types of diseases increases with age. They continue to specify
that while CVDs occur in less than 20% of adults between the ages of 20-39, they are
more prominent by 70% among those aged 60-79 years. Also, they are listed among
the top 12 from the 20 most expensive conditions cared for in U.S. hospitals in 2011
(Torio & Andrews, 2013). Though the term cardiovascular diseases refer to a broad
spectrum of heart and circulatory conditions, this study will focus on four significant
CVD conditions, AMI, CAD, CHF, and A Fib, and stroke that appear to be more
prevalent in HIV patients. However, they have been analyzed separately or possibly in
a group of two or three at most.
2.4.1 Acute Myocardial Infarction and HIV
Known as heart attack, AMI happens when the blood flow to the heart is
impaired; the heart lacks its functionality and fails to work as under normal
circumstances. In the presence of this condition, the heart muscle undergoes
irreversible death or necrosis (Figure 2) secondary to a prolonged absence of oxygen
supply, identified as an ischemic occurrence. In the U.S., about 1.5 million cases of
AMI are registered annually (Zafari & Yang, 2017). During an AMI event, the
propelling action of the heart is diminished; thus, water and salt retention occur
resulting in swelling and shortness of breath (Steiner et al., 2012). With a projected
increase of about 46% among newly diagnosed individuals by 2030, this condition
listed as a major health matter will affect over 8 million people in the U.S. and
remains the main cause of hospital stay among people older than 65 years (AHA,
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2017A). Research results have also described a marked link of increased risk for AMI
among HIV people due to the pathophysiologic aspects of the disease process (Pearce
et al., 2012; Triant, 2013; Bhamra-ariza & Holloway, 2014). It has been documented
that the occurrence of AMI is highly elevated among HIV individuals (Pearce et al.,
2012; Krsak et al. 2015).

Figure 2: Heart Attack or Acute Myocardial Infarction

https://www.google.com/search?q=american+heart+association+acute+myocardial+infarction&source=lnms&tbm=isch&sa=X&
ved=0ahUKEwiPenimc7YAhXDmuAKHaWcBdgQ_AUICigB&biw=1297&bih=765#imgrc=jZQIJ4vUfUNyJM:&spf=1515614
988681

2.4.2 Coronary Artery Disease and HIV
Like every other organ in the human body, the heart muscle requires its own
supply of oxygen-rich blood to maintain a healthy and optimal function. However,
certain heart conditions such as CAD can potentially impair this functioning process.
CAD or atherosclerosis refers to the hardening of the arteries, which channel vital
oxygen and nutrients to the heart. The hardening process is the result of the
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accumulation of plaque or fatty material that narrows the inner wall of the coronary
arteries (Figure 3) reducing the supply of oxygen to the heart (The Heart Foundation,
2013; University of Ottawa Heart Institute, 2017). In the U.S., CAD is listed as the
most widespread type of heart disease (CDC, 2015A). Therefore, managing any
CVDs is critical, complex, and of paramount importance. For example, CAD typically
presents great challenge during the management of HIV care and requires astute
decision making to decrease other accompanied complications.
Figure 3: Healthy Coronary Artery vs Coronary Artery with Plaque Buildup

https://www.ottawaheart.ca/heart-condition/coronary-artery-disease-atherosclerosis

An increasing number of studies have revealed that the prevalence of CAD or
coronary heart disease (CHD) is highly noticeable in the HIV population and demands
a high level of concern (Boccara et al., 2013; Seecheran, Giddings & Seecheran,
2017). The same researchers report an increase in the occurrence of CAD among HIV
patients younger than 50 years old. The literature also accounts a strong association
between HIV and CVD with particularly CAD identified as the leading cause of death
in HIV patients due to direct endothelial injury or dysfunction of the blood vessels
(Triant, 2014; d’Ettorre et al., 2016; Seecheran et al., 2017). They also reported that
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hospitalization secondary to CAD is very common in HIV patients due to high
prevalence of dyslipidemia in this population.
2.4.3 Congestive Heart Failure (CHF) and HIV
CHF, also known as heart failure (HF), occurs when the heart is incapable of
pumping out the suitable amount of oxygen-rich blood to nourish the rest of the body
predominantly during exerting activities (Steiner et al., 2012). CHF, though a serious
condition, doesn’t imply that the heart discontinues to work (Figure 4); however, as
the heart pumping mechanism is reduced in up to 25%, blood may divert to other
parts of the body resulting in fluid accumulation in areas such as the arms, lungs,
liver, gastrointestinal tract, and the legs (Kulick & Davis, 2017). CDC Heart Failure
Fact Sheet 2016 discloses that around 5.7 million adults in the U.S. suffer with CHF;
in 2009, one in 9 deaths was linked to CHF; each year, this disorder cost the nation
about $30.7 billion (CDC, 2016 A).
Figure 4: Healthy Heart vs Heart Failure

https://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_heart_failure.htm
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Several HIV focus studies have shown that with the increase in life expectancy
of HIV patients, CHF has been recognized as a major complication in these patients
with primarily a systolic dysfunction (Remick et al., 2014; Freiberg et al., 2017).
Walker (2017) reports that the result of a large Veterans Aging Cohort Study of
98,015 participants, where about 1/3 of them were HIV-positive, demonstrates that
the correlation between HIV-positive people and increased risk of HF remain the
same. However, some researchers ascertain that concerns regarding full details about
its pathogenesis and treatment remain unknown (Remick et al., 2014).

2.4.4 Atrial fibrillation (A Fib or AF) and HIV
A Fib characterizes an unsteady or irregular heartbeat (Figure 5), known as
arrhythmia, where the heart doesn’t contract or relax at a regular rhythm resulting in
chaotic electrical signals in the upper chambers of the heart (Kulick & Davis, 2017).
This irregularity can lead to major heart related complications such as blood clot
formation, CHF, etc. In the U.S., approximately, in the general population, 2.7 million
people are living with A Fib and 500,000 new cases are diagnosed yearly causing
billions of dollars in expenditures towards diagnosis and treatment (AHA, 2017 B;
Kulick & Davis, 2017).
On the other hand, individuals with HIV are experiencing an assortment of
multi-organ related complications, for example A Fib. This CVD is very common in
HIV population and has been reported as one of the most frequent arrhythmia
associated with stroke and CHF in HIV people (Elnahar et al., 2012; Hsu et al., 2013;
Ertem et al., 2017). In addition, the results of a multi-center retrospective study
concluded that HIV patients above the age of 18 years were showing persistent
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clinical manifestations of A Fib even three years after being diagnosed with HIV
(Elnahar et al. 2012).

Figure 5: Normal Heartbeat vs Irregular Heartbeat

https://www.medicinenet.com/atrial_fibrillation/article.htm

2.4.5 Stroke – or Acute Cerebrovascular Disease (ACVD) and HIV
Stroke or ACVD is an illness that involves the arteries going towards and
within the brain. Generally, it categorizes conditions that affect the central nervous
system temporary or permanently. A stroke occurs when the blood flow to an area of
the brain is obstructed or erupted (Figure 6) preventing the brain cells from receiving
oxygen necessary to maintain the body normal homeostasis (National Institute of
Neurological Disorders and Stroke, 2016) (NIH); (National Stroke Association, 2017)
(NSA). There are two types of stroke, ischemic resulting in obstruction of blood
vessels nourishing the brain and hemorrhagic causing bleeding into the space
neighboring the brain cells. The same NSA articulates, in the U.S., stroke ranks as the
fifth leading cause of death and it is one of the major causes of disability in adults. A
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stroke occurs every 40 second and someone passes away from it every 4 minutes;
annually, close to 800,000 individuals experience a new or recurrent stroke.

Figure 6: Ischemic Stroke vs Hemorrhagic Stroke

Stroke is not uncommon in HIV individuals; again, due to the pathogenesis of
the disease, HIV people are inclined to the development of a wide range of cardiac
and vascular manifestations secondary to ART. Some of them have been described at
a greater extent than the others. Based on the literature review, stroke is one of the
diseases in HIV individuals that need to be closely reviewed. It is believed that stroke
can be coincidental and attributed to old age or ischemic in nature and not properly
diagnose in HIV patients (Singer et al., 2013; Abbate et al., 2015). The associated
effects of stroke in HIV individuals need to be clarified and require further
investigation (Carter, 2012; Marcus et al., 2014).
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2.5 Inflammation, a Risk Factor of Cardiovascular Disease in HIV Patients
Inflammation, a chronic ailment, can in general impair an individual’s overall
health status and provoke other comorbid conditions. Also, evidence suggests that
HIV infected patients are predisposed to persistent inflammation, whereas its
pathophysiology mechanism is not well known (Jong et al., 2010; Goetz et al., 2012).
However, a body of research data reveals a positive association between HIV
infection, chronic inflammation and immune activation, which can accelerate organ
damage and other metabolic abnormalities, known as contributing factors fostering
the development of cardiovascular disease among other disorders (Bozette, 2003;
Neuhaus et al., 2010; Hunt et al., 2011; Moore, Bartlett & Gallant, 2011; Goetz et al.,
2012). Also, it is suggested that inflammation remains a significant cause for
mortality in HIV individuals (Tien et al., 2010). For general acumen, the underlying
factors conditioning the prevalence of CVDs and stroke in HIV individuals were
explored.
Antonopoulos et al. (2012) report that statins, due to their anti-inflammatory
properties, are likely to play a key role in the primary and secondary prevention of
stroke, atrial fibrillation (A Fib), coronary heart disease (CHD), and in the
postoperative period following revascularization procedures, such as post-coronary
artery bypass grafting (CABG), among other considerations. In addition, American
College of Cardiology/American Heart Association guideline for the management of
cholesterol supports the use of statin therapy as a preventive measure for stroke and
heart disease (Robinson & Stone, 2015). In HIV population, other possible advantages
of using statins includes its lipid-lowering ability. Among additional aspects, statins
contain the anti-inflammatory property. The early intervention of this medication in
HIV patients plan of care is predominantly beneficial for the reduction of CVD risk
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events in this population (Giannarelli, Klein & Badimon, 2011; Mangili et al., 2011;
Van der Meij et al., 2013). Though the realm of this study was to predict death and
evaluate cost and hospital LOS in HIV patients during hospitalization, to understand
the mechanism of CVDs and stroke in HIV patients, the use of ART regimen in
combination with statins was emphasized for educational purpose only.

2.6 Roles of Antiretroviral and Statins Regimens in HIV Patients
The efforts to diminish the burden of CVD conditions in HIV patients have
been a huge clinical undertaken for the private and public sectors and health care
community in general. The addition of ART and statins in the regimens of these
individuals has transformed the clinical approach to HIV treatment. In spite of
significant improvements in the management of HIV infection using ART, the
uncertainties about the consequences of chronic inflammation continue to persist.
Consequently, the need to develop therapeutic strategies to target the inflammatory
process observed in this population become necessary. It is reported that statins,
which exhibit anti-inflammatory effects, lipid-lowering property, and antiviral
mechanisms can change the pathogenesis of HIV (Rasmussen et al., 2013; Eckard &
McComsey, 2016). They, therefore, exemplify an attractive and an advantageous
therapy among HIV patients who are prone to develop non-AIDS-defining events
such as CVD (Ganesan, et al., 2011; Overton et al., 2013; Katz & Maughan-Brown,
2017).
Considering the diverse pathological and chronic aspects associated with
immunodeficiency, the treatment management of HIV patients can potentially be very
complex. It is suggested that for patients with access to appropriate treatment, long27

term survival in HIV population seems to be approximating that of the general
population (McManus et al., 2012). A systematic review of about eighteen studies
reveals that with the advent of ART and the concomitant use of statins in the
treatment plan of HIV individuals, PLWHIV are experiencing a longer life
expectancy (Feinstein et al., 2015). While the above findings reveal marked
improvement in the survival of people infected with HIV, these individuals due to this
touted longevity are exposed to acquire other types of diseases or events (Freiberg et
al., 2013; Feinstein et al., 2015). Prompted by this compelling evidence and to
understand the magnitude of CVD events such as death, cost and LOS in HIV
population, it was necessary to examine such phenomenon owning that HIV
individuals are at a higher risk of developing CVD conditions (Wu et al., 2014).

2.7 HIV, a Chronic Disease
HIV, once a deadly health issue, has evolved from an acute terminal health
condition to a chronic disease (Wong, Althoff & Gange, 2014; Krsak et al., 2015)
with cardiovascular complications being documented as one of the major causes of
death among people living with HIV (PLWHIV) (Rizzardini et al., 2011; McManus et
al, 2012; Cournoyer et al., 2016; Hanna et al., 2016; Cheitlin, 2017). Similarly, other
associated factors link to CVD such as dyslipidemia, increased levels of
inflammation, diabetes etc. have possibly contributed in ranking HIV to the category
of complex and chronic diseases.
Complex and chronic health disorders or illnesses are defined as multiple
morbidities or co-occurring diseases that are persistent or come with time
(Pharmaceutical Research and Manufacturers of America, 2016) (PhRMA). These
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comorbidities, concomitant but unrelated pathologically or diverse in the disease
process (American Heritage Medical Dictionary), have raised concerns regarding the
quality and safety of patient care since they can potentially make care delivery more
complicated. It is believed that patients who exhibit these complex characteristics are
often high users of health services (Patel et al., 2016). Most of the time, they require
health care from different medical specialties or services and consequently incurring
greater health care expenditures in a multifaceted fashion. Therefore, it becomes very
important, while evaluating healthcare outcomes in HIV patients and analyzing
expenditures and hospital LOS, to scrutinize the impact of other social factors. As
Campbell (2016) reports innovation in treating chronic diseases, for example HIV,
has assisted patients in avoiding serious disease complications, unnecessary episodic
hospitalizations, and achieved better quality of life. This study had adjusted for
demographic and socio-economic factors as they could affect healthcare outcomes,
costs, and LOS in HIV individuals during hospital stay.

2.8 Association between Socioeconomic Status (SES) and Cost
Generally, where and how people live seem to play an important role in the
quality of their overall health status. Krieger, Williams, and Moss (1997) recount that
despite striking enhancement in overall standard of living and medical care, increased
volume of remote evidence has demonstrated convincing association between people
socio-economic positions with morbidity and mortality. Pampel, Krueger, and Denney
(2010) present an alternative way of evaluating this association by linking an
individual financial resource to the ability of (1) having regular routine including
preventative medical examinations and screenings; (2) working in a secured
environment with diminutive physical danger or having minimum interaction with
29

hazardous products; (3) living in a well-constructed housing in a safe community with
low level of pollution; and (4) driving safe vehicles. Consequently, many factors tend
to influence the relationship between healthcare outcomes and cost such as
affordability of health care among other social circumstances. In the U.S., it appears
that the growing social inequality gap in health care remains a very thought-provoking
subject.
Over the past two decades, new discussions on social factors and health equity
with a broader relevance to the general population have surfaced among U.S.
investigators. Healthcare advocates have raised the elements of social determinants of
health, which they believe cannot be measured by access to medical care only
(Braveman, Egerter & Williams, 2011). It is a common belief that individuals with the
“so-called” higher gradient in health are those with higher socio-economic status.
They tend to have access to a wide range of resources and enjoy a longer and happier
lifespan (Phelan et al., 2004; Schnittker, 2004; Beckfield, 2004; Phelan, Link &
Tehranifar, 2010; Braveman et al., 2011). Moreover, multi-dimensional elements,
such as demographic and socio-economic stimuli, appear to be among the major
causative factors affecting healthcare outcomes, cost and hospital LOS. Considering
these provocative concepts, it was necessary to control for each of these factors in the
logistic models along with each of the CVDs and stroke studied during the analyses of
healthcare outcomes, cost, and LOS in HIV patients during hospital stay.
According to Link and Phelan (1995) fundamental causes’ theory, the direct
relationship between SES and mortality has sustained despite fundamental changes
occurring in patient care management. A case in point is HIV and its associated risk
factors. It is acknowledged that, with the advent of ART, great advances have been
achieved in the management of HIV/AIDS care. However, it remains a serious public
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health issue despite the major efforts deployed to abate this disease. The result of a
large systematic review conveys that access to HAART has greatly contributed to a
decline in the progression of HIV infection (Pavlova-McCalla et al., 2012; Tran et al.,
2016). Yet, they also conclude that the dimensions of multilayered SES clarifications
are necessary to heighten the understanding of the magnitude of SES gradient on HIV
outcomes.
As it has been reported throughout this paper, HIV people are living a longer
life with about the same prognosis as the general population. Therefore, a deeper
examination of healthcare outcomes, cost, hospital LOS is vital to elucidate the
complexity of the problem. As the prevalence of HIV/AIDS continues to maintain its
momentum, the strain placed on healthcare institutions is likely to increase
proportionally (Tamiru & Haidar, 2010). It has been reported that in the U.S.
substantial evidence has connected socio-economic inequalities to poor prognosis in
the management of chronic and complex diseases (Burch et al., 2016). HIV being
catalogued as a chronic disease, available funding for its care management can
disproportionately impact those among the vulnerable population with fragile socioeconomic constraints. However, the study results did not depict any statistically
significant difference in this area.

2.9 Association between Cost Hospital Length of Stay (LOS)
Hospitals across the U.S. healthcare systems are competing in various areas
including quality of care, patient satisfaction, operations and care utilization, and cost
while seeking to determine the arenas most in need of improvement (Kaboli et al.,
2012; Ellison & Marshall, 2016). As such, the use of LOS measurement can be
considered as a means of identifying care efficiency opportunities. Although
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understanding LOS considerations are multifaceted, managed-care executives must
comprehend and analyze them to make appropriate care-related decisions rapidly and
efficiently. According to HealthCatalyst (2017), on a yearly basis, hospital stays in the
U.S. account for about $377.5 billion. Hence, in today’s value-based care setting,
healthcare administrators are increasingly challenged to avoid patients’ harm, sustain
quality, and lower the cost of care. This judgment translates that the equilibrium
between improving hospital efficiency and concurrently maintaining high quality of
patient care and safety must be the paragon of care delivery. It also weighs very high
on the U.S. healthcare system agenda.
Generally, inpatient individuals have a higher risk of acquiring infections
during their stay in hospital; and the risk increases among those with a longer LOS
(Jeon et al., 2012). It is indicated that due to immunosuppressed status of HIVpositive patients, the frequency of hospitalization in this group tends to be elevated
(Panis, Matsuo & Reiche, 2009; Bachhuber & Southern, 2014; Mitha, Furuya &
Larson 2014). Also, Goncalves and Ferreira (2013) reported the average hospital LOS
in HIV patients hospitalized in the U.S was estimated to about 15 days. Though there
is a lack of evidence to support this fact, if it reveals accurate, these patients are
predisposed to the development of nosocomial infections (NIs). This type of
infections is defined as those acquired during hospital stays or hospital-like setting;
however, they are secondary to patients’ primary reason for admission. Thus, LOS
can be considered as an important component of patients experience during hospital
stay. In the general population, a prior comparative analysis of LOS was performed
using the same CVDs of interest as for this research study, AMI, CAD, CHF, A Fib,
and stroke (see Appendix B). However, whether LOS was previously examined in
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HIV infected patients, in conjunction with the above CVDs and stroke during hospital
stay, remains to be established.
As stated above, among other objectives, this study aimed to evaluate cost and
hospital LOS in HIV patients with the CVDs of interest and stroke. It was discovered
that HIV patients with stroke had a longer average hospital LOS than HIV patients
without stroke (8.26 days vs 5.88 days; P<0.0001). On the same token, the average
cost incurred for HIV patients with stroke was significantly higher than HIV patients
without stroke (83,211.44 vs 53,11352; P<0.0001). In second position came HIV
patients with CHF vs HIV patients without CHF (7.26 days vs 5.93 days; P=0.0059)
with related average cost (70,977.66 vs 53,722.43; P=0.0009). It was observed that in
HIV patients with A Fib and CAD, the average total cost was inversely proportional
with hospital LOS. There was no statistically significant difference in hospital LOS
for HIV patients with AMI compared to HIV patients without AMI (6.00 vs 5.95;
P=0.9401). Nonetheless, there was a statistically significant difference in the average
cost incurred between the two groups of HIV patients (102,442.08 vs 53,642.77;
P<0.0001).
2.10 Summary
HIV/AIDS, a well-known global public health concern, remotes back to the
early 1980’s. Though the first cases of AIDS were acknowledged in 1981 in the U.S.,
however, it was until 1983 that HIV was ascertained as the infection that progressed
to AIDS (CDC, 2001). Since then, it has developed to be one of the most critical
global health challenges in healthcare community. In HIV, a human virus causes the
immune system to be deficient by weakening its ability to fight for infections, and
consequently causing the human body to be predisposed to opportunistic infections
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which subsequently progress to AIDS if left untreated (UNAIDS, 2010). Globally, by
the end of 2014, statistical data on HIV revealed that an estimated of 36.9 million
people were living with HIV; 2 million newly HIV diagnoses were documented
yearly; and 1.2 million individuals died to HIV yearly (UNAIDS, 2014). In addition,
since the year 2000 roughly 38.1 million people had become infected with HIV while
25.3 million individuals had died secondary to AIDS – related diseases (UNAIDS,
2014).
In the U.S. about 675,000 people had died to HIV; 1.2 million are living with
this disease; 50,000 new cases are projected to occur yearly; the aggregate cost of
hospitalization ranges from $2.83 billion to $3.20 billion; and the disorder of fat
metabolism, the leading cause of CVD, represents one of the 15 most frequent
diagnoses registered in hospitalized HIV patients (Heslin & Elixhauser, 2016). To
diminish the impact of the common inflammatory process encountered in HIV people,
the inclusion of ART in combination with statins has been recommended in the care
management of these individuals upon receiving a positive HIV diagnosis. Numerous
studies have demonstrated the effectiveness of this combined ART treatment in
preventing the progression of the disease, reducing mortality, and increasing life
expectancy of HIV individuals to an estimate approaching the general population
(Samji et al., 2013; Catumbela et al., 2015; Nakagawa et al., 2015; Nou et al., 2016;
Coelho et al., 2017).
However, despite these major achievements in treatment and survival
observed in HIV individuals, they are predisposed to an increased risk of developing
non-AIDS related comorbid diseases such as CVDs, endocrine disorders, and other
types of illnesses (Hasse et al., 2011; Guaraldi et al., 2011). Various research studies
consistently reported CAD as the most prevalent CVD in HIV patients (d’Ettorre et
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al., 2016; Nou et al., 2016; Cheitlin, 2017). However, for the remaining CVDs and
stroke addressed in this study, there was inconsistency in the literature regarding their
ranking. Constructed on the results of this study, HIV patients with stroke were
significantly more likely than HIV patients without stroke to die [OR = 4.721 95% CI
(2.899-7.688)]. The following likelihood was observed in the same comparative
distribution as follows: CHF [OR = 2.610 95% CI (1.972-3.453)]; AMI [OR = 2.342
95% CI (1.576-3.480)]; A Fib [OR = 1.980 95% CI (0.783-5.002)]; and CAD [OR =
0.377 95% CI (0.140-1.014)].
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CHAPTER III
METHODS
3.1 Overall Research Study, Data Source, and Management
Increased risk of cardiovascular events continues to represent a major public
health issue in HIV individuals. These events are known to be among the leading
causes of death in HIV population. Therefore, the need to maintain equilibrium
between improving quality of care for HIV patients, cost containment, and hospital
efficiency is paramount. This study aims to unveil healthcare outcomes, cost, and
LOS in HIV patients enduring these CVD conditions, AMI, CAD, CHF, and A Fib,
and stroke during hospital LOS in the U.S. hospitals.
Typically, retrospective study method uses data that have been gathered for
purposes different than research where the outcomes of interest already happened at
the time the research started (Salkind, 2010). Thus, when conducting retrospective
studies, researchers can use the objectives of the study to estimate the effect of an
exposure on an outcome in order to find measures of association and evaluate the
statistical strength of the relationship.
Therefore, to support this retrospective observational study, secondary hospital
discharge data, for the years 2012 to 2014, were acquired from National Inpatient
Sample (NIS), a component of Healthcare Cost and Utilization Project (HCUP). NIS
comprises a dataset of more than eight million records of annual hospitalization
occurring in U.S. hospitals. Data used represent a stratified subset of about 20% of
inpatient discharges gathered from all nonfederal, short-term, general, and specialized
hospitals attending to adult patients in the U.S. Detailed information about NIS can be
found on http://www.hcup-us.ahrq.gov.
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A sample size of 39,723 de-identified HIV subjects were selected for this
retrospective observational study using the appropriate comorbidity measure code for
CM_AIDS in accordance with the International Classifications of Disease, Ninth
Edition, Clinical Modification (ICD-9-CM). From the abovementioned cohort, 39,504
HIV subjects met the inclusion criterion for ages between 18 to 79 years, thus, were
retained for the study. Using the CM_AIDS comorbidity measures for ICD-9-CM
codes allow for the retrieval of HIV patients with multiple comorbidities. From the
final cohort, HIV subjects with either a primary or secondary diagnosis of AMI, CAD,
CHF, and A Fib, and stroke, identified by the related ICD-9-CM codes, were kept for
inclusion in further statistical analyses (Appendix A). The following are the elements
retrieved from the NIS dataset to form the study variables: death status, demographic
status such as age, sex, and race/ethnicity, diagnosis, disposition status, health
insurance plan, income indicator, length of stay, number of chronic diseases, number
of diagnoses, residential location, and total inpatient charge. The dichotomous
variables are reported as percentage while the continuous variables are reported as
mean.
3.2 Review of the Major Variables
Considering the sizeable number of variables being used in this study, the list
of the major variables is reported in Appendix B with corresponding interpretation for
each of the variables. For reporting convenience some of the HCUP coding identifiers
were abbreviated or modified. For example:
i.

Central counties of metro area of >= 1 million population reported as Central
Counties MM+

ii.

Fringe counties of metro area of >= 1 million population reported as Fringe
Counties ≥ MM+
37

iii.

Counties in metro areas of 250,000-999,999 population reported as Metro Counties ≥
250K-1MM

iv.

Counties in metro areas of 50,000-249,999 reported as Metro Counties 50K250K

v.

Micropolitan counties reported as Micropolitan Counties

vi.

Not metropolitan or micropolitan counties reported as Not Metro/Micro
Counties

vii.

1-37,999 reported as 1.00-37,999.00

viii.

38,000-47,999 reported as 38,000.00-47,999.00

ix.

48,000-62,999 reported as 48,000.00-63,000.00

x.

63,000 and above reported as 63,000.00+

3.3 Data Collection Procedures
The strength and reliability of a study depend in part on data used to test and
analyze its objectives leading to potential research outcomes. Hence, it is imperative
to ensure that research data are correct, genuine, and consistent. There weren’t any
instrumentations or survey tools involved in the data collection process. Data
underpinning the study were purely retrieved from the NIS core file obtained from
HCUP. This institution depends on the contributing hospitals that gather the datasets
to ensure their accurateness and completeness. The datasets encompass de-identified
historical administrative data on the NIS core discharges of sample hospitals from
2012 to 2014. HCUP has provided a set of SAS application utilities necessary to
extract the content of the NIS core to facilitate the parsing of data retrieval into SAS
data file system for data manipulation, as they have been made available for download
from their website via .zip files. The content of the unzipped files was imported into
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SAS to enable customized searches using appropriate Sequential Query Language
(SQL) operations.
Afterwards, to capture all the potential HIV discharges to be included in the
research, appropriate International Classification of Disease, Ninth Revision (ICD-9CM) codes were used to create the dataset from the suitable cases. The following
criteria were used in the selection process of the suitable cases:
i.

As stated above, CM_AIDS code was used to specify inpatient discharges
of HIV individuals with comorbidities.

The steps involved in HCUP data acquisition are as follows:
Completion of HCUP On-line Tutorial Series
i.

Obtain proof of training certificate for data use agreement

ii.

Review, select, and compute the cost for the appropriate National Database

iii.

Acknowledge, provide copy of student ID as a valid proof of institutional
appurtenance, and sign the Data Use Agreement form for the selected
HCUP Database and year

iv.

Submit data purchasing request to HCUP Distributor via the ordering Web
site.

v.

Obtain contact info for HCUP Central Distributor for follow up as needed
a. Phone: 866-556-HCUP (4287) (toll free)
b. Email: HCUPDistributor@AHRQ.gov

3.4 Statistical Analysis
The overall statistical analysis was performed using Statistical Analysis
software (SAS) version 9.4, developed by SAS Institute, Cary, North Carolina. This
software was running on a Hewlett-Packard (HP) Personal Computer (PC), 64-bit
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Operating System with Windows 7 Professional. The subsequent SAS procedures,
PROC Contents, PROC Corr, PROC FREQ, PROC Format, PROC GPLOT, PROC
GLM, PROC Logistic, PROC Means, PROC Multivariate, PROC Plot, PROC Sort,
PROC SQL, PROC Template, PROC Univariate, etc. were used to explore and
manipulate the data. Before testing the hypotheses, descriptive and distribution
analyses were performed for all appropriate variables. Frequency distribution analyses
were performed for all binary and categorical variables using the SAS proc FREQ to
examine the proportion of each group relative to the other. Results were reported as N
(%). Descriptive statistics were performed on the continuous variables using SAS
proc MEANS to examine the dispersion of the data. All descriptive statistics are
provided with means and standard deviation and the results are reported as mean
(SD).
HCUP had provided support and mechanism on how to account for invalid
and/or missing records as included in the data acquisition package. All data
abnormalities and outliers were documented and reported as appropriate. Outlying
data were treated with caution depending of their impact in the results of the analysis.
Triangulation was used as much as possible to analyze the principal characteristics of
the data.
Categorical analyses were performed to examine any differences in the
distribution between the CVDs and stroke, the baseline demographic and socioeconomic characteristics of the participants. Chi-sq test using SAS PROC FREQ was
used to investigate any differences in distribution between the groups. A P-value of
less than 0.05 was interpreted as indicative to statistical significance. The rate of each
the CVDs and stroke in HIV individuals was calculated using Microsoft Excel 2016.
A delta () of 2% was set as a benchmark to evaluate the rate difference and
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significance in the four CVDs and stroke in HIV patients across the three years data
for the study. However, a delta () of at least 1% difference was considered
significant. If there wasn’t at least a delta () of 1% effect, then the difference is not
statistically significant.
To evaluate the research questions, the three previously mentioned hypotheses
supporting the background of the study were succinctly analyzed for each of the
CVDs AMI, CAD, CHF, and A Fib, and stroke. Unadjusted and adjusted binary
logistic regression analyses were conducted to examine and validate any associations
between HIV patients with the aforesaid diseases and their demographic and socioeconomic characteristics. The philosophy supported by the underpinning of the wellestablished Fundamental Cause Theory by Link and Phelan (1995) formed the basis
of this study. The covariates, HIV patients ’demographic and socio-economic
characteristics, were considered when adjusting the logistic regression models.
To evaluate the total average cost and average hospital LOS, generalized
linear models (GLM) one-way ANOVA models were fitted for each of the CVDs and
stroke after adjusting for HIV patients’ demographic and socio-economic factors.
These analyses were performed to investigate if there were any statistically significant
differences in the average cost incurred and average hospital stay for HIV patients
with the CVDs and stroke studied during hospitalization.
In the logistic regression models analyzing the odds of death for HIV patients
with any of the CVDs of interest and stroke, lospt was also fitted in the models. It is a
variable constructed to manage hospital length of stay for HIV patients who stayed in
the hospital for five days or more and experienced death. Two variables, hStatus and
hStatusDx managing HIV patients’ health status based on the number of chronic
diseases and diagnoses recorded on HIV individuals upon discharge were dropped
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from the analyses. The frequency analysis of these two variables revealed that all HIV
patients in the study population had more than one diagnoses and had at least one
chronic condition in addition to being HIV positive. Therefore, the entire study
population was considered comorbid.
3.5 Ethical Consideration and Human Subject Protection
Data Use Agreement (DUA) Training Course covers the regulatory clauses
regarding the importance of data protection along with researchers’ responsibilities to
preserve patients’ rights. Anonymity was maintained by not attempting to identify
either the hospitals or the patients as specified in the data use clause. In addition, data
received were de-identified because information necessary to directly identify patients
was previously removed at the source. A four-page DUA covering the sections (i. to
vi.) listed below was signed prior to data being authorized and released for access
from HCUP Nationwide Databases. Detailed information about the use of these
Databases can be found on www.hcup-us.ahrq.gov website.
i.

Protection of Individuals

ii.

Protection of Establishments

iii.

Limitations on the Disclosure of Data and Safeguards

iv.

Terms, Breach, and Compliance issues

v.

Acknowledgment

vi.

Submission of request form
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CHAPTER IV
RESULTS
4.1 Review of Overall Study Data
Datasets obtained from HCUP comprising hospitalized individuals’ data from
2012 to 2014 N = 21,488,293 were analyzed to retrieve HIV patients as depicted in
Table 1. During the data manipulation process, all HIV+ individuals, N = 39,723
identified from the above datasets were retained as potential study participants. As
guided by the inclusion criteria, the data manipulation procedure was further refined
to select only HIV+ individuals between the ages of 18 to 79 N = 39,504 to participate
in the study as shown in Table 2.
Frequency distribution and descriptive analyses of the baseline characteristics
of the study population were performed using appropriate statistical tests covering
some of the variables. However, the key variables (Appendix C) were used to
examine relationship, predictive statistical test, and data modeling. Initially, the
characteristics of the study population were examined and reported as illustrated in
the following tables.
Table 1: Distribution of Patients HIV Status in the HCUP Datasets
CM_AIDS Number (N)
and Percent
Value:
(%) per HIV
Status
0 = HIV
1 = HIV+

N (%) HIVN (%) HIV+
Total N (%)

Selected Years
2012

2013

2014

7,283,321
(99.81%)
13,647
(0.19%)

7,106,330
(99.81%)
13,233
(0.19%)

7,058,919
(99.82%)
12,843
(0.18%)

7,296,968
(100.00 %)

7,119,563
(100.00%)

7,071,762
(100%)
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Total N (%)
2012 to 2014
21,448,570
(99.82%)
39,723
(0.18%)
21,488,293
(100.00%)

Table 2: Distribution of HIV Patients by Inclusion/Exclusion Criteria
AGE

Number (N)
and Percent
(%) per Age

Including
N Age ≥ 17
and ≤ 80
(%)
Excluding
N Age ≤ 17
and ≥ 80
(%)

Selected Years
Total N (%)
2012

2013

2014
2012 to 2014

N Age ≥ 17
and ≤ 80 (%)

13,567
(99.41%)

13,153
(99.39%)

12,784
(99.54%)

39,504
(99.45%)

N Age ≤ 17
and ≥ 80 (%)

80
(0.59%)

80
(0.61%)

59
(0.46%)

219
(0.55%)

Total N (%)

13,647
(100.00
%)

13,233
(100.00%)

12,843
(100.00%)

39,723
(100.00%)

Table 3: Age Distribution of Study Population
Age of
Study
Subjects

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Number (N)
and Percent
(%) of
Subjects per
Age
29 (0.07%)
38 (0.10%)
79 (0.20%)
103 (0.26%)
129 (0.33%)
167 (0.42%)
222 (0.56%)
235 (0.59%)
268 (0.68%)
318 (0.80%)
307 (0.78%)
309 (0.78%)
410 (1.04%)
1,552 (3.93%)
395 (1.00%)
443 (1.12%)
454 (1.15%)
522 (1.32%)
527 (1.33%)
519 (1.31%)
617 (1.56%)

Age of
Study
Subjects

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Number (N)
and Percent
(%) of
Subjects per
Age
630 (1.59%)
635 (1.61%)
743 (1.88%)
890 (2.25%)
1,016 (2.57%)
1,111 (2.81%)
1,190 (3.01%)
1,248 (3.16%)
1,363 (3.45%)
1,416 (3.58%)
1,497 (3.79%)
1,511 (3.82%)
1,517 (3.84%)
1,455 (3.68%)
1,381 (3.50%)
2,773 (7.02%)
1,323 (3.35%)
1,198 (3.03%)
1,098 (2.78%)
960 (2.43%)
898 (2.27%)
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Age of
Study
Subjects

Number (N) and
Percent (%) of
Subjects per Age

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
Total

911 (2.31%)
741 (1.88%)
604 (1.53%)
552 (1.40%)
463 (1.17%)
429 (1.09%)
361 (0.91%)
327 (0.83%)
244 (0.62%)
329 (0.83%)
194 (0.49%)
177 (0.45%)
142 (0.36%)
110 (0.28%)
113 (0.29%)
106 (0.27%)
62 (0.16%)
59 (0.15%)
47 (0.12%)
39 (0.10%)
39,504 (100.00%)

4.1.1 Baseline Distribution of Demographic by Age, Gender, and Race/Ethnicity
Baseline demographic data and major study variables were analyzed to
examine the distribution of these variables and assess for possible disparities among
the study subjects. Table 3 above displays the subjects’ age distribution in tabular
format. Table 3 shows that the number of HIV+ cases increase with age from 18 to up
to late 50’s. This phenomenon decreases afterwards from early 60’s to late 70’s. A
steep number of cases N = 1,552 (3.93%) are seen among the individuals aged 31.
Based on age distribution, this singularity can be considered as an outlier. In addition,
the highest age frequency clusters around the lower 40’s to upper 50’s with age 54 N
= 2,773 (7.02%) having the greatest number of cases. Figure 7 provides the graphical
display of the age spread. Table 62 in Appendix C presents the descriptive and the
summary statistics of age.

Figure 7: Representation of Overall Distribution of Age for Study Population
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Previous study results reveal that less than 20 percent of adults between the
ages of 20-39, however, more than 70 percent of those aged 60-79, are predisposed to
the development of CVD and stroke (Steiner, Barrett, and Weiss, 2012). As a result,
as the prevalence of CVD conditions and stroke inclines towards an increase with age,
and as reported earlier, HIV+ cases tend to go in the same direction, however decrease
among those aged 60-79, HIV+ patients from both endpoints of the age field, 18 to 79
years, have been selected to participate in the study. The participants were divided
into three age groups 18-39, 40-59, and 60-79. In Figure 8 and Table 4 frequency
distribution analysis reveals that the largest number of participants fall between the
age group of 40-59 with N = 25,221 (63.84%), follow by 18-39 with N = 8,273
(20.94%), and tail by 60-79 with N = 6,010 (15.21%).

Figure 8: Distribution of Age Group in the Study Population
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Table 4: Demographic Distribution by Age Group, Gender, and Ethnicity
Demographics of Study Population

N (%)

Age (years)
18-39
40-59
60-79
Total

8,273 (20.94%)
25,221 (63.84%)
6,010 (15.21%)
39,504 (100.00%)

Gender
Male
Female
Other
Total

27,028 (68.42%)
12,469 (31.56%)
7 (0.02%)
39,504 (100.00%)

Race/Ethnicity
Asian or Pacific Islander
Black
Hispanic
Missing or Invalid
Native American
Other
White
Total

274 (0.69%)
19,835 (50.21%)
5,008 (12.68%)
1,016 (2.57%)
150 (0.38%)
1,718 (4.35%)
11,503 (29.12%)
39,504 (100.00%)

Figure 9 and Table 4 illustrate gender distribution of the study population.
They depict that the number of male participants account for N = 27,028 (68.42%),
female participants quantity to N = 12,469 (31.56%) and N = 7 (0.02%) participants
are described as unidentified. Since HIV+ patients represent the main universe of the
study population, these figures reflect that the prevalence of HIV+ is more than double
among the male participants than the female counterparts involved in the study. This
proportion seems consistent with CDC report (CDC, 2014) and literature review
indicating, in the U.S., the frequency of HIV+ among males outnumbers females
although Short and Anderson (2014) suggest that the number of women infected with
this disease has increased progressively.
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Figure 9: Gender Distribution in the Study Population

As represented in Figure 10 and Table 4, about, half of the study population is
Black N = 19,835 (50.21%), the second most represented race is White N = 11,503
(29.12%), and Hispanic N = 5,008 (12.68%) shows as the third most epitomized race.
The remaining race groups are described as follows: Asian or Pacific Islander N = 274
(0.69%) and Native American N = 150 (0.38%) indicate a very small participation.
However, N = 1,718 (4.35%) are classified as other and N = 1,016 (2.57%) as missing
or invalid. As a result, careful considerations were taken during the data analysis to
avoid skewing the results. The first three most denoted ethnic groups Black, White,
and Hispanic are somehow balanced and the remaining groups are disproportionately
represented. Also, considering the shift in the development of the HIV+ situation,
from an acute condition to a chronic disease, the observed gap in the racial/ethnic
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groups would require further special monitoring when analyzing the rapport of the
contributing factors as indicators of health in HIV management.

Figure 10: Race/Ethnicity Distribution in the Study Population

4.1.2 Baseline Distribution of Health Status by Number of Diagnosis and Chronic
Conditions
Generally, the scope of number of diagnosis and chronic conditions seems to
play a determinant role in individuals ‘ailment process and treatment plan. In addition
to complications in clinical management and increase in healthcare spending, multiple
and complex comorbidities are perhaps linked to poorer healthcare outcomes. Hence,
Healthcare Administrators are obligated to carefully review the care management of
patients with several coexisting conditions. Consequently, further analysis of the key
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variables, the number of diagnosis (hStatusDx) and the number of chronic diseases
(hStatus), was performed. It is important, to examine how their inclusion in the
process can exacerbate healthcare outcomes, cost, and LOS, to allow discussion for
potential solutions and mitigate their impact.

Table 5: Distribution of Number of Diagnosis for Study Population
Number (N) of
Diagnosis on
Records
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Number (N) and
Percent (%) of
Subjects
151 (0.38%)
536 (1.36%)
1036 (2.62%)
1,544 (3.91%)
2,065 (5.23%)
2,486 (6.29%)
2,791 (7.07%)
3,433 (8.69%)
2,781 (7.04%)
2,671 (6.76%)
2,549 (6.45%)
2,388 (6.04%)
2,291 (5.80%)
2,709 (6.86%)
1,809 (4.58%)
1,255 (3.18%)
1,813 (4.59%)
862 (2.18%)

Number (N) of
Diagnosis on
Records
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Number (N) and Percent
(%) of Subjects

Total

39,504 (100.00%)

767 (1.94%)
572 (1.45%)
485 (1.23%)
425 (1.08%)
454 (1.15%)
1,188 (3.01%)
63 (0.16%)
74 (0.19%)
53 (0.13%)
59 (0.15%)
175 (0.44%)
16 (0.04%)
1 (0.00%)
1 (0.00%)
1 (0.00%)

Table 5, Figure 11, Table 6, and Figure 12 present a display of the spreading
of these two elements, the number of diagnoses and chronic conditions, respectively.
Overall, the number of diagnoses amount from one to 38 in the participants’ health
records. As seen above, most of them have about 9 diagnoses documented in their
health records represented by 3,433 (8.69%). In addition, a cluster of participants is
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noted having a significant number of diagnoses ranging from 6 to 15, as depicted in
table 5. For the other indicator of health status, the number of chronic diseases, it is
depicted that most of the participants have between 5 (5,294 (13.40%)) to 6 (5,389
(13.64%)) chronic conditions reported in their health record. Similarly, nearly the
same phenomenon previously observed in the spreading of the number of diagnoses is
reproduced in the distribution of the number of chronic conditions. There exists a
substantial distribution of participants with about 2 to 10 chronic conditions as noted
in Table 6. This investigation aimed to reveal whether these aspects had played an
important role in sustaining the study objectives. Therefore, their impacts on CVDs
and stroke in the study population was analyzed in the logistic regression models.

Figure 11: Distribution of Overall Number of Diagnosis
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In addition, to obtain a more comprehensive sense of the scope of healthcare
outcomes, cost, and hospital LOS in HIV+ patients, during this study, other factors
such as the baseline distribution of socio-economic status identified by patients’
location, income level, and health insurance was performed. As some the study key
elements, their spreading was further developed in section 4.1.3 below.

Table 6: Distribution of Number Chronic Conditions for Study Population
Number of
Chronic
Conditions
on Records
1
2
3
4
5
6
7
8
9
10
11
12

Number (N) and
Percent (%) of
Subjects
882 (2.23%)
2,123 (5.37%)
3,675 (9.30%)
4,849 (12.27%)
5,294 (13.40%)
5,389 (13.64%)
4,745 (12.01%)
3,764 (9.53%)
2,934 (7.43%)
2,105 (5.33%)
1,473 (3.73%)
924 (2.34%)

Number (N) of
Chronic
Conditions on
Records
13
14
15
16
17
18
19
20
21
22
23
Total

Number (N) and Percent (%) of
Subjects

601 (1.52%)
349 (0.88%)
178 (0.45%)
115 (0.29%)
47 (0.12%)
36 (0.09%)
15 (0.04%)
3 (0.01%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
39,504 (100.00%)

Figure 12: Distribution of Overall Number of Chronic Diseases
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4.1.3 Baseline Distribution of Socio-economic Status by Location, Income Level,
and Health Insurance

i.

Location

Typically, where people live, work, and play may imprint their standard of life
including their income level, the type of health insurance they carry, and their health
status. To assess the magnitude of the relationship between healthcare outcomes and
socioeconomic status, the distribution of these abovementioned factors, known as
social determinants of health, were reviewed. The first three major concentrations of
population are reported here. Although more than 2⁄3 (28,509) of the data on the study
population related to residential location are missing, adjusted data reveal that more
than ½ of the subjects, interpreted as 5,772 (52.50%) individuals, live in central
counties of metro areas with greater or equal to million residents. In second position,
come individuals 2,062 (18.75%) living in fringe counties of metro areas with the
same concentration of population as before. In third position, come people 1,812
(16.48%) living in counties in metro areas with the size of the population numbered
between 250,000 – 999,999 inhabitants, as exhibited in Table 7 and Figure 13.
Investing in social determinants of health tends to represent a central aspect in
tailoring and distributing healthcare resources efficiently. As stated above, since the
review of the study participants’ residential location exposed that the largest group of
HIV+ individuals reside in central counties of metro areas, this information can be
used to allocate community resources geared towards providing better patient care. In
addition, as HIV+ is classified among other chronic conditions, this preliminary study
results offer health care officials endless opportunities to discover and develop an
environment that is conducive to care delivery outside of hospital settings.
53

Table 7: Distribution of Subjects by Residential Location
Patient Residential Location
Central counties of metro areas ≥ 1 million population
Fringe counties of metro areas ≥ 1 million population
Counties in metro areas between 250,000 – 999,999
population
Counties in metro areas between 50,000 and 250,000
Micropolitan counties
Not Metropolitan or Micropolitan counties
Total

Number (N) and
Percent (%) of
Subjects per Location
5,772 (52.50%)
2,062 (18.75%)
1,812 (16.48%)
593 (5.39%)
503 (4.58%)
253 (2.30%)
10,995 (100.00%)

Frequency Missing = 28,509

Figure 13: Distribution of Residential Location in Study Population
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ii.

Income Level

Aside from other contributing factors, an individual’s income level constitutes
a very important element in social determinants of heath. The National Center for
Health Statistics (2012) reported that the level of someone’s wealth and resources has
the tendency to determine his/her gradient of health. It also connoted that income is
identified as a driving force in the predicament of health disparity circumstances that
many minority groups or communities experience. The same source conveyed that
people with low income are linked to poor health and inclined to the development of
higher risk of diseases. Taking into consideration other chronic diseases such as
CVDs, stroke, diabetes, end stage renal disease, etc. study data disclosed that unlike
wealthier American adults, low-income Americans suffered with higher rates of these
mentioned conditions (Woolf et al., 2015). More affluent Americans tend to have easy
access to various essential tools, such as fitness trackers, guidelines promoting healthy
eating habit, glucose monitoring device, digital inhalers apparatus etc., needed to help
them limit the complications of lifestyle related illnesses. Measuring the range of
income among the study population forecasted to assist in investigating the magnitude
of healthcare disparity in low-income individuals and perhaps calculating the
percentage of HIV+ patients susceptible to receive poor level of health care.
As described by HCUP, the income level is distributed in a categorical manner
indicating poorest to wealthiest populations; that is the first to fourth quartile
respectively. In addition, these indicators are projected as median household salaries
of inhabitants in the patient’s residential areas, which are updated annually. Also,
these values are reported without the size of the residents’ household occupancy.
Therefore, classifying their poverty level is reasonably difficult. However, in view of
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the baseline distribution of subjects by income level shown in Table 8 and Figure 14,
after adjusting for the missing data numbered as 7,566 records, approximately, half of
the study participants 16,014 (50.14%) fall within the first quartile or the lowest
distribution of income level. In second position figure 7,221 (22.61%) of the study
partakers, which according to HCUP represent those belong to the median household
income category, computed as 26th to 50th percentile. In third position comes a cohort
of 5,154 (17.07%) belonging to the 51st to 75th percentile of income level. Finally, the
fourth position categorizes the wealthiest group of individuals 3,252 (10.18%) with
income level being catalogued as 76th to 100th percentile. Income level and choice of
type of health insurance are closely correlated as wealth can indicate quality of health
care. The next section examined the type of health insurance frequently used among
the study population.

Figure 14: Distribution of Subjects by Income Level
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Table 8: Distribution of Subjects by Income Level
Range of Income I
$1.00 - $37,999.00
$38,000.00 - $47,999.00
$48,000.00 - $62,999.00
$63,000.00 – and above

Number (N) and Percent (%) of Subjects per Income
Range
16,014 (50.14%)
7,221 (22.61%)
5,451 (17.07%)
3,252 (10.18%)

Total

31,938 (100.00%)
Frequency Missing = 7,566

iii.

Health Insurance Plan

Based on resources allocated to subside the spread of the HIV/AIDS
pandemic, getting an idea of the type of health insurance mostly used during the care
delivery of HIV+ patients is of capital importance. Income, a driving influence in the
classification of health disparities and access to care, entangled with other social
factors, can determine the type of health insurance individuals afford. This study
concisely examined this phenomenon to illustrate inequality in health insurance. It is
conveyed in Table 9 and Figure 15 that Medicaid 15,464 (39.21%) and Medicare
14,871 (37.70%) exemplify the two major financial means used to cover healthcare
expenses among the study population. Medicare connotes a federal program that
covers healthcare cost for those who reach their 65 birthdays or older. It also provides
healthcare coverage for individuals living with severe disability regardless of their
range of income. While Medicaid, a state and federal program combined, provides
healthcare coverage for people with a very low income regardless of their age.
Basically, the gap between the usage of the above two types of health care
plan describes insignificance. However, it increases widely for the remaining types as
follows: only 5,464 (13.85%) for Private Insurance, 2,263 (5.74%) Self-Pay, 267
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(0.68%), 267 (0.68%) No Charge, and 1,112 (2.82%) Other. This information
confirms previous study results reporting Medicaid as the main source of payment
plan for HIV+ patients. Nonetheless, within this study landscape, both Medicaid and
Medicare can be considered as being equally used for healthcare payment.
Figure 15: Distribution of Subjects by Health Insurance Plan

Table 9: Distribution of Subjects by Health Insurance Plan
Type of Health
Insurance

Number (N) and Percent (%) of Subjects per
Insurance Type

Medicaid
Medicare
Private Insurance
Self-Pay
No Charge
Other

15,464 (39.21%)
14,871 (37.70%)
5,464 (13.85%)
2,263 (5.74%)
267 (0.68%)
1,112 (2.82%)

Total

39,441 (100.00%)
Frequency Missing = 63
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4.1.4 Baseline Distribution of Hospital Length of Stay (LOS)
One can argue that the length of inpatient stay is undeniably connected with
cost. Therefore, the implications of the expenditures associated with the occurrences
of hospitall stay in the U.S. constitute a major impediment to the U.S. economy. As
reported by Weiss and Elixhauster (2014), healthcare expenses affect a huge number
of Americans one way or another. These scholars purpoted that in 2012 there were
approximately 36.6 million inpatient stays recorded in the U.S. costing an average of
$10,400.00 per stay, with a typical LOS of 4.5 days, among the general population.
Nearly 56 percent of these stays were due to medical reasons with females having
more frequent episodes of hospitalization than males. However, they also reported
that males had a longer LOS, and therefore they were encountering a greater expense
per stay. Though this information had served to stimulate knowledge about the usual
LOS and the cost connection phenomenon, it didn’t provide any specific insights on
the HIV plague, a known chronic health problem.
According to Heslin and Elixhauster (2016), the availability of antiviretrival
therapy has helped in supressing viral load in HIV+ patients and allowed them to have
healthier and longer lives. They also postulated that inpatient admission with a chief
diagnosis of HIV had reduced from 72,486 to 36,970 between 2006 to 2013. This data
translated a decrease of about 49 percent in HIV incidence. However, they claimed
that the occurrence of hospital stay increased by 27 percent for patients aged 55 to 64
and by 57 percent for those 65 years and older while it dropped for the other age
groups. The review of the literature reaveled the relational relationship between LOS
and cost; nonetheless, it was not done across the board. Although there was a steep
decrease of 49 percent in the overall incidence of HIV, the increase in LOS among
certain age groups had mitigated the cost of stay to only 12 percent, described as
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moving from $3.20 billion to $2.83 billion, for the same time period. Nevertheless,
this illustration didn’t account for the presence of CVDs or stroke among this
population.
In this study, up to four approaches underpinned the analysis of LOS and cost
among HIV+ patients experiencing cardiovascular diseases. First, the CM_AIDS,
AHRQ comorbidity measure with value equal to 1 was used as an identifier to select
HIV+ patients with coexisting medical conditions. This model ascertained that all
patients with a diagnosis of HIV and other comorbid conditions registered on their
record, upon discharge from the hospital, were designated to form the overall study
population. Therefore, for the study population, the distribution of LOS was not
inclusive to HIV disease only; it encompassed all HIV individuals with an array of
other diseases.
Secondly, LOS being a numerical variable was coded as having a dichotomous
value of 0 for LOS less than 5 days or 1 for LOS greater or equal to 5 days to allow
frequency display of LOS across the board. However, this was done for descriptive
purpose only Table 11 Figure 16. It was impossible to distinguish, in addition to HIV,
which type of comorbid disease or diseases related to this LOS an HIV+ patient
suffered with. As depicted in Table 10 below, slightly over 454 (1.15%) of HIV
patients had an inpatient stay of 14 days. The most frequent occurrence of LOS
among this population was 2 to 3 days as specified by 6,306 (15.96%) and 6,012
(15.22%) correspondingly. Thirdly, as indicated in Table 13, the SAS PROC MEANS
was used to compute the mean LOS and other relevant statistical analyses. While
Goncalves and Ferreira (2013) reported an estimated average LOS of 15 days, in the
U.S. for HIV hospitalization, this study exhibited a mean LOS of about 6 days for
HIV patients’ hospital stay linked to the CVDs in question and stroke. Finally, LOS
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for HIV+ patients respective of their incurred CVDs or stroke was analyzed in section
4.3 and upward to answer the hypotheses of the study.

Table 10: Overall Distribution of Subjects by LOS in Number of Days
LOS in
Number
of Days
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Number (N) and
Percent (%) of
Subjects
723 (1.83%)
4,380 (11.09%)
6,306 (15.96%)
6,012 (15.22%)
4,870 (12.33%)
3,762 (9.52%)
2,632 (6.66%)
2,091 (5.29%)
1,550 (3.92%)
1,123 (2.84%)
866 (2.19%)
651 (1.65%)
596 (1.51%)
475 (1.20%)
454 (1.15%)
361 (0.91%)
276 (0.70%)
235 (0.59%)
222 (0.56%)
184 (0.47%)
170 (0.43%)
175 (0.44%)
128 (0.32%)
102 (0.26%)
82 (0.21%)
74 (0.19%)
77 (0.19%)
73 (0.18%)
88 (0.22%)
61 (0.15%)
64 (0.16%)
50 (0.13%)
35 (0.09%)
32 (0.08%)
25 (0.06%)
33 (0.08%)
38 (0.10%)
27 (0.07%)
19 (0.05%)
20 (0.05%)

LOS in
Number
of Days
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
76
77
78
79
80
81
82

Number (N) and
Percent (%) of
Subjects
27 (0.07%)
18 (0.05%)
21 (0.05%)
8 (0.02%)
16 (0.04%)
10 (0.03%)
11 (0.03%)
14 (0.04%)
5 (0.01%)
9 (0.02%)
8 (0.02%)
7 (0.02%)
5 (0.01%)
8 (0.02%)
4 (0.01%)
9 (0.02%)
4 (0.01%)
5 (0.01%)
7 (0.02%)
6 (0.02%)
4 (0.01%)
2 (0.01%)
4 (0.01%)
1 (0.00%)
2 (0.01%)
5 (0.01%)
7 (0.02%)
3 (0.01%)
5 (0.01%)
3 (0.01%)
4 (0.01%)
1 (0.00%)
2 (0.01%)
2 (0.01%)
3 (0.01%)
3 (0.01%)
1 (0.00%)
5 (0.01%)
1(0.00%)
4 (0.01%)
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LOS in
Number
Days
85
86
87
88
89
90
92
94
95
98
99
101
102
103
104
109
111
112
114
118
119
124
131
132
133
138
142
145
146
152
155
162
175
185
191
202
230
240
266
358

Number (N) and
Percent (%) of
Subjects
1 (0.00%)
2 (0.01%)
1 (0.00%)
2 (0.01%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
2 (0.01%)
2 (0.01%)
2 (0.01%)
2 (0.01%)
2 (0.01%)
1 (0.00%)
3 (0.01%)
4 (0.01%)
1 (0.00%)
2 (0.01%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
1 (0.00%)
2 (0.01%)
1 0.00 (%)
1 (0.00%)
1 (0.00%)
1 (0.00%)

40

23 (0.06%)

83

1 (0.00%)

41

16 (0.04%)

84

1 (0.00%)

Total

39,501
(100.00%)
Frequency Missing = 3

Table 11: Distribution of Subjects by LOS Boundary
Length of Stay (LOS)
LOS – less than 5 days
LOS – greater or equal to 5
days

Number (N) and Percent (%) of Subjects per LOS Range
22,294 (56.43%)
17,210 (43.57%)

Total

39,504 (100.00%)

Figure 16: Distribution of Overall Length of Stay (LOS)

4.1.5 Baseline Distribution of Occurrence of Death among Study Subjects
During the process of care delivery, death represents one of the major factors
healthcare organizations mostly used to assess and compare quality of care. Death can
also exemplify an outcome measure that illustrates the impact of services and
interventions on patients’ health status. The percentage of patients who die during
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hospitalization or thirty days post inpatient discharge plays an important role in
measuring care quality; even though at times, death might not be inevitable. As
disclosed in Table 12 and Figure 17, overall, a meager percentage of participants 738
(1.87%) died during hospitalization. As this fact represented only a frequency display,
a more succinct analysis of the impact of death was further conducted taking into
account the manifestation of the CVDs of interest or stroke along with HIV disease.
Additional report on death was reported in section 4.3 and forward.

Table 12: Distribution of Subjects by Occurrence of Death during Hospital Stay
Occurrence of Death during
Hospital Stay
0 – no occurrence of death
1 – occurrence of death

Number (N) and Percent (%) of Subjects

Total

39,477 (100.00%)

38,739 (98.13%)
738 (1.87%)

Frequency Missing = 27

Figure 17: Distribution of Occurrence of Death among Study Subjects
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4.1.6 Computing the Mean of Some Key Variables
For instance, as displayed in Table 11 the spread of LOS didn’t offer
meaningful computational value. It shown, nearly across the board, an insignificant
percentage of patients with large LOS specified in number of days. Roughly, only one
patient per each group had a large LOS identified by three digits with the highest in
number of days being 358 representing by 1(0.00%). As discussed before, LOS and
healthcare cost are closely related. As a result, looking at the maximum total charge
(TOTCHG) displayed in Table 13, only a single HIV+ patient incurred this cost during
hospital stay. This information can be potentially inaccurate and misleading, when
looking at the overall healthcare cost. To diminish the reporting of ambiguous or
erroneous information about healthcare cost, careful consideration and measures were
taken during the data analysis phase of the project.
Throughout this study, AGE, an HCUP variable, was used as a key parameter
in the study population selection process. Only individuals between the ages of 18 to
79 years were qualified to participate. The mean of this variable was calculated to
obtain its central tendency, probability distribution, or degree of clustering for the
study participants. It is recorded to be 48.59 years as seeing in Table 13. The two
remaining variables, number of chronic conditions (NCHRONIC defined elsewhere as
hStatus) and number of diagnoses (NDX defined elsewhere as hStatusDx) were used
to assess the participants’ health status. HIV disease has been classified as a chronic
disease same as the other usual chronic illnesses such as diabetes, hypertension,
hyperlipidemia, Rheumatoid arthritis etc. The mean value of these two variables
served as indicators in the assessment of the degree of health status of the study
participants. Their results implied that all subjects in the study suffered with at least
one chronic condition in addition to HIV; henceforth, they were comorbid. Similar
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observation was observed regarding the number of diagnoses documented on the
study population’s record; they all had at least one CVD condition or stroke besides
HIV. The handling of these key variables was elaborated in section 4.3 and upward.

Table 13: Mean Representation of Some Key Variables
HCUP
Variable
Name

Label

N

Mean

Std. Dev.

Minimum

Maximum

AGE

Age in
years at
admission
Total
charges

39,504

48.5911047

11.2640320

18.0000000

79.0000000

38,852

51147.10

91401.21

102.0000000

4225008.00

LOS

Length of
stay

39,501

6.1235159

8.4935186

0

358.0000000

NCHRONIC

Number
of chronic
conditions

39,504

6.3662920

2.9805237

1.0000000

23.0000000

NDX

Number
of
diagnoses

39,504

12.3707220

5.5345220

2.0000000

38.0000000

TOTCHG

4.2 Analysis of the Overall Major Cardiovascular Diseases and Stroke
In the new era of data dynamics, like in any other business environments,
healthcare institutions seem to be convinced on the management of big data analysis
to tailor quality care services interweaved with patient safety measures. The Agency
for Healthcare Research and Quality (AHRQ), one of the leading agencies investing
in research and evidence to support safer and improve quality, had conducted an
extensive research study, centered around cardiovascular/cerebrovascular conditions,
procedures, and cost, using about ten years of longitudinal of hospital discharge data.
However, there is a lack of evidence suggesting that the case of HIV+ patients were
specifically studied. To fill this gap, five major CVDs and stoke in association with
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possible outcomes such as death, LOS, and cost during hospitalization were
investigated taking into account patients demographic status and socio-economic
factors.
As specified earlier, the overall HIV patients’ population was retrieved from
the three years of the global dataset, 2012 to 2014, to form the potential study
population. This dataset was further stratified using the appropriate diagnosis codes
for each of the CVDs (see Appendix A) studied, for example, AMI, CAD, CHF, A
Fib, and Stroke, to facilitate any supplementary comparative analyses as needed. To
avoid double counting of a patient record, cases transferred out to other acute care
institutions were excluded from the discharge cohort. To obtain insight for the
baseline characteristics of each of the CVDs and stroke in the study population, SAS
PROC FREQ procedure was used to present the evidence of the respective cohort
count. During the analysis process, missing records were accounted for and dropped
out to avoid bias on the results.
One important question that surfaced was how to extract the maximum and
valuable information from the dataset to support the main objectives of the study? To
accomplish this venture and maintain the foundations for clinical improvement, a key
vector involved the abstraction of clinical cardiovascular and cerebrovascular insights
this dataset encompassed. This undertaking harbored some challenges and was not
often straightforward; conversely, it was not unachievable. For example, when
computing the total number of discharges, in addition to transfer out cases being
carefully handled, average total hospital cost, length of stay, and rate of the CVDs and
stroke were prudently calculated to preserve the integrity of the study results (Steiner
et al., 2012). In addition to SAS PROC FREQ used to show the frequency distribution
of each CVD and stroke, PROC LOGISTIC conveyed the result of the logistic
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regression model for the same. Each CVD condition and stroke was analyzed with
related and detailed explanation provided in section 4.3 and forward.
Finally, the analysis of the study was done using mainly administrative data.
Therefore, long-term adherence of medication administration, clinical laboratory
results, and different patient encounters and discharge treatment were not available for
examination; although, these elements form the primary determinants of efficient
clinical headways. Taking into consideration the participants’ demographic and
socioeconomic statuses, their baseline characteristics were analyzed for statistical
synopsis. For the baseline analysis, the racial groups such as Asian Pacific Islander,
Native Americans, and other were carefully considered due to a very small number of
participants retrieved from the dataset representing these groups. To conclude, the
presentation of the findings for the total average cost and average hospital LOS for the
four CVDs of interest and stroke were presented in Table 60 supporting or rejecting
the study hypotheses.
4.2.1 Prevalence of Acute Myocardial Infarction (AMI) among Study Population
With the improvement in antiretroviral therapy, people living with HIV are
now having a longer live and are at risk of developing hearth disease common to old
age. Acute myocardial infarction, universally known as heart attack, is one of the
major heart diseases observed among HIV people. This ailment occurs when the
blood supply to the heart unexpectedly stops resulting in a necrotic event and tissue
damage (Anderson & Morrow, 2017). In the general population, many factors such as
hypertension, hyperlipidemia, diabetes, obesity, and smoking, among other elements,
seem to contribute to a higher risk of the development of heart conditions. However,
the previous researchers indicate that the prevalence of AMI among HIV+ individuals
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is probably due to the pathogenesis of HIV. Furthermore, it has been reported that the
occurrence of HIV is more widespread among these people than the general
population (Freiberg et al., 2013; Pearce et al., 2012; Lang et al. 2010). The results of
this project aimed to assert the state of AMI, CAD, CHF, A Fib, and Stroke among
HIV+ individuals and their related death, cost, and LOS during hospitalization. First,
the Chi-Square test of homogeneity was done to determine the similarity or difference
across the three classified age groups, the two genders, the six indicated racial/ethnic
categories, and the demographic and socio-economic factors of the study participants
across all the CVDs and stroke.
To have a clear idea of the stand of AMI, in this study, all cases meeting the
coding criteria for AMI (see Appendix A) were retrieved from the dataset with result
exhibited in Table 14. From all the four CVDs studied, the number of participants
experiencing AMI condition was noted as 573 (1.45%) ranking it the second CVD,
followed by CAD and A Fib. In the classification process, the results suggested that
the first two prevalent diseases were CHF and Stroke respectively.

Table 14: Overall Distribution of AMI in Study Population
Subjects
AMI
Status
AMI
No AMI

Number (N) and Percent (%) of AMI Subjects

Total

39,504 (100.00%)

573 (1.45%)
38,931(98.55%)

Compared to the overall study population of N = 39,504 cases, the prevalence
of AMI 573 (1.45%) seems very small. Nevertheless, only a cohort of 580 AMI
patients was used to conduct the well-known and solid project on the “Data Collection
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on Adverse Events of Anti-HIV Drugs (D:A:D) Study” (Worm et al. 2010). Looking
at Table 15 for the distribution of patients with AMI, it conveyed that 409 (1.04%)
individuals in the age group of 40-59 suffered with this illness, followed by 136
(0.34%) aged 60-79, and 28 (0.07%) aged 18-39. These findings coincide with
previous research results presenting a greater prevalence of AMI among non-HIV+
adults aged 18 to early forties (Steiner & Weiss, 2012; Okeke et al., 2016). However,
these observations differ with the results observed on the other two age groups among
the same relative populations. These researchers advanced that the occurrence of AMI
was larger in adults aged 65 and older and narrower among those in their mid-forties
to sixties. Data analysis for this study presented a dissimilar scenario as described in
table 15.
Most of the studies reviewed took account of patients’ exposure to drug
therapy and other related factors, for example side effects of medication, elapsed time
on medication, and adherence to therapy as anti-HIV drugs have been linked with a
major increased risk of AMI (Worm et al., 2012). The associations between
participants’ demographic and socio-economic factors were examined to study the
extent of CVDs among HIV+ patients. In this regard, participants’ gender was next
analyzed.
Table 15: Distribution of AMI Subjects by AgeGroup in Study Population
Subjects
AMI Status
by AgeGroup

AMI

Number (N) of
Subjects and
Percent (%) of
AMI for
AgeGroup
18 – 39
28 (0.07%)

Number (N) of
Subjects and
Percent (%) of
AMI for
AgeGroup
40 – 59
409 (1.04%)

Number (N) of
Subjects and
Percent (%) of
AMI for
AgeGroup
60 – 79
136 (0.34%)

No AMI

8,245 (20.87%)

24,812 (62.81%)

5,874
(14.87%)

573
(1.45%)
38,931
(98.55%)

Total

8,273 (20.94%)

25,221 (63.84%)

6,010

39,504
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Total

(15.21%)

(100.0%)

In the analysis of demographic status, participants’ gender was one of the
elements investigated in the current population. As depicted in Table 16, AMI was
discovered to be more prevalent among males 468 (1.18%) than females 105 (0.27%).
This observation is consistent with one of the HCUP projection reports conducted on
CVDs in the general population. It was reported that males had approximately 27,500
more discharges of AMI than females did (Steiner & Weiss, 2012). Furthermore, it
conveyed consistency with another study reviewing only the parallel between AMI
and stroke during hospitalization (Okeke et al. 2016). More specific information on
the association between gender and AMI in HIV+ patients was explored and reported
elsewhere in this paper. The role of race/ethnicity as demographic characteristics were
also examined and reported in the following segment.

Table 16: Distribution of AMI Subjects by Gender in Study Population
Subjects
AMI Status
by Gender

Number (N) of
Subjects and Percent
(%) of AMI for
Female
105 (0.27%)

Total

AMI

Number (N) of
Subjects and
Percent (%) of
AMI for Male
468 (1.18%)

No AMI

26,560 (67.25%)

12,364 (31.30%)

38,924
(98.55%)

Total

27,028 (68.43%)

12,469 (31.57%)

39,497
(100.0%)

573 (1.45%)

Frequency
Missing = 7

The determination of race/ethnicity, one of the important aspects in disease
process as family history can likely play a vital role its inception, was also explored.
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In reviewing the demographic characteristics, as shown in Table 17, study results
revealed that Blacks were in greater proportion 239 (0.61%) follow by Whites 227
(0.57%) than the other racial/ethnic groups. In third position were Hispanics with 66
(0.17%) records confirming this information and trailing by other 41(0.10%). Only
the descriptive statistical values were reported here. The detailed implication of AMI
in relation to race/ethnicity was described in the subsequent sections of this report.

Table 17: Distribution of AMI Subjects by Race/Ethnicity in Study Population
Subjects
Number (N)
AMI Status by of Subjects
Race/Ethnicity and Percent
(%) of AMI
for Black

Number (N)
of Subjects
and Percent
(%) of AMI
for Hispanic

Number (N)
of Subjects
and Percent
(%) of AMI
for White

Number (N)
of Subjects
and Percent
(%) of AMI
for Other

Total

AMI

239 (0.61%)

66 (0.17%)

227 (0.57%)

41 (0.10%)

573
(1.45%)

No AMI

19,596
(49.60%)

4,942
(12.51%)

1,1276
(28.54%)

3,117
(7.89%)

Total

19,835
(50.21%)

5,008
(12.68%)

11,503
(29.12%)

3,158
(8.00%)

Grand Total
39,504 (100%)

4.2.3 Prevalence of Coronary Artery Disease (CAD) among Study Population
HIV infected patients are recognized as having a greater risk of developing
premature CAD attributable to concomitant chronic inflammatory pathway. This
phenomenon has created an increased level of concerns among providers. This subject
continues to be in the forefront of research arena. This paper seeks to summarize the
current knowledge on the implication of HIV patients and death occurred during
hospitalization. First, the prevalence of CAD and the distribution of factors such as of
age, gender, and race/ethnicity were examined among the study population. As
displayed in Table 18, it revealed that 484 cases or about (1.23%) of the study
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population had experienced a CAD encounter documented on their record on
discharge. Further analyses involving age, gender, and race/ethnicity were truncated
to the granular level to capture the corresponding percentage of these factors.

Table 18: Overall Distribution of CAD in Study Population
Subjects
CAD
Status
CAD
No CAD

Number (N) and Percent (%) of CAD Subjects

Total

39,504 (100.00%%)

484 (1.23%)
39,020 (98.77%)

The age of the study population was divided in three age groups (18-39, 4059, and 60-79) to obtain the baseline distribution among the age groups and facilitate
effective comparative analysis. In Table 20, It is noted that in the age group of 18-39
contains 15 (0.04%) cases; age group 40-39 has the highest number of participants
337 (0.85%); and age group 60-79 132 (0.34%) comprises the second highest number
of participants.

Table 19: Distribution of CAD Subjects by AgeGroup in Study Population
Subjects
CAD Status
by AgeGroup

CAD
No CAD

Number (N) of
Subjects and
Percent (%) of
CAD for
AgeGroup
18 – 39
15 (0.04%)
8,258 (20.90%)

Number (N) of
Subjects and
Percent (%) of
CAD for
AgeGroup
40 – 59
337 (0.85%)
24,884 (62.99%)

Number (N) of
Subjects and
Percent (%) of
CAD for
AgeGroup
60 – 79
132 (0.34%)
5,878 (14.87%)

Total

484 (1.23%)
39,020 (98.77%)

Total

8,273 (20.94%)

25,221 (63.84%)

6,010 (15.21%)

39,504 (100.0%)

Implying that interdependence amongst genders could be considered as an
important factor, the spreading of CAD between genders was also looked at. In Table
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20, it is indicated that males tend to endure a higher risk of CAD than females.
Consistent with this observation, this study revealed that among the group of HIV
patients who suffered with CAD, 393 (0.99%) of them were males while 91 (0.23%)
were females.

Table 20: Distribution of CAD Subjects by Gender in Study Population
Subjects
CAD Status
by Gender
CAD

Number (N) of
Subjects and
Percent (%) of
CAD for Male
393 (0.99%)

Number (N) of
Subjects and Percent
(%) of CAD for
Female
91 (0.24%)

Total

484 (1.23%)

No CAD

26,635 (67.42%)

12,378 (31.33%)

39,020 (98.77%)

Total

27,028 (68.41%)

12,469 (31.56%)

39,497
(100.0%)

Frequency
Missing = 7

In Table 21, the distribution of race/ethnicity, known as non-modifiable risk
factors in diseases process, was specifically examined. Black HIV patients as well as
White HIV patients are noted to have a similar distribution enumerated as 193
(0.49%) and 195 (0.49%) respectively. Hispanic HIV patients were computed as 54
(0.14%) and other as 42 (0.11%). Additional analyses were done elsewhere in this
review to assess the relationship between race/ethnicity and death in HIV patients.

Table 21: Distribution of CAD Subjects by Race/Ethnicity in Study Population
Subjects
CAD Status
by
Race/Ethnicity

Number (N)
of Subjects
and Percent
(%) of CAD
for Black

Number (N)
of Subjects
and Percent
(%) of CAD
for Hispanic

Number (N)
of Subjects
and Percent
(%) of CAD
for White

Number (N) Total
of Subjects
and Percent
(%) of CAD
for Other

CAD

193 (0.49%)

54 (0.14%)

195 (0.49%)

42 (0.11%)

No CAD

19,642
(49.71%)

4,954
(12.54%)

11,308
(28.62%)

3,116
(7.88%)
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484
(1.23%)
39,020
(98.77%)

19,835
(50.20%)

Total

5,008
(12.68%)

1,1503
(29.12%)

3,158
(8.00%)

39,504
(100%)

4.2.4 Prevalence of Congested Heart Failure (CHF) among Study Population
The prevalence of congested heart failure in this at-risk population of HIV
patients was analyzed with result in Table 22 showing that 1,394 (3.53%) cases met
the diagnosis of this heart disease upon discharge. In looking at the rank of the
cardiovascular diseases of interest in this study, CHF was identified as the most
prevalent 1,394 (3.53%). There exists a paucity of new studies evaluating the
incidence of this heart ailment among HIV patients; therefore this project is of great
importance. It was necessary to examine the breakdown of CHF cases for the study
population by age, gender, and race/ethnicity. The results of this classification are
elaborated in Table 23, Table 24, and Table 25 beneath.

Table 22: Overall Distribution of CHF in Study Population
Subjects
CHF
Status
CHF
No CHF

Number (N) and Percent (%) of CHF Subjects

Total

39,504 (100.00%%)

1,394 (3.53%)
38,110 (96.47%)

It is of essential importance to understand the distribution of age amongst HIV
patients with CHF to fully analyze and elucidate on this variable as a risk factor. The
spreading shows that 138 (0.35%) HIV patients were between the age group of 18-39;
872 (2.21%) were between the age group of 40-59; and 384 (0.97%) were between the
age group of 60-79.
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Table 23: Distribution of CHF Subjects by AgeGroup in Study Population
Subjects
CHF Status
by AgeGroup

Number (N) of
Subjects and
Percent (%) of
CHF for
AgeGroup
40 – 59
872 (2.21%)
24,349 (61.64%)

Number (N) of
Subjects and
Percent (%) of
CHF for
AgeGroup
60 – 79
384 (0.97%)
5,626 (14.24%)

Total

CHF
No CHF

Number (N) of
Subjects and
Percent (%) of
CHF for
AgeGroup
18 – 39
138 (0.35%)
8,135 (20.59%)

Total

8,273 (20.94%)

25,221 (63.84%)

6,010 (15.21%)

39,504 (100.0%)

1,394 (3.53%)
38,110 (96.47%)

Males HIV patients with CHF outnumber their female counterparts as listed
below, males 954 (2.41%) and females 440 (1.11%). This is evident to the common
understanding, in the general population, that males are more prone to a greater
burden of diseases than females. Ni and Xu (2015) reported heart failure as a
paramount public health issue and the rate of death for this illness is higher for men
than for women across all age groups.

Table 24: Distribution of CHF Subjects by Gender in Study Population
Subjects
CHF Status
by Gender

Number (N) of
Subjects and Percent
(%) of CHF for
Female
440 (1.11%)

Other

Total

CHF

Number (N) of
Subjects and
Percent (%) of
CHF for Male
954 (2.41%)

0 (0.00%)

No CHF

26,074 (66.00%)

12,029 (30.45%)

7 (0.02%)

1,394
(3.53%)
38,110
(96.47%)

Total

27,028 (68.41%)

12,469 (31.56%)

7 (0.02%)

39,504
(100.0%)

The incidence of CHF in HIV patients across race/ethnicity was identified as
Black 899 (2.28%), White 272 (0.69%), Hispanic 134 (0.34%), and other 89 (0.23%).
This information described that the percentage of Black HIV patients is greater than
the other race/ethnic groups combined. This evidence is congruent with previous
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report conducted in the general population illustrating that Black has a higher rate of
heart failure death than White (Ni & Xu, 2015). However, the comparative analysis
cited in the abovementioned report is limited to Black and White race/ethnicity only.
Further comparative analysis including other racial/ethnic groups was examined
elsewhere in this paper.

Table 25: Distribution of CHF Subjects by Race/Ethnicity in Study Population
Subjects
CHF Status by
Race/Ethnicity

Number (N)
of Subjects
and Percent
(%) of CHF
for Black

Number (N)
of Subjects
and Percent
(%) of CHF
for Hispanic

Number (N)
of Subjects
and Percent
(%) of CHF
for White

Number (N)
of Subjects
and Percent
(%) of CHF
for Other

Total

CHF

899 (2.28%)

134 (0.34%)

272 (0.69%)

89 (0.23%)

No CHF

18,936
(47.93%)

4,874
(12.34%)

11,231
(28.43%)

3,069
(7.77%)

1,394
(3.53%)
39,020
(96.47%)

Total

19,835
(50.21%)

5,008
(12.68%)

11,503
(29.12%)

3,158
(8.00%)

39,504
(100%)

4.2.5 Prevalence of Atrial Fribillation (A Fib) among Study Population
Cardiovascular disease is known as one the most common type of ailments in
HIV patients. However, A Fib seems to be the most prevalent and has not been
sufficiently studied in this population (Hsu et al. 2013). The prevalence of A Fib in
HIV population was captured with result displayed in Table 26 showing that 440
(1.11%) cases meeting the diagnosis of A Fib in this population. The 440 A Fib cases
were further itemized below by age, gender, and race/ethnicity with results presented
in Table 27, Table 28, and Table 29.
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Table 26: Overall Distribution of A Fib in Study Population
Subjects
A Fib
Status
A Fib
No A Fib
Total

Number (N) and Percent (%) of A Fib Subjects

440 (1.11%)
39,064 (98.89%)
39,504 (100.00%%)

The categorization of the different age groups, 18-39, 40-59, and 60-79 among
HIV patients who had A Fib revealed that in the first age group 43 (0.11%) had this
disease, in the second 237 (0.60%), and in the third 160 (0.41%). This evidence
portrayed that the occurrence of this disease is more frequent in HIV patients aged
between 40-59 years followed by those in age group 60-79 years old.

Table 27: Distribution of A Fib by AgeGroup in Study Population
Subjects
A Fib Status
by AgeGroup

A Fib
No A Fib

Number (N) of
Subjects and
Percent (%) of
A Fib for
AgeGroup
18 – 39
43 (0.11%)
8,230 (20.83%)

Number (N) of
Subjects and
Percent (%) of
A Fib for
AgeGroup
40 – 59
237 (0.60%)
24,984 (63.24%)

Number (N) of
Subjects and
Percent (%) of
A Fib for
AgeGroup
60 – 79
160 (0.40%)
5,850 (14.81%)

Total

440 (1.11%)
39,064 (98.89%)

Total

8,273 (20.94%)

25,221 (63.84%)

6,010 (15.21%)

39,504 (100.0%)

The frequency analysis of HIV patients who developed A Fib across gender
illustrated that 330 (0.84%) were males while 110 (0.28%) were females. This fact
has been consistent, in this study, as with previous common knowledge that males
carry a larger weight of diseases than females.

Table 28: Distribution of A Fib Subjects by Gender in Study Population
Subjects
CHF Status
by Gender

Number (N) of
Subjects and
Percent (%) of

Number (N) of
Subjects and Percent
(%) of A Fib for
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Other

Total

A Fib

A Fib for Male
330 (0.84%)

Female
110 (0.27%)

0 (0.00%)

440 (1.11%)

No A Fib

26,698 (67.58%)

12,359 (31.29%)

7 (0.02%)

38,110
(98.89%)

Total

27,028 (68.42%)

12,469 (31.56%)

7 (0.02%)

39,504
(100.0%)

In the frequency analysis of the demographic status of the study participants,
the distribution of A Fib by race/ethnicity was also investigated. The results revealed
that 226 (0.57%) were Black; 151 (0.38%) were White; 31 (0.08%) were Hispanic;
and 32 (0.08%) were of other race/ethnicity. This illustrates the concern that this
disease is more prevalent among Black and White than the other racial/ethnic groups.

Table 29: Distribution of A Fib Subjects by Race/Ethnicity in Study
Population
Subjects
A Fib Status
by
Race/Ethnicity

Number (N)
of Subjects
and Percent
(%) of A Fib
for Black

Number (N)
of Subjects
and Percent
(%) of A Fib
for Hispanic

Number (N)
of Subjects
and Percent
(%) of A Fib
for White

Number (N) Total
of Subjects
and Percent
(%) of A Fib
for Other

A Fib

226 (0.57%)

31 (0.08%)

151 (0.38%)

32 (0.08%)

No A Fib

19,609
(49.64%)

4,977
(12.60%)

11,352
(28.74%)

3,126
(7.92%)

440
(1.11%)
39,020
(98.89%)

Total

19,835
(50.21%)

50,08
(12.68%)

11,503
(29.12%)

3,158
(8.00%)

39,504
(100%)

4.2.6 Prevalence of Stroke among Study Population
Stroke, a disease of the brain, can encroach the whole body. While large-scale
epidemiologic studies had examined the association between AMI, CAD, and HIV,
few researchers had studied the link between stroke and HIV. Hence, the importance
of this project is capital. To start off, the baseline analysis regarding the incidence of
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stroke among HIV population was investigated. It shown in Table 30 that amid the
study participants 725 (1.84%) had developed stroke. The data granulation of HIV with
stroke subjects was further performed, by age, gender, and race/ethnicity, to assess the
extent of stroke in HIV population. The granulated results are presented in Table 31,
Table 32, and Table 33.

Table 30: Overall Distribution of Stroke in Study Population
Subjects
Stroke
Status
Stroke
No Stroke
Total

Number (N) and Percent (%) of Stroke Subjects

725 (1.84%)
38,779 (98.16%)
39,504 (100.00%%)

As mentioned earlier, age was one of the variables considered for the analyses.
Among the three age groups of HIV participants with stroke, 90 (0.23%) of those
aged between 18-39 had developed stroke; similarly, 463 (1.17%) of those aged
between 40-59 had the disease; and 172 (0.44%) of those aged between 60-79 had
experienced the disease Table 31. This variable was further analyzed elsewhere in this
paper to account for its influence on death among HIV patients with stroke during
inpatient hospital stay.

Table 31: Distribution of Stroke by AgeGroup in Study Population
Subjects
Stroke Status
by AgeGroup

Stroke
No Stroke

Number (N) of
Subjects and
Percent (%) of
Stroke for
AgeGroup
18 – 39
90 (0.23%)
8,183 (20.71%)

Number (N) of
Subjects and
Percent (%) of
Stroke for
AgeGroup
40 – 59
463 (1.17%)
24,758 (62.67%)

Number (N) of
Subjects and
Percent (%) of
Stroke for
AgeGroup
60 – 79
172 (0.44%)
5,838 (14.78%)

725 (1.84%)
39,064 (98.89%)

Total

8,273 (20.94%)

25,221 (63.84%)

6,010 (15.21%)

39,504 (100.0%)
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Total

Specific baseline analysis of the incidence of stroke in HIV patients among
gender was obtained. It disclosed that 506 (1.28%) HIV participants with stroke were
males; while 219 (0.55%) were females. The results of this analysis depicted in Table
32 shown that male HIV participants experienced stroke more frequently than their
female counterparts. Although consistent with previous study results, further analyses
were conducted to focus on the scope of stroke in HIV patients.

Table 32: Distribution of Stroke Subjects by Gender in Study Population
Subjects
Stroke Status
by Gender

Number (N) of
Subjects and Percent
(%) of Stroke for
Female
219 (0.55%)

Other

Total

Stroke

Number (N) of
Subjects and
Percent (%) of
Stroke for Male
506 (1.28%)

0 (0.00%)

725 (1.84%)

No Stroke

26,522 (67.14%)

12,250 (31.01%)

7 (0.02%)

38,779
(98.16%)

Total

27,028 (68.42%)

12,469 (31.56%)

7 (0.02%)

39,504
(100.0%)

In Table 33, the detailed results illustrated the frequency of stroke in HIV
patients by race/ethnicity. Black was detected to have the highest percentage 391
(0.99%) of occurrence of stroke than White 196 (0.50%); both Hispanic and other

race/ethnicity had a small percentage of 78 (0.20%) and 60 (0.16%) respectively. One
of the few studies assessing the magnitude of stroke in HIV patients relates the same
information (Marcus et al. 2014).
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Table 33: Distribution of Stroke Subjects by Race/Ethnicity in Study Population
Subjects
Stroke Status by
Race/Ethnicity

Number (N) of
Subjects and
Percent (%) of
Stroke for
Black

Number (N)
of Subjects
and Percent
(%) of Stroke
for Hispanic

Number (N)
of Subjects
and Percent
(%) of Stroke
for White

Number (N)
of Subjects
and Percent
(%) of Stoke
for Other

Total

Stroke

391 (0.99%)

78 (0.20%)

196 (0.50%)

60 (0.16%)

No Stroke

19,444
(49.22%)

4,930
(12.48%)

11,307
(28.62%)

3,098
(7.92%)

725
(1.84%)
38,779
(98.16%)

Total

19,835
(50.21%)

5,008
(12.68%)

11,503
(29.12%)

3,158
(8.00%)

39,504
(100%)

4.3 Logistic Regression Analysis
Binary logistic regression analyses were performed for each of the CVDs
AMI, CAD, CHF, A Fib and stroke separately. Each of the analyses was carried out to
estimate the odd of dying among HIV patients with each of the CVD respectively.
First, univariate analysis was performed fitted only the CVDs in question and stroke.
The results of the univariate analysis are showing in Table 34 below.
Multivariate analyses were also performed for each of the CVD and stroke
after adjusting for demographics and socio-economic factors: age, gender, race,
income, residential location, health insurance, and length of hospital stay. The results
of the analyses for each of the CVDs and stroke are showing in the following sections.
**Here
Table 34: Univariate Results of the CVDs and Stroke
Odds Ratio Estimates and Wald Confidence Intervals
CVDs and Stroke
AMI
CAD
CHF

Estimates
1.359
0.349
1.721

95% Confidence Limits
0.499
3.702
0.049
2.501
0.902
3.283

A Fib
Stroke

2.217
5.790

0.896
3.612
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5.484
9.283

4.3.1 Odds of HIV+ Patients Dying with AMI
One of the principal clinical factors investigated in the current analysis is the
estimation of the odds of death among HIV+ patients who suffered with AMI during
hospital stay. The results of the analysis are presented in Table 35. The odds of dying
significantly increased (the 95% Confident Interval of the odds ratio does not include
1) when comparing HIV+ patients with AMI to HIV+ patients without AMI [OR =
2.342 with 95% CI (1.576-3.480)]. The odds of dying given that HIV+ patients stay 5
days or more in the hospital significantly increased (the 95% Confident Interval of the
odds ratio does not include 1) when comparing HIV patients who stay less than 5 days
in the hospital [OR = 2.635 with 95% CI (1.999-3.474)].
The analysis of gender (Male vs Female) among this cohort revealed that the
odds of dying among male HIV+ patients are 1.035 times that of female HIV+ patients
[OR = 1.035 with 95% CI (0.881-1.217)].
When reviewing the age groups, it is observed that HIV+ patients from the age
group of 40-59 years are more likely to die when comparing them to HIV+ patients in
the age group of 18-39 years old [OR = 1.436 with 95% CI (1.149-1.796)]. The odds
of dying among HIV+ patients aged 60-79 years are 3.087 times that of HIV+ patients
aged 18-39 years [OR = 3.087 with 95% CI (2.418-3940)]. Finally, the odds of dying
among HIV+ patients aged 60-79 years compared to HIV+ patients aged 40-59 years
are 2.151 [OR = 2.151 with 95% CI (1.821-2.531)]. The overall results among the age
groups indicate that the odds of an HIV+ patient dying increase with age.
In the analysis of race/ethnicity as indicated in Table 18, when comparing the
other race/ethnic groups with White, except for Hispanics who are less likely to die
than Whites, a slight increase is depicted among the other groups. This is derived
owing to Hispanic having an odd ratio of 0.978, which is less than 1. The odds of
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death among the remaining groups are presented as follows: 1) Black have the odds of
death measured as 1.183 times that of White [OR = 1.183 with 95% CI (0.5202.691)]; 2) Asian or Pacific Islanders as other race have about the same odds of death
that are very close to 1, which implies the odds of dying for them as 1.020 times that
of White and 1.019 times that of White with [OR = 1.020 with 95% CI (0.861-1.208)]
and [OR = 1.019 with 95% CI (0.701-1.483)] respectively; and 3) Finally, among the
racial groups, the Native Americans have the highest odds of dying than Whites,
1.525 times of White [OR = 1.525 with 95% CI (0.558-4.166)].
Taking into consideration the context of the analysis, the result of comparing
the different levels of income with the highest income level among the group
conveyed that income is less likely to play an important role in the occurrence of
death among HIV+ patients.
Among the five clusters of residential location, HIV+ patients living in fringe
counties of MM+ habitants have the odds of dying equivalent to 1.051 times that of
HIV patients living in central counties of MM+ habitants [OR =1.051 with 95% CI
(0.720-1.533)]. Second, HIV+ patients living in metro counties of 250K-1MM+ have
the odds of 1.999 times that of HIV+ patients living in central counties of MM+ habitants
to die [OR =1.99 with 95% CI (0.821-1.750)]. Third, HIV+ patients living in metro
counties of 50K-250K have the odds of 1.315 times that of HIV+ patients living in
central counties of MM+ habitants to die [OR =1.315 with 95% CI (0.732-2.363)].

Fourth, HIV+ patients living in micropolitan counties have the odds of 1.698 times
that of HIV patients living in central counties of MM+ habitants to die [OR =1.698 with
95% CI (0.977-2.950)]. Lastly, HIV+ patients living not in metro/micropolitan
counties have the odds of 2.298 times that of HIV+ patients living in central counties of
MM+ habitants to die [OR =2.298 with 95% CI (1.181-4.471)].
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How the type of healthcare plan affects the odds of dying among HIV+
patients was also determined. Compared to private insurance plan, it was discovered
that HIV+ patients using these types of insurance plans such as Medicare, Medicaid,
and no charge are less likely to die than HIV+ patients using private insurance. HIV+
patients using self-pay and other types of health insurance plans have the odds of
dying evaluated to 1.115 and 1.426 times that of HIV+ patients using private
insurance [OR = 1.115 with 95% CI (0.779-1.596)] and [OR = 1.426 with 95% CI
(0.947-2.148)] respectively.

Table 35: Odds Ratio and Wald Confidence Intervals in AMI Subjects
Odds Ratio Estimates and Wald Confidence Intervals
Effect
CVD:
AMI vs No AMI
LOS vs No LOS

Estimates

95% Confidence Limits

2.342
2.635

1.576
1.999

3.480
3.474

1.035

0.881

1.217

1.436
3.087
2.151

1.149
2.418
1.821

1.796
3.940
2.531

1.020
1.183
0.978
1.525
1.019

0.861
0.520
0.762
0.558
0.701

1.208
2.691
1.256
4.166
1.483

0.777
0.796
0.544

0.607
0.605
0.396

0.994
1.047
0.748

Demographic Factors:
Gender:
Male vs Female
Age (years):
Age 40-59 vs Age 18-39
Age 60-79 vs Age 18-39
Age 60-79 vs Age 40-59
Race/Ethnicity:
Asian or Pacific Islander vs White
Black vs White
Hispanic vs White
Native American vs White
Other vs White
Socio-economic Factors:
Income (US $)
1.00-37,999.00 vs 63,000.00+
38,000.00-47,999.00 vs 63,000.00+
48,000.00-62,999.00 vs 63,000.00+
Residential Location
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Fringe Counties ≥MM+ vs Central Counties MM+
Metro Counties ≥250K-1MM vs Central
Counties MM+
Metro Counties 50K-250K vs Central Counties
MM+
Micropolitan Counties vs Central Counties MM+

1.051
1.999

0.720
0.821

1.533
1.750

1.315

0.732

2.363

1.698

0.977

2.950

Not Metro/Micro Counties vs Central Counties
MM+

2.298

1.181

4.471

0.882
0.808
1.115
0.420
1.426

0.706
0.643
0.779
0.103
0.947

1.101
1.015
1.596
1.711
2.148

Healthcare Plan:
Medicare vs Private Insurance
Medicaid vs Private Insurance
Self-pay vs Private Insurance
No Charge vs Private Insurance
Other vs Private Insurance

4.3.2 Odds of HIV+ Patients Dying with CAD
As with the analysis of the previous CVD reviewed, the estimation of the odds
of death among HIV+ patients enduring CAD was also investigated with related
results displayed in Table 36. This time, the odds of dying significantly decreased,
since the 95% Confident Interval of the odds ratio comprises 1, when comparing
HIV+ patients with CAD to HIV+ patients without CAD [OR = 0.377 with 95% CI
(0.140-1.014)]. However, the odds of dying given that HIV+ patients stay 5 days or
more in the hospital significantly increased, the 95% Confident Interval of the odds
ratio does not include 1, when comparing to HIV+ patients who stay less than 5 days
in the hospital [OR = 2.570 with 95% CI (1.944-3.398)].
The investigation of gender (Male vs Female) among this cohort revealed that
the odds of dying among male HIV+ patients are 1.352 times that of female HIV+
patients [OR = 1.352 with 95% CI (0.966-1.893)].
In the review of the age groups, it is discovered that HIV+ patients from the
age group of 40-59 years old are more likely to experience death when compared to
HIV+ patients in the age group of 18-39 years [OR = 1.169 with 95% CI (0.77885

1.758)]. The odds of dying among HIV+ patients aged 60-79 years compared to 18-39
years old grossly increase. It is projected to be about 3.106 times that of HIV+ patients
aged 18-39 years [OR = 3.106 with 95% CI (1.995-4.836)]. Finally, the odds of dying
among HIV+ patients aged 60-79 years compared to HIV+ patients aged 40-59 years
are 2.351 [OR = 2.351 with 95% CI (1.583-3.493)]. It still holds that the comparison
of the overall results among the age groups indicated that the odds of an HIV+ patient
dying increase with age.
The analysis of Race/Ethnicity exhibited in Table 36 indicated that, when
comparing the other race/ethnic groups with White, again, data show that the
Hispanics are less likely than Whites to die. The Hispanic having an odds ratio of
0.967, which is less than 1, translates this. The odds of death among the rest of the
groups are distributed as follows: Native Americans have the highest odds of 1.930
time that of White to die, trail by Asian or Pacific Islanders 1.284 time that of White
to die, Black 1.039 time that of White to die, and other 1.002 time that of White to die
with respective [OR = 1.930 with 95% CI (0.438-8.499)], [OR = 1.284 with 95% CI
(0.304-5.418)], [OR = 1.039 with 95% CI (0.821-1.314)], and other [OR = 1.002 with
95% CI (0.689-1.458)].
Again, as the results show, after comparing the appropriate levels of income
with the highest one, the odds of income to play a contributing factor in the incidence
of death among HIV+ patients are not significant.
After reviewing the five bundles of residential location, HIV+ patients who
live in the fringe counties of MM+ habitants have the odds of dying measuring 1.025
times that of HIV+ patients who live in the central counties of MM+ habitants [OR
=1.025 with 95% CI (0.696-1.510)]. Second, HIV+ patients who live in metro counties
of 250K-1MM+ have the odds of 1.181 times that of HIV+ patients who live in central
86

counties of MM+ habitants to die [OR =1.181 with 95% CI (0.801-1.742)]. Third, come

HIV+ patients who live in metro counties of 50K-250K with the odds of 1.470 times
that of HIV+ patients who live in central counties of MM+ habitants to die [OR =1.470
with 95% CI (0.798-2.706)]. In fourth position are HIV+ patients who live in
micropolitan counties. They have the odds of 1.678 times that of HIV+ patients who
live in central counties of MM+ habitants to die [OR =1.678 with 95% CI (0.9472.975)]. Lastly, are the HIV+ patients who live not in metro/micropolitan counties;
they have the odds of 2.638 times that of HIV+ patients living in central counties of
MM+ habitants to die [OR = 2.638 with 95% CI (1.348-5.162)].

The possible impact of healthcare plan on the odds of dying among HIV+
patients was also examined. When establishing a parallel with the other healthcare
plans and private insurance plan, it was noticed that HIV+ patients using Medicaid, as
an insurance plan, have the least odds of experiencing death [OR = 0.964 with CI
(0.595-1.562)]. HIV+ patients using Medicare, self-pay, and other plans have
corresponding odds of 1.126, 1.512, and 1.997 times that of HIV+ patients using
private insurance [OR = 1.126 with CI (0.720-1.762)], [OR = 1.512 with 95% CI
(0.798-2.865)] and [OR = 1.997 with 95% CI (0.983-4.057)]. Due to lack of data, the
computation of the odds of dying for HIV+ patients that are not being charged
comparing to HIV+ patients using private insurance wasn’t possible.

Table 36: Odds Ratio and Wald Confidence Intervals in CAD Subjects
Odds Ratio Estimates and Wald Confidence Intervals
Effect
CVD:
CAD vs No CAD
LOS vs No LOS

Estimates

95% Confidence Limits

0.377
2.570

0.140
1.944

Demographic Factors:
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1.014
3.398

Gender:
Male vs Female
Age (years):
Age 40-59 vs Age 18-39
Age 60-79 vs Age 18-39
Age 60-79 vs Age 40-59
Race/Ethnicity:
Asian or Pacific Islander vs White
Black vs White
Hispanic vs White
Native American vs White
Other vs White

1.352

0.966

1.893

1.169
3.106
2.351

0.778
1.995
1.583

1.758
4.836
3.493

1.284
1.039
0.967
1.930
1.002

0.304
0.821
0.753
0.438
0.689

5.418
1.314
1.242
8.499
1.458

0.695
0.682
0.521

0.448
0.420
0.304

1.080
1.107
0.892

1.025
1.181

0.696
0.801

1.510
1.742

1.470

0.798

2.706

1.678

0.947

2.975

2.638

1.348

5.162

1.126
0.964
1.512
<0.001
1.997

0.720
0.595
0.798
<0.001
0.983

1.762
1.562
2.865
>999.999
4.057

Socio-economic Factors:
Income (US $):
1.00-37,999.00 vs 63,000.00+
38,000.00-47,999.00 vs 63,000.00+
48,000.00-62,999.00 vs 63,000.00+
Residential Location
Fringe Counties ≥MM+ vs Central Counties MM+
Metro Counties ≥250K-1MM vs Central
Counties MM+
Metro Counties 50K-250K vs Central Counties
MM+
Micropolitan Counties vs Central Counties MM+
Not Metro/Micro Counties vs Central Counties
MM+
Healthcare Plan:
Medicare vs Private Insurance
Medicaid vs Private Insurance
Self-pay vs Private Insurance
No Charge vs Private Insurance
Other vs Private Insurance

4.3.3 Odds of HIV+ Patients Dying with CHF
CHF was the third CVD investigated to determine the odds of death among
HIV+ patients who experienced this disease during hospital stay. As illustrated in
Table 37, the odds of dying increased considerably, because the 95% Confident
Interval of the odds ratio does not include 1, when comparing HIV+ patients with
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CHF to HIV+ patients without CHF [OR = 2.610 with 95% CI (1.972-3.453)]. As
seeing with the previous CVDs reviewed thus far, the odds of dying increased
significantly if HIV+ patients stayed 5 days or more in the hospital, (the 95%
Confident Interval of the odds ratio does not include 1), when comparing to HIV+
patients who stayed less than 5 days in the hospital [OR = 2.638 with 95% CI (2.0013.478)].

Consistently, the analysis of gender (Male vs Female) had shown males being
more prone to death than females. Results shown that the odds of dying among male
HIV+ patients were 1.294 times that of female HIV+ patients [OR = 1.294 with 95%
CI (0.920-1.820)].
HIV+ patients who fall within the age group of 40-59 years are more likely to
die when compared to HIV+ patients in the age group of 18-39 years old [OR = 1.463
with 95% CI (1.171-1.829)]. As the burden of diseases augment with age so do the
odds of dying as reflected in the odds of dying among HIV+ patients aged 60-79 years
that are 3.106 times that of HIV+ patients aged 18-39 years [OR = 3.180 with 95% CI
(2.491-4.060)]. Lastly, the odds of dying among HIV+ patients aged 60-79 years
compared to HIV+ patients aged 40-59 years are 2.174 times that of HIV+ patients
aged 40-59 [OR = 2.174 with 95% CI (1.838-2.571)].
In this section, the analysis of race/ethnicity conveyed, in Table 37, that when
comparing the other racial/ethnic groups with White, except for Black and other who
are less likely to die than White, a slight increase is depicted among the other groups.
This is derived to Black having an odds ratio of 0.783 and other 0.368. In both cases,
the odds ratios are less than 1. The following is the odds distribution of death among
the remaining groups; 1) Hispanics have the odds of death measured as 1.012 times
that of White [OR = 1.012 with 95% CI (0.632-1.619)]; 2) Asian or Pacific Islanders
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have the odds of death calculated as 1.303 times that of White [OR = 1.303 with 95%
CI (0.309-5.500)] and 3) Native Americans have the highest odds of dying than
White, 1.887 times of White [OR = 1.887 with 95% CI (0.430-8.291)].
As it is consistently observed across this analysis, the comparison of the
different levels of income with the highest income level conveyed that income is less
likely to play a significant role in death among HIV+ patients.
Among the five groupings of residential location, HIV+ patients living in
fringe counties of MM+ habitants have the odds of dying equivalent to 0.990 times that
of HIV+ patients living in central counties of MM+ habitants [OR = 0.990 with 95% CI
(0.661-1.482)]. Second, HIV+ patients living in metro counties of 250K-1MM+ have
the odds of 1.164 times that of HIV+ patients living in central counties of MM+ habitants
to die [OR =1.164 with 95% CI (0.787-1.722)]. Third, HIV+ patients living in metro
counties of 50K-250K have the odds of 1.421 times that of HIV+ patients living in
central counties of MM+ habitants to die [OR =1.421 with 95% CI (0.764-2.643)].

Fourth, HIV+ patients living in micropolitan counties have the odds of 1.607 times
that of HIV+ patients living in central counties of MM+ habitants to die [OR =1.607 with
95% CI (0.894-2.887)]. Lastly, HIV+ patients living not in metro/micropolitan
counties have the odds of 2.370 times that of HIV+ patients living in central counties of
MM+ habitants to die [OR =2.370 with 95% CI (1.189-4.723)].

Healthcare plan, a major element in care delivery as it is associated to cost and
access to care, was also surveyed. When comparing HIV+ patients using Medicaid
with HIV+ patients using private insurance, it was noted that the odds of dying are less
likely to happen due odds ratio being 0.990. However, while comparing HIV+ patients
using Medicare, self-pay, and other types of health insurance plans with HIV+ patients
using private insurance the odds of dying are evaluated to 1.133, 1.558, and 2.031
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times that of HIV+ patients using private insurance [OR = 1.133 with 95% CI (0.7241.773)], [OR = 1.558 with 95% CI (0.820-2.958.057)], and [OR = 2.031 with CI
(1.00-4.126)] respectively. There wasn’t enough data available to compute the odds of
dying for HIV+ patients not being charged compared to HIV+ patients using private
insurance.

Table 37: Odds Ratio and Wald Confidence Intervals in CHF Subjects
Odds Ratio Estimates and Wald Confidence Intervals
Effect
CVD:
CHF vs No CHF
LOS vs No LOS

Estimates

95% Confidence Limits

2.610
2.638

1.972
2.001

3.453
3.478

1.294

0.920

1.820

1.463
3.180
2.174

1.171
2.491
1.838

1.829
4.060
2.571

1.303
0.783
1.012
1.887
0.368

0.309
0.567
0.632
0.430
0.089

5.500
1.081
1.619
8.291
1.517

0.763
0.715
0.541

0.483
0.438
0.314

1.206
1.169
0.929

0.990
1.164

0.661
0.787

1.482
1.722

1.421

0.764

2.643

1.607

0.894

2.887

Demographic Factors:
Gender:
Male vs Female
Age (years):
Age 40-59 vs Age 18-39
Age 60-79 vs Age 18-39
Age 60-79 vs Age 40-59
Race/Ethnicity:
Asian or Pacific Islander vs White
Black vs White
Hispanic vs White
Native American vs White
Other vs White
Socio-economic Factors:
Income (US $)
1.00-37,999.00 vs 63,000.00+
38,000.00-47,999.00 vs 63,000.00+
48,000.00-62,999.00 vs 63,000.00+
Residential Location
Fringe Counties ≥MM+ vs Central Counties MM+
Metro Counties ≥250K-1MM vs Central
Counties MM+
Metro Counties 50K-250K vs Central Counties
MM+
Micropolitan Counties vs Central Counties MM+
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Not Metro/Micro Counties vs Central Counties
MM+
Healthcare Plan:
Medicare vs Private Insurance
Medicaid vs Private Insurance
Self-pay vs Private Insurance
No Charge vs Private Insurance
Other vs Private Insurance

2.370

1.189

4.723

1.133
0.993
1.558
<0.001
2.031

0.724
0.612
0.820
<0.001
1.000

1.773
1.612
2.958
>999.999
4.126

4.3.4 Odds of HIV+ Patients Dying with A Fib
Lastly, presented in Table 38 are the results of the analyses of A Fib, the
fourth investigated CVD in this project. They disclose that HIV+ patients with A Fib
have 1.980 times that of HIV+ patients without A Fib to die [OR = 1.980 with CI
(0.783-5.002)]. In addition, the odds of dying if HIV+ patients spend 5 days or more
in the hospital increased considerably (the 95% Confident Interval of the odds ratio
does not include 1) when comparing to HIV+ patients who spend less than 5 days in
the hospital [OR = 2.633 with 95% CI (1.989-3.486)].
When comparing (Male vs Female), the odds of dying among male HIV+
patients are 1.292 times that of female HIV+ patients [OR = 1.292 with 95% CI
(0.919-1.818)].
It was observed that HIV+ patients from the age group of 40-59 years were
more likely to die when compared to HIV+ patients in the age group of 18-39 years
old [OR = 1.181 with 95% CI (0.781-1.788)]. The odds of dying among HIV+ patients
aged 60-79 years were 3.042 times that of HIV+ patients aged 18-39 years [OR =
3.042 with 95% CI (1.906-4.855)]. While the odds of dying between HIV+ patients
aged 60-79 years compared to HIV+ patients aged 40-59 years were 2.633 [OR =
2.633 with 95% CI (1.989-3.486)]. Again, consistent with the previous observation,
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the overall results among the age groups denote that the odds of death for HIV+
patient rise with age.
In the analysis of race/ethnicity, when comparing the other racial/ethnic
groups with White, Black and other are less likely to die than Whites. With 95% CI,
the odds are between (0.573 and 1.092) and (0.089 and 1.519) respectively. In this
order, when comparing HIV+ patients who belong to these race/ethnicity groups,
Hispanics, Asian or Pacific Islander, and Native American with White HIV+ patients,
Hispanics have the odds of 1.015 times that of White to die, follow by Asian or
Pacific Islander with the odds of 1.305 times that of White, and Native American with
the odds of 1.927 times that of White HIV+ patients to die [OR = 1.015 with 95% CI
(0.634-1.625)], [OR = 1.305 with 95% CI (0.309-5.507)], and [OR = 1.927 with CI
(0.439-8.467)] respectively.
As being observed throughout this analysis, the result of equating the different
levels of income with the highest income among the groups projected that income is
less likely to play a vital role in occurrence of death among HIV+ patients.
Residential location as supported by social determinant of health is contingent
to the quality of one’s health. As such, this factor was included in the current analysis
to decipher its contribution on death for HIV+ patients. The results were distributed as
indicated below. It was discovered that HIV+ patients living in fringe counties of MM+
habitants have the odds of dying equivalent to 0.992 times that of HIV+ patients living

in central counties of MM+ habitants [OR =0.992 with 95% CI (0.663-1.486)]. HIV+
patients living in metro counties of 250K-1MM+ have the odds of 1.167 times that of
HIV+ patients living in central counties of MM+ habitants to die [OR =1.167 with 95%
CI (0.789-1.727)]. HIV+ patients living in metro counties of 50K-250K have the odds
of 1.432 times that of HIV+ patients living in central counties of MM+ habitants to die
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[OR = 1.432 with 95% CI (0.771-2.660)]. HIV+ patients living in micropolitan
counties have the odds of 1.591 times that of HIV+ patients living in central counties of
MM+ habitants to die [OR = 1.591 with 95% CI (0.885-2.860)]. HIV+ patients living

not in metro/micropolitan counties have the odds of 2.369 times that of HIV+ patients
living in central counties of MM+ habitants to die [OR = 2.369 with 95% CI (1.1894.720)].
The type of healthcare plans HIV+ patients carry was analyzed to examine its
possible influence on the death phenomenon among HIV+ patients. Based on the
results of the study analysis, it was noted that HIV+ patients using Medicaid are less
likely to die than HIV+ patients using private insurance. With a 95% Confidence
Interval, the odds of death for HIV+ patients using private insurance are between
0.609 and 1.604. Subsequently, HIV+ patients using Medicare compared to HIV+
patients using private insurance carry the odds of 1.126 to die [OR = 1.126 with CI
(0.718-1.761)]. Next in line, HIV+ patients using self-pay as a method of payment
compared to HIV+ patients using private insurance have the odds of death equivalent
to 1.555 [OR = 1.555 with CI (0.819-2.953)]. After that, HIV+ patients using other
type of health insurance plans compared to private insurance have the odds of
undergoing death equal to 2.012 compared to HIV+ patients using private insurance
[OR = 2.012 with CI (0.991-4.087]. The odds of HIV+ patients using no charge to die
compared to HIV+ patients using private insurance were not calculated due to missing
data.
Table 38: Odds Ratio and Wald Confidence Intervals in A Fib Subjects
Odds Ratio Estimates and Wald Confidence Intervals
Effect
CVD and LOS:
A Fib vs No A Fib

Estimates

95% Confidence Limits

1.980

0.783

94

5.002

LOS vs No LOS

2.633

1.989

3.486

1.292

0.919

1.818

1.181
3.042
2.633

0.781
1.906
1.989

1.788
4.855
3.486

1.305
0.791
1.015
1.927
0.368

0.309
0.573
0.634
0.439
0.089

5.507
1.092
1.625
8.467
1.519

0.772
0.721
0.546

0.489
0.441
0.317

1.220
1.178
0.938

0.992
1.167

0.663
0.789

1.486
1.727

1.432

0.771

2.660

1.591

0.885

2.860

2.369

1.189

4.720

1.126
0.988
1.555
<0.001
2.012

0.718
0.609
0.819
<0.001
0.991

1.761
1.604
2.953
>999.999
4.087

Demographic Factors:
Gender:
Male vs Female
Age (years):
Age 40-59 vs Age 18-39
Age 60-79 vs Age 18-39
Age 60-79 vs Age 40-59
Race/Ethnicity:
Asian or Pacific Islander vs White
Black vs White
Hispanic vs White
Native American vs White
Other vs White
Socio-economic Factors:
Income (US $)
1.00-37,999.00 vs 63,000.00+
38,000.00-47,999.00 vs 63,000.00+
48,000.00-62,999.00 vs 63,000.00+
Residential Location
Fringe Counties ≥MM+ vs Central Counties MM+
Metro Counties ≥250K-1MM vs Central
Counties MM+
Metro Counties 50K-250K vs Central Counties
MM+
Micropolitan Counties vs Central Counties MM+
Not Metro/Micro Counties vs Central Counties
MM+
Healthcare Plan:
Medicare vs Private Insurance
Medicaid vs Private Insurance
Self-pay vs Private Insurance
No Charge vs Private Insurance
Other vs Private Insurance

4.3.5 Odds of HIV+ Patients Dying with Stroke
In assessing the relationship between the bearings of death in HIV+ patients
during hospital stay, one of the key diseases such as stroke, a cerebrovascular
condition was also examined. In inspecting the results of the analysis displayed in
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Table 39, it was discovered that the odds of dying among HIV+ patients who
underwent stroke increased considerably by 4.721 times that of HIV+ patients who
didn’t have stroke [OR = 4.721 with CI (2.899-7.688)]. Under the assumption that
HIV+ patients remain 5 days or more in the hospital, their odds of dying increase
significantly by 2.537 times that of HIV+ patients who remain less than 5 days in the
hospital [OR = 2.537 with 95% CI (1.914-3.362)].
Among this cohort, the review of gender (Male vs Female) disclosed that the
odds of dying among male HIV+ patients were 1.273 times that of female HIV+
patients [OR = 1.273 with 95% CI (0.905-1.791)].
When examining the age groups, it was noticed that HIV+ patients from the
age group of 40-59 years have the odds of dying equivalent to 1.160 times that of
HIV+ patients in the age group of 18-39 years old [OR = 1.160 with 95% CI (0.7661.755)]. Moreover, the odds of dying among HIV+ patients in the age group of 60-79
years are 2.869 times that of HIV+ patients in the age group of 18-39 years [OR =
2.869 with 95% CI (1.796-4.584)]. Lastly, the odds of dying among HIV+ patients in
the age group of 60-79 years compared to HIV+ patients in the age group of 40-59
years are 2.096 [OR = 2.096 with 95% CI (1.776-2.481)]. It has been shown
throughout this analysis that the odds of dying among HIV+ patient intensify with age.
Race/ethnicity seems less likely to represent a major contributing factor in the
occurrence of death among HIV+ patients in this study. Black HIV+ patients,
Hispanic, and other race are less likely to die when comparing them to White HIV+
patients. Their odds ratios as depicted in Table 39 are less than 1. However, Asian
Pacific Islanders HIV+ patients and Native Americans are more likely to experience
death at the level of 1.599 and 1.709 times that of White when comparing them to
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White [OR = 1.599 with 95% CI (0.840-3.041)] and [OR = 1.709 with 95% CI
(0.382-7.641)] respectively.
The association between HIV+ patients’ individual income range was also
analyzed to depict for any relationship with death. Therefore, the result of comparing
their distinctive range of income with the highest income level among the group
conveyed that income was less likely to play an important role in the occurrence of
death among HIV+ patients. The odds ratios of the comparative analysis of their
income were less than 1.
Among the five groupings of residential location, HIV+ patients living in
fringe counties of MM+ habitants have the odds of dying of 0.956 times that of HIV+
patients living in central counties of MM+ habitants [OR =0.956 with 95% CI (0.6371.434)]. HIV+ patients living in metro counties of 250K-1MM+ have the odds of 1.124
times that of HIV+ patients living in central counties of MM+ habitants to die [OR
=1.124 with 95% CI (0.759-1.666)]. HIV+ patients living in metro counties of 50K250K have the odds of 1.411 times that of HIV+ patients living in central counties of
MM+ habitants to die [OR =1.411 with 95% CI (0.759-2.625)]. HIV+ patients living in

micropolitan counties have the odds of 1.534 times that of HIV HIV+ patients living
in central counties of MM+ habitants to die [OR =1.534 with 95% CI (0.849-2.771)]. To
conclude, HIV+ patients living not in metro/micropolitan counties have the odds of
2.382 times that of HIV+ patients living in central counties of MM+ habitants to die [OR
= 2.382 with 95% CI (1.196-4.747)].
The influence of the type of healthcare plan associated with the odds of dying
among HIV+ patients was also investigated. Compared to private insurance plan, it
was revealed that HIV+ patients using Medicaid are less likely to die than HIV+
patients using private insurance [OR = 0.975 with CI (0.599-1.587)]. While HIV+
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patients using Medicare, self-pay and other types of health insurance plans have the
odds of dying appraised to 1.152, 1.599, and 2.126 times that of HIV+ patients using
private insurance [OR = 1.152 with 95% CI (0.735-1.806)] and [OR = 1.599 with
95% CI (0.840-3.041)] respectively. The odds ratio for HIV+ patients using no charge
as a method of payment for healthcare expenses were not determined due to lack of
relevant data.

Table 39: Odds Ratio and Wald Confidence Intervals in Stroke Subjects
Odds Ratio Estimates and Wald Confidence Intervals
Effect
CVD and LOS:
Stroke vs No Stroke
LOS vs No LOS

Estimates

95% Confidence Limits

4.721
2.537

2.899
1.914

7.688
3.362

1.273

0.905

1.791

1.160
2.869
2.096

0.766
1.796
1.776

1.755
4.584
2.481

1.599
0.771
0.999
1.709
0.360

0.840
0.558
0.624
0.382
0.087

3.041
1.066
1.600
7.641
1.492

0.757
0.717
0.550

0.479
0.439
0.319

1.198
1.173
0.946

0.637
0.759

1.434
1.666

0.759

2.625

Demographic Factors:
Gender:
Male vs Female
Age (years):
Age 40-59 vs Age 18-39
Age 60-79 vs Age 18-39
Age 60-79 vs Age 40-59
Race/Ethnicity:
Asian or Pacific Islander vs White
Black vs White
Hispanic vs White
Native American vs White
Other vs White
Socio-economic Factors:
Income (US $):
1-37,999.00 vs 63,000.00+
38,000.00-47,999.00 vs 63,000.00+
48,000.00-62,999.00 vs 63,000.00+

Residential Location
Fringe Counties ≥MM+ vs Central Counties MM+ 0.956
Metro Counties ≥250K-1MM vs Central
1.124
+
Counties MM
Metro Counties 50K-250K vs Central Counties
1.411
98

MM+
Micropolitan Counties vs Central Counties MM+
Not Metro/Micro Counties vs Central Counties
MM+
Healthcare Plan:
Medicare vs Private Insurance
Medicaid vs Private Insurance
Self-pay vs Private Insurance
No Charge vs Private Insurance
Other vs Private Insurance

1.534

0.849

2.771

2.382

1.196

4.747

1.152
0.975
1.599
<0.001
2.126

0.735
0.599
0.840
<0.001
1.045

1.806
1.587
3.041
>999.999
4.327

4.4 Generalized Linear Model (GML)
GLM one-way analysis of variance (ANOVA) analyses were performed for
each of the CVDs, AMI, CAD, CHF, and A Fib and stroke individually. Each of the
analyses was done to evaluate the average cost of care and length of stay (LOS) in
HIV patients with for each of the above stated CVDs and stroke during hospital stay
after adjusting for demographic and socio-economic factors such as age, gender,
race/ethnicity, income, residential location, and type of health insurance plan. Cost
and LOS were analyzed separately. The results of these analyses are respectively
presented in the following sections.
4.4.1 Evaluation of Cost and LOS for AMI
On average the cost of hospital stay is statistically significant higher for HIV
patients with AMI compared to HIV patients without AMI after adjusting for the
demographic and socio-economic factors (p<0.001) as shown in Table 40 and Table
42. Apart from gender, on average the cost of hospital LOS incurred by HIV patients
during hospitalization was statistically significant difference for age, race/ethnicity,
income, residential location, and type of insurance (p<0.05). The mean cost for each
of the factors accounted for in the GLM model are shown in Table 42.
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On average the length of hospital stay is not statistically significant longer for
HIV patients with AMI compared to HIV patients without AMI after adjusting for the
demographic and socio-economic factors (p=0.9401) as shown in Table 41. As
presented in Table 41 apart from AgeGroup, the average length of hospital stay was
not statistically significant difference for gender, race/ethnicity, income, residential
location and type of insurance (p>0.05). The mean length of hospital LOS for each of
the factors accounted for in the GLM model is shown Table 43.

Table 40: Evaluation of Total Cost for AMI GLM ANOVA Results
TOTCHG Factors
Hospital
Cost
AMI
AgeGroup
Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

DF

Type III

Mean Square

F
Value

Pr > F

1
2
1
5
3
5

338227352423
239818342487
12574340201
105044631063
74046943605
212250605445

338227352423
119909171243
12574340201
21008926213
24682314535
42450121089

43.57
15.45
1.62
2.71
3.18
5.47

<.0001
<.0001
0.2032
0.0189
0.0230
<.0001

5

123809952618 24761990524

3.19

0.0070

Table 41: Evaluation of Hospital LOS for AMI GLM ANOVA Results
LOS in
Number
of Days

Factors

DF

Type III

Mean
Square

F
Value

Pr > F

AMI
AgeGroup
Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

1
2
1
5
3
5

0.389180
1559.309623
3.200849
607.845503
362.764281
371.901306

0.389180
779.654811
3.200849
121.569101
120.921427
74.380261

0.01
11.30
0.05
1.76
1.75
1.08

0.9401
<.0001
0.8295
0.1170
0.1539
0.3702

5

647.592065

129.518413 1.88

100

0.0947

Table 42: Total Charge for AMI (US $) LSMEAN during Hospital LOS
Factors

TOTCHG LSMEAN Factors
(or Adjusted means)

AMI

TOTCHG LSMEAN
(or Adjusted means)

Race
AMI

102442.075

White

68422.633

No AMI

53642.768

Black

67051.217

Hispanic

71865.705

Age Group
Age 18-39

70534.7648

Asian or Pacific Islander

72203.210

Age 40-59

75869.9478

Native American

115180.966

Age 60-79

87722.5517

Other

73530.798

Gender

Income (US $)

Female

76803.2466

1.00-37,999.00

75812.2297

Male

79281.5963

38,000.00-47,999.00

73875.5585

48,000.00-62,999.00

81466.7507

63,000.00 and above

81015.1468

Residential
Location

Health Care Plan

Central Counties
MM+

86169.4784

Medicare

81477.9805

Fringe Counties
>=MM+

81782.7027

Medicaid

80138.6684

Metro Counties
>=250k-1MM

78315.0299

Private Insurance

88102.8431

Counties in Metro
areas of 50K-250K

71164.1917

Self-pay

74114.1841

Micropolitan
Counties

72615.5259

No Charge

68245.6016

Not Metropolitan
or Micropolitan
Counties

78207.6000

Other

76175.2508
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Table 43: Length of stay (days) for AMI LSMEAN of Hospital LOS
Factors

LOS LSMEAN (or Factors
Adjusted means)

AMI

LOS LSMEAN (or
Adjusted means)

Race/Ethnicity
AMI

6.00629256

White

5.39214251

No AMI

5.95430949

Black

5.88776058

Hispanic

5.79211775

Age Group
Age 18-39

5.33314359

Asian or Pacific Islander

5.38839280

Age 40-59

5.89281371

Native American

7.30816742

Age 60-79

6.71494578

Other

6.11322509

Gender

Income (US $)

Female

5.99990886

1.00-37,999.00

5.97483173

Male

5.96069319

38,000.00-47,999.00

5.63275009

48,000.00-62,999.00

6.16877246

63,000.00 and above

6.14484982

Residential
Location

Health Care Plan

Central Counties
MM+

6.22158590

Medicare

5.92458890

Fringe Counties
>= MM+

6.03082936

Medicaid

6.47316288

Metro Counties
>= 250k-1MM

6.07981860

Private Insurance

6.16270144

Counties in
Metro areas of
50K-250K

5.45204783

Self-pay

5.91725831

Micropolitan
Counties

6.37747430

No Charge

5.56690263

Not Metropolitan
or Micropolitan
Counties

5.72005017

Other

5.83719198
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4.4.2 Evaluation of Cost and LOS for CAD
As revealed in Table 44, the average cost of hospital LOS for HIV patients
with CAD compared to HIV patients without CAD is not statistically significant
higher (p=0.1456) after adjusting for the demographic and socio-economic factors. On
average, the cost of hospital LOS sustained by HIV patients during hospitalization
was statistically significant difference for age, race/ethnicity, income, residential
location, and type of insurance (p<0.05), as seen in Table 44. The mean cost for each
of the factors accounted for in the GLM model are displayed in Table 46.
As depicted in Table 45, after adjusting for the demographic and socioeconomic factors, on average the length of hospital stay for HIV patients with CAD
was statistically significant longer compared to HIV patients without CAD (p<0.05).
As presented in Table 45 unlike AgeGroup, the average length of hospital stay was
not statistically significant difference for gender, race/ethnicity, income, residential
location and type of insurance (p>0.05). The mean length of hospital LOS for each of
the factors entered in the GLM model is shown Table 47.

Table 44: Evaluation of Total Cost for CAD GLM ANOVA Results
TOTCHG Factors
Hospital
Cost
CAD
AgeGroup
Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

DF

Type III

Mean Square

F
Value

Pr > F

1
2
1
5
3
5

16512790944
252447931691
15756424742
101391291796
72380830988
213600253265

16512790944
12622396584
15756424742
20278258359
24126943663
42720050653

2.12
16.19
2.02
2.60
3.10
5.48

0.1456
<.0001
0.1551
0.0234
0.0258
<.0001

5

123641487150 24728297430 3.17
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0.0073

Table 45: Evaluation of Hospital LOS for CAD GLM ANOVA Results
LOS in
Number
of Days

Factors

DF

Type III

Mean
Square

F
Value

Pr > F

CAD
AgeGroup
Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

1
2
1
5
3
5

314.245239
1645.959463
2.043308
592.050875
367.237253
364.402633

314.245239
822.979731
2.043308
118.410175
122.412418
72.880527

4.56
11.93
0.03
1.72
1.78
1.06

0.0328
<.0001
0.8073
0.1269
0.1495
0.3822

5

637.633613

127.526723 1.85

0.0997

Table 46: Total Charge (US $) LSMEAN during Hospital LOS
Factors

CAD

TOTCHG
Factors
LSMEAN (or
Adjusted means)
Race

TOTCHG LSMEAN (or
Adjusted means)

CAD

65076.4934

White

50246.8799

No CAD

53936.2759

Black

48721.7207

Hispanic

53386.5262

Age Group
Age 18-39

51671.8638

Asian or Pacific Islander

53308.3232

Age 40-59

57459.2184

Native American

96094.3711

69388.0717

Other

55280.4866

Age 60-79
Gender

Income (US $)

Female

58119.5413

1.00-37,999.00

57102.1485

Male

60893.2280

38,000.00-47,999.00

55503.0664

48,000.00-62,999.00

62811.1224

63,000.00 and above

62609.2013

Residential
Location
Central Counties
MM+
Fringe Counties
>=MM+
Metro Counties
>=250k-1MM

Health Care Plan
67623.2171

Medicare

63035.4129

63181.6775

Medicaid

61503.2374

59444.9032

Private

69630.5498
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Counties in Metro
areas of 50K-250K
Micropolitan
Counties
Not Metropolitan
or Micropolitan
Counties

52878.7851

Self-pay

55812.0464

54085.8678

No Charge

49319.5100

59823.8572

Other

57737.5514

Table 47: Length of stay (days) for CAD LSMEAN of Hospital LOS
Factors

CAD
CAD

LOS LSMEAN Factors
(or Adjusted
means
Race

LOS LSMEAN (or
Adjusted means

4.48010198

White

4.64824575

5.97402628

Black

5.13616866

Hispanic

5.03843928

4.56034329

Asian or Pacific Islander

4.61676593

Age 40-59

5.13927639

Native American

6.57697803

Age 60-79

5.98157270

Other

5.34578711

No CAD
Age Group
Age 18-39

Gender
Female
Male

Residential
Location
Central Counties
MM+
Fringe Counties >=
MM+
Metro Counties >=
250k-1MM
Counties in Metro
areas of 50K-250K
Micropolitan
Counties
Not Metropolitan
or Micropolitan
Counties

Income (US $)
5.24272760

1.00-37,999.00

5.22244313

5.21140066

38,000.00-47,999.00

4.87718637

48,000.00-62,999.00

5.41560160

63,000.00 and above

5.39302541

Health Care Plan
5.46013906

Medicare

5.17571875

5.27114578

Medicaid

5.71810204

5.33044704

Private Insurance

5.41986208

4.69706404

Self-pay

5.16698210

5.62581801

No Charge

4.80093754

4.97777084

Other

5.08078226
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4.4.3 Evaluation of Cost and LOS for CHF
On average the cost of hospital stay is statistically significant higher for HIV
patients with CHF compared to HIV patients without CHF after adjusting for the
demographic and socio-economic factors (p<0.05) as shown in Table 48 and Table
50. Apart from gender, on average the cost of hospital LOS paid by HIV patients
during hospitalization was statistically significant difference for age, race/ethnicity,
income, residential location, and type of insurance (p<0.05). The mean cost for each
of the factors adjusted for in the GLM model is shown in Table 50.
On average the length of hospital stay is statistically significant longer for HIV
patients with CHF compared to HIV patients without CHF after adjusting for the
demographic and socio-economic factors (p<0.05) as shown in Table 49. Also, as
presented in Table 49, apart from AgeGroup, the average length of hospital stay was
not statistically significant difference for gender, race/ethnicity, income, residential
location and type of insurance (p>0.05). The mean length of hospital LOS for each of
the factors accounted for in the GLM model is shown Table 51.

Table 48: Evaluation of Total Charge for CHF GLM ANOVA Results
TOTCHG Factors
Hospital
Cost
CHF
AgeGroup
Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

DF

Type III

Mean Square

F
Pr > F
Value

1
2
1
5
3
5

85908677400
239429173437
15498711717
107231944118
72662585965
207972187138

85908677400
119714586719
15498711717
21446388824
24220861988
41594437428

11.03
15.37
1.99
2.75
3.11
5.34

0.0009
<.0001
0.1584
0.0172
0.0253
<.0001

5

124162945357 24832589071

3.19

0.0070
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Table 49: Evaluation of Hospital LOS for CHF GLM ANOVA Results
LOS
Hospital
Stay

Factors

DF

Type III

Mean
Square

F
Value

Pr > F

CHF
AgeGroup
Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

1
2
1
5
3
5

522.114751
1435.492843
4.101820
558.640001
367.255137
366.957633

522.114751
717.746422
4.101820
111.728000
122.418379
73.391527

7.57
10.41
0.06
1.62
1.78
1.06

0.0059
<.0001
0.8073
0.1507
0.1494
0.3778

5

650.572369

130.114474 1.89

0.0930

Table 50: Total Charge for CHF (US $) LSMEAN during Hospital LOS
Factors

CHF

TOTCHG
Factors
LSMEAN (or
Adjusted means)
Race

TOTCHG LSMEAN
(or Adjusted means)

CHF

70977.6551

White

53281.1402

No CHF

53722.4293

Black

51291.8444

Hispanic

56391.3397

54678.2235

Asian or Pacific Islander

55919.7453

Age 40-59

60415.0655

Native American

99019.1323

Age 60-79

71956.8376

Other

58197.0513

Age Group
Age 18-39

Gender
Female
Male

Residential
Location
Central Counties
MM+
Fringe Counties
>=MM+
Metro Counties
>=250k-1MM

Income (US $)
60974.7064

1.00-37,999.00

59975.8467

63725.3780

38,000.00-47,999.00

58286.8115

48,000.00-62,999.00

65588.8567

63,000.00 and above

65548.6540

Health Care Plan
70350.0780

Medicare

65711.6471

66094.5977

Medicaid

64212.4862

62364.6978

Private

72479.6198
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Counties in Metro
areas of 50K-250K
Micropolitan
Counties
Not Metropolitan
or Micropolitan
Counties

55690.5302

Self-pay

58627.3614

56963.7287

No Charge

52412.5276

62636.6207

Other

60656.6111

Table 51: Length of Stay (days) for CHF LSMEAN of Hospital LOS
Factors

CHF
CHF

LOS LSMEAN Factors
(or Adjusted
means
Race

LOS LSMEAN (or
Adjusted means

7.25715695

White

6.01403272

5.92752687

Black

6.47789797

Hispanic

6.41635230

5.96802292

Asian or Pacific Islander

5.99416502

Age 40-59

6.51345300

Native American

7.91268347

Age 60-79

7.29554980

Other

6.73891996

No CHF
Age Group
Age 18-39

Gender
Female
Male

Residential
Location
Central Counties
MM+
Fringe Counties >=
MM+
Metro Counties >=
250k-1MM
Counties in Metro
areas of 50K-250K
Micropolitan
Counties
Not Metropolitan or
Micropolitan
Counties

Income (US $)
6.61453176

1.00-37,999.00

6.58917590

6.57015205

38,000.00-47,999.00

6.24130571

48,000.00-62,999.00

6.77492775

63,000.00 and above

6.76395827

Health Care Plan
6.82942908

Medicare

6.52145801

6.65134132

Medicaid

7.07574574

6.69597001

Private Insurance

6.76976053

6.06307495

Self-pay

6.52580878

6.99090759

No Charge

6.20443567

6.32332849

Other

6.45684271
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4.4.4 Evaluation of Cost and LOS for A Fib
As shown in Table 52, on average the cost of hospital stay is not statistically
significant higher for HIV patients with A Fib compared to HIV patients without A
Fib after adjusting for the demographic and socio-economic factors (p>0.05). Apart
from gender, on average the cost of hospital LOS consumed by HIV patients during
hospitalization was statistically significant difference for age, race/ethnicity, income,
residential location, and type of insurance (p<0.05). The mean cost for each of the
factors adjusted for in the GLM model is shown in Table 50.
On average the length of hospital stay is not statistically significant longer for
HIV patients with A Fib compared to HIV patients without A Fib after adjusting for
the demographic and socio-economic factors (p>0.05) as shown in Table 53. Also, as
presented in Table 53, apart from AgeGroup, the average length of hospital stay was
not statistically significant difference for gender, race/ethnicity, income, residential
location and type of insurance (p>0.05). The mean length of hospital LOS for each of
the factors entered for in the GLM model is shown Table 55.

Table 52: Evaluation of Total Charge for A Fib GLM ANOVA Results
TOTCHG Factors
Hospital
Cost
A Fib
AgeGroup
Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

DF Type III

Mean Square

F
Pr > F
Value

1
2
1
5
3
5

6346521942.7
256854213605
16095231336
102295192932
71796703085
210258526777

6346521942.7
128427106803
16095231336
20459038586
23932234362
42051705355

0.81
16.47
2.06
2.62
3.07
5.39

0.3669
<.0001
0.1508
0.0223
0.0267
<.0001

5

124894881577 24978976315

3.20

0.0068
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Table 53: Evaluation of Length of Stay for A Fib GLM ANOVA Results

LOS
Hospital
Stay

Factors

DF

Type III

Mean
Square

F
Value

Pr > F

A Fib
AgeGroup
Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

1
2
1
5
3
5

183.152942
1612.322336
2.611525
601.839968
364.387775
372.798880

183.152942
806.161168
2.611525
120.367994
121.462592
74.559776

2.66
11.69
0.04
1.75
1.76
1.08

0.1032
<.0001
0.8457
0.1206
0.1523
0.3685

5

637.712887

127.542577 1.85

0.0997

Table 54: Total Charge (US $) LSMEAN during Hospital LOS
Factors

A Fib

TOTCHG
Factors
LSMEAN (or
Adjusted means
Race

TOTCHG
LSMEAN (or
Adjusted means

A Fib

61421.8388

White

48488.0941

No A Fib

54021.8612

Black

46916.5392

Hispanic

51631.8141
51363.9633

Age Group
Age 18-39

49803.6456

Asian or Pacific Islander

Age 40-59

55691.1891

Native American

94543.9771

67670.7153

Other

53386.7123

Age 60-79
Gender

Income (US $)

Female

56320.2975

1.00-37,999.00

55356.4077

Male

59123.4025

38,000.00-47,999.00

53711.8534

48,000.00-62,999.00

61013.9880

63,000.00 and above

60805.1509

Residential Location
Central Counties MM+
Fringe Counties >=
MM+
Metro Counties >=
250k-1MM
Counties in Metro areas
of 50K-250K
Micropolitan Counties

Health Care Plan
65758.1055

Medicare

61233.7188

61387.7880

Medicaid

59699.6037

57671.7617

Private

67911.3691

51074.1366

Self-pay

54053.7593

52334.6077

No Charge

47489.0920
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Not Metropolitan or
Micropolitan Counties

Other

58104.7005

55943.5572

Table 55: Length of Stay (days) for A Fib LSMEAN of Hospital LOS
Factors

A Fib
A Fib
No A Fib

LOS LSMEAN Factors
(or Adjusted
means
Race

LOS LSMEAN (or
Adjusted means

4.71890527

White

4.75969822

5.96520331

Black

5.25421789

Hispanic

5.14907012

Age Group
Age 18-39

4.68479437

Asian or Pacific Islander

4.75416188

Age 40-59

5.25074307

Native American

6.65934052

Age 60-79

6.09062543

Other

5.47583709

Gender
Female
Male

Income (US $)
5.35976010

1.00-37,999.00

5.33193491

5.32434848

38,000.00-47,999.00

4.99421598

48,000.00-62,999.00

5.53295178

63,000.00 and above

5.50911449

Residential Location

Health Care Plan

Central Counties MM+

5.58510792

Medicare

5.29417410

Fringe Counties >=
MM+
Metro Counties >=
250k-1MM
Counties in Metro areas
of 50K-250K
Micropolitan Counties

5.38853436

Medicaid

5.83591993

5.44296624

Private Insurance

5.52556273

4.81510554

Self-pay

5.27872474

5.73586632

No Charge

4.92069638

Not Metropolitan or
Micropolitan Counties

5.08474536

Other

5.19724784

4.4.5 Evaluation of Cost and LOS for Stroke
On average the cost of hospital stay is statistically significant higher for HIV
patients with stroke compared to HIV patients without stroke after adjusting for the
demographic and socio-economic factors (p<0.001) as depicted in Table 56 and Table
58. Apart from gender, on average the cost of hospital stay disbursed by HIV patients
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during hospitalization was statistically significant difference for age, race/ethnicity,
income, residential location, and type of insurance (p<0.05). The mean cost for each
of the factors accounted for in the GLM model are shown in Table 58.
On average the length of hospital stay is statistically significant longer for HIV
patients with stroke compared to HIV patients without stroke after adjusting for the
demographic and socio-economic factors (p<0.05) as shown in Table 57. In addition,
as presented in Table 57, apart from AgeGroup, the average length of hospital stay
was not statistically significant difference for gender, race/ethnicity, income,
residential location and type of insurance (p>0.05). The mean length of hospital stay
for each of the factors accounted for in the GLM model is shown Table 59.

Table 56: Evaluation of Total Cost for Stroke GLM ANOVA Results
TOTCHG Factors
Hospital
Cost

D
F

Type III

Mean Square

F
Value

Pr > F

Stroke

1

184369107325

23.70

<.0001

AgeGroup

2

236493969204

15.20

<.0001

Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

1
5
3
5

14778847081
99518391165
74655173994
223237644200

18436910732
5
11824698460
2
14778847081
19903678233
24885057998
44647528840

1.90
2.56
3.20
5.74

0.1681
0.0254
0.0224
<.0001

5

122027994519

24405598904

3.14

0.0078

Table 57: Evaluation of Hospital LOS for Stroke GLM ANOVA Results
LOS
Factors
Hospital
Stay
Stroke
AgeGroup

DF

Type III

1
2

1184.820639 1184.820639 17.20
1411.138399 705.569200 10.24
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Mean
Square

F
Value

Pr > F

<.0001
<.0001

Gender
Race/Ethnicity
Income
Residential
Location
Health
Insurance

1
5
3
5

5.038269
575.241830
373.193231
399.819730

5.038269
115.048366
124.397744
79.963946

0.07
1.67
1.81
1.16

0.7868
0.1380
0.1437
0.3258

5

620.407233

124.081447

1.80

0.1089

Table 58: Total Charge (US $) LSMEAN during Hospital LOS
Factors

STROKE
Stroke
No Stroke

TOTCHG
LSMEAN (or
Adjusted means)

Factors

TOTCHG
LSMEAN (or
Adjusted means)

Race
83211.4412

White

59205.692

53113.5173

Black

57447.537

Hispanic

62172.234
62137.135

Age Group
Age 18-39

60543.8908

Asian or Pacific Islander

Age 40-59

66243.0384

Native American

103992.977

77700.5087

Other

64019.301

Age 60-79
Gender

Income (US $)

Female

66819.4070

1.00-37,999.00

65755.8678

Male

69505.5515

38,000.00-47,999.00

64095.9907

48,000.00-62,999.00

71589.8824

63,000.00 and above

71208.1761

Residential Location
Central Counties
MM+
Fringe Counties
>=MM+
Metro Counties
>=250k-1MM
Counties in Metro
areas of 50K-250K
Micropolitan Counties
Not Metropolitan or
Micropolitan Counties

Health Care Plan
76460.8177

Medicare

71830.1557

71777.2635

Medicaid

70112.6496

68128.1800

Private

78299.0575

61398.7527

Self-pay

64685.0055

62574.7794

No Charge

57220.8922

68635.0823

Other

66827.1151
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Table 59: Length of Stay (days) for Stroke LSMEAN of Hospital LOS
Factors

STROKE
Stroke
No Stroke

LOS LSMEAN
(or Adjusted
means

Factors

LOS LSMEAN (or
Adjusted means

Race
8.25694780

White

6.49728110

5.87798436

Black

6.97997879

Hispanic

6.88765593

Age Group
Age 18-39

6.44837161

Asian or Pacific Islander

6.50020519

Age 40-59

6.99058989

Native American

8.32483359

Age 60-79

7.76343674

Other

7.21484190

Gender
Female
Male

Income (US $)
7.09205963

1.00-37,999.00

7.06177203

7.04287254

38,000.00-47,999.00

6.71634251

48,000.00-62,999.00

7.26484846

63,000.00 and above

7.22690133

Residential Location

Health Care Plan

Central Counties
MM+
Fringe Counties >=
MM+
Metro Counties >=
250k-1MM
Counties in Metro
areas of 50K-250K
Micropolitan Counties

7.32898289

Medicare

7.01895233

7.11718342

Medicaid

7.55785967

7.16721702

Private Insurance

7.24670658

6.52634046

Self-pay

7.02018126

7.45118943

No Charge

6.60064534

Not Metropolitan or
Micropolitan Counties

6.81388327

Other

6.96045132

4.5 Cost, LOS, and Rate Across the CVDs and Stroke
To support the study objectives and to easily evaluate the findings regarding
the average cost and average hospital LOS incurred for HIV patients with the CVDs
of interest and stroke during hospital LOS, Table 60 below was drawn using a sideby-side comparative display. It depicted that except for stroke and CHF, there was no
statistically significant difference in the average hospital LOS for HIV patients with
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AMI and A Fib comparing to HIV patients without these CVDs. While there was a
slight statistically significant difference in the average hospital LOS in HIV patients
with CAD compared to HIV patients without CAD. Also, except for AMI, CHF, and
stroke there was no statistically significant difference in the average cost of care for
HIV patients with CAD and A Fib. Similarly, other than CHF, the rate of the CVDs
and stroke didn’t significantly increase in HIV patients as seen in Table 61 and
Figures 18 and 19 below. Appendix D contains the information about rate
computation of the CVDs and stroke examined. Microsoft Excel 2016 was used in the
calculation process of their respective rate.

Table 60: Review of LOS (days) and Total Charge (US $) for CVDs and Stroke
CVD/ Stroke

LOS LSMEAN

Pr > |t|

TOTCHG LSMEAN Pr > |t|

AMI
No AMI

6.00629256
5.95430949

0.9401

102442.075
53642.768

<.0001

CAD
No CAD

4.48010198
5.97402628

0.0328

65076.4934
53936.2759

0.1456

CHF
No CHF

7.25715695
5.92752687

0.0059

70977.6551
53722.4293

0.0009

A Fib
No AFib

4.71890527
5.96520331

0.1032

61421.8388
54021.8612

0.3669

Stroke
No Stroke

8.25694780
5.87798436

<.0001

83211.4412
53113.5173

<.0001

The rate of the CVDs and stroke in HIV patients remained about the same
throughout the three year-period of the study as depicted in Table 61. However, there
was a slight increase observed in HIV patients with CHF as follows: (1.07 ---> 1.15 --> 1.30) over the three years.
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Table 61: Rate of CVDs and Stroke 2012-2014 per 100 HIV Patients
Rate of CVDs and Stroke
Year

AMI

CAD

CHF

A Fib

Stroke Combined
Rate for
CVDs and
Stroke

2012
2013
2014

0.47
0.48
0.50

0.45
0.39
0.39

1.07
1.15
1.30

0.39
0.37
0.35

0.65
0.61
0.58

3.03
3.00
3.12

2012-2014

1.45

1.23

3.52

1.11

1.84

9.15

Figure 18: Rate of CVDs and Stroke within and across the Years

Figure 19: Rate within the CVDs and Stroke
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CHAPTER V
DISCUSSIONS
5.1 Subjects Baseline Characteristics
It is understood that the general factors associated with healthcare outcomes
and cost in HIV patients during hospitalization might potentially derive from a
combination of several elements. For this study, the focus was on healthcare
outcomes, cost, and hospital LOS associated with certain cardiovascular diseases such
as AMI, CAD, CHF, and A Fib and stroke as cerebrovascular disease in HIV patients
during hospitalization. To visualize the distribution of the variables, the study started
off by looking at the demographic characteristics such as age, gender, and ethnicity,
of the participants and their socio-economic indicators.
The main inclusion criterion for the overall study population was HIV patients
within the age range of 18 to 79 years inclusively; the average age in years of the
participants was 48.59. Accordingly, age was considered as an important underlying
factor in this study since HIV individuals are now having a longer lifespan. Findings
in Appendix C, Figure 20 and Table 63, confirm that N = 3,147 (8.0%) of the
participants aged between 18-39 are females; while N = 5,125 (13.0%) are males.
Overall, the largest number of individuals diagnosed with HIV+ fall amongst those
aged 40-59 years where nearly half of them N = 7,818 (19.8%) are females versus N
= 17,399 (44.0%) males. The last age group 60-79, as in the previous two clusters,
continues with the same dynamics by having the number of females N = 1,504 (3.8%)
representing about 1/3 of this category of population; while males are N = 4,504
(11.4%). A total number of 7 individuals across the three age groups of the study
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population are quantified as other and displayed as 0.0% on the graph due to their
miniscule values.
Age and race/ethnicithy, two elements viewed as social determinant of health,
amidst other factors, necessary to evaluate the possible level of disparity among
different groupings are denoted in Figure 21. The three most represented races among
all the age groups are distributed as follows: (1) age range 18-39 comprises N = 4,503
(11.4%) Black, N = 1,844 (4.7%) White, and N = 1,204 (3.0%) Hispanic. In addition
to missing or invalid values, the remaining races, Asian or Pacific Islander, Native
American, and Other show statistical values of less than 1%. (2) In the context of this
analysis, age group 40-59, has the largest cluster of participants indicates the same
suggestions as previously noted with Black N = 12,534 (31.7%) surpasses White N =
7,618 (19.3%) and Hispanic N = 3,099 (7.8%) combined. Within this age category,
two races, Asian or Pacific Islander and Native American quantity to less than 1%;
while missing or invalid and Other measure 626 (1.6%) and 1,083 (2.7%)
respectively. (3) Including in the last age group 60-79 are N = 2,798 (7.1%) Black, N
= 2,041 White (5.2%), and N = 705 (1.8%) Hispanic. As previously observed in the
first age group, Asian or Pacific Islander, Native American, Other, and missing or
invalid reveal statistical values of less than 1%.
To conclude, when conidering HIV patients socio-economic status, it was
noted among the four levels of income, there was a higher percentage of subjects in
the age group of 40-59 compared to the other two age groups as illuatrated in Figure
22 and Table 65. However, the majority of them 10,188 (31.90%) earned bwtween
$1.00 to $37,999.00; 4525 (14.17%) were making $38,999.00 to $47,999.00; 3447
(10.79%) were getting $48,000.00 to $62,999.00; and 1975 (6.18%) received
$63,000.00 and above. This translates that within this age category more individuals
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fall in the lowest income bracket. As observed in the frequency distribution of
subjects by residential location Table 52, a huge trunk of data is missing in the
evaluation of the cross tabulation of the most prominent age group, 40-59, and HIV
patients residential location Figure 23 and Table 66. Nonetheless, it was depicted that
about 3,919 (9.41%) of individuals from this age group resided in Central Counties of
MM+ population. This may explain the higher increase in earning in this age group, as
previouly discussed. The same phenomenon was observed for health insurance plan as
before, the age group 40-59 remained more prominent in using health insurance.
Among this age group, apparently, both Medicare and Medicaid were used at about
the same frequency in HIV patients in this study 9,194 (23.31%) and 10,338 (26.21%)
respectively Figure 24 and Table 67. Across the three age groups, health insurance
was used as follows: Medicaid 15,464 (39.21%, Medicare 14,871 (37.70%), Private
Insurance 5,464 (13.85%), Self-pay 2,263 (5.74%), Other 1,112 (2.82%) and No
Charge 267 (0.68%). Further consideration using these factors were measured in the
logistic regression analyses as discussed in this report.
To start investigating the risk of death and the evaluation of cost and LOS
among HIV patients during hospitalization, initially, the frequency of each of the four
CVDs studied AMI, CAD, CHF, A Fib, and stroke was retrieved from the study
population. Based on the results, the frequency of each disease was distributed as
AMI 573 (1.45%), CAD 484 (1.23%), CHF 1,394 (3.53%), A Fib 440 (1.11%), and
stroke 725 (1.84%) with all having a (P<0.05) for their distribution.
5.2 Outcomes Description
Advancing the improvement and coordination of patient care is the litmus test
for healthcare organizations. It is well recognized that cardiovascular diseases of all
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types have continued to be a major health issue. Additionally, the odds of enduring
them increase with age; though, it is sometimes associated with other concomitant
factors. To assert the enormity of each of the CVDs, AMI, CAD, CHF, and A Fib and
stroke in HIV patients, death, average length of stay, and average cost associated with
each of the CVDs and stroke during hospitalization were the indicators used to
evaluate patients’ health outcomes in the current analysis.
There exists a paucity of information to assert that the four cardiovascular
diseases and stroke have ever being studied simultaneously. Based on available
literature, previous studies had focused on examining HIV patients with only one or
two CVDs or a combination of one CVD and stroke (Elnahar et al. 2012; Pearce et al.,
2012; Hsu et al., 2013; Remick et al., 2014; Abbate et al., 2015; Feinstein et al., 2015;
Krsak et al. 2015; Paisible et al., 2015; Okeke et al., 2016). The results of the
frequency of the CVDs vs no CVDs and stroke vs no stroke were used to support the
study questions and hypotheses, after adjusting for HIV patients’ demographic and
socio-economic factors. Logistic regression models for death and GLM-ANOVA for
cost and LOS across each of the CVDs and stroke studied were conducted with their
outcomes covered in the discussion of statistical analyses section below.

5.3 Discussion of Statistical Analyses Across the CVDs and Stroke
The results of the study analyses suggested some striking evidence when
comparing HIV patients with the CVDs studied and stroke to HIV patients without
the said CVDs and stroke. It was noted that the odds of dying with any of these CVDs
and stroke were higher in HIV patients with stroke follow by HIV patients with CHF,
HIV patients with AMI, HIV patients with A Fib, and HIV patients with CAD. Also,
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HIV patients with stroke experienced a longer hospital LOS. Among the listed CVDs,
CHF was the most prevalent while AMI was the most expensive to care for when HIV
patients received inpatient care.
To efficiently examine the effects of some co-elements, demographic and
socio-economic factors, univariate and multivariate modeling for each of the CVDs of
interest and stroke were performed during the logistic regression analyses. First, the
death model was fitted with the CVDs and stroke only. The results indicated that apart
from the listed CVDs, the odds of dying from stroke increased significantly [OR =
5.790 with 95% CI (3.612-9.283)]. The 95% Confidence Interval of the odds ratio
does not include 1, as seeing in Table 34, when comparing HIV patients with stroke to
HIV patients without stroke. Second, the same model was adjusted with demographic
and socio-economic factors. The results of both models were compared to depict any
possible differences.
The results of the adjusted model for each of the CVDs and stroke shown that
apart from CAD and A Fib, the odds of dying with stroke, CHF, and AMI increased
significantly when comparing HIV patients with stroke, CHF, and AMI to those
without them, given that HIV patients stayed in the hospital for 5 days or more. The
results confirmed that across all the CVDs and stroke, the odds of HIV patients
staying in the hospital for 5 or more days were very significant. A detailed
explanation conveyed that HIV patients with AMI had an odds ratio of 2.342 times
that of HIV patients without AMI to die; HIV patients with CHF had an odds ratio of
2.610 times that of HIV patients without CHF to die; HIV patients with stroke had an
odds ratio of 4.721 times that of HIV patients without stroke to die. When comparing
the univariate with the multivariate model, there is a significant increase in the odds
of dying for HIV patients with AMI, CHF compared to those without these two
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CVDs. Though the odds of dying remain significant for HIV patients with stroke
compared to HIV patients without stroke [OR = 4.721 with 95% CI (2.899 - 7.688)],
however, there is a slight decrease in the odds of dying in this category [OR = 5.790
with 95% CI (3.612 – 9.283)] as previously noted in the unadjusted model Table 34.
The gender factor did not add any significance in the odds of dying for HIV
patients with the CVDs and stroke being studied compared to HIV patients without
the stated CVDs and stroke. Because with a 95% Confidence Intervals the odds for
male HIV patients with CVDs and stroke to die compared to female HIV patients with
CVDs and stroke are between 0.905 and 1.791 Table 39.
Generally, as disease burden increases with age, this factor was also analyzed
to depict its impact on the HIV, CVDs, and stroke phenomena. Apart from CAD and
A Fib, it was also observed that the odds of experience death in HIV patients with
AMI, CHF, and stroke were significant across the three age groups (18-39, 40-59, and
60-79) when compared to HIV patients without AMI, CHF, and stroke. However, the
odds of death were greater among HIV patients aged 40-59 years; followed by those
in the age group of 60-79 years; and trailed by the 18-39 years HIV patients who had
AMI, CHF, and stroke compared to HIV patients without AMI, CHF, and stroke.
Similar scenario was observed in HIV patients with CAD and A Fib when compared
to HIV patients without CAD and A Fib. Except, the odds of dying in 18-39 years
HIV patients with CAD and A Fib compared to HIV patients without these two listed
CVDs were not significant. However, the odds of dying for HIV patients 40-39 and
60-79 years who suffered with CAD and A Fib compared to those without CAD and
A Fib were very significant. Again, higher odds ratios of death were noted among
HIV patients aged 40-59 years for both CAD and A Fib.
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In this study, race/ethnicity for all the five diseases were reviewed. Taking this
factor into account, the odds of dying in HIV patients with CVDs and stroke
compared to HIV patients without CVDs and stroke were not significant. Overall,
when reviewing HIV patients’ residential location, across all the CVDs and stroke, the
odds of dying in relation to residential location were not significant. However, HIV
patients with CVDs and stroke living in Not Metro/Micro counties had statistically
significant odds of death compared to HIV patient without CVDs and stroke living in
central counties. This information translates that HIV patients with CVDs and stroke
living in urbanized areas are less likely to die than HIV patients without CVDs and
stroke living in small towns or rural areas.
As health insurance coverage seems to be strongly related to superior
healthcare outcomes, the odds of HIV patients with CVDs and stroke to die when
using other healthcare plan compared to HIV patients without CVDs and stroke using
private insurance was taken into consideration. It revealed that except for CHF and
stroke, the odds of dying were not significant. This is an important finding since
usually, the type of healthcare insurance plan patients carry is considered to be a
driving force for access to care.
The results of the analyses for average cost for all the diseases, AMI, CAD,
CHF, A Fib, and stroke, suggested that HIV patients with any of the CVDs and stroke
incurred a higher average cost for care during hospital stay than HIV patients without
these CVDs and stroke. However, when comparing HIV patients with CAD to HIV
patients without CAD there was not a statistically significant difference in the average
cost (P=0.1456). The same observation was acknowledged in HIV patients with A Fib
compared to HIV patients without A Fib (P=0.3669). For HIV patients with these
CVDs and stroke, there was a statistically significant difference in the average cost
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paid by age (P<.0001) compared to HIV patients without these CVDs and stroke. It
was also observed that the average cost for care increased with age for all the
diseases. There was no statistically significant difference in the average cost paid by
gender. However, it was noticed, for all the CVDs and stroke, males incurred a
slightly higher average cost than females.
The effects of race/ethnicity were also investigated as this factor represented
an important mainstay in social determinant of health. Constructed on the study
results, there was a statistically significant difference in the average cost incurred by
race/ethnicity (P<.0005) among HIV patients with the CVDs studied and stroke.
Further details revealed that among the HIV patients’ population with CVDs and
stroke, Native American incurred the highest amount in the average cost of care,
follow by Other, Asian Pacific Islander, Hispanic, White, and Black.
When looking at HIV patients’ socio-economic factors, it was noticed that
their residential location played a major component in the average cost spent during
hospitalization across all the CVDs studied and stroke (P<.0001). However, further
scrutiny indicated that HIV patients with the stated diseases who live in urbanized
areas paid a greater average cost than those living in the other cited areas. For all the
five diseases, the average cost of care increased with HIV patients’ residential
location indicating a statistically significant difference in average cost for care.
Similar scenario was observed for HIV patients with the CVDs in question and stroke.
There was a statistically significant difference in average cost paid when looking at
income level (P<.0001) of HIV patients with the stated diseases. However, the
statistical difference of the association was noted to be somehow weak for HIV
patients with the CVDs and stroke earning (in US dollars) from 1.00-37,999.00 and
38,000.00-47,999.00. A weak difference in association was also noted for HIV
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patients with the CVDs and stroke making 48,000.00-62,999.00 and 63,999.00 and
above.
The type of health insurance coverage must be well understood as it can be
one of the quality indicators used to measure the social aspect of access to care. For
all the diseases examined, the study analyses depicted a statistically significant
difference in the type of health insurance plan (P<.0001) HIV patients, with the cited
CVDs and stroke, used to cover the cost of care. However, further examination
indicated most of the cost was covered using these plans in decreasing order 1) private
insurance, 2) Medicare, 3) Medicaid, 4) Other, 5) Self-pay, and 6) No charge.
Length of hospital stay was modeled to evaluate its association with each of
the diseases reviewed after adjusting for HIV patients’ demographic and socioeconomic factors. Based on the results, apart from HIV patients with CHF and stroke,
it was suggested that there was no statistically significant difference in LOS for HIV
patients with AMI and A Fib. In the study, on average, HIV patients with AMI stayed
in the hospital for 6.00 days while HIV patients without AMI stayed for an average of
5.94 days. One can safely conclude that both groups have about the same average
LOS. A different situation was presented in HIV patients with A Fib; on average, they
spent less time during hospital stay than HIV patients without A Fib did. For HIV
patients with CAD, though there was a statistically significant difference in LOS
(P<.0005), it was conveyed that HIV patients with CAD stayed for a shorter period of
time during hospitalization than HIV patients with CAD.
In reviewing all the CVDs and stroke, it was noticed that there was a
statistically significant difference in the average LOS by age (P<.0001) for HIV
patients with the CVDs and stroke. It was also observed that the average LOS
increased with age for all the CVDs and stroke. When looking at gender, there was no
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statistically significant difference in the average LOS of HIV patients with the CVDs
and stroke by this factor. Across all the CVDs and stroke studied, males and females’
HIV patients had approximately the same duration in LOS. The effects of
race/ethnicity were also investigated in association with LOS. Like the cost factor, the
average LOS among HIV patients with these CVDs and stroke, increased in the same
direction. Native American HIV patients with these CVDs and stroke had a longer
LOS than the remaining race/ethnicity. Except for HIV patients with these CVDs and
stroke classified under Other, whom had about the same LOS as Native American
HIV patients with these CVDs and stroke. This observation coincides with the
approach that LOS is closely associated with cost because as mentioned earlier,
Native American HIV patients had a statistically significant longer LOS than the other
racial/ethnic groups.
In addition to investigating the demographic factors in HIV patients with
CVDs and stroke, the effects of their socio-economic factors were also investigated
for association with LOS. For all the CVDs and stroke analyzed, there was no
statistically significant difference in LOS for HIV patients who endured them, in
regard to income, location, and type of healthcare plan. On average, when considering
these factors income level, residential location, and type of health insurance, HIV
patients with AMI spent 6.00 days in the hospital; HIV patients with CAD 4.48 days;
HIV patients with CHF 7.26; HIV patients with A Fib 4.72 day; and HIV patients
with stroke 8.26 days.
Finally, the three major objectives of the study were to predict death, evaluate
cost and LOS in HIV patients with the CVDs and stroke studied during hospital stay.
Constructed on the study results, several key findings were identified. The most
prevalent CVD observed in the study population is CHF; and decreasingly followed
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by AMI, CAD, and A Fib. However, considering all the CVDs and stroke, the latter
had shift in second position. Therefore, in decreasing order, here is the final
classification in prevalence of the CVDs and stroke studied: CHF, stroke, AMI, CAD,
and A Fib. Among all the CVDs and stroke studied, the predictive odds of dying with
stroke are [OR = 4.721 95% CI (2.899-7.688)]; CHF [OR = 2.610 95% CI (1.9723.453)]; AMI [OR = 2.342 95% CI (1.576-3.480)]; A Fib [OR = 1.980 95% CI
(0.783-5.002)]; and CAD [OR = 0.377 95% CI (0.140-1.014)]. Therefore, HIV
patients have the highest odds of dying from stroke than from any of the CVDs.
Among the CVDs reviewed, they have the highest odds of dying from CHF and the
lowest odds of death from CAD. A previous study comparing the odds of death
between HIV patients with AMI with stroke compared to HIV patients without these
two conditions revealed the highest odds of death among HIV patients with stroke
(Okeke et al., 2016).
Among the average cost spent for HIV patients with CVDs and stroke during
hospitalization, AMI was the highest; although the average LOS for AMI was 6.00
days. The second highest average cost incurred was for stroke with an accompanying
average LOS of 8.26 days. The third highest average cost occurred was for CHF with
a related average hospital LOS of 7.26 days. In fourth position was the average care
expense for HIV patients with CAD linked to an average LOS of 4.48. Lastly, came
HIV patients with A Fib incurring the lowest average cost for an average LOS of 4.72
days. To my knowledge, being the first study to concurrently examine multiple CVDs
and stroke to predict death and evaluate cost and LOS in HIV patients with CVDs and
stroke during hospital stay, these results should be verified with caution. The rate of
the CVDs and stroke remains stable across the three years of the study data with a
slight increase observed in HIV patients with CHF.
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HIV patients’ health status was defined as the number of number of diagnoses
(hStatusDx) and the number of chronic diseases (hStatus) retrieved from patients’
health records. These two variables, hStatus and hStatusDx, were intended for
adjustment in the logistic regression models and GLM. However, they were dropped
during the analyses because all HIV patients in the study population were comorbid
for having more than two diagnoses or at least one chronic disease documented upon
discharge on their health records Table 5 and Table 6. The attempt to adjust for the
aforesaid two variables and examine their impact on death, cost, and LOS in HIV
patients with the CVDs and stroke compared to HIV patients without the CVDs and
stroke had resulted in a linear combination. Hence, their adjustment in the statistical
models did not contribute to any statistically significant results.
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CHAPTER VI
LIMITATIONS AND FUTURE SCOPE OF THE STUDY
Within the shifting landscape of HIV from an acute to a chronic disease and
CVDs being very common in HIV patients, this study present various constraints and
limitations that can potentially affect the findings. Predominantly, NIS hospital
administrative data on patients’ discharge were used to underpin the study. This
modality of data source limits the ability of the researcher to validate the data and
renders its accuracy to the sole responsibility of the local billing institutions. Also,
due to the nature of the data, it was difficult to ascertain an exact count of HIV
patients and differentiate on their HIV status; therefore, CM_AIDS code was used to
select HIV patients with comorbidities. Moreover, the data set obtained from NIS
contains nonfederal inpatient discharge information from various U.S. hospitals; it
was impossible to account for multiple potential discharges coming from the same
HIV patients.
Secondly, the main universe of the study population was HIV, which was later
divided between HIV patients with CVDs and stroke and HIV patients without CVDs
and stroke in the analyses. As CVDs being very common in HIV individuals, previous
studies had acknowledged the impact of medication on CVDs in this population
(Worm et al. 2012; Remick et al. 2014; Abbate et al. 2015; Walker, 2017). The
datasets used for this project didn’t capture either clinical information or medication
administration; hence, it became impossible to verify how clinical factors can affect
the study results.
Finally, to my knowledge, this is the first study being done to concurrently
investigate death, cost, and LOS, in HIV patients suffered with AMI, CAD, CHF, and
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A Fib and stroke during hospital stay. Grounded by the study results, stroke has
emerged as the leading cause of death in HIV patients in this setting. HIV patients
with stroke have a longer length of stay; though CHF revealed to be more prevalent
among the CVDs. AMI is the costliest of the CVDs to care for in HIV patients.
Therefore, further evaluation in this arena is necessary.
This comparative analysis of the four major CVD conditions, AMI, CAD,
CHF, A Fib, and stroke was restricted to three years of retrospective administrative
data and aimed to uncover investigational results only. As healthcare data analytics
continue to evolve, there is a need to proceed with ongoing assessment of healthcare
outcomes, cost, and hospital LOS. Additionally, a wider range of longitudinal data is
necessary to identify trends in areas that require change and implement policies and
procedures necessary to promote sustainable quality care for HIV patients with CVDs
and stroke. Thus, as a public health concern, further research in the HIV plague is
needed using big data analysis to depict other factors associated with the quality of
care delivery and cost in HIV patients with CVDs and stroke during hospital stay.
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APPENDICES
Appendix A: Coding Criteria for Cardiovascular Conditions and Stroke
This section presents the specific cardiovascular conditions (CVD) and stroke
being investigated in the study. The coding criteria follow the nomenclature of the
HCUP Clinical Classification Software (CCS) and/or ICD-9-CM to identify the
documentation of these CVD diseases and stroke on HIV patients’ record aged 18 to
79 years using discharge data from 2012 to 2014.

I. CCS Coding of CVD Conditions and Stroke for Patients aged 18 and older
100 – Acute Myocardial Infarction (AMI)
101 – Coronary Artery Diseases (CAD)
106 – Cardiac Dysrhythmias (A Fib)
107 – Cardiac Arrest and ventricular Fibrillation (A Fib)
108 – Congestive Heart Failure (CHF)
109 – Acute Cerebrovascular Disease (ACVD/Stroke)

II. CCS Coding
100

ICD-9-CM Coding

CVD Condition/Stroke

'4100', '41000', '41001',
'41002', '4101', '41010',
‘41011', '41012', '4102',
'41020', '41021', '41022',
'4103', '41030', '41031',
'41032','4104', '41040',
'41041', '41042', '4105',
'41050', '41051', '41052',
'4106', '41060', '41061',
'41062', '4107', '41070',
‘41071', '41072', '4108',
'41080', '41081', '41082',
'4109', '41090', '41091',
'41092'

AMI
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101

'4110', '4111', '4118',
'41181', '41189', '412',
'4130', '4131', '4139',
'4140', '41400', '41401',
'41406', '4142', '4143',
'4144', '4148', '4149',
'V4581', 'V4582

CAD

106 and
107

'4270', '4271', '4272',
'4275', '4279', '42731',
'42732','42741','42742',
'42760', '42761', '42769',
'42781', '42789', '7850',
'7850'

A Fib

108

'39891','4280', '4281',
'42820', '42821','42822',
'42823','42830', '42831',
'42832', '42833', '42840',
'42841', '42842', '42843',
'4289'

CHF

109

'34660', '34661', '34662',
'34663', '430', '431',
'4320', '4321', '4329',
'43301', '43311', '43321',
'43331', '43381','43391',
'4340', '43400', '43401',
'4341', '43410', '43411',
'4349', '43490', '43491',
'436'

Stroke
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Appendix B: Representation of the Variables used in the Study
Variable
Name

Description

Type

Coding

Variable Label
in HCUP Data

Age

Measures patient’s
age in years at the
date of admission

Continuous

Range from
18 - 79

AGE

Cost

Expenses incurred
Continuous
during hospital stay,
which are measured
in U.S. dollars

Range from
100 4,225,008

TOTCHG

Death

Indicates patient’s
disposition status
(died or alive) upon
discharge

Dichotomous 1 = Yes
0 = No

DIED

DX1

Indicates the
principal
diagnosis

Ordinal

Range from
0 - 30

DXn

DX2

Indicates
secondary
diagnosis

Ordinal

Range from
0 - 30

DXn

Gender

Specifies patient’s
sex

Categorical

1 = Female
0 = Male

FEMALE

HIV

Specifies HIV
Patients – this
variable was used
in conjunction with
the principal (DX1)
or secondary (DX2)
diagnosis of the
study specific
cardiovascular
diseases or stroke
to select the
hospitalized HIV
patients from the
NIS core database
From 2012 – 2014

Dichotomous 1 = Yes
0 = No

CM_AIDS

Income

Indicates
estimated quartile
classification,

Ordinal

ZIPINC_QRTL
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1=137,999

(1 = poorest)
to (4 = wealthiest),
of median household income for
patient residential
zip code. The
income is measured
in U.S. dollars

2 = 38,000 47,999
3 = 48,000 62,999
4 = 63,000
and above

hInsurance

Indicates the
expected payer
as provided by
data source

Ordinal

1 = Medicare PAY1
2 = Medicaid
3 = Private
insurance
4 = Self-pay
5 = No charge
6 = Other

hStatus

Indicates the tally
of the number of
unique chronic
conditions on a
patient’s record

Ordinal

Range from
0 - 30

NCHRONIC

hStatusDx

Uses to test the
level of patient’s
health status based
on the number of
diagnoses reported
on patient’s record

Ordinal

Range from
0 - 30

DXn

LOS_Pt

Indicates length of
Continuous
hospital stay
evaluated in number
of days

Range from
0 – 358

LOS

Pt_location

Indicates patient’s
residential location

1 = Central
PL_NCHS2006
counties of
metro area of
>=1 million
population

Ordinal

2 = Fringe"
counties of
metro areas of
>=1 million
population
3 =Counties
in metro areas
150

of 250,000 –
999,999
population
4 = Counties
in metro areas
of 50,000 249,999
population
5 = Micropolitan
counties
6 = Not
metropolitan
or
micropolitan
counties

Race

Indicates patient’s
race/ethnicity as
provided by data
source

Ordinal

1 = White
2 = Black
3= Hispanic
4 = Asian or
Pacific
Islander
5 = Native
American
6 = Other

RACE

Rate

Uses to compute
rate of the
cardiovascular
diseases and stroke
in hospitalized
HIV patients

Continuous

None

None

A Fib

Indicates
atrial
fibrillation
as primary or
secondary
diagnosis

Dichotomous 1 = Yes
0 = No

DX1 or DX2

AMI

Indicates
Acute
Myocardial
Infarction as

Dichotomous 1 = Yes
0 = No

DX1 or DX2
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Primary or
Secondary
diagnosis
CAD

Indicates
coronary artery
diseases as
primary or
secondary
diagnosis

Dichotomous 1 = Yes
0 = No

DX1 or DX2

CHF

Indicates
Congestive heart
failure as
primary or
secondary
diagnosis

Dichotomous 1 = Yes

DX1 or DX2

Stroke

Indicates
Dichotomous 1 = Yes
stroke as
primary or
secondary diagnosis

DX1 or DX2

Dchg_CVD

Indicates
discharge
with CVD

Dichotomous 1 = Yes

None

Dchg_AMI

Indicates
discharge
with AMI

Dichotomous 1 = Yes

None

Dchg_CAD

Indicates
discharge
with CAD

Dichotomous 1 = Yes

None

Dchg_CHF

Indicates
discharge
with CHF

Dichotomous 1 = Yes

None

Dchg_AFib

Indicates
discharge
with A Fib

Dichotomous 1 = Yes

None

Dichotomous 1 = Yes

None

Dchg_Stroke Indicates
discharge
with Stroke
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Appendix C: Descriptive of Some Key Vaviables
Table 62: Descriptive Statistics of Age
N = 39,504

Statistics

Std. Error

Age
Sum Weights
Mean
Median
Variance
Std. Deviation
Lowest Value
Highest Value
Skewness
Kurtosis

39,504
48.59
50.00
126.88
11.26
18
79
-0.22
-0.22

0.057

Figure 20: Distribution of AgeGroup and Gender

Table 63: Distribution of Subjects by AgeGroup and Gender
AgeGroup

N Female (%)

N Male (%)

N Other (%)

18 – 39
40 – 59
60 – 79

3147 (8.0%)
7818 (19.8%)
1504 (3.8%)

5125 (13.0%)
17399 (44.0%)
4504 (11.4%)

1 (0.0%)
4 (0.0%)
2 (0.0%)

8,273 (21.0%)
25221(63.8%)
6010 (15.2%)

Total

12469 (31.6%)

27028 (68.4%)

7 (0.0%)

39504 (100.0%)
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Total

Figure 21: Distribution of AgeGroup and Race/Ethnicity

Table 64: Distribution of Subjects by AgeGroup and Race/Ethnicity
Age
Group
18 – 39
40 – 59
60 – 79

Total

Asian or
Pacific
Islander
N (%)
61
(0.16%)
165
(0.43%)
48
(0.12%)

Black

Hispanic

White

Other

Total

N (%)
1204
(3.13%)
3099
(8.05%)
705
(1.83%)

Native
America
n
N (%)
36
(0.09%)
96
(0.25%)
18
(0.05%)

N (%)
4503
(11.70%)
12534
(32.57%)
2798
(7.27%)

N (%)
1844
(4.79%)
7618
(19.79%)
2041
(5.30%)

N (%)
364
(0.95%)
1083
(2.81%)
271
(0.70%)

N (%)
8012
(20.82%)
24595
(63.90%)
5881
(15.28%)

274
(0.71%)

19835
(51.54%)

5008
(13.01%)

150
(0.39%)

11503
(29.89%)

1718
(4.46%)

38488
(100.00%
)
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Figure 22: Graphical Distribution of AgeGroup and Income

Table 65: Distribution of Subjects by AgeGroup and Income
Age Group

18-39
40-59
60-79

Total

$1.0037,999.00
N (%)
3720
(11.65%)
10188
(31.90%
2106
(6.59%)

$38,999.0047,999.00
N (%)
1594
(4.99%)
4525
(14.17%)
1102
(3.45%

$48,999.0062,999.00
N (%)
1195
(3.74%)
3447
(10.79%)
809 (2.53%)

63,999,000
and above
N (%)
611
(1.91%)
1975
(6.18%)
666
(2.09%)

Total

16014
(50.14%)

7221
(22.61%)

5451
(17.07%

3252
(10.18%)

31938
(100.00%)
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N (%)
7120
(22.29%)
20135
(63.04%)
4683
(14.66%)

Figure 23: Distribution of AgeGroup and Residential Location

Table 66: Distribution of Subjects by AgeGroup and Patient Location
Age
Group

Central
Counties
MM+

Metro
Counties
≥ 250K1MM

Metro
Counties
50K-250K

Fringe
Counties
≥ MM+

Metropolit
an
Counties

Not
Metro
Micro
Counties

Missing

Total

N (%)
1280
(3.24%)

N (%)
354
(0.90%)

N (%)
143
(0.36%)

N (%)
443
(1.12%)

N (%)
103
(0.26%)

N (%)
51
(0.13%)

40-59

3719
(9.41%)

1199
(3.04%)

383
(0.97%)

1323
(3.35%)

323
(0.82%)

165
(0.42%)

60-79

773
(1.96%)

259
(0.66%)

67
(0.17%)

296
(0.75%)

77
(0.19%)

37
(0.09%)

N (%)
5899
(14.93
%)
18109
(45.85
%)
4501
(11.39
%)

8273
(20.94
%)
25221
(63.84
%)
6010
(15.21
%)

Total

5772
(14.61%)

1812
(4.59%)

593
(1.50%)

2062
(5.22%)

503
(1.27%)

253
(0.64%)

28501
(72.17
%)

39504
(100.00
%)

N (%)
18-39
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Figure 24: Distribution of AgeGroup and Health Insurance

Table 67: Distribution of Subjects by AgeGroup and Health Insurance
Age
Group

Medicare

Medicaid

Self-pay

N (%)
3817
(9.68%)

Private
Insurance
N (%)
1221
(3.10%)

N (%)
967
(2.45%)

No
Charge
N (%)
87
(0.22%)

N (%)
1856
(4.71%)

40-59

9194
(23.31%)

10338
(26.21%)

3558
(9.02%)

1218
(3.09%)

167
0.42%)

60-79

3821
(9.69%)

1309
(3.32%)

685
(1.74%

78
(0.20%)

13
(0.03%)

Total

14871
(37.70%)

15464
(39.21%)

5464
(13.85%)

2263
(5.74%)

267
(0.68%)

18-39
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Other

Total

N (%)
308
(0.78
%)
708
(1.80
%)
96
(0.24
%)

N (%)
8256
(20.93
%)
25183
(63.85
%)
6002
(15.22
%)

1112
(2.82
%)

39441
(100.00
%)

Appendix D: Retrieval of Valid CVDs and Stroke Discharge Cases

a) Computation of valid number of discharge cases
Number of discharges meeting the coding criteria of cardiovascular and
cerebrovascular conditions minus the number of discharges being tranaferred
out to other acute cares facilities

b) Computation of CVDs and Stroke rate
Total number of discharges meeting the coding criteria of cardiovascular and
cerebrovascular conditions with discharge diagnosis of the CVDs and stroke
being examined divided by the valid number of discharge cases
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