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ABSTRACT

Chronic diseases pose a significant challenge to the healthcare systems in South
Africa, calling for innovative approaches for comprehensive understanding and
management. This research study utilizes the Agincourt HDSS-Clinic dataset to
design and implement a visual analytics system using the R Shiny web application
framework. Focused on adults with chronic diseases, the tool employs dynamic
visualizations to show patterns of healthcare utilization and disease progression.
Through the R Shiny platform, the system provides a user-friendly interface for
exploring and interpreting complex data, offering valuable insights into patient
healthcare behaviours and the dynamics of chronic illnesses. The study used data
from a total of 26 426 patients consisting of 19 265 (73%) females and 7 161 (27%)
males. The study revealed previously unrecognized associations between specific
chronic conditions including the existence of a substantial intersection between HIV,
Hypertension, and Diabetes with 101 patients experiencing the coexistence of all the
three conditions. Notably, the visual analytics system facilitated the identification of
distinct healthcare utilization patterns across different demographic groups
highlighting the most frequently visited health facility accounted for 5 912 patient
visits overall while the least visited health facility accounted for 1 447 patient visits.
The findings underscore the effectiveness of visual analytics in uncovering trends
within complex datasets. The implications of these findings extend beyond the
immediate research scope, influencing healthcare strategies and contributing to the
ongoing discussions on innovative solutions for chronic disease management. This
study contributes to the evolving field of visual analytics in healthcare, demonstrating

the potential for such tools to inform decision-making and enhance patient outcomes.
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CHAPTER 1: INTRODUCTION

The introductory chapter begins with a brief background describing chronic diseases
in the global, Sub-Saharan Africa and South African contexts. It is followed by a
literature review consisting of the following sub-headings: overview of chronic
diseases, chronic diseases management, health information technology,
visualization, and visual analytics application. The chapter ends with the aims and
objectives of the master’s research report.

1.1 Background

Chronic diseases are defined by the Centers of Disease Control and Prevention
(CDC) (1) as conditions that require ongoing medical attention and last over one
year. These conditions, which comprise of non-communicable diseases such as
hypertension, diabetes, heart disease, stroke, and cancers and certain long-term
infectious diseases such as Human Immunodeficiency Virus (HIV)/Acquired
Immunodeficiency Syndrome (AIDS), are leading causes of poor health worldwide.
Each year chronic diseases account for more than 15 million deaths (2). In Sub-
Saharan Africa, the burden of death and disability caused by chronic diseases is
steadily growing (3). It is projected that chronic diseases will overtake infectious
diseases as major causes of morbidity and mortality by 2030 (4).

The rising burden of chronic diseases is one of the major challenges facing the
healthcare systems in South Africa. The country is experiencing a double burden of
high prevalence of both communicable (HIV/AIDS) and non-communicable chronic
diseases as a result of a protracted epidemiological transition (5). The country has
the highest prevalence of diabetes and as with HIV, it also has the highest burden of
hypertension in Sub-Saharan Africa (6,7).

In order for healthcare systems to effectively respond and lessen the burden of

chronic diseases in South Africa and elsewhere, they require accurate information
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regarding the burden of chronic diseases tailored to local contexts. Visual Analytic
techniques provide the means to address this requirement.

1.2 Literature Review

The section presents the review of relevant literature on key concepts of chronic
diseases, visualizations, and visual analytics. The section also reviews related works
and techniques on the development of visualization applications in public health

research.

1.2.1 Overview of Chronic Diseases

“Chronic diseases”, which refer to a group of slowly progressive medical conditions
of long duration (8), represent a substantial challenge to global health. In South
Africa, chronic diseases have increased over the past 15 years accounting for an
estimated 37% of mortality and 16% of disability (9). According to the World Health
Organization (WHO) (10), the African continent has been projected to experience the
largest increase in death rates from chronic diseases. Moreover, the number of
people living with more than one chronic condition known as multimorbidity (11) is

also steadily increasing.

Multimorbidity appears to be increasingly prevalent in low-and-middle income
countries (LMIC) (12). According to Nunes and colleagues (13), patients
experiencing multiple chronic conditions often have poorer health outcomes such as
declined physical and mental health functioning and increased mortality rates (14).
Prior studies have found that individuals with multimorbidity compared to those with
only one condition have their lives impacted in many ways including reduced quality

of life (15,16) and increased frequency of healthcare utilisation (17).

In South Africa lifestyle-associated chronic diseases significantly burden healthcare
facilities, with hypertension and type 2 diabetes mellitus holding the top and fourth

2



positions, respectively, on the list of the top 25 diagnoses made at primary health
care facilities (18). Urbanisation is among the factors attributing to the increase in the
burden of chronic diseases in Africa (10). According to Lloyd-Sherlock (7)
urbanisation has been thought to be a major determinant of the increasing
prevalence of obesity and physical inactivity as people transition from traditional
foods to a ‘western’ diet (processed foods, more added sugar, and salt) (19).
However, the prevalence of hypertension in rural areas is also high (20). South
Africa has a unique burden of disease with the largest number of people living with
HIV in the world (21). As stated by Chang and colleagues (22), people with HIV are
living longer due to the widespread use of antiretrovirals and are developing age-
related non-communicable diseases (NCD), giving rise to disease patterns of
coexisting communicable and non-communicable diseases (23). Furthermore, it is

not uncommon that people living with HIV also develop other chronic conditions (24).

This research focuses on HIV, Hypertension and Diabetes as they are the most

prevalent chronic diseases in South Africa.

1.2.1.1 Diabetes mellitus

Diabetes is a chronic disease with severe late complications. CDC (25) defines
diabetes as “a long-lasting health condition that affects how your body turns food into
energy”. It occurs either when your body cannot produce enough insulin or cannot
effectively use the insulin it produces. This disease is known to impact the quality of
life and cause disability, which in some cases affect an individual's capacity to
manage and maintain longer-term health and well-being (26). According to key facts
published by WHO (27), diabetes is a major cause of blindness, heart attacks, stroke
and lower limp amputation and was the ninth leading cause of death in 2019. In

South Africa, diabetes was among the top ten leading causes of deaths in 2018 (5).

Blood glucose level, measured in millimoles per litre (mmol/L), is essential for good
diabetes management. According to Mathew and colleagues (28) a random blood

glucose of or above 11.1 mmol/L or a fasting blood glucose of or above 7 mmol/L on



two or more separate tests indicate that the patient is likely to have diabetes mellitus.
There are three main types of diabetes; Type 1: is caused by insulin deficiency and
is usually diagnosed in children and young adults; Type 2: occurs when your body is
unable to use insulin and can’t keep blood sugar levels normal; and gestational

diabetes: is a form of diabetes affecting pregnant women.

1.2.1.2 Human Immunodeficiency Virus (HIV)

HIV has become a manageable chronic health condition that enables people living
with the condition to lead a long and healthy life. HIV targets the immune system and
destroys white blood cells; cluster of differentiation 4 (CD4) cells which is the body’s
defence against illnesses (29). The function of the immune system is measured by
CD4 cell count. Before the recently implemented universal test and treat, the
recommended guidelines for Antiretroviral therapy (ART) was <500 cells per cubic
millilitre (mm3) (30)

According to WHO (31), at the end of 2020, there were an estimated 37.7 million
people living with HIV and over two thirds of whom are in the African region. Akullian
and colleagues (32) further state that South Africa has the largest HIV epidemic in
the world, with 7.7 million people currently living with HIV. Moreover, South Africa is
identified as home to the largest concentration of people living with HIV than
anywhere in the world (33).

1.2.1.3 Hypertension

Hypertension can be defined using specific systolic and diastolic blood pressure
levels (34). Hypertension is also referred to as elevated blood pressure and is the
force of blood pushing against the walls of the body’s arteries (35). Blood pressure is
written as two numbers. The first number (systolic) represents the pressure in blood
vessels when the heart beats. The second number (diastolic) represents the
pressure in the vessels when the heart rests between beats. According to WHO (35),
hypertension is diagnosed when the systolic blood pressure reading is 2140



millimetre of mercury (mmHg) and/or the diastolic blood pressure reading is =90
mmHg, measured on two different days.

Hypertension continues to be a rising global health problem, with over 1 billion
people living with hypertension, and accounting for approximately 10 million related
deaths globally (36,37). In Sub-Saharan Africa, hypertension is a widespread
problem with some communities having prevalence of as high as 38% (38). A study
by Gémez-Olivé and colleagues (39) reported that the prevalence of hypertension in
South Africa was among the highest at over 77% compared to compared China,

Russia, India, Ghana, and Mexico in populations over 50 years of age.

Assessing and understanding the health needs of different communities can
contribute to targeted primary healthcare prevention, intervention, and treatment
programs for chronic diseases in resource-constrained settings to reduce the
prevalence of chronic diseases in South Africa (40). An understanding of the
patterns of chronic diseases is required to better manage the chronic conditions.
Therefore, the implementation and use of effective chronic disease management is
urgently required in different settings in South Africa to tackle the burden of chronic

diseases.

1.2.2 Chronic Disease Management

Chronic disease is a primary health problem leading to physical disability especially
in the elderly population (41). There are programs used for chronic disease
management (CDM). However, they vary in design and effectiveness (42). These
programs according to Nolte and Osborne (43), Goodridge and colleagues (44), are
designed to monitor symptoms and adherence to treatment for preventing disease
progression. It is worth mentioning that although these programs exist, not everyone
is eligible to participate in them. Chronic conditions that are poorly managed greatly
increase the risk of complications and thus it is important to identify interventions to



improve the management of chronic diseases that benefit everyone that utilises
healthcare services (45).

As described by Maimela and colleagues (46), CDM is a public health approach that
helps people to keep healthy through early detection of complications and
management of chronic diseases. Nuio (47) expands the definition by describing
CDM as an integrated approach that involves the patient, family, and the community
as active participants over a long life of care. Efforts to manage chronic diseases in
primary healthcare facilities will require long period of observation and care.
According to Siantz and Aranda (48), the successful management of chronic
conditions requires behaviour and lifestyle adjustment to minimize disability and
functional limitations. Moreover, chronic disease management in primary care helps

understand which interventions are effective, for whom and in what context (49).

1.2.3 Health Information Technology

The adoption of Health Information Technology (HIT) is key in improving the quality
of healthcare. HIT is described by Rao and colleagues (50) as “the technologies that
allow a provider to capture information electronically through Electronic Health
Record (EHR) systems and be able to share information among providers and
engage patients in innovative ways”. HIT is an important tool for improving
healthcare quality and safety (51). EHR systems serve an important role in
facilitating the making of decisions about health outcomes with current information
(52). EHR systems are used to detect hidden patterns and trends, monitor patient
conditions (53), reduce medical errors (54), reduce adverse drug events (55) and

ultimately improve quality of care (56).

EHR systems can improve patient care by providing information tailored to each
individual patient especially patients with chronic diseases (50). EHR systems allow
the capturing, storing, and sharing of a patient’s health information between

healthcare providers (57). However, despite the evidence showing the benefits of



EHR systems, they rarely improve healthcare experts’ ability to make better clinical
decisions by having access to more comprehensive information (58).

The volume of clinical data being captured for each patient on the EHR systems
poses many challenges to (a) clinicians trying to make sense of the patient’s
condition within the context of the patient’s medical history, (b) administrators trying
to make decisions grounded in data, (c) researchers trying to understand differences
in population outcomes, and (d) patients trying to make use of their own medical
data (59). Moreover, African countries have not been able to successfully implement

a national EHR system.

In South Africa, different healthcare providers use different EHR systems which
makes it difficult to share health information between providers (60). This challenge
is further compounded by the fact that in some areas, particularly rural areas,
healthcare facilities still use paper-based health records (61). Where in existence,
the different EHR systems are built with different underlying architectures that lack
interoperability (62) and most of them lack information visualization features to

facilitate the provision of personalized care.

To overcome this challenge, health information can be made accessible to users

through interactive visualizations.

1.2.4 Visualizations

Visualizations can be defined in several ways. Information visualization is defined by
Cairo (63) as “techniques that support the understanding of abstract data” and have
been used in ways that present information to improve patient-provider
communication (64). Data visualization on the other hand is defined by Kirk (65) as
“the representation and presentation of data that exploits our visual perception

abilities in order to amplify cognition and involves information exchange”.



An effective visualization tool is essential in supporting the human ability to
recognise patterns that are not easily detected (66) and provide valuable insights to
the data. Backonja, Haynes and Kim (67) further state that visualization can help
users overcome their cognitive limitation and help support decision making. West,
Borland and Hammond (68), suggested that innovative visualization techniques used
to display longitudinal data from EHRs have a potential of discovering new
information in the data through the use of exploring other visualization techniques
other than tables, charts, and graphs. The effectiveness of a visualization according
to Saket, Endert and Demiralp (69) depends on several factors including the task at
hand, dataset used and data attributes, as one chart that might be suitable for
answering a specific type of question such as examining the correlation between two
data attributes, may not be suitable for other purposes, like identifying a data point

with the highest value.

According to Shneiderman, Plaisant and Hesse (70) information visualization is
highly relevant to healthcare and a key aspect of health informatics. It has also been
shown to reduce information overload and improve recall (71). The common
characteristics of visualizations focuses on readability, recognizability and meaning
(72). Moreover Yarmuluk (73) stated that the purpose of visualization is to quickly
communicate data summary or highlight key trends in the data to allow the audience
to identify trends and perform comparisons. In addition, a visualization lacking in
graphical integrity (a visualization that may appear to be visually impactful but may
not be completely truthful) may give a certain impression visually but the same may
not be supported at the data level. Furthermore, Caban and Gotz (59) stated that the
utilisation of EHR data in interactive visualizations has demonstrated effectiveness
for various clinical tasks such as examining disease risk factors and prediction of

health outcomes.

Some of the advantages of data visualization according to Li (72) is that it has the
ability to represent a vast amount of data immediately, it enables users to identify
emergent patterns in the data to formulate new insights and it enhances the

understanding of large-scale and small-scale data.



In addition, there is also visual analytics systems as an emerging discipline and a

new set of computational tools.

1.2.5 Visual Analytics Approach

Visual Analytics (VA) provide analytical reasoning of abstract data through
interactive visual interfaces. It is a term that was formally introduced in the literature
over 15 years ago (74). VA is designed to promote knowledge discovery and
utilisation of big data through the implementation of visual paradigms and well-
designed user interactions (75). Chung and colleagues (76) noted that the
implementation and use of VA have bloomed in many sectors of the healthcare

system during the past decade.

According to Munzner (77), VA has the potential to enhance the user’s confidence in
the prediction of results by improving their understanding of the modelling process
and results. Rostamzadeh and colleagues (78) further state that VA allows users to
access, modify and restructure the displayed data as well as guide the data analytics
techniques. VA systems have the ability to offer cognitive and computational
assistance to the user by combining machine learning techniques, analytical
processes and visualizations (79). Angulo and colleagues (79) summarise VA as
being composed of two integrated modules: an analytics module and an interactive

visualization module.

The analytics module is technology-independent and it includes the use of
processing techniques and data mining algorithms that fits the needs of the domain
(78) while the interactive visualization module in VA involves the mapping of
processed and derived data from the analytics module to visual structures (80) and it
provides the user with new analytical possibilities that can be utilized in an interactive

manner (56).

One of the visual analytics tools is Tableau. It is considered to be one of the best

platforms for data visualization and is one of the leading software in visual analytics.
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It was founded with a mission of helping people understand their data by improving
the flow of analysis and make data more accessible to people through visualization
(81). Qlickview is another major player in the industry. It provides an easy way of
discovering and understating insightful data for visualization (82). SAS has been in
the industry for a long time and is quick in interpreting complex data sets with a great
degree of accuracy (83). Another tool is R; an open-source statistical and
programming environment that incorporates all statistical tests, models as well as
analysis with outstanding graphical capabilities (84). In R, there is a package called
Shiny that simplifies the process of building interactive web applications directly
within the R environment (85).

According to Simpao and colleagues (86) VA systems have the potential to help
reduce the complexity of EHRs by integrating automated analysis techniques with
interactive visualizations. Furthermore Abdullah (87) stated that VA systems can
help with the analysis, interpretation, and making sense of EHR databases by
improving the capabilities of the user to accomplish complex data-driven tasks. VA
systems show significant potential in analysing and making sense of EHR data from

patients with multiple chronic diseases (88).

1.3 Problem Statement

Like elsewhere in Sub-Saharan Africa, South Africa is experiencing a steady
increase in the prevalence of chronic diseases. However, patterns of healthcare
utilisation and disease progression are poorly characterized especially in rural
settings. This is mainly due to lack of official national EHR system to register and
monitor patients who seek care for chronic disease in primary healthcare facilities in
South Africa. In some cases, EHR systems have been deployed in primary
healthcare facilities for patient management and research purposes. However, in
most cases the data captured in these systems are usually complex and difficult for
healthcare providers to quickly analyse, recognise trends and derive empirical
evidence to inform effective decision-making (89,90) that can reduce the burden of
chronic diseases. This challenge can in part be addressed by data visualisation
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systems (dashboards) which as defined by Malik (91) are “rich user interfaces that
display information in a graphical form using a variety of elements including charts,
tables, and gauges”. As is the case for most rural areas in South Africa, there is a
lack of visual analytic techniques applied to data collected from primary healthcare
facilities in the Agincourt sub district, rural northeast South Africa to characterise
patterns of healthcare utilisation and disease progression among adults with chronic

diseases.

1.4 Research Question

The main research question investigated in this study is: What insights do visual
analytics provide regarding the patterns of healthcare utilisation and disease
progression among adults with chronic diseases in Agincourt sub district, rural

northeast South Africa?

1.5 Aim and Obijectives

The aim of the study is to utilise a visual analytics system to characterise patterns of
healthcare utilisation and disease progression among adults with chronic diseases in

Agincourt sub district, rural northeast South Africa. The specific objective include:

i. To develop a visual analytics system for characterising healthcare
utilisation patterns and chronic disease progression.

ii. To utilise visual analytics to characterise patterns of healthcare utilisation
among adults with chronic diseases in Agincourt subdistrict, rural

northeast South Africa.
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iii.  To utilise visual analytics to characterise the progression of chronic
diseases among adults in Agincourt subdistrict, rural northeast South

Africa.

1.6 Motivation

There is evidence that interactive visualizations of healthcare and disease outcomes
data has the potential to help healthcare providers with the analysis and
interpretation of patients’ health information and consequently lead to improvements
in the provision of care and disease outcomes (92). This study provides insights into
patients’ interaction with the healthcare system for chronic health conditions and
responses to treatment provided to them. This can assist patients and practitioners
in making sense of personal health information. The interactive visualizations
produced in this study will play an important role in making data regarding utilisation
of healthcare services and progression of chronic diseases digestible which can lead

to appropriate interventions.

1.7 Outline

This research report is organised into five different chapters. The current chapter
(chapter one) is followed by chapter two where we look at the methods used in the
study to develop the VAS; chapter three will provide the results of the VAS
developed, chapter four will discuss the findings and an overview of how the VAS will
be deployed and lastly, chapter five will provide the conclusion derived from the

findings of this study and recommendations.
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CHAPTER 2: METHODS

This chapter focuses on the methodology used in the study by describing the setting
and context where the study took place, the population, and the dataset. It also
describes the details of variables used, data pre-processing and an overview of the
system. The chapter concludes with an overview of ethical considerations that were

taken into account while handling the data.

2.1 Study Setting and Population

The study used data from the Agincourt Health and Demographic Surveillance
System (HDSS) study area. The area is situated in a predominantly rural setting in
Bushbuckridge municipality in northeast South Africa in Mpumalanga Province
(Figure 1). The population of the Agincourt HDSS has been under surveillance since
1992 (93) and as of August 2022 comprised of about 120 000 individuals living in 21
000 households distributed across 31 villages (94). A third of the population are
Mozambican immigrants who arrived in the area in the early to mid-1980s, and their
descendants (95). Shangaan is the widely spoken language in the area. There are
eight primary healthcare facilities (Agincourt, Bhubezi, Lillydale, Xanthia, Belfast,
Kildare, Cunningmore and Justicia) within and three district hospitals (Tintswalo,
Mapulaneng and Matikwane) 25-60 km outside the Agincourt HDSS area (96).

13



Agincourt Health and Demographic Surveillance System, South Africa.

Figure 1: Agincourt HDSS Study Site

Source: https://www.agincourt.co.za/?page id=1896

2.2 Data Sources

The study used data captured in the Agincourt HDSS-Clinic Link System. The
Agincourt HDSS-Clinic Link System has been in full operation since 2015 and is an
ongoing longitudinal data platform that captures and stores clinical information
collected from primary healthcare facilities in the HDSS study area and links it to the
Agincourt HDSS data (97,98). The data was used upon receiving ethical clearance
from the University of the Witwatersrand Human Research Ethics Committee
(HREC) and a letter of authorization from Agincourt HDSS to use the data.

2.3 Data Pre-Processing

The quality of data-driven research depends on the preparation and pre-processing
of the raw data. Data pre-processing plays a fundamental role in ensuring the
accuracy of the findings, as it addresses challenges such as missing values, outliers,
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and inconsistencies that might exist in the raw dataset. Through careful data
cleaning, transformation, and feature selection, we aimed to mitigate the potential
impact of noise and reduce any bias that might have affected the raw data. In this
section, we detail the steps taken to clean, transform, and organize the data before
using it in the development of the VAS. We describe the process of acquiring the
data and its sources, along with the various techniques used for data cleaning,
transformation, and integration. Additionally, we explain the rationale behind the
selection of specific variables and the methods employed for encoding categorical

variables.

Firstly, data inspection was done to gain insights on the quality of the data. Using the
visit year variable, we dropped the visit years outside of the study period (2015-
2021) and the health facilities that are not part of the study area.

A new binary variable denoted as "High BP" was created from two existing variables
(systolic bp and diastolic bp) within the dataset. The purpose of creating this variable
was to categorize individuals based on their blood pressure (BP) status, specifically
identifying those with controlled hypertension. Based on the defined thresholds,
individuals who met the criteria for controlled hypertension were assigned a value of
0, representing the absence of high blood pressure. Conversely, individuals whose
blood pressure measurements fell above the defined thresholds were assigned a

value of 1, indicating the presence of high blood pressure.

Another binary variable termed "Viral suppressed" was created by combining
information from two existing variables within the dataset, namely "Viral load results"
and "Undetectable viral load". The objective of creating this variable was to identify
individuals with a viral load less than 400 copies per millilitre (copies/mL) threshold
and undetectable viral status, as it holds crucial significance in the context of viral
infection management and treatment efficacy assessment. Individuals meeting both
conditions, i.e., having a viral load less than 400 copies/mL and an undetectable viral
status (Undetectable viral load=1), were assigned a value of 1, signifying the
presence of a low viral load. Individuals not meeting both conditions were assigned a
value of 0, indicating the absence of a low viral load.
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We identified missing values in the dataset by using appropriate functions and
techniques available in R Shiny. Missing values are often denoted as "NA" (Not
Available) in R programming language, and we also considered cases where empty

strings (") represented missing data.

To ensure the robustness of our analyses, we implemented a standard approach for
handling missing values. For numeric variables: we utilized the "na.rm = TRUE"
argument in relevant functions to remove rows with missing values from numeric
variables. By setting this argument, we ensured that statistical calculations were
performed on complete cases, thereby preventing the inclusion of missing values in

the computations.

For character or string variables: we treated empty strings (") as missing values and

removed rows with these empty values using the same "na.rm = TRUE" approach.

By employing the "na.rm = TRUE" argument and considering empty strings as
missing values, we effectively managed the presence of missing data in our R Shiny
application. This data pre-processing step allowed us to maintain the integrity of our
analyses, as missing values were appropriately handled during statistical

computations and visualizations.

2.3.1 Study variables

Table 1 below shows the key variables used in the study and their descriptions.

Table 1: Definition of study variables

Variable Description

Patient ID | Unique number assigned to each patient
Health Facility | Name of health facility
Sex | Gender of patient (Female, Male)
Date | Date of clinic visit
Diagnosis 1-5 | Name of diagnosis made at each visit

Boolean field indicating the presence (Yes) or absence (No) of
condition

Diabetes
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Boolean field indicating the presence (Yes) or absence (No) of
condition

Boolean field indicating the presence (Yes) or absence (No) of
condition

CD4 Count results | Numerical reading for CD4 count

Viral Load results | Numerical reading for Viral load results
Diastolic BP | Numerical reading for Diastolic
Systolic BP | Numerical reading for Systolic
Weight | Numerical reading for Weight
Blood Glucose | Numerical reading for Blood glucose level
Treatment 1-10 | Medication given as treatment 1 until 10
Visit year | Year of the visit date
Age group | 10-year age group variable
Hi Boolean field indicating uncontrolled blood pressure (1 for
igh BP
uncontrolled, 0 for controlled)
Boolean field indicating undetectable viral load (1 for suppressed, O
for unsuppressed)

Boolean field indicating controlled diabetes (1 for controlled, O for
uncontrolled)

HIV

Hypertension

Viral Suppressed

Controlled Diabetes

Note: "High BP" is a created variable that refers to uncontrolled blood pressure
readings, while "Hypertension" is a broader term showing the condition of chronically

elevated blood pressure.

2.4 Overview of the Visual Analytics System

The system was developed with the aim of assisting healthcare providers in gaining
a deeper understanding of disease trends, patient demographics, and healthcare
facility performance. The functionalities of the system were sought from healthcare
providers as primary stakeholders of the visual system. The system was developed
in R (programming language) and utilized R Shiny for the visualizations using the
functionalities proposed by the stakeholders.
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2.4 1 Functionality Requirements

The researcher was part of two stakeholder meetings held at Wits Rural Facility in
Acornhoek, Mpumalanga South Africa in August 2022 and Naivasha, Kenya in
August 2023. The objectives of the meetings were to learn about participants’ data
workflows and discuss different ways of data presentation and visualisation at
different levels. There were 24 stakeholders in the meeting at Wits Rural Facility
comprising of senior managers, operations managers, professional nurses, and data
capturers. While in Naivasha, there were 27 stakeholders comprising of head of
units, coordinators, directors, and Health Records Information Officers (HRIOs).
These group of stakeholders provided a significant level of expertise to inform the
design of the system. There were a few core requirements proposed by the

stakeholders including:

e Providing patient summary
e Provide staff performance summary
¢ Notification of lost-to-follow-up

¢ Facility summary status

The stakeholders’ input was imperative to the final product as attending this type of
meeting helped the researcher gain new insights on how to develop an effective VAS
with the aim of helping end-users better understand the clinical data they collect.

2.4.2 R (Programming Language)

R is a programming language and environment for statistical computing and
graphical representation to analyse and visualize data. R is an open-source
language primarily used for data analysis and statistics however it provides a wide
range of libraries that make it easy to perform various statical calculations and
visualizations. The researcher chose to use R because of its versality in using
packages and libraries (discussed in section 2.4.5) to solve specific data tasks
including visualization capabilities by creating charts and plots. Furthermore, the
many available online resources and tutorials within the R community made it

possible for the researcher to quickly learn how to design the VAS.
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2.4.3 R Shiny

R Shiny is an R package that allows one to create interactive web applications and
dashboards from R. It allows researchers to turn their R code into interactive web
applications without needing to know web development languages such as
HyperText Markup Language (HTML), JavaScript or Cascading Style Sheets (CSS).
When using R shiny, one can create interactive elements such as sliders, select
input boxes, buttons, and plots that respond to user input in real-time using their data
and has reactivity capabilities when input data changes, it automatically updates the

application or dashboards.

2.4.4 Architecture Components

The development of the system's architecture involved the integration of various
components to ensure the seamless functioning of the VAS. These components
played a pivotal role in designing an interactive and user-friendly platform for
analysing and visualizing the Agincourt HDSS-Clinic dataset. In this section, we
delve into the key building blocks that constitute the architecture components of the
system. Each element's role and contribution to the overall functionality of the VAS is
explained, shedding light on the details of its design and implementation. The
successful combination of these components facilitated the creation of the final
product that users can use to explore the data comprehensively and obtain valuable
insights. Below, we detail the integral components that form the backbone of this R
Shiny-based VAS.

e User Interface (Ul) object: The Ul controls the layout and appearance of system.
It was designed using R Shiny's layout functions and widgets such as tab panels
and fluid rows. The layout structure consists of the following tabs:

About

Summary

Health Facility Dashboard
Trends by Time

O O O O
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o Patient Dashboard
o Support
Each tab has its own layout using fluid rows to add specific charts on the tabs.

Server Function: The server-side of the application contains the instructions
needed by the computer to build the system. It is where data processing,
computations, and interactions with the dataset takes place. The reactive
elements and functions used include:
o Input — Inputs provided by the user for the server function to perform
computations.
o Output - Defines the outputs that the server function generates such as
render plot based on the selected input.

o Session - Creates reactive expressions and controls reactivity.

Data Handling: The dataset was loaded using the haven library; an R package for
reading dataset from other statistical packages. Data filtering was performed at

each reactive stage based on what was expected for that plot.

Visualizations: The types of visualizations and plots used in the VAS to present
the data include Upset plots, value boxes, bar graphs, gauges, line graphs and
stacked bar graphs. Each plot was created using libraries such as ggplot2, plotly
and upsetR to produce an output function based on the filtered data used.

Interactivity: The VAS uses interactive features set up on the server function to
allow users to interact with the visualizations and manipulate the data by using

the input functions on each tab.

Call to the shinyApp Function: This is the function call that creates and runs the R
Shiny application.

Figure 2 below shows how a user can interact with the system. The user engages

with the system from their devices where they land on the Ul of the system. Using

the select input, the user selects for example the year they want to filter the data to
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display, this goes to the server and renders a plot output back to the Ul for the user
to see on the devise.

Input

Request L Y
® ul Server
i
‘_ —

Response

Output |4

Figure 2: VAS Architecture

2.4.5 Software Dependencies

R is extended using packages available through the Comprehensive R Archive
Network (CRAN) family, an R software repository for packages. R packages
increase the functionalities of the base R. Table 2 below shows all the packages
used in developing the VAS in R. Before using the package in R, one needs to make
sure that the package has been installed. To install a package in R, type the install
package code on the console: install.package(“name of package”). Once the
package has been installed; it should be called before it can be used on your

console using for example: library(shiny).

Table 2: R Packages used

Package Definition

library(shiny) Builds interactive web applications with R

library(shinyboards) | Used to create interactive dashboards in R Shiny
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library(shinywidgets) | Offers additional user interface (Ul) elements to enhance
functionalities

library(shinythemes) | Provides a selection of different themes to use

library(tidyverse) Provides a framework for data manipulation,
visualization, and analysis

library(ggplot2) Used for data visualization by creating plots and charts

library(haven) Allows users to import and export data from statistical
packages

library(dplyr) Is used for data manipulation such as filtering and
arranging data

library(gcookbook) Helps users learn and implement various data
visualizations using ggplot2

library(UpSetR) Creates an UpSet plot that shows intersection and of sets
in a dataset

library(ploty) Supports a wide range of chart types and interactivity
options created for web-based visualizations

library(gridExtra) Is used for arranging multiple ggplot2 plots on a single
page by allowing users to combine multiple plots into one

library(reshape2) Used for data manipulation and transformation
(reshaping data frames).

2.4.6 Deployment

The VAS has been deployed on the Agincourt HDSS servers and is accessible using

this link: https://pm.agincourt.co.za/. The source code is hosted on GitHub, a web-

based platform widely used for version control and collaborative software

development. GitHub allows for efficient versioning, enabling easy tracking of

changes and facilitating code reuse. Accompanying documentation is provided on

the GitHub repository on hosting the application and understanding its functionalities.
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2.5 Ethical Considerations

The study received ethical approval from the University of the Witwatersrand Human
Research Ethics Committee (Medical), clearance certificate number: M220668. A de-
identified dataset was requested and received from the data gatekeeper to ensure
confidentiality. The dataset was stored in a secured password-protected computer.
The data was used for the purpose of this research and its associated publications at
the university. The information about participants was kept private and confidential

and used only for this study.

2.6 Summary

In Chapter 2, we detailed the comprehensive methodology employed in this
research, encompassing various aspects from study setting to the development of
the VAS. The key elements covered in the methods chapter include the study setting
where the data collection took place, the study population, an overview of the data
sources utilized, how the data was processed before utilizing it in the VAS and an
overview of the VAS, it's functionality requirements, dependencies and ethical
considerations while handling the data.

By integrating these various components, our research methodology enabled the
comprehensive exploration of the Agincourt HDSS-Clinic dataset while ensuring
ethical integrity and providing a user-friendly interface for data visualization. The next
chapter looks at the results of the developed VAS that serves as a tool for gaining
insights and drawing evidence-based conclusions to address the research

objectives.
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CHAPTER 3: EXPLORING THE FUNCTIONALITY OF THE SYSTEM

In this chapter, we present the results of our VAS designed in R shiny. We will walk
through each tab in detail explaining its purpose, features, and functionalities.
Furthermore, we will showcase how users can interact with the system, the

visualizations available, and the dynamic capabilities for data exploration.

By providing an in-depth examination of each tab, we aim to demonstrate the full

potential of system and its role in fostering a deeper understanding of the dataset.

3.1 About Tab

The "About" tab of the VAS provides information about the system and its purpose. It

provides the context, objectives, and key features available on the system.

3.2 Summary Tab

This tab offers a comprehensive overview of the Agincourt HDSS-Clinic dataset,
presenting summary statistics and key insights at a glance. Users can interactively
select the year and filter data subsets to gain an understanding of the dataset's
distribution and characteristics. We will discuss the visualizations and interactive

elements that enable users to explore the data from multiple perspectives.

Figure 3 below presents information about the demographic characteristics of the

patients. It shows the total number of patients and their gender distribution.

MRC/Wits-Agincourt Unit

Rural Public Health and Health Transitions Research Unit

Healthcare Facility Utilisation & Disease Progression Dashboard

o About ¥= Summary 0 Health Fadility Dashboard & Trends by Time ;" Patient Dashboard @ Support

26426 19265 7161

Overall Total Patients Overall Female Patients. Overall Male Patients

Figure 3: Overall patient count
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Using the drop-down field to select the year (filter by year), one can filter the data
using the year of visit to display interactivity plots. Figure 4 shows how many patients
have the three conditions (HIV, Hypertension and Diabetes) and how often they co-

occur within the Agincourt HDSS-Clinic dataset.

Filter by Year

All

Disease Combination

16279
15000

10000

5296

Intersection Size

= Diabetes
E— Hypertension

HIV

5000
. — _622
0 178 _ 49 101
. I +
. ] .

15000 10000 5000 0
Set Size

Figure 4: Disease combination Upset Plot

The following figure (Figure 5) presents a set of interactive value boxes that provides
the overall patient count and their distribution across different genders.
Subsequently, the bar graph that follows shows the total patient count at each
healthcare facility. Moreover, we delve into the patient population's age distribution,

further categorized by gender.
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Number of Patients by Facility
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Figure 5: Patient healthcare utilization, and distribution of patients by age plots

Figure 6 below shows the age distribution of the patient population, with a specific
focus on each condition. The bar graphs provide a breakdown of patient ages,

stratified by gender, within the context of each condition.

Each plot serves as a detailed window into the age demographics of patients
affected by a particular condition. This figure provides an understanding of how age

and gender factors interplay in relation to these specific chronic conditions.
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Figure 6: Number of patients by age for each chronic condition

Lastly on this tab, we have gauge plots to effectively communicate key health
indicators within the Agincourt HDSS-Clinic dataset. The plots present average
values and percentages of critical health metrics offering a visually impactful

representation of these measurements.
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Figure 7: Mean scores and percentage of controlled hypertension and virally suppressed
population
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3.3 Health Facility Dashboard Tab

This tab starts off with a static bar graph plot that shows a summary of the total

patient count at each health facility (Figure 8).
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MRC/Wits-Agincourt Unit

Rural Public Health and Health Transitions Research Unit

Healthcare Facility Utilisation & Disease Progression Dashboard
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Figure 8: Number of Patients by Health Facility

Figure 9 summarizes the comprehensive visualizations within this tab, using the
integration of two dynamic selection inputs: the health facility and the year of visit.
These interactive inputs provide the visual elements with interactivity, enabling users
to explore the Agincourt HDSS-Clinic dataset through an array of informative
metrics. As a result, the figure portrays essential insights, including patient count,
age distribution, and the proportion of patients achieving suppressed viral load,
controlled hypertension, and managed blood glucose levels. These dynamic
attributes offer a subtle perspective on specific chronic conditions for a given year,

thereby enhancing the depth and precision of the visual narrative.
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Figure 9: Number of Patients at Health Facilities and percentage of population with viral
suppression, control hypertension and control diabetes

3.4 Trends by Time

In the "Trends by Time" tab of the system, we explore the temporal patterns of rates

of each condition within the population and healthcare facilities.

Figure 10 displays the condition rates over time for the overall population. Each point

on the graph represents a specific period (2015-2021), and the y-axis represents the

condition rate (%). This plot helps to assess how the prevalence of the condition

changes over time in the clinic population.
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Figure 10: Percentage of condition rates over time for the overall population

Figure 11 focuses specifically on condition rates within healthcare facilities. Similar to
Figure 10, each point represents a time period, and the y-axis shows the condition
rate (%). This plot provides insights into how the prevalence of the conditions evolve

within healthcare settings.
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Figure 11: Percentage of condition rates over time by health facility

By exploring these two plots, we gain a better understanding of how condition rates
change over the selected time-period and within healthcare facilities.
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3.5 Patient Tab

At the heart of the patient tab lies visualization tools that empower the user to
explore individual patient journeys with fine granularity. This tab is anchored by two
pivotal inputs (Figure 12): ‘Select year’ and ‘Select Patient ID’. By using these two
inputs, one can dynamically generate a diverse array of plots that provide a

personalized lens into medical histories captured during patients' visits.

The ‘Select Year’ input allows one to pinpoint specific periods of interest, zooming in
on the evolution of patients' conditions over time. Complementing this is the 'Select
Patient ID' input, which facilitates the selection of individual patients to delve into
their unique health trajectories. The resulting interactive plots from manipulating the
inputs illuminate the course of patients' health, showcasing, patient information,
trends, medication given, and outcomes associated with their visits.

MRC/Wits-Agincourt Unit

Rural Public Health and Health Transitions Research Unit

Healthcare Facility Utilisation & Disease Progression Dashboard

¥= summary 0 Health Facility Dashboard |~ Trends by Time a* Patient Dashboard @ Support

Select Year Select Patient ID:

2019 - 2 - Gender:FEMALE  Age: 64

Diagnoses:

HIV (05Dec2019)
HYPERTENSION (26Feb2015)
MENTAL ILLNESS (26Feb2015)

Figure 12: Select year and Patient ID input filters displaying patient information

The above figure shows patient disease progression through the years of being in
care. Using the two inputs, we get to display the patients’ diagnosis for the current

year and diagnosis for the previous years.

Figure 13 shows two distinct line graphs. The first plot displays the trend in a
patient’s weight over time, capturing patterns that illuminate potential correlations
with specific dates within the visit year. The second plot combines systolic and
diastolic blood pressure trends, presenting a holistic view of the evolution of a
patient’s cardiovascular health.
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Weight Trend High Blood Pressure Trend

Figure 13: Weight and High Blood Pressure trend plots over time

On Figure 14, the first plot shows the CD4 count trend over time, capturing
fluctuations and patterns that shed light on patients' immune response variations
across different visit months. The second plot portrays viral load trends, presenting

insights into the effectiveness of treatment regimens and disease management.

CD4 Count Trend Viral Load Trend
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Figure 14: CD4 count and Viral load trend plots over time

Lastly on this tab, figure 15 shows two insightful graphical elements. The first
component features a dynamic line graph, illustrating the blood glucose trend across
different visit years. This plot unveils patterns, spikes, and trends in blood glucose

levels, aiding in the assessment of diabetes management over time.

Complementing this, is a stacked bar graph, showcasing medications administered
at each visit. This vivid presentation not only provides a snapshot of the medication
landscape but also offers a clear understanding of the distribution and changes in

prescribed treatments over time.
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Figure 15: Blood glucose trend and Medication given plots over time

3.6 Support Tab

This tab completes the VAS by providing a support email address and a link to the
Agincourt HDSS homepage for more information about the data.

3.7 Summary

Through this chapter, we have demonstrated the rich functionality and interactive
nature of our VAS. Each tab offers distinct insights and analytical capabilities,
enabling users to gain a deeper understanding of the Agincourt HDSS-Clinic dataset
and extract meaningful information for informed decision-making. In the next chapter

we discuss the results of the system and the data represented by the plots.
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CHPATER 4: DISCUSSION

In this Discussion chapter, we delve into a comprehensive interpretation of the
results derived from the development of the VAS. Building upon the insights
presented in the preceding chapters, this chapter provides a detailed exploration of

the outcomes obtained from the various visualization tabs.

Each tab within the VAS comes under scrutiny, with specific emphasis on the
interplay between the different variables and the contextual narratives they paint.
With a careful examination of the Summary, Health Facility, Trends by Time, and
Patient tabs, we aim to bridge the gap between data and understanding and through
a step-by-step exploration of the insights presented, we reveal patterns and trends
that are used to shape our comprehension of disease progression, healthcare

dynamics, and patient outcomes.

4.1 Summary Tab

Overall, the Agincourt HDSS-Clinic dataset encompassed a total of 26 426 patients,

forming the foundation of our exploration.

Within this patient cohort, an examination of the gender distribution further
illuminates the demographic composition. Notably, 19 265 (73%) were female

patients, while 7 161 (27%) were male patients.

The Upset plot serves as a gateway to comprehend not only the number of patients
with each individual disease but also the instances where these diseases co-occur.
Through this lens, we're poised to discern significant trends, identifying whether
certain diseases tend to cluster together, potentially impacting treatment strategies
and healthcare interventions. This visual exploration empowers us to better grasp
the complexities of disease combinations and their implications within our patient
cohort for the year.
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Among these, there were 16 279 patients diagnosed with only HIV, 178 patients
diagnosed with only Diabetes, and 5 296 patients diagnosed with only Hypertension.
This distribution serves as an insight to comprehend not only the number of patients
with each individual disease but also the instances where these diseases

coexistence.

This dynamic visualization unveils the complexity of disease combinations and their
prevalence within our patient cohort. Furthermore, we observe that 1 701 individuals
presented with both HIV and Hypertension, 49 individuals experienced the
coexistence of HIV and Diabetes, 822 presented with both Diabetes and
Hypertension. Moreover, 101 individuals experienced the coexistence of all three

conditions (HIV, Hypertension and Diabetes).

The subsequent bar graph casts a spotlight on the distribution of patient visits across
different health facilities providing a comprehensive overview of the patient flow

within each establishment.

The graph reveals that Bhubezi health facility accounted for 5 912 patient visits,
making it as the most frequently visited facility overall while Lillydale health facility
accounted for 1 447 patient visits making it the least visited facility overall.
Meanwhile, Kildare health facility serviced 3 793 patients making it the third most
visited facility, followed closely by Cunningmore health facility with 3 203 patient

visits.

Moving forward with our exploration, the next bar graph offers a captivating
comparative exploration of patient demographics through a pair of side-by-side
graphs. In these companion visuals, we delve into the age distribution of female and
male patients, each column representing the distinct age groups.

The first graph highlights the age distribution of female patients. Notably, the 6 271
females aged 30-39 emerge as a significant demographic cluster. This observation,

coupled with noting a decline in the number of female patients for consecutive age
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groups from 40 years and above, and continues to decline by age group paints a
compelling portrait of the female patient age distribution.

In the second graph, the male patient age distribution comes to the forefront.
Interestingly, the highest concentration of male (2 249) is situated within the 40-49
age bracket. This contrast with the female distribution prompts us to delve further

into potential reasons and implications.

Additionally, it's worth noting that 4 698 females aged 20-29 surpass their male
counterparts by 3 863 individuals, revealing a potential health trend warranting closer
examination. Interestingly, across all age groups, we note a consistent trend; no age
group showcases a notable numerical advantage of males over females. This
balanced distribution across age demographics offers an engaging point to the
prevailing gender-specific health dynamics observed in other parts of the data. This

could also be because there are more females than males in the cohort.

Continuing our discussion, we delve into a trio of visuals, each encapsulating the age
distribution of patients diagnosed with distinct health conditions. In parallel to the
approach discussed earlier, these sets of two side-by-side graphs; distinguished by
gender, offer a comprehensive view of the disease dynamics across varying age

groups.

The first of these graphs, examines patients diagnosed with HIV, and shows a
notable finding. The age group 30-39 stands out prominently for females, with 5 694
diagnosed cases. For male counterpart, there were 1 902 cases in the age bracket
40-49 making it the highest for male patients.

Transitioning to the Hypertension-focused graph, we unearth another layer of
insights. For females, 50-59 emerges as a significant age bracket, hosting 1 993
patients diagnosed with Hypertension followed closely by 1 816 patients from the 60-
69 age bracket. On the male side, the corresponding age group features 642 cases
in the 50-59 age range and 736 cases for age range 60-69, making it the highest age
group. These contrasting figures within the same age segment highlight potential
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gender-influenced patterns that warrant a closer examination of lifestyle factors and

healthcare interventions.

Lastly, we unravel the dynamics surrounding patients diagnosed with Diabetes.
Among females, the highest number was the 60-69 cohort exhibiting 351 diagnosed
cases, similar in males, the highest number was in the 60-69 group claiming 135

cases.

Advancing in our analysis, it becomes evident that a considerable segment of the
patient cohort diagnosed with hypertension amounting to 71% exhibits effective
hypertension control, indicative of good medical interventions. In a parallel setting,
within the stratum of patients diagnosed with HIV, an encouraging proportion of 85%
have suppressed viral load levels, reflecting efficacious antiretroviral treatment

approaches.

Focusing on the immunological domain, the computed mean hypertension reading is
144/81mmHg and the computed median CD4 count among the HIV-diagnosed
population stands at 372 cells/mm?, signifying an important quantitative marker for
immune competence. Moreover, the computed mean blood glucose level is recorded

at 11.5 mmol/L, representing a critical metric in the management of diabetes.

These meticulous figures encapsulate not only vital clinical outcomes but also
provide an empirical foundation for understanding disease management efficacy,

treatment effectiveness, and underlying health trajectories.

For further analysis on this tab, one can use the ‘Select Year’ input to filter using the

different years of interest.

4.2 Health Facility Dashboard Tab

This tab begins with a bar graph offering a comprehensive view of healthcare
utilisation across all eight facilities under study. This visualization provides a broad
perspective on patient engagement with the healthcare system with Agincourt health

facility recording the overall highest number of patients (5 912) visiting the facility.
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The next set of visualizations comprises of three frames, each dedicated to one of
the three chronic conditions: HIV, Hypertension, and Diabetes. These frames
illustrate the prevalence of these conditions and provide insights into the age

distribution of patients.

Among our studied population, HIV is the most prevalent condition, affecting 18 554
individuals (prevalence rate 70.21%). The age distribution of HIV patients is
concentrated among those aged 30-39, with 7 487 patients in this age group,
followed by a decline in older age groups, with fewer patients beyond the age of 60.
Notably, 85% of HIV patients achieve viral suppression. Hypertension is moderately
prevalent, with 8 773 patients (prevalence rate 33.19%). The age distribution of
hypertensive patients is skewed toward older age groups, particularly those aged 40
and above. Approximately 71% of hypertensive patients have their condition under
control. Diabetes has a lower prevalence compared to HIV and Hypertension, with 1
346 patients (prevalence rate 5.09%). The age distribution of diabetic patients spans
a wide range, with a notable concentration among individuals aged 60-69 (486

patients). A significant 87% of diabetic patients have their condition well-controlled.

4.3 Trends by Time Tab

The 'Trends by Time' tab provides a dynamic view of critical health metrics over a
seven-year period, from 2015 to 2021. This section presents an analysis of the
trends in the percentages of virally suppressed individuals, controlled hypertension
cases, and controlled diabetes cases. The analysis encompasses both the overall
population and a facility-specific breakdown for the eight healthcare facilities under
study.

In the first graph, we gain insights into the temporal trends in health outcomes across
the entire studied population. Notably, the percentage of virally suppressed
individuals exhibits adequate growth, increasing from 83% in 2015 to 86% in 2021.
This upward trend suggests a positive impact of improved HIV management
strategies and increased treatment adherence.
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Conversely, the percentage of controlled hypertension cases displays a modest
upward trend, rising from 68% in 2015 to 72% in 2021. While the improvement is

evident, further efforts may be needed to enhance hypertension control measures.

In contrast, the percentage of controlled diabetes cases demonstrates a fluctuating
pattern. It starts at 85% in 2015, dips to 76% in 2017, and then recovers to 81% by
2019 only to see another dip to 71 in 2021. These fluctuations suggest ongoing

challenges in diabetes management within the population.

The second graph provides a facility specific perspective, offering granular insights
into health outcomes within each of the eight healthcare facilities. It is important to
note that facility performance varies considerably. Some facilities consistently
outperform others in achieving health goals. For example, several facilities like
Cunningmore health facility consistently maintains a high rate of virally suppressed
individuals, with percentages exceeding 80% throughout the seven-year period. This

demonstrates effective HIV management practices at this facility.

Over the seven-year period, several facilities show marked improvement in health
outcomes. Agincourt health facility, for instance, witnesses a substantial increase in
the percentage of controlled hypertension cases, rising from 68% in 2015 to 75% in
2021. This suggests successful hypertension control strategies implemented at this
facility. However, it is evident that not all facilities experience the same rate of
progress. Xanthia health facility, while maintaining relatively stable health outcomes,
does not show significant improvement in controlled hypertension or controlled

diabetes cases.

While there are positive trends in virally suppression and controlled hypertension,
diabetes management remains a challenge with fluctuating percentages. Facility
specific disparities highlight opportunities for targeted interventions and resource
allocation, ultimately contributing to improved health outcomes within the studied
population. Disparities among facilities call for focused strategies to address health

inequities.
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4 4 Patient Tab

By utilizing the Patient tab, our objective is to gain a deep understanding of the
patient's health journey. This tab serves as a dynamic and patient specific tool,
offering a comprehensive view of individual health trajectories based on the patient's
unique identifier (patient ID). This section provides a detailed breakdown of the
patient's medical history, demographic information, and various health metrics over

time.

The tab begins by presenting the patient's demographic information, including age
and gender, creating a holistic profile of the individual. One critical aspect of the
patient's health history is the record of diagnosed conditions. The dashboard
displays a historical overview, allowing us to track any changes in health status over
time. It provides insight into the evolution of health conditions from the patient's first
recorded visit in 2015 to 2021, highlighting the development or remission of specific

conditions.

The patient's weight trends are graphically represented, enabling us to observe
fluctuations and trends in body weight. This information aids in monitoring weight-
related health issues and the effectiveness of interventions. Furthermore, the
dashboard showcases blood pressure data, illustrating changes and control levels
over time. Monitoring blood pressure is crucial for assessing cardiovascular health.

For HIV-positive patients, viral load trends are essential. The dashboard displays
viral load measurements across visits, allowing us to assess the effectiveness of
antiretroviral therapy in suppressing the virus. Moreover, the patient's CD4 count,
another crucial measure for HIV management, is graphed over time. A rising CD4

count indicates improved immune function.

Monitoring blood glucose levels is vital for diabetic patients. The dashboard presents
blood glucose trends, helping to manage diabetes effectively and prevent
complications. Lastly, a detailed record of medications prescribed at each visit is
available. This information provides insights into treatment regimens and adherence.
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This patient-specific approach empowers healthcare providers to make informed
decisions and tailor treatment plans to each individual's unique needs. Whether it's
tracking the progression of diseases, monitoring vital signs, or assessing medication
effectiveness, the Patient Dashboard is a valuable tool for personalized healthcare

management.

4.5 Summary

These figures shed light on the varying patient footprints across health facilities,
potentially indicating factors such as geographical accessibility, specialty services,
and overall patient preference. By deciphering these visit patterns, we gain valuable
insights into the utilization of healthcare resources and the potential implications for

optimizing healthcare delivery and resource allocation.

The strength of this work lies in the adaptability of the VAS beyond the scope of
healthcare. While initially developed to analyse healthcare utilization and chronic
disease progression within the context of the Agincourt HDSS-Clinic dataset, the
framework used in this study can be readily applied to various domains facing data
challenges. However, it's essential to acknowledge the limitations that exist in this

study and the potential barriers to generalise the work.

One limitation is how specific the chosen dataset used in this research is. The
Agincourt HDSS-Clinic dataset, while rich in healthcare-related information, may not
fully capture the diversity of experiences and challenges present in other
populations. The patterns identified within this dataset may not be entirely
representative of broader populations, limiting the ability to generalise the findings.
Additionally, the effectiveness of the VAS in discovering insights relies heavily on the

quality of the input data.
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

In this research, we presented the design and development of a Visual Analytics
System (VAS) utilizing data from the Agincourt Health and Demographic
Surveillance System (HDSS). HDSS are pivotal in public health and research,
enabling the collection of longitudinal, comprehensive data on populations. They
offer insights into demographic trends, disease dynamics, and healthcare planning,
serving as foundational resources for improving healthcare and understanding
population dynamics within specific geographic areas. VAS, by visually representing
datasets, enhance our understanding of patterns and trends. In our research, VAS

has played a crucial role in analysing healthcare utilization and disease progression.

In the development of our VAS, careful consideration was given to the design and
implementation to effectively handle complex data from the Agincourt HDSS-Clinic.
Data visualization techniques, including interactive charts and graphs, were
integrated to show the patterns and trends within the data. Moreover, user-centric
design principles established during the two stakeholder meetings were applied to
make the VAS accessible and intuitive for a wide range of stakeholders, from
healthcare professionals to researchers. Our VAS represents not only a powerful
analytical tool but also a user-friendly platform that empowers users to explore data,
extract insights, and make informed decisions. The insights derived from this

analysis will guide future research endeavours and healthcare planning strategies.

In recent years, visual analytics has emerged as a dynamic and evolving field at the
intersection of data science and information visualization. This innovative approach
harnesses the power of advanced data visualization techniques to transform
complex datasets into actionable insights. As our research exemplifies, visual
analytics is becoming increasingly instrumental in addressing challenges in public
health, research, and beyond. The growth of this field promises exciting possibilities
for the future, with the potential to transform how we explore, understand, and utilize

data for informed decision making.
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5.2 Recommendations

The future direction of the VAS will focus on several key areas to enhance its

effectiveness and utility:

1. Data Integration and Quality Assurance: Consider the possibility of integrating
additional data sources into the VAS. This expansion can provide a more
comprehensive understanding of healthcare trends and patient profiles.
Implementing robust data quality assurance processes is essential to ensure
that the information presented remains accurate and reliable.

2. Real-Time Data Integration and Scalability: Explore deploying the VAS to a
system that can handle real-time data inputs and use a faster framework. This
step will assess the scalability of the tool with larger datasets and its
compatibility with various data sources. Real-time data integration can provide
more up-to-date insights and support timely decision-making.

3. User Feedback and Continuous Improvement: Actively seek feedback from
stakeholders who use the VAS. Their input is invaluable for improving user
experience, enhancing data visualization, and fine-tuning functionality. A user-
centric approach ensures that the VAS remains user-friendly and aligned with
user needs.

4. Predictive Analytics for Healthcare: Consider implementing predictive
analytics within the VAS to forecast disease progression and healthcare
resource utilization. Predictive models can offer early insights, allowing for
proactive interventions and optimized resource allocation. This addition can

further empower healthcare professionals and researchers.

These future directions represent a strategic approach to evolving the VAS. By
expanding data sources, ensuring data quality, enabling real-time capabilities, and
incorporating predictive analytics, the VAS can become an even more powerful tool
for healthcare management and research. Additionally, ongoing user feedback
ensures that the VAS continues to meet the evolving needs of its users, ultimately

contributing to improved healthcare outcomes.
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