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Abstract

Background

The incidence of non-communicable diseases is rising globally and in South Africa,
the epidemiologic transition shows a shift from communicable diseases to non-
communicable diseases. Cardiovascular disease and cancer are the NCDs with the
highest burden and prevalence in South Africa, and these conditions share common
risk factors including tobacco smoking, inflammation, type 2 diabetes and obesity.
Extensive data on CVD and cancer exist in South Africa but has not been previously
explored for an association, nor has the association been explored in South African
medically insured patients. In this study we explore the association between CVD
exposure and cancer outcome in South African adult patients insured by the

Government Employees Medical Scheme (GEMS) from 2014 to 2018 inclusive.
Methods

In this retrospective cohort study, routinely collected secondary data received from
GEMS were analysed for an association between CVD and cancer. The prevalence
of CVD, cancer, type 2diabetes, COPD, obesity and the CVD and cancer subtypes
was calculated in this study population. Univariate and multivariate logistic regression
was performed to investigate the association between CVD and cancer and the CVD
subtypes and cancer, odds ratios were analysed to indicate which NCD conditions
may increase the likelihood of cancer development. Stepwise regression was
performed to select variables for a parsimonious model. Time-to-event analysis was
conducted to measure the time to cancer occurrence and cancer incidence in patients
with and without CVD. Final flexible Generalised Linear Models with cubic splines,
were performed to indicate which NCD conditions are risk factors for cancer

development.

Results

The study analysis comprised 1 851 615 medical records representing 722 934 unique
beneficiaries. The mean age of the patients was 52.68 years with majority of the
patients being female (64.48%). In this study population, 9.17% of patients had cancer
and 79.31% of patients had CVD, 23.07% of all patients had T2D, 13.53% of patients
in the study population had both CVD and cancer. The top 6 cancer subtypes in
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descending order are breast cancer, skin neoplasms, prostate cancer, colon cancer,
cervical cancer, and lung cancer. The top 6 CVD subtypes in descending order are
hypertension, hyperlipidaemia, VET, angina, heart failure and ischaemia. The
univariate analysis indicated that age, gender, COPD, heart failure, ischaemia,
arrhythmia, atherosclerosis and hyperlipidaemia are all statistically significant risk
factors for the development of cancer. The multivariate analysis indicates that age and
COPD are statistically significant risk factors for cancer. The interaction between T2D
and HT, angina, HF, ischaemia, arrhythmia, cardiomyopathy, and atherosclerosis
respectively, increase the risk for cancer development. The interaction between HT
and VET, angina, HF, ischaemia, arrhythmia, cardiomyopathy, and atherosclerosis

respectively, increase the risk for cancer development.
Discussion

Collectively CVD is not a risk factor for the development of cancer, however, in this
study population, CVD subtypes such as hyperlipidaemia and ischaemia increase the
risk for cancer development. Interactions between CVD subtypes with T2D and HT,
increase the risk for cancer. Although COPD only comprised 1.34% of this study
population, regression analysis indicated that COPD is a risk factor for cancer and
may be responsible for an 8-fold increase in the likelihood of developing lung cancer.
Early treatment and controlling the onset and progression of the CVD subtypes and
T2D may delay the onset and progression of cancer. Awareness around the risks and
dangers of tobacco smoking may decrease the incidence and severity of COPD and
lung cancer, as it may be independently associated with both conditions and may be
a confounder. Further data collection and research is required to be conducted on
CVD subtypes and their association with cancer and the common risk factors between
CVD and cancer.
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Chapter 1: Introduction

In this introductory chapter, the contextual background and literature review for the
study are presented.

1.1Background

1.1.1 Non-communicable diseases (NCDs)

1.1.2 Global prevalence of NCDs

1.1.3 Non-communicable disease (NCD) risk factors
1.1.4 Health status of South Africa and Sub-Saharan Africa
1.1.5 The NCD burden

1.1.6 Epidemiology of NCDs

1.1.7 Epidemiological transition

1.1.8 Disease pattern shifts

1.1.9The South African health situation

1.1.10 Disease trends in South Africa

1.2 Literature Review
1.2.1 CVD burden and risk factors

1.2.2 Cancer burden and risk factors

1.2.3 Associations between CVD and cancer

10



Anishka Ramadhar
2244064

1.1 Background
1.1.1 Non-communicable diseases (NCDs)

The World Health Organisation (WHO) predicts that over the following 10 years, there
will be a 17% increase in deaths caused by non-communicable diseases (NCDs) ().
The increase in NCDs is transpiring at a faster rate in low to middle income compared
to high-income countries. NCDs are affecting individuals at younger ages and are
causing premature death to individuals in these populations ). In September 2018,
the WHO amended the main diseases in the NCD category from 4 to 5. This
amendment includes cardiovascular diseases (CVD), Type 2 diabetes (T2D), chronic
respiratory diseases (CRD), cancers and the latest inclusion being mental health

diseases ().

1.1.2 Global Prevalence of NCDs

Globally, NCDs are a serious health concern, having a 40% prevalence in emerging
countries and a 10% prevalence in developed countries in the 30-year to 70-year age
group . Lessened productivity levels of individuals who have NCDs as well as the
costly treatment creates a heavy economic burden in countries which have a high
prevalence of NCDs. Lifestyle induced NCDs render the highest rate of premature

mortality among patients ().

1.1.3 Non-communicable disease (NCD) risk factors

NCDs arise from multiple risk factors such as an unhealthy diet, tobacco use, alcohol
abuse, raised blood pressure; cholesterol, T2D, physical inactivity and substance
abuse 5). Aside from these risk factors, socio-economic situations create an
environment in which NCDs may thrive ). Long working hours, minimal wage,
unhealthy working environments, and high unemployment rates allow for anxiety and
depression which in turn increase the risk of CVD and respiratory diseases (). In health
systems, NCDs are responsible for a large amount of the budget because of high costs
involved in diagnosis, treatment, management, and education of the NCDs. Untimely
death and weight of disability resulting from NCDs in the most constructive years of a

patient’s life is indicative of the distress of individuals, families, and the larger public

@)

11
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1.1.4 Health status of South Africa and sub-Saharan Africa

South Africa falls within the sub-Saharan African (SSA) region of the African continent.
The treatment of NCDs in the African countries creates a financial burden on the low-
income households that have no medical insurance ). The health status of
populations in Sub-Saharan Africa (SSA) has shown notable improvement in the last
30 years but the increase in NCDs jeopardises the progress of the health status and
may hinder the socio-economic advances in SSA. This indicates that NCDs are a

public health problem as well as an economic issue (2).

1.1.5 The NCD burden

The prevalence of NCD is rising within South Africa, the African continent and
internationally. Seventy-two percent of global deaths are from NCDs and 80% of these
deaths are due to cancer, cardiovascular disease (CVD), diabetes and respiratory
conditions (). Globally in 2017, 4% (1.7 million) of NCD deaths occurred in people
below the age of 30, 38% (15.2 million) in people between the ages of 30 and 70 years,
and 58% (23.6 million) in the elderly above the age of 70. Eighty-five percent of the
deaths caused by NCDs occur in emerging countries (9). Males and females both had
a higher possibility of dying before they reached the age of 70 from a NCD than from
communicable, nutritional, maternal, and perinatal diseases collectively ). The low
income and middle-income countries especially in sub-Saharan Africa had the highest
risk of NCD deaths (g). According to the WHO 2016 report, over 75% of NCD deaths
(31.5 million) were attributed to low- and middle-income countries with approximately

46% of the deaths from these countries occurring before 70 years of age (10).

1.1.6 Epidemiology of NCDs

The epidemiology of NCDs in SSA is poorly described due to the absence of reputable
vital statistic systems and credible data at a population-level for most countries within
this region. Existing research from countries within SSA shows an increase in T2D,
CVDs, cancers, mental health disorders, substance use disorders, chronic respiratory
disease (CRD) and chronic kidney disease (CKD) ,7). Surveillance results for NCD
risk factors in SSA imply that majority of adults are vulnerable to one or more risk
factors for NCDs. These risk factors include, but are not limited to, obesity,
hypertension (HT), tobacco use, unhealthy diets, physical inactivity, or harmful alcohol
use (7. In 2016 NCDs were responsible for 34% of the total deaths in Africa. The

12



Anishka Ramadhar
2244064

Global Burden of Disease (GBD) study of 2017 measures population level disease
burden and uses the measurement of disability adjusted life-years (DALY) (9. DALYS
account for the accumulation of years of life lost (YLL) owing to untimely mortality as
well as years of life lived with disability (YLDs). The DALY measurement therefore
incorporates the non-fatal burden and fatal burden of disease (7,9). In SSA, across all
age groups, there was an increase in total DALYs due to NCDs by 67-0% between
1990 (90:-6 million) and 2017 (151-3 million). An aging population and increased
population size explain most of the NCD DALY increase. The 2017 NCD age-
standardised DALY rate (21 757.7 DALYsS) was nearly the same as communicable,
nutritional, neonatal and maternal diseases (26 491.6 DALYSs), with CVDs causing
15.1% of the total NCD burden ).

In South Africa (SA), 51% of the deaths in 2018 were from NCDs, compared to 39%
in 2010 (1,11). Globally and in South Africa, CVDs carry the greatest burden, incidence,
and prevalence from all the NCDs (3). Following CVDs, the NCDs that carry a large
burden are T2D, respiratory conditions and cancer (12). The WHO report of 2018 for
South Africa shows that 19% of the NCD deaths were claimed by CVDs, 10% by
cancer, 7% by T2D and 4% by CRD. The highest risk factors in South Africa are

physical inactivity, obesity, raised blood pressure, and tobacco use (13).

1.1.7 Epidemiological transition:

Epidemiological transition (ET) is a term used to describe the proportion and
prevalence shift of NCDs and communicable diseases within a population. This shift
indicates a noticeable increase in the number of NCD patients in a population that
previously had a higher prevalence of communicable (infectious) diseases (a).
Demographic movement patterns comprising primarily of economic advancement and
an aging population drive the ET from communicable diseases to NCDs in low- and
middle-income countries (LMICSs) @15). The lifestyle-induced risk factors further propel
the increase of NCDs, fuelled in turn by changes in global proliferation such as socio-
cultural and economic adjustments, increasing planes of disposable income, fast
economic growth, and rapid urbanisation (14,15). The mounting NCD burden resulting
from the ET is a threat to individual and population level health as well as national and

global healthcare systems and socioeconomic advancement (s).

13



Anishka Ramadhar
2244064

1.1.8 Disease pattern shifts:

Since the beginning of the 215t century, SSA disease prevalence entered the first
phase of the ET @4). Communicable diseases claimed the most lives in LMICs in the
African and Asian continent (9). Diseases such as HIV, malaria, dengue, cholera,
influenza, and tuberculosis (TB) are some of the infectious diseases, which, without
treatment, caused death in a short period of time to numerous people o). The low-
and-middle income regions are now experiencing a shift in disease patterns where
NCD mortality is increasing, especially in Africa. Patients either have a combination of
communicable diseases and NCDs or are developing NCDs due to lifestyle changes
@e). In many SSA countries, as communicable diseases decrease and antiretroviral
therapy (ART) access increases, life expectancy increases and is accompanied with
the problem of rising NCDs (7). SSA does not have the most accurate means of
assessing for disease prevalence resulting in meagre measures of morbidity data and
findings, therefore ET evidence is derived from mortality data confined to hospitals

and post-mortem reports (17).

1.1.9 The South African health situation:

South Africa has socio-economic inequality since the nation comprises of populations
with the poorest living conditions as well as those with the wealthiest living conditions
in the world (16). Development in the country is inconsistent as the high-income areas
are continually developed and poor areas face endless delays in development (is).
This results in South Africa having a wide range of patients that suffer from infectious

diseases as well as NCDs (16).

South Africa has a large population of HIV positive patients, with public health funding
prioritising the distribution of free antiretroviral treatment (ART) across the country ().
The use of ART has prolonged the lifespan of HIV infected patients and these patients
often die from NCDs rather than HIV. South African HIV-positive patients on ART show
a high prevalence of rising visceral lipid layer, hyperglycaemia, and dyslipidaemia, and
are therefore predisposed to T2D, hypertension and CVD (16,17). Increasing age shows
a strong association with increasing comorbidities. In the above 40 age group, there
is an overlap between NCDs and communicable diseases, with HIV, T2D and HT

being the most common comorbidity combination (1s).
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1.1.10 Disease trends in South Africa:

Disease patterns in South Africa have shifted from a high communicable disease
prevalence to an increase in NCD incidence and prevalence (19). Western lifestyle,
health risk factors and the socio-economic vulnerability of South Africans, have
increased their susceptibility to NCDs (19). Incomplete and interrupted trends in health,
mortality and disease are indicative of the continuous uncertainty and fragility of the
SSA countries and its people. SSA countries are lagging the furthest globally, in health
system enhancement and longevity (20. Rural South Africa is facing a prolonged
epidemiological transition with the interaction of HIV and ART, NCD risk factors and
the intricate behavioural and social changes (19). Early and untimely mortality in South
Africa can be attributed to NCDs, which jeopardises the progression and the socio-

economic development of the country (ie).
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1.2 Literature Review

1.2.1 CVD burden and risk factors:

CVD, incorporating heart disease and stroke is the foremost cause of death and
disabilities globally (31% of total global deaths and 45% of NCD deaths) (21,22). The
appearance of CVDs originates from communicable diseases (such as rheumatic
heart disease, HIV, pericarditis induced from TB and viral cardiomyopathies) and
NCDs such as stroke, myocardial infarction (Ml), peripheral artery disease and HT (23).
NCD based CVDs have increased in all urban and semi-urban communities because
of ET resulting from an increase in HT, T2D and obesity (23). HT is the leading risk

factor for death from CVD, responsible for 13% of deaths globally (s).

Africa has a population of more than 1.3 billion people and contributes largely to the
global CVD burden @4). In SSA in the year 2013, CVDs claimed the lives of
approximately 1 million people, equating to 5.5% of the global deaths caused by CVD
and 11.3% of the total deaths in Africa (14). CVD mortality contributed 38% of deaths
caused by NCDs in Africa, this is indicative of the increasing problem of both CVDs
and NCDs @14). In the past decade CVD deaths have increased by more than 50% in
SSA resulting in increased DALYs. Ischemic heart disease (IHD) (5% of all mortality,
40% of CVDs mortality), stroke (4% of all mortality, 34% of CVD mortality) and
hypertension (6—8% of all mortality, 19—-24% of CVD mortality) are the common causes
of CVD death in SSA ().

Developing economies in SSA give rise to a change in income-related diets which
allow for the increased consumption of energy-rich foods. This heightened
consumption thereby increases the risk factors contributing to CVDs which boosts the
overall CVD burden. All demographic groups across all socio-economic classes within
SSA show a high prevalence of CVD risk factors resulting in an increased burden of
CVD in the region (22. Among SSA adults, the prevalence of HT is 30%, T2D is 7.1%

and dyslipidaemia is 25% (22).

In South Africa, after TB and T2D, CVD is the leading cause of death responsible for
1 in 6 deaths (25). Daily in South Africa, 215 people die from heart disease or strokes.
Hourly 5 people experience heart attacks, 10 people have strokes and from these

events, 10 people die (s).
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Two out of 3 women and 1 in 3 men are overweight or obese in South Africa. Eighty
percent of CVD is caused by unhealthy lifestyles, such as diets low in fruit and
vegetable and the lack of physical activity. One in 4 adults have high LDL-cholesterol,
1 in 10 adults are diagnosed with diabetes, and 1 in 5 adults have impaired blood

glucose control which over time, leads to co-morbidities such as CVD (2s).

The major risk factors for CVD are HT, hypercholesterolemia, and hyperglycaemia,
whilst the emerging risk factors are insulin resistance, atherogenic dyslipidaemia,
proinflammatory and prothrombotic states (27). Building blocks to these risk factors are
tobacco use, unhealthy diet, sedentary lifestyles, obesity, substance abuse and
anxiety and depression from unemployment or being over-worked (2s). South Africans
across all demographic groups and socio-economic classes present with increased
rates of microvascular and macrovascular risk factors leading to CVD. Atherosclerotic
CVD (ASCVD) followed by congestive heart failure (CHF) and T2D are responsible for
the high burden of DALYS (2s).

1.2.2. Cancer burden and risk factors:

Globally, the cancer burden and corresponding demand on health systems and
economies is increasing with the most weight on countries with vulnerable populations.
Growing populations give rise to increasing cancer cases annually where LMICs
experience the sharpest rise in cases. Life expectancy improvements further allow

additional time for the clinical manifestation of cancer (29).

In 2016, there were 17.2 million cancer cases and 8.9 million cancer deaths worldwide.
Globally, cancer cases increased by 28% between 2006 and 2016, prostate cancer
showed the greatest incidence (1.4 million cases) for men and in females, breast
cancer was responsible for claiming the most lives (535 000 deaths) and showed the
greatest incidence (1.7 million cases) (o). Globally, the overall principal source of
cancer deaths was caused by tracheal, bronchial, and lung cancer (1.2 million deaths)

(30).

The International Agency for Research on Cancer (IARC) classified 11 infectious
agents as group 1 carcinogens. The 4 leading pathogens - Helicobacter Pylori, Human

papillomavirus (HPV), hepatitis B virus (HBV), and hepatitis C virus (HCV) — are

17
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responsible for more than 90% of global infection-related cancers (31). In 2018, 13% of
the global cancer cases were caused by an infectious agent (31). Liver cancer is the 5%
and 9" most common cancer globally in males and females, respectively and is the
second leading cause of global cancer deaths 32). Globally, cancer of the cervix is
ranked at number 4 for both mortality and incidence and accounts for 6.6% of female
cancers. Cervical cancer is responsible for 90% of the deaths in women in LMICs with

SSA countries bearing the greatest burden (s3).

The African population is increasing, and individuals are living to older ages. Many
countries in Africa are part of the emerging market economies and show an increase
in the prevalence of cancer risk factors related to the evolving economy (z4). These risk
factors combined with the aging and growing population, have resulted in an increase
in cancer incidence @34). The African countries struggle with access to healthcare
facilities, and prompt health diagnosis and treatment, resulting in poor cancer
prognosis and high mortality rates. The 2018 statistics reflected these healthcare
difficulties in Africa, as the proportion of cancer deaths (7.3%) was greater than the
proportion of cancer incidence (5.8%) (s5). The Global Cancer Incidence, Mortality and
Prevalence (GLOBOCAN) predicted that by 2030; the cancer deaths will increase by
70% globally and the cancer burden in Africa will include 1.4 million new cases and 1

million cancer mortalities (zs).

After IHD, cancer deaths claim the most lives globally among NCDs. In Africa,
infectious agents and diseases are the foremost cause of cancer 1. In 2018,
approximately 25% of cancers in Africa resulted from infections and 28.7% in SSA
31,32). In SSA females, more than a third of cancers result from infections. Human
papillomaviruses (HPV) are responsible for causing 15.4% of the cancers in SSA and
25.4% of cancers in SSA females (leading to cervical, oral, anal, penile, vaginal, and
vulvar cancer) 31). Kaposi's sarcoma-associated herpesvirus (KSHYV) in second place
claims 4.1% of cancers in SSA. HBV and HCV cause 2.7% of cancers in SSA which
is the same for H. Pylori. Hepatocellular carcinoma (HCC) is the leading cause of
cancer deaths in Africa driven by high rates of HVB and HVC (32. When a cancer
patient presents with multiple infections, the case is attributed to only one of those

infectious agents (37).
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Yearly, approximately 115 000 South Africans are diagnosed with cancer, with a
survival rate of 60% (3s. The most common types of cancers among South African
males are prostate, colorectal, lung and Kaposi Sarcoma. Among women, the most
common types of cancers are breast, cervical, colorectal and cancer of the uterus (z9).
In a 2001 global study comparing the risks of multiple types of cancers, from 7 million
cancer deaths, 35% were due to 9 risk factors which can be regulated and potentially
eliminated 39). The NCR report of 2014 indicates that breast cancer is the most
common cancer in South Africa (21.8% of all female cancers). This is consistent with
global statistics where breast cancer is the most common in females, and after lung
cancer, breast cancer is the second most common cancer overall o, 41). After breast

cancer, cervical cancer is the 2" leading cause of cancer in South African females (3).

All cancer risk assessment models agree on common cancer risk factors which include
age, history of familial cancer, ancestry, race, ethnicity, gender, body mass index
(BMI), hormonal factors, diet, sedentary lifestyle, infectious agents, alcohol and
tobacco use, exposure to hazardous chemicals and radiation (34,40,41). The leading risk
factors for low, medium, and high-income countries were smoking, alcohol use,
infections and low fruit and vegetable intake. Obesity, smoking, overweight and

alcohol abuse were the most common causes of cancer in high-income countries (2).

1.2.3. Associations between CVD and cancer:

Age, obesity, diabetes, smoking, sedentary lifestyles, familial history, genetic
predisposition, and inflammatory foods (processed meat, alcohol, high sugar, and
wheat containing food) are risk factors for both CVD and cancer (34,43,44). The above
risk factors allow for the exploration of an association between CVDs and cancer.
Since CVD and cancer have numerous risk factors in common, it is plausible that CVD
and cancer accompany each other. These common risk factors spur the idea that there
may be a direct effect or association between CVD and cancer. The consistency and
repeated occurrence of the same risk factors in CVD and cancer propose that these
conditions have more commonalities than was previously accepted @4). Clonal
haematopoiesis and alterations in connective tissue, diseased tissue, immune cells,
and vasculature may contribute to both CVD and cancer @ s. Numerous
pathophysiological pathways which include increased oxidation, activated

neurohormonal systems and a dysregulated immune system are shared between CVD
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and cancer. 4s) General bodily inflammation and tissue specific inflammation resulting
from pro-inflammatory cytokines produced by tumour or cardiac tissue may be
indicative of a direct relationship between CVD and cancer @s, 46). Dietary patterns
comprising high dairy fat, red and processed meat, refined sugar, and fried products
are positively associated with atherosclerotic disease, T2D and cancer. Diet is

therefore a significant exposure common to both CVD and cancer 7).

Excess body weight is a vital player in the NCD scene and is associated with marked
reduction in life expectancy. In 2016, globally 40% of adults were carrying excess body
weight (approximately 2 billion) attributable to an estimated 4 million deaths s,47).
Visceral fat and intra-organ fat accrual create an environment for atherosclerosis,
insulin resistant T2D and tumour development. The atherosclerosis and insulin
resistant T2D lead to eventual CVD and tumour development related to intra-organ fat
may lead to carcinogenesis of the breast tissue, liver, pancreas, gall bladder and
stomach and other organs both in males and females @s). Excess adipose tissue
causes insulin resistance and hyperinsulinemia which increase triglycerides that form
a basis for CVD and favour tumour development via insulin-like growth factor binding
proteins which form a basis for cancer development @4s). A lower incidence of diabetes,
hyperlipidaemia, cancer, and CVDs were observed in subjects that had undergone
malabsorptive bariatric surgery (biliopancreatic diversion and biliointestinal bypass)
which further supports excess body weight being a common and apparent risk factor

for CVD and cancer o).

The initiation and development of malignant tumours and atherosclerosis stem largely
from an inflammatory process, which is validated by the reduction in CVD events and
cancer incidents caused by the blockage of pro-inflammatory cytokines o). Clonal
haematopoiesis being an age-related risk factor for CVD and blood-related
malignancies provide another common link between these two disease categories
49,50). The strong age dependence of clonal haematopoiesis strengthens the link of
age with CVD and cancer (s0). Mutations involved in the transition of epithelial cells to
mesenchymal cells are a driver of tumour developments in carcinogenesis as well as
arterial disease associated with atherosclerotic events. This transition allows for

further plausibility in the association between CVD and cancer (so).
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1.3. Problem statement

Extensive CVD and cancer data exist in South Africa. The available data and
information have not been previously explored for an association between CVDs and
cancer. Additionally, the association between CVDs and cancer has not been explored
in South African medically insured patients. Medically insured patients presenting with
CVD or cancer may all possess similar risk factors which have not been explored for
the common causality of the above diseases. Data on the association between CVD
and cancer are limited and sparse and herein lies the literature gap and an opportunity

for research.

1.4. Justification

Medically insured patient data, as discussed in the problem statement, has not been
utilised for research into NCD associations. In this study, there is an opportunity for
the exploration of this data because of the vast information provided by the
Government Employees Medical Scheme (GEMS). The information that the study
utilised from GEMS consisted of billing details of patients that have claimed from their
medical aid. The billing details provide in-depth insight into all and any chronic medical
condition that the patients claimed for. This information enables the exploration of the
CVD and cancer association, and the investigation of effect modifiers or cofounders

that may influence the relationship between CVD and cancer.

The ET in South Africa shows a trend where the mortality is driven by an increasing
amount NCDs rather than infectious disease mortality @s19. The study of the
association between the leading NCDs such as CVD and cancer may provide insight
into the increasing mortality rate caused by NCDs and provide insight into NCD
progression and NCD prognosis. (25 If a significant association between CVD and
cancer is discovered in this explorative study, the results may lead to further
investigations of the common factors that lead to these diseases and allow for further
study into the processes and methods of modifying these factors. Future research on
this topic may explain shared pathways and factors common to CVD and cancer that
will aid in better understanding and treating these diseases (20). On a public health and
economic scale, clinicians will be well disposed to and equipped to monitor and detect
various cancers in patients with specific CVDs. This allows for clinicians to maintain a

high index of suspicion when consulting with patients s). Prevention plans and
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strategic approaches will help to improve the quality of life for patients at risk for CVD
and cancer (2s). Saving on treatment cost, by preventing the onset of these disease
will lessen the socio-economic burden that accompanies populations who have CVD
and cancer (28. CVD outcomes in cancer patients and cancer survivors has already

been established, hence this study will not investigate CVD in cancer patients (4s).

1.5. Research question, aims and objectives:
1.5.1. Research questions:
1) Is there an association between cardiovascular diseases and cancer?

2) Are CVD patients more likely to develop cancer than patients without CVD?

Hypothesis:

Research hypothesis:

The hypothesis that the study investigated whether CVD patients are more likely to
develop cancer than non-CVD patients.

Statistical hypothesis:

- Null hypothesis: There is no difference in the likelihood of developing cancer among
patients with CVD and patients without CVD.

- Alternative hypothesis: Patients with CVD have a greater likelihood of developing

cancer than patients without CVD.

1.5.2. Aim:
The aim of this study was to investigate the association between CVDs and cancer in
South African adults on GEMS from 2014 to 2018 inclusive. The study will investigate

cancer outcomes in patients with CVD.

1.5.3. Study objectives:

1.To estimate the prevalence of CVDs and cancer among South African adult patients,
with chronic medical conditions, from GEMS between 2014 and 2018 inclusive. The
prevalence outcome being measured in this objective will be indicative of the burden
of CVD and cancer in the GEMS database among patients who claimed for chronic

medical conditions from 2014 to 2018.
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2. To establish an association between CVD and cancer among the South African
adult population on GEMS. The outcome being measured in this objective is cancer in

CVD patients and will be compared to cancer outcome in patients with no CVD.

3. To explore the relationship between the 5 most common CVDs and the 5 most
common cancers. The outcome of this objective will indicate the type or types of
cancer associated with common CVD types in South African adults with chronic
medical conditions on GEMS from 2014 to 2018.
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Chapter 2: Methods

2.1. Study design

This study is a retrospective cohort study among adult patients across South Africa
who have one or more NCDs and are medically insured by the Government
Employees Medical Scheme (GEMS).

2.2. Study setting

Routinely collected secondary claims data were provided from the GEMS database
from 2014 to 2018 inclusive. The data received were on NCD medical aid claims from
anonymised medical aid patients 18 years and older. When GEMS members utilise
their medical insurance for health services, each claim is recorded against the patients’
membership and stored in an electronic database. The database record has
information on the patient demographics, disease area, prescribed medication and all
healthcare services covered by the patients’ insurance. Upon request of the NCD data,
data were anonymised for ethical purposes and patient confidentiality, and thereafter

sent to us for this study.

GEMS was registered on 1 January 2005 to meet the healthcare needs of Government
Employees. GEMS provides access to healthcare benefits to all public service
employees, providing lower income earners with increased access to this health
benefit. Almost 2 million beneficiaries have been enrolled on GEMS, by promoting
access to the workforce subsidy. The addition of these beneficiaries and dependents
into the medical scheme resulted in a decrease in the public sector health burden and
resources. GEMS delivers admission to equitable, comprehensive, and sustainable

health subsidies to all public service employees.

2.3. Study population

This study comprises of South African adults who have utilized GEMS for their medical
claims. The study population are adults above the age of 18 in males and females,
from all population groups across all provinces within South Africa. The racial
breakdown of the South African population is 81.17% Blacks, 8.68% Coloured, 7.6%
Whites and 2,48% Indians (g3). Racial breakdown in South Africa is often indicative of

socio-economic status and certain race groups have a greater likelihood of developing
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certain cancers and cardiovascular diseases 4, s5). The racial breakdown of the study
population was requested as a potential exposure variable, but not received because

racial data are not routinely collected by GEMS.

2.4. Data source

The data were sourced from GEMS as deidentified medical claims data to maintain
anonymity. The data comprised of routinely collected longitudinal data from patients
who have made chronic medical condition claims for their treatment, clinician visits

and hospitalisation.

2.5. Variables

The data received from GEMS were ICD10 codes, demographic data on anonymised
beneficiaries and medical claims data. The ICD10 codes are the International
Statistical Classification of Diseases and Related Health Problems 10th Revision. The
ICD10 codes are internationally utilised and accepted codes developed by the WHO
to describe all health and injury conditions. These codes are used to inform all medical
and health schemes on the conditions their members received treatment for, to
correctly settle claims and track medical records. Demographic data comprised of the
beneficiaries’ geographical location, age, gender, date of birth and marital status. The
claims data comprised of the anonymised unique identifier number for each
beneficiary, the date of the medical claims and the ICD10 codes for which the claims

were made.

The variables that were created specifically for the data analysis were:

ICD10 code, Age, Obesity, Type 2 diabetes, Asthma, COPD, gender, beneficiary,
cancer, CVD, cancer subtypes (prostate, colorectal, lung, breast, cervical, colon, brain,
Kaposi Sarcoma, myeloma, pancreas, ovary, skin neoplasms, non-Hodgkin's
lymphoma, Oesophagus, skin melanoma, uterus, stomach) and CVD subtypes
(Hypertension, Hyperlipidaemia, Ischemia, Heart failure, Angina, Atherosclerosis,
Arrhythmia, Cardiomyopathy, Venous embolism and thrombosis (VET))

2.6. Data management
Stata 15 statistical software package was utilised for all data cleaning, management,

and analysis.
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GEMS provided unclassified ICD10 coded data, deidentified claims data and
demographic data which shared the same unique beneficiary identifier code as the
deidentified claims data. The unclassified ICD10 coded data contained information for

all diseases that were recorded by the patients’ medical aid claims.

The raw data were cleaned via the process of data checking and reduction to ensure
the analysis on the statistical software was performed correctly. The data checking
process included checking the data for any missing and miscoded data. The raw data
were cleaned to remove strings, claims data was organised according to claim dates
and ICD10 codes were arranged alphabetically. Demographic data were reduced to
create interpretable date variables, de-string variables to change the format of the
data, and create categorical variables grouped by their disease condition, for analysis
of an association between the exposure and outcome variables. The ICD10 data were
refined to include only the ICD10 variables that contained the main NCD disease code,

disease category and disease description.

All the claims’ data were appended to create a large claim-data data set and all
demographic data were appended to create a large demographic data set. The
appended claim, demographic, and ICD10 coded data were merged into a concise
dataset in preparation for analysis.

Additional variables were created within the data set and specific variables pertaining
to cancer, CVD, and other NCD variables were created. Cancer and CVD subgroup

variables were created for further analysis into the disease subtypes.

Inclusion criteria:
- Patients above the age of 18 who claimed for chronic medical conditions from
GEMS between 2014 and 2018 inclusive.

Exclusion criteria:
- Individuals below the age of 18.
- Patients diagnosed with cancer before being diagnosed with CVD.
- Patients with a medical history of childhood cancer.

- Patients who claimed purely for infectious diseases.

A baseline date variable and maximum date variable were created to indicate the first

date and a last date that each beneficiary made a claim. The beneficiary variable was
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sorted by the first date that the beneficiary claimed on medical aid and the last date
that they claimed. The beneficiary may have claimed multiple times on the first and

last date, but the data was sorted by the first claim and last claim.

An event variable for each condition was created to indicate if any disease event of
interest occurred for each beneficiary. The beneficiary may have experienced one or
multiple "events”, and the "event" variable was created to indicate if the beneficiary
had ever experienced any of the diseases of interest to the study. The event variable
was tabulated to show that the observations under the beneficiary variable had at least
one event for any of the diseases of interest. Duplicate records for all beneficiaries
were identified and a variable was created to show the number of duplicated records
for each beneficiary. Duplicated records with no event of interest were dropped, but
duplicated records that indicated an event of interest, remained in the data set as the
duplication may have been for claims of differing diseases, indicating there may have

been more than one claim but it may have been for different conditions.

We created additional disease-specific variables to find out if each beneficiary had
ever been diagnosed with any of the diseases of interest. The additional variable
contained the maximum value of the initial disease type across all observations for the
beneficiary. This additional variable for each disease indicated if the beneficiary had
ever experienced any of the diseases of interest. The original variable for each disease
will only record one event or claim for each beneficiary but the additional variable will

record all events or claims for each beneficiary.

A variable that identified the number of claims made per beneficiary was created and
used in the logistic regression to control the analysis for unique beneficiaries and not
multiple observations of the same beneficiary. We only included one claim for each
disease type per unique beneficiary identifier, in this way, logistic regression was
performed on the beneficiaries and not on the multiple observations of each

beneficiary.

2.7 Data analysis
2.7.1. Prevalence
The first objective of the study was to calculate the prevalence of cancer and CVD in

the study population. The prevalence was calculated over the entire study period by
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tabulating cancer and CVD over time and tabulating cancer and CVD by gender and
age. Our dataset consisted of multiple claim records for each beneficiary as patients
can claim for the same disease more than once, therefore only the very first claim
recorded for cancer and CVD was used to calculate prevalence and not all claims.
Using only the first instance of a claim for a certain disease to calculate prevalence,
eradicates duplicate records being counted and eliminates the chance of a falsely high
prevalence of disease. The prevalence T2D, COPD, obesity, asthma, cancer

subgroup variables and CVD subgroup variables were also calculated.
2.7.2. Logistic regression: univariate and multivariate

The second objective of the study was to investigate the association between CVD
and cancer. This objective was met using univariate and multivariate logistic
regression models where the outcome was cancer, and the exposure was CVD and
the CVD subtypes including gender, and age as a priori variable. Binomial logistic
regression was performed because the outcome variable was binary, and the
independent variables are a mix of categorical and continuous variables. In both the
univariate and multivariate logistic regressions, cancer was the outcome variable and
CVD, CVD subtype variables, T2D, COPD, obesity, age, and gender were the

exposure variables.

After each logistic regression, a goodness of fit test was performed to test the fit of the
model. We tested for interactions by including interaction terms in the multivariate
logistic regression models. The interaction terms analysed included CVD, T2D and HT
as the main variables which were combined with the other CVD subgroup variables.
The significance of the interaction variables was assessed to indicate if the terms
should be included in the final model. Following each logistic regression, hierarchical
regression tables were created to compare the odds ratios of the independent

variables on the development of cancer.

The third objective of the study was to investigate the association between the top 5
CVDs and the top 5 cancers. In the analysis phase we selected the top 6 CVDs and
top 6 cancers instead of the top 5 of each, because the prevalence of the conditions
in the fifth and sixth conditions in both CVDs and cancers did not differ much. Each of
the top 6 cancers was the outcome variable in the analysis and a multivariate logistic

regression was performed for the top 6 CVDs per each cancer type. A hierarchical
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regression table was constructed for the comparison of the effect of the top 6 CVDs

on the top 6 cancers, respectively.

2.7.3. Stepwise Regression, Survival analysis and Generalised Linear Models

Forward and backward stepwise regression (p<0.10) was performed to identify the
final model and thereafter the variables selected from the stepwise regression were
added to a model which included interaction terms to create a final model. Following
each stepwise regression, hierarchical regression tables were created to compare all

the odds ratios of all the independent variables on the development of cancer.

Lastly, the data were set for time-to-event analysis to compare the time to cancer in
the total population, in beneficiaries with CVD and in beneficiaries without CVD. In all
the time-to-event analyses, the time variable was set as the variable identifying claim
dates, the failure event was cancer or time to the first cancer claim which indicated the
end of the follow up period, the identifier variable was the unique beneficiary identifier,
and the time scale was set to a yearly measurement. For the time-to-cancer analysis
in the total population, the start of the follow up time (origin) was measured from the
date of the first claim for any of the NCD conditions, for analysis among patients with
CVD, the origin was measured from the date of the first CVD claim, and in the analysis
among patients without CVD, cancer incidence was analysed in patients who had

never claimed for a CVD event.

We used Kaplan Meier (KM) analysis to compare time to cancer development in
patients with CVD and patients without CVD. KM analysis also indicated time to cancer
and CVD in the entire study cohort and compared males and females for both cancer
and CVD. A log-rank test was conducted to measure the statistical significance of the

comparison between males and females.

Incidence rate analysis for cancer was performed after setting the data for survival
analysis and using the survival analysis summary to generate the incidence rate. The
incidence rate for cancer was investigated in all beneficiaries and was compared to
the beneficiaries with and without cancer. The risk ratios were calculated as hazard

ratios which were generated after the data was set for survival analysis.
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Generalised Linear Models (GLM) were used instead of Cox Proportional Hazards
(CPH) regression because the CPH regression showed that the assumption of
proportional hazards was violated. GLM is a flexible parametric survival analysis
model using Poisson distribution where the timescale is split into several time intervals
to allow flexibility in the baseline hazard function instead of the hazard being constant
throughout one lengthy timescale s1). The GLM assessed the risk of various risk
factors — in this study they were the NCD variables, age, and gender - on cancer. The
assumption of this model is the baseline hazard is constant within the smaller time
intervals but has variation between intervals (s1). In the GLM analysis, an offset is
included to indicate the length of time each subject was at risk for cancer in each time
interval, the outcome variable indicated was always cancer, time at risk was always

stipulated and the timescale was split into yearly intervals.

The assumption of constant hazard in each interval is the same as assuming
exponential survival distribution within the time interval. Splines are function estimates
that allow for the combination of many curves from various intervals into a continuous
curve to smooth out the data and smooth out random variation (s1). The utilisation of
splines smooths the data to obtain a parsimonious estimate of the baseline hazard
function. Restricted cubic splines allow for a smooth function to be created from this
piecewise model. The split points for the intervals are called knots. The data needs to
be collapsed to accommodate the number of intervals s1). The mid-time of each
interval was generated to calculate splines for the intervals and the number of cancer
occurrences within the intervals. We used 4 degrees of freedom indicating 5 knots

placed at the minimum, maximum, 25th 50th and 70th centiles of the mid-time.

2.8. Ethical considerations

The study utilised retrospective de-identified data obtained from the GEMS medical
aid scheme. In the study, secondary analysis of de-identified data was performed,
hence informed consent was not applicable. Permission to use the data from the
GEMS database was granted by Dr Guni Goolab, the principal officer of the GEMS
medical aid scheme. The data were released to the primary investigator and the

supervisor of the study once the data sharing agreement was signed by both parties.
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Before the commencement of research, ethics clearance was granted from the Wits
Human Research Ethics Committee (M1911142).
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Chapter 3: Results

In this chapter, the results corresponding to each of the study objectives are
presented in diagrams, tables, and figures.

3.1 Data management Flowchart

The flowchart describes the data management from data acquisition, data cleaning
to the final data analysis. The number of claim observations and number of
beneficiaries are recorded in the flowchart.

17 664 611 claims data
3079 391 demography data
ICD codes for NCDs

Merged demography and claims
data using beneficiary variable as
the identifier. 19 102 294 records.

l

17 664 611 records remaining with
complete demography and claims
data.

1 354 370 Observations with
missing demographic data dropped
from the data set.

\ 4

17 664 611 records remaining
with complete demography
and claims data.

A

Merged ICD codes with
demography and claims data.
16 310 242 merged records

14502618 records: no observation of
interest.

1807624 records: observation with
events of interest.

14 458627 duplicated records
with no observations of interest.

14 458627 duplicated records
removed from the dataset.

1 851615 records
representing 722934 unique
individual beneficiaries.
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Table 1: Descriptive Analysis (N=722934)

n Freq | Male (%) Female (%) Mean
Age (years) 52.29 52.89 52.68
Provinces
Gauteng 168856 | 23,69 59864 (23,63) 108992 (23,73)

Western Cape

104458 14,66

41479 (16,37)

62979 (13,71)

KZN 146853 | 20,60

49151 (19,40)

97702 (21,27)

Eastern Cape 92079 | 12,92 31253 (12,33) 60826 (13,24)
Northern Cape 22980 3,22 8820 (3,48) 1416 (3,08)
Limpopo 71463 | 10,03 25575 (10,09) 45888 (9,99)
North West 58806 8,25 20702 (8,17) 38104 (8,30)
Mpumalanga 47255 6,63 16547 (6,53) 30708 (6,68)
Total 256795 (35.52) 466139 (64.48)

Anishka Ramadhar
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The study population comprised 64,48% female beneficiaries and 35,52% male

beneficiaries with Gauteng, Kwa-Zulu Natal and Western Cape Provinces claiming the
most at 23,69%, 20,6% and 14,66% respectively.

3.2. Prevalence of CVD and cancer

Table 2: Prevalence (N=722934)
n | Freq(%) | Males (%) Females (%)

Sex
Male 256,795 35.52
Female 466,139 64.48
Condition
Cancer 66268 9,17 | 38,517(10.81) 27,751(8.26)
Breast cancer 10515 1,45 554 (0.22) 9,961 (2.14)
Skin neoplasms 10055 1,39 4,929 (1.92) 5,126 (1.10)
Prostate cancer 9581 1,33 9,525 (3.71) 0.00
Colon cancer 3233 0,45 1,341(0,52) 1,892 (0,41)
Cervical cancer 2445 0,34 0.00 2,433 (0,52)
Lung cancer 2409 0,33 1,218(0,47) 1,191 (0,26)
Skin melanoma 1514 0,21 647 (0,25) 867 (0,19)
Brain cancer 1215 0,17 448 (0,17) 767 (0,16)
Non-Hodgkin’s 1208 0,17 495 (0,19) 713 (0,15)
Kaposi Sarcoma 1102 0,15 468 (0,18) 634 (0,14)
Ovarian cancer 1062 0,15 0.00 1,056 (0,23)
Pancreatic cancer 1045 0,14 424(0,17) 621(0,13)
Stomach cancer 1038 0,14 486 (0,19) 552 (0,12)
Uterine cancer 901 0,12 0.00 898 (0,19)
Oesophageal cancer 863 0,12 408 (0,16) 455 (0,10)
CVD 573363 79,31 75,89 81,19
Hypertension 461790 63,88 | 157502 (61,33) 304,288 (65,28)
Hyperlipidaemia 131273 18,16 56468 (21,99) 74805 (16,05)
VET 42797 5,92 17069 (6,65) 25728 (5,52)
Angina 27010 3,74 10400(4,05) 16610 (3,56)
Heart failure 21059 2,91 6921 (2,70) 14138 (3,03)
Ischaemia 12145 1,68 6890 (2,68) 5255 (1,13)
Arrhythmia 5848 0,81 1929 (0,75) 3919 (0,84)
Cardiomyopathy 3213 0,44 1316 (0,51) 1897 (0,41)
Atherosclerosis 1999 0,28 894 (0,35) 1105 (0,24)
T2D 166753 23,07 67617 (26,33) 99136 (21,27)
Asthma 59464 8,23 19282 (7,51) 40182 (8,62)
COPD 9697 1,34 4839 (1,88) 4858 (1,04)
Obesity 7300 1,01 1141 (0,44) 6159 (1,32)
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In this study, 9.17% of the population had cancer, with 10.81 % of the male patients
and 8.26% of the female patients presenting with cancer, 79.31% of all patients had
CVD, with 75.89% of the male patients and 81.19% of the female patients having CVD,
and 23.07% of all patients had T2D.

The top 6 cancer subtypes in descending order were breast cancer, skin neoplasms,
prostate cancer, colon cancer, cervical cancer, and lung cancer. The top 6 CVD
subtypes in descending order are hypertension, hyperlipidaemia, VET, angina, heart

failure and ischaemia.

3.3. Association between CVDs and cancer

Univariate and multivariate logistic regression analysis

Table 3: Regression analysis (N=722934)
Univariate analysis Multivariate anaysis

Cancer Odds Ratio 95% CI|P Odds Ratio 95% CI|P

CVD 0,55 0,54 - 0,56 <0,001

Age 1,04 1,04-1,04 <0,001 1,05 1,05-1,05 <0,001
Gender 1,35 1,32-1,37 <0,001 1,41 1,38-1,43 <0,001
Type 2 Diabetes 0,72 0,71-0,74 <0,001 0,61 0,59-0,62 <0,001
Obesity 0,59 0,53-0,65 <0,001 0,7 0,63-0,77 <0,001
Asthma 0,66 0,64 -0,68 <0,001

COPD 2,39 2,27-251 <0,001 1,18 1,12-1,25 <0,001
VET 1,01 0,98-1,05 <0,001 0,77 0,75-0,80 <0,001
Angina 0,75 0,71-0,78 <0,001 0,56 0,53-0,59 <0,001
Heart Failure 1,49 1,43-155 <0,001 0,71 0,68-0,75 <0,001
Ischemia 1,74 1,65-1,83 <0,001 0,86 0,81-0,90 <0,001
Arrhythmia 1,19 1,10-1,30 <0,001 0,79 0,72-0,86 <0,001
Cardiomyopathy 0,95 0,84 -1,08 0,443 0,62 0,55-0,70 < 0,001
Atherosclerosis 1,49 1,31-1,70 <0,001 0,73 0,63-0,83 <0,001
Hyperlipidemia 1,23 1,20-1,25 <0,001 0,87 0,85-0,88 <0,001
Hypertension 0,62 0,61-0,63 <0,001 0,39 0,38-0,40 <0,001

The univariate logistic regression indicates that age, gender, COPD, heart failure,
ischaemia, arrhythmia, atherosclerosis, and hyperlipidaemia are all statistically
significant risk factors for the development of cancer, with COPD, ischaemia HF
posing the highest risk, but CVD collectively, is not a risk factor for the development
of cancer. The multivariate logistic regression indicates that only age and COPD are
statistically significant risk factors for cancer when controlling for the other CVD

subtypes and T2D.
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Top 6 cancer associations, Stepwise Regression and Time-to-event analysis

Table 4: Top 6 cancer with top 6 CVD including Age (N=722934) odds ratios

Prostate | Breast Skin neo | Cervical | Colon | Lung
Age 1,08* 1,04* 1,09* 1,02* 1,05* 1,05*
HT 0,64* 0,44* 0,55* 0,28* 0,47* | 0,39*
Hyperlipidaemia 1,17 0,87* 1,95% 0,30* 0,92 | 0,81*
VET 0,94 0,69* 0,76* 0,68* 0,80* | 0,73*
Angina 0,86* 0,52* 0,66* 0,42* 0,76* 1,00
Heart failure 0,59* 0,69* 0,55* 0,64* 0,71* 0,92
Ischaemia 1,12* 0,56* 1,04 0,17* 1,02 0,95
Legend *p<0.05

Table 4 indicates that the risk factors for prostate cancer are age, hyperlipidaemia,
and ischaemia, the risk factor for breast cancer was age, the risk factors for skin
neoplasms are age and hyperlipidaemia, the risk factors for cervical cancer is age, the
risk factors for colon cancer are age, and ischaemia, and the risk factors for lung
cancer is age. Age was included a priori and is a risk factor for all cancer subtypes.
Hyperlipidaemia and ischaemia are the most common risk factors for 2 of the top 6

cancer subtypes.

Table 5: Stepwise regression
Cancer Model 1 Model 2
Age 1,05+ 1,05*
CVvD 0,28*
T2D 0,56* 0,60*
Obesity 0,58* 0,68*
Asthma 0,54* 0,61*
COPD 1,19* 1,19*
Gender 1,35* 1,40*
HT 0,38*
VET 0,77
Angina 0,55*
Heart failure 0,71*
Ischaemia 0,85*
Arrhythmia 0,77*
Cardiomyopathy 0,61*
Atherosclerosis 0,72*
Hyperlipidaemia 0,86*
Legend *p < 0,05
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Variables generated from both the forward and backward stepwise regression analysis
indicated that in model 1 where we used collective CVD, the risk factors for cancer
were age, gender and COPD, and model 2 where we use CVD subtypes, again the

risk factors for cancer were age, gender, COPD.

Table 6: The final model
Cancer Model E1
Age 1,05*
Gender 1,41*
T2D 0,22*
Obesity 0,61*
COPD 1,09*
HT 0,22*
Hyperlipidaemia 0,38*
VET 0,74*
Angina 0,39*
Heart failure 0,46*
Ischaemia 0,76*
Arrhythmia 0,52*
Cardiomyopathy 0,45*
Atherosclerosis 0,53*
T2D#HT 4,02*
T2D#Angina 1,86*
T2D#hyperlipidaemia 0,93*
T2D#heart failure 1,78*
T2D#Ischaemia 1,47
T2D#arrhythmia 1,54*
T2D#cardiomyopathy 1,78*
T2D#atherosclerosis 1,57*
HT#hyperlipidaemia 3,44*
HT#VET 1,27*
HT#angina 2,18*
HT#heart failure 2,10*
HT#ischaemia 1,46*
HT#arrhythmia 2,78*
HT#cardiomyopathy 2,00*
HT#atherosclerosis 1,72
Legend *p < 0,05

Table 6 shows the models with variables selected from stepwise regression and it also
includes interaction variables. T2D and HT were used as the common variables for
interaction with all the other CVD subtype variables because it is common in literature
that both T2D and HT are risk factors for CVD and cancer, both T2D and HT are
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associated with an increasing age which is an identified risk factor for cancer. Upon
analysis of the models with interactions we found that in model E1 while age, gender
and COPD are the only variables that increase the risk for cancer, the interaction
between T2D and HT, angina, HF, ischaemia, arrhythmia, cardiomyopathy, and
atherosclerosis all increase the risk for cancer development. The interaction between
HT and VET, angina, HF, ischaemia, arrhythmia, cardiomyopathy, and atherosclerosis

all increase the risk for cancer development.

3.4. Time-to-event analysis

Kaplan Meier — Time to event analysis

The table below indicates that 220948 observations had both CVD and cancer

Table 7: 2x2 table showing cancer patients with CVD
Cancer No cancer Total

CVD 220,948 (13.53) 1,411,520(86.47) 1,632,468(88.16)
No CVD 42,742 (19.50) 176,405 (80.50) 219,147 (11.84)
Total 263,690 (14.24) 1,587,925(85.76) 1,851,615 (100)

Time to cancer event from first claim by sex

—hmm————
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Figure 1: Time to cancer occurrence from the first claim in the total study population

In the above time to event analysis, the time interval was measured from the first claim
to the last claim, with the follow up time starting from the time the first claim was made
and the ending with the date that a cancer claim was made, in the period between

2014 and 2018 inclusive. In this analysis, there were 1851615 total observations
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representing 722934 unique beneficiaries. After removing the errors, 1027212
observations remained, representing 566484 subjects with 44859 cancer (failure)
events.

The Kaplan Meier (KM) Curve is a non-parametric statistic measurement of the
survival function or time to event function from lifetime data. In this study we use the
KM curve to show the time to cancer incidence. The log-rank test is used to compare
the time-to-event (cancer) in 2 samples of the population, in this case the comparison
was between males and females in the same study population. In the study
population, males had more cancer than females and the log-rank test value is
significant (p < 0.001).

Time to CVD event from first claimdate
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Figure 2: Time to CVD occurrence from the first claim in the total study population

In the above time to event analysis, the time interval was measured from the first
claim to the last claim, with the follow up time starting from the time the first claim
was made and the ending with the date that a CVD claim was made, in the period
between 2014 and 2018 inclusive. The above KM curve shows that more females
had CVD than males and the log-rank test was statistically significant (p<0.001).
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Time to cancer event in patients with a CVD event
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Figure 3: Time to cancer occurrence in patients with CVD

In the above time-to-event analysis only patients with CVD were analysed, the time
interval was measured from the first claim to the last claim, with the follow up time
starting from the time the first CVD claim was made and the ending with the date that
a cancer claim was made, in the period between 2014 and 2018 inclusive. in the period
between 2014 and 2018 inclusive. In this data set, there were 1851615 total
observations representing 722934 unique beneficiaries. After removing the errors,
194154 observations remained, representing 161268 subjects with 5842 cancer
(failure) events.

The KM curve shows that in the CVD population, more males developed cancer than

females and the log-rank test is statistically significant (p<0.001).
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Time to cancer event in beneficiaries with no CVD
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Figure 4: Time to cancer occurrence in patients without CVD

In the above time to event analysis only patients without CVD were analysed, the time
interval was measured from the first claim to the last claim, with the follow up time
starting from the time the first claim was made and the ending with the date that a
cancer claim was made, in the period between 2014 and 2018 inclusive. In this data
set, there were 1851615 total observations representing 722934 unique beneficiaries.
After removing the errors, 284,309 observations remained, representing 185,930
subjects with 13425 cancer (failure) events among patients who did not claim for a
CVD event.

The KM curve shows that in the population with no CVD, more males developed

cancer than females and the log-rank test is statistically significant (p<0.001).

Table 8: Cancer incidence rate (per 100 000) from time to event analysis populations

Total study population | Patients with CVD Patients without CVD
Incidence rate 0.027 0.016 0.033
Failure events 44859 5842 13425
Total subjects 566484 161268 185930

The above incidence analysis shows that the incidence of developing cancer among
all the observations is 0,027 per 100 1000 people with 44859 failure events from all
patients in the population who claimed for any type of condition. The incidence of
developing cancer among patients with CVD is 0,0216 per 100 1000 people with 5842
failure events. The incidence of developing cancer among patients without CVD is
0,033 per 100 1000 people with 13425 failure events.
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Table 9: Generalised Linear Model Regression — Risk factors for Cancer outcome

Cancer risk factors: all
beneficiaries

Cancer risk factors:
beneficiaries with CVD

Cancer risk factors:
beneficiaries without CVD

Model Model Model Model Model Model

F3 F5 G3 G5 H3 H5
CVD 0,24* 1 1,32*
T2D 0,62* 0,67* 1,38* 1,37+ 0,93* 1,01
Obesity 0,81* 0,86* 1,14 1,06 1,26* 1,35*
Asthma 0,52* 0,57* 1,16* 1,04 0,91* 0,92*
COPD 1,1* 1,05 1,4* 1,1 1,01 0,99
Age 1,04* 1,04* 1,04* 1,04* 1,05* 1,05*
Gender 1,49* 1,55* 1,8* 1,70* 1,88* 1,84*
VET 0,7* 0,81* 1,1*
Angina 0,57* 0,83* 0,86*
Heart failure 0,7* 0,85* 0,91*
Ischaemia 0,81* 0,81* 1,12%
Arrhythmia 0,69* 1,05 0,93*
Cardiomyopathy 0,57* 0,64* 0,71*
Atherosclerosis 0,64* 0,81 0,68*
Hyperlipidaemia 0,78* 1,47 1,14
HT 0,31* 0,51 1,12*
Legend *p<0,05

In the above table 9 for GLM regression, the analysis indicates that the risk factors for

cancer in the entire study population were age, COPD, gender (F3 and F5). The risk

factors for cancer in patients who have CVD are, age, gender, COPD, asthma and

T2D, and hyperlipidaemia (G3 and G5). The risk factors for cancer in patients with no

CVD are age, gender, CVD, and obesity (H3) and age, gender, obesity, VET,

ischaemia, hyperlipidaemia, and HT (H5).
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Chapter 4: Discussion

This chapter presents a summary of the principal study findings and discusses the
strengths and weaknesses of the study, comparison of study’s strengths, weaknesses
and findings with previous studies, the meaning of the study to clinicians and policy
makers, research gaps and unanswered questions. This chapter is completed with a

summary on recommendations for further research and the conclusion.

4.1. Principal findings

The study population comprised 64,48% female and 35,52% male beneficiaries,
9,17% of the study population had cancer, with 10,81 % of male patients and 8,26%
of the female patients presenting with cancer, 79,31% of all patients had CVD, 75,89%
of the male patients had CVD and 81,19% of the female patients had CVD. The top 6
cancer subtypes in descending order were breast cancer, skin neoplasms, prostate
cancer, colon cancer, cervical cancer, and lung cancer. The top 6 CVD subtypes in
descending order are hypertension, hyperlipidaemia, VET, angina, heart failure and

ischaemia. The prevalence of T2D in the study population is 23,07%.

The univariate logistic regression analysis indicates that age, gender, COPD, heart
failure, ischaemia, arrhythmia, atherosclerosis, and hyperlipidaemia are statistically
significant risk factors for the development of cancer. CVD collectively, is not a risk
factor for the development of cancer. The multivariate analysis and stepwise
regression indicate that only age, gender, and COPD are statistically significant risk

factors for cancer.

Analysis between the top 6 cancers and top 6 CVD subtypes indicate that age is a risk
factor for all cancer subtypes, while hyperlipidaemia is a risk factor for 2 of the top 6
cancer subtypes namely, prostate cancer and skin neoplasms, and ischaemia is also

a risk factor for 2 of the top 6 cancers namely, prostate and colon cancer.

In the final model, age, gender and COPD are shown to increase the risk for cancer,
the interactions between T2D and HT, angina, HF, ischaemia, arrhythmia,
cardiomyopathy and atherosclerosis increase the risk for cancer development, and the
interactions between HT and VET, angina, HF, ischaemia, arrhythmia,

cardiomyopathy and atherosclerosis increase the risk for cancer development.
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The generalised linear model analysis in table 9 indicates that the risk factors for
cancer in the entire study population is age, COPD, and gender. The risk factors for
cancer in patients who have CVD are, age, gender, COPD, asthma, T2D and
hyperlipidaemia. The risk factors for cancer in patients with no CVD are age, gender,
CVD, obesity, VET, ischaemia, hyperlipidaemia, and HT.

4.2. Strengths and weaknesses

Data utilised for this study was restricted to GEMS data which is not representative of
the South African adult population. Only 16% of the South African population are
medically insured and GEMS contributes to less than 50% of the medically insured
patients (s3). GEMS being a government workers medical insurance does not include
members from the South African private sector or self-employed individuals and may
not be representative of the South African population (s3). Potential bias may be
present in this study because this only included patient claims from patients who have
existing funds in their medical insurance which may lead to underrepresentation of the
disease conditions. Patients whose medical aids are exhausted or who have recently
found themselves unemployed would have been unable to claim via medical aid and

this data would not have been recorded or considered in the analysis.

The data analysed in this study were routinely collected from pharmacy billings against
the medical insurance, hospital records when patients claimed for medical treatment,
and other medical claims completed at healthcare facilities that accommodate for
medical insurance. This data collection may have inaccuracies and lack detail about
this study’s subject matter. The inaccuracies may have resulted from reporting errors
from healthcare facilities, administrative errors, technological malfunctions, incomplete
claim requests or incorrect information provided by the patient to their healthcare
provider. The data did not contain information on confounders and interaction
variables such as smoking status, weight, diet, exercise, ethnicity, alcohol, and drug
use. Controlling for these confounders was therefore not possible as this information
is not routinely collected in medical claims data. Acquiring the data was delayed due
to approval and de-identification processes. The data contained outliers, duplicated
records and records with missing information that were removed in the data

management stage.
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The study population comprised 64,48% female beneficiaries and 35,52% male
beneficiaries, male beneficiaries were under-represented in this study cohort and this
may be due to male patients not seeking medical care timeously, therefore medical

records for treatment claims were less for male patients compared to females 2 53),

The data utilised was routinely collected data by GEMS from all participating
healthcare facilities, therefore, data would have captured on every visit to the
pharmacy, laboratory, or health facility for auditing purposes and this implies that the
data collected was reliable and provided an accurate indication of the magnitude of
the claims processed. The study population was clearly defined, and the medical aid
data allowed for a focused study analysis strictly on NCDs in adults above the age of
18, between from 2014 to 2018 inclusive. The GEMS data comprises of government
workers and their immediate family and the population of the GEMS data set are of a
higher socio-economic status than the general population, thus these medically
insured patients may visit a doctor or healthcare facility whenever they deem
necessary, and these visits and medical claims are all recorded in a routine database.
The routinely collected data needed to be timeously compiled for auditing purposes
and this ensured the data worked with was complete. The dataset was large and
representative of a large population of patients which may allow for good

generalisability for government workers.

4.3. Strengths and weaknesses in relation to other studies

Age being a risk factor for cancer is highlighted in this study and is supported by
literature which indicates that age is indeed a risk factor for the development of cancer
4). Aging is not an illness, but this naturally occurring process is associated with age-
related illnesses such as cancer, metabolic diseases, and decreased quality of life. An
increasing life expectancy allows for cancer development in the aging population as
biological processes of ageing with increased inflammation and a weakened immune
system allow for cancer development 4. Aging is both a physiological and
chronological process, and cellular damage along with genetic alterations that
accompany the physiological and chronological passage of time, is a driver for both

aging and cancer development (ss).
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Gender is shown to be risk factor for cancer development in both the univariate and
multivariate analysis as well as the stepwise regression and GLM regression. The
analysis reveals that males have 1,35 times the odds of developing cancer than
females in the univariate regression, and the multivariate regression reveals that
males have 1,41 times the odds of developing cancer than females. In this analysis,
cancer is the collective cancer of all the cancer subtypes, and, in this population, male
beneficiaries have a higher cancer prevalence than female beneficiaries, which may
be the reason that males have a higher likelihood of developing cancer than females.
In this population, male beneficiaries also have a higher prevalence for skin
neoplasms, colon cancer and lung cancer. The gender findings in this study are
aligned with literature as the South African NCR indicates that 1 in out of 6 men have
a lifetime risk of developing lung, prostate, bladder, Non-Hodgkin’s Lymphoma or
colorectal cancer and 1 out of 7 women have a lifetime risk of developing breast,
cervical, colorectal, lung or uterine cancer (ss). The Italian cancer registry indicates that
50% of males and 33% of females have a risk of developing cancer in their lifetime
6). Females having 2 “X” chromosomes possess an advantage with heterogeneity
since there will be variations in gene expression between the 2 X chromosomes as
compared to only one X chromosome in males, this heterogeneity is beneficial with
regards to immune response (s7). Females have protective hormones such as
progesterone and oestradiol, which have anti-inflammatory effects and positive cell-
mediated immune responses, respectively. Conversely, males have the androgen
hormone which suppresses the immune cell activity, and testosterone that suppresses

the formation of antibodies and increases inflammation s, s9).

COPD is only present in 1,34% of the population with more males (1,88%) presenting
than females (1,04%). The low prevalence of COPD does not alter or bias the
association with cancer development, the univariate analysis indicates that patients
with COPD have 2,39 times the odds of developing cancer and 8 times the odds of
developing lung cancer than patients with no COPD. As the length of smoking
increases, the more susceptible individuals are to COPD, smoking from a young age
until an older age and the non-cessation of smoking leads to a greater likelihood of

developing COPD (o).

Tobacco smoking is the most common risk factor for COPD and may cause a 3 to 5-

fold increase in the likelihood of developing COPD compared to non-smokers o).

45



Anishka Ramadhar
2244064

South African males show a higher prevalence of smoking than South African females,
literature indicates the prevalence of smoking in males is 4 times the prevalence of
smoking in females. Males smoking 4 times more than females and smoking being an
identifiable risk factor for COPD may be the reason that more males have COPD than
females in this dataset (61, 62). Tobacco smoking is an identifiable risk factor for at least
15 types of cancer including lung cancer, cancer of the larynx, pharynx, oesophagus
and oral cavity, bladder, liver, stomach, ovary, cervix, kidney, pancreas, and colorectal
cancer. Tobacco smoking may have a greater than 100-fold increase the likelihood of
lung cancer compared to non-smokers and may increase the likelihood of cancer in

all the oral cavities by between 3 and 13-fold (e3).

Globally, COPD and lung cancer are the leading causes of illness and mortality.
Oxidative stress resulting in DNA damage, chronic inflammation, genetic alterations,
and tobacco smoking are common risk factors and drivers for both COPD and lung
cancer. Increasing COPD severity has a positive linear relationship with lung cancer
64, 65). Air pollution and the vapours inhaled from cooking oil and other household
chemicals are common risk factors between COPD and lung cancer (s, 67)

Tobacco smoking is associated with cancer outcomes as well as COPD outcomes and
may be a possible confounder in the relationship between COPD and cancer. The
increase in lung cancer cases among patients with COPD is a health concern because
the exact mechanism for this causal relationship is not fully understood, however,
genetic alterations, lung microbiome and irregularities of the immune system may be

mediators in this relationship (e4).

In this study, both the univariate analysis and multivariate analysis, indicate that being
obese does not increase the odds of developing cancer. These findings are not
supported by literature, the primary reason may be due to waist-hip ratios, BMI, and
body fat percentage data not being requested or being inaccurately recorded by
healthcare professionals when patients are being examined. The non-existence of a
causal relationship between obesity and cancer in this study may be due to non-
differential misclassification bias which is directing the measure of effect toward the
null indicating that there is no relationship between the two variables. In studies that
measure the association between risk factors and certain diseases, misclassification
bias, a type of information bias, may alter the true effect of the association. The

association may be under or overrepresented in these cases of bias.
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The incidence of cancer will increase over time due to a rise in obesity and metabolic
diseases as obesity is a recognised risk factor for at least 13 malignancies comprising
renal and pancreatic adenocarcinomas, endometrial, oesophageal, and hepatocellular
carcinoma; colorectal, postmenopausal, gastric cancers; multiple myeloma;
meningioma; ovarian, breast, gallbladder, and thyroid cancers (s, 69, 70).

The growth and spread of white adipose tissue known as ectopic fat deposition
resulting from obesity, causes DNA alterations via metabolic, inflammatory, and
immunological changes. These DNA alterations leading to genetic mutations allow for
cancer development (7). Childhood and early adulthood obesity is associated with an
increased risk of pancreatic cancer, colon cancer and multiple myeloma (71, 72). The
global burden of cancer attributed to obesity is 13,1% in females and 11,9% in males,
for obesity-related cancers (s9).

The final model in the analysis included interaction variables, T2D and HT were the
common variables that were used in the interactions with the other CVD subtypes. The
reason for selecting T2D and HT is because of the high prevalence of these conditions
in the study population (23,07% and 63,88% respectively) and the widespread
recognition of the association between T2D and HT being a risk factor for CVD and

cancer development (e).

There is evidence to support that T2D increases the risk for the development of liver,
pancreatic, endometrial, breast, kidney, bladder, and non-Hodgkin lymphoma (73). T2D
has been shown to cause an increasing risk for pancreatic, oesophageal, and biliary-
tract cancer in males; endometrial and breast cancer is females, and colorectal, liver
and kidney cancer in both males and females (74, 75). In 2010, the American Diabetes
Association (ADA) and American Cancer Society (ACS) published a report on risk
factors linking T2D to cancer, the risk factors were categorised as biological links
(hyperinsulinemia, hyperglycaemia, and fat-induced chronic inflammation), modifiable
risks (overweight, obesity, physical activity, excessive alcohol consumption and
smoking) and non-modifiable risks (age sex and ethnicity/race) (73, 76). Cancer mortality
is higher in T2D patients than patients who do not have T2D, for a range of

malignancies (74,75). Antidiabetic medication such as metformin is documented to
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decrease the risk of tumour development in T2D patients and decrease the risk of

cancer development (73).

In various meta- analyses comprising more than 10 individual studies, hypertension
was associated with a 23% increased risk of cancer death, with liver cancer and rectal
cancer responsible for majority of the cancer deaths. Studies also show that elevated
blood pressure levels are positively associated with both cancer incidence and cancer
mortality (77, 78). The risk of cancer increased linearly with an increase in blood
pressure among patients studied in the meta-analysis. Several studies analysing the
relationship between high blood pressure and cancer have shown that hypertension

is a risk factor for the development of renal cancer (79, 80).

A meta-analysis of observational studies included 13 studies where the association
between elevated blood pressure and cancer was analysed. The analysis showed a
positive relationship between elevated blood pressure levels and the risk of renal, liver,
oesophageal, breast, colorectal and endometrial cancer (s1). Many studies indicate a
positive relationship between hypertension and renal cancer, and this meta-analysis
support these findings as it showed a 54% higher risk of developing renal cancer if
patients have hypertension s1). This meta-analysis also indicated an 11% increased
risk of colorectal cancer in hypertensive individuals. The causative link between
hypertension and cancer remains unclear, however hypertension may promote the

cessation of apoptosis which may result in an increased risk for malignancies sz, s2).

4.4. Meaning of the study: possible mechanisms and implications for

clinicians or policymakers

The prevalence of CVD and cancer in this study population allowed for their
association to be explored via regression analysis, to understand the relationship

between these two groups of NCDs that share many risk factors.

The data analysis indicates that along with age and COPD, there are various other
CVD subtypes that increase the risk for developing cancer. These findings imply that
controlling for these risk factors and early treatment of these risk factors to prevent

further progression, may possibly delay the onset and progression of cancer.
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Historically, literature has shown that age is a risk factor for both CVD and cancer
development, and this association is highlighted in this study population. This
association reinforces the need for clinicians to conduct proper cancer and CVD
screening in patients as they age, and to advise older patients on proper lifestyle
management (diet and exercise) to maintain a healthy status and low inflammation

levels to delay or prevent the onset of these NCDs.

The analysis on gender being a risk factor for different cancer types allows for
clinicians to screen for certain malignancies in males and females based on their

existing risk factors.

COPD is shown to be a risk factor for cancer and further exploration showed that
COPD is a risk factor for lung cancer with individuals having 8 times the odds for
developing lung cancer if one has COPD as opposed to not having COPD. This
information implies that clinicians should conduct early screening for cancer in COPD
patients. Tobacco smoking is a risk factor for lung cancer as well as COPD and may
be both a confounder and a mediator in this association. Clinicians may use this
information to advise patients on the risk of smoking in general and the added risk in
patients with COPD.

Patients with T2D often present with HT and vice versa and interactions with these
two conditions and other CVD subtypes increase the odds of developing cancer. This
information will enable clinicians to suggest preventative approaches for T2D and HT
which may minimise the interaction between these conditions and prevent
cardiovascular damage and possibly prevent the onset and progression of cancer.
Hyperlipidaemia is often an indicator of obesity or being overweight, which assists in
clinicians making recommendations on the risks of obesity when obesity data is

unavailable or not recorded.

The above information will possibly aid in the South African healthcare efforts to
reduce the onset, progression and burden of CVD and cancer. The potential reduction
in CVD and cancer burden may reduce the burden on our healthcare system by
reducing medical cost to patients, caregivers, healthcare centres and facilities. This
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study will reinforce the need to increase awareness of these NCDs and the association

between them in both the public and private health sectors.

4.5. Unanswered questions and future research

ET indicates the increasing importance of controlling for and preventing NCDs,
registries such as the South African NCR are valuable in supporting the study and
analysis of the NCD trends @s). Registries on other NCDs such as CVDs, diabetes
and respiratory conditions do not exist, and this may delay the investigation into these
disease trends and associations (1s). South Africa needs to create registries for these
NCDs that have a high burden on the population and the health systems, the passing
of the National Public Health Institute of South Africa (NAPHISA) bill will support the

need and generation of these registries.

The analysis on this study population exposed the variables that may increase the risk
for cancer development, but a few unanswered questions and inconclusive findings
remained. This study revealed a need for precise obesity diagnosis and tracking of
obesity by standardised measurements or markers, for studies to be conducted on the
associations with obesity. GEMS comprises a fraction of medically insured South
Africans who are in turn a smaller fraction of the South African population, further
research is essential using all medical insurance databases to assess the associations
between CVD and cancer in the private sector. Public sector data on these conditions
also require investigation and analysis, and comparisons may be conducted on the
association between CVD and cancer in the public sector and the private sector, as

well as national population level research.

More data is needed to control for possible confounding variables and effect modifiers
to stratify the analysis for potential confounders such as tobacco and alcohol use, diet

and physical activity levels and other underlying conditions.

A prospective cohort study in a large sample of patients over many years will help to
understand the timeframe of cancer onset in patients with CVD, T2D and COPD, a
study analysed over a lengthy duration may better explain the association between
CVD and cancer
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4.6. Overall conclusions and recommendations

Collectively CVD is not a risk factor for the development of cancer, however, in this
study population, CVD subtypes such as hyperlipidaemia and ischaemia increase the
risk for cancer development. Interactions between CVD subtypes with T2D an HT,
increase the risk for cancer. In this study population, age and gender are risk factors
for cancer and this information is aligned with historic literature. Although COPD only
comprised 1,34% of this study population, regression analysis indicated that COPD is
a risk factor for cancer and may be responsible for an 8-fold increase in the likelihood
of developing lung cancer. Early treatment and controlling the onset and progression
of the CVD subtypes and T2D may delay the onset and progression of cancer.
Awareness around the risks and dangers of tobacco smoking may decrease the
incidence and severity of COPD which may result in a decrease in lung cancer. Further
data collection and research is required to be conducted on CVD subtypes and their

association with cancer and the common risk factors between CVD and cancer.
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