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Preface

The profile of non-communicable diseases (NCDs) is changing rapidly in the rural
South African population due to COVID-19, poverty, and other social factors.

The South African National Development Plan vision for 2030 highlights key
recommendations to reduce the prevalence of NCDs by 28% by the year 2030.
Similarly, the World Heart Federation set the year 2025 to reduce the prevalence

of NCDs by 25%. However, the onset of the COVID-19 pandemic in early 2020 has
already significantly impacted efforts towards attaining these national and global
targets. Some individuals and families have been pushed into extreme poverty

in low social-economic contexts. Therefore, there is an urgent need to tackle the
triple burden of NCDs, poverty, and COVID-19. Unfortunately, literacy levels on
the triple burden of disease and recommended lifestyle changes remain extremely
low among individuals, families, and communities. Communities must seek new
innovative ways of addressing issues facing the population with regard to obesity,
overweight, hypertension, general health, smoking, alcohol abuse and low physical
activity in line with a healthy living lifestyle. To succeed in changing the lifestyle
of an individual first requires eradication of illiteracy by health professionals,
academics, and scholars in terms of providing primary health information to these
sectors of the community through personal interaction.

To that effect, the first and second Ellisras Longitudinal Study and Other
Non-communicable Diseases Studies International Conferences (ELSONCDICs)
were organized during the period 28-29 November 2017 and 3-5 December 2019,
respectively, at the University of Limpopo and Ellisras/Lephalale. The purpose of
these ELSONCDICs was (1) to provide a unique inclusive platform for discussion
by ordinary members of the Ellisras community, expert scholars, students, and
experienced professionals from places all over the world offering a truly special
international networking experience; and (2) to provide a comprehensive and
interactive programme in which participants can cultivate their cross-cultural and
communication skills while shining a light on different topics related to poverty,
COVID-19, and NCDs. 3) to let the programme have a long lasting effect on the
conference participants as well as the Ellisras/Lephalale communities as the
knowledge gained will be taken back to our respective communities and families.
An adjunct to the ELSONCDICs is the Phashasha newsletter, which is based on
major NCD findings of other studies including the ELS. The language used in the
Phashasha newsletter can be understood by ordinary people in the community,
ensuring that the correct choice of lifestyle is an achievable goal. Preparations for
the third ELSONCDIC scheduled for 22-24 November 2022 at the University of
Limpopo and Ellisras/Lephalale are well underway.

Lifestyle and Epidemiology - The Double Burden of Poverty and Cardiovascular
Diseases in African Populations is a product of these initiatives. The book is divided
into six sections: Section 1, ”Poverty and Cardiovascular Diseases”; Section 2, “Risk
Factors for Cardiovascular Diseases”; Section 3, “Lifestyle and Cardiovascular
Diseases”; Section 4, “Metabolic Syndrome and Reproductive Health”; Section 5,
“Type 2 Diabetes”; Section 6, “Care and Treatment of Cardiovascular Diseases

and Diabetes”



Although the book is a group effort, there are two persons who are the driving
force behind its success: Han CG Kemper, Emeritus Professor at the Amsterdam
Medical University Centre, Amsterdam, the Netherlands, and Hlengani J Siweya,
Professor and Executive Dean of the Faculty of Science and Agriculture, University
of Limpopo, South Africa. They provided support and sound leadership to the
ELSONCDICs, which culminated in this book. They had a vision and the stamina
essential in longitudinal research and community empowerment. Both scientists
have substantial international exposure; they are also champions of motivation,
inspiration, and fundraising. Through them we have learned that “success is not a
position but a direction.”

Kotsedi Daniel Monyeki

Physiology and Environmental Health Department,
University of Limpopo,

South Africa

Han C.G. Kemper
Amsterdam Medical University Centre,
Amsterdam, The Netherlands
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Chapter1

Poverty Is Not Poverty: The Reality
on the Ground Including the
Rural-Urban Divide and How We
Can Turn the Tide on NCDs

Janet Michel and Marcel Tanner

Abstract

Cardiovascular diseases (CVDs) tend to occur in younger sub-Saharan African
(SSA) populations, about 20 years earlier as compared to high income countries
(HIC). Weak health systems and infrastructure, scarce cardiac professionals,
skewed budget away from non-communicable diseases (NCD), high treatment costs
and reduced access to health care. On top of that, hypertension diagnosis, treat-
ment and control are low, less than 40%, less than 35% and 10-20% respectively.
SSA has 23% of the worlds rheumatic disease, while 80% of CVD deaths occur in
low to middle income countries. Poverty is not poverty. The rural-urban divide is
one reality that has to be acknowledged among others, particularly in Africa. Being
poor, while owning land and having the possibility to grow crops and rear livestock,
goats and chickens, is different from being an unemployed young man or young
woman, renting one room, in a crowded township with dilapidated infrastructure,
intermittent or untreated water and surrounded by leaking sewers. Understanding
the dynamics in different contexts is important for us to identify and address the
different challenges affecting health in general, and heart health of people in these
contexts in particular. For example, the detection, treatment and control rates of
hypertension are higher in semi-urban as compared to rural areas. Detection rates
for both men and women are suboptimal particularly in rural areas. Diet, sedentary
life, loneliness and stress, insecure environments rather and unsafe places to walk
are issues more common in urban settings. The conditions in which people are born,
live, grow and work affect their health. The rural conditions are very different from
the urban ones. The quality of air, access and types of food, stress levels, isolation,
loneliness and fear not to mention violence, vary. All these factors affect heart
health in one way or the other. Addressing heart health issues therefore ought to
be context specific. The burdens might be treble or more for some -economically,
environmentally (climate change, political instability), socially and historically-
apartheid and colonialism.

Keywords: land ownership, traditional foods, environment, spirituality, social or

relationship poverty, time poverty, economic poverty, insects, wild vegetables, forms
of poverty, health as an asset

3 IntechOpen
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1. Introduction
1.1 Defining poverty

Poverty is defined as a state of being inferior in quality or insufficient in amount
[1]. Poverty is also defined as not having socially acceptable material possessions or
money [2]. The second definition raises the question of who defines what is socially
acceptable. Absolute poverty on the other hand is defined as a complete lack of means
to meet basic needs like food, clothing and shelter [2]. Relative poverty is defined
as an inability of a person to meet a minimum level of living standards compared to
others in the same time and place, taking into account context (society or country)
[3]. Context matters and it matters a lot [3]. It is imperative to note that none of the
above definitions explicitly mentions that a lack of access to education or health care
services is poverty. The very means that take a person out of poverty are not men-
tioned when defining poverty. In most African contexts, one has to be healthy first
and foremost, before gaining access to education, and access or entitlement to land.

2. Universal health coverage (UHC)

Billions world-wide live in squalid conditions of disease, hunger and despera-
tion-a state of pandemic poverty [4]. Poverty eradication has become a buzz word
but commitment to addressing systemic causes of poverty is lacking [4]. The inex-
tricable link between poor health, poverty and development is well documented
[5]. Hunger can lead to poor health, social unrest, conflict and displacement [5].
The decision to migrate itself is not easy and many illegal migrants face challenges
to access health care in transit and even years after settling [6].

UHC is defined as ensuring that everyone has access to health care services of
high quality without suffering financial impoverishment. The services range from
health promotion, prevention, treatment, rehabilitative and palliative care [7-9].
Good health allows children to access school and learn and adults to be productive
and earn. UHC, good health therefore is a determinant for people to escape poverty.

2.1 Health the foundation block in eradicating poverty

We reckon, it is imperative for societies and governments to identify health asa
tool and resource against poverty that needs to be protected and guarded. Poverty is
defined by the United Nations as a violation of human dignity through not hav-
ing choices and opportunities. It includes not having basic capacity to participate
effectively in a society, not having enough food, clothing, not having access to
education or health care, not having land, a job or access to credit facilities [10].
Health, the very condition that defines whether we can attend school or till the

UHC-access Land, food, Environment- Education Agency-ability to stand
to health water, shelter, adequate up for oneself or
care clothing physical Employment having a voice
Health
Figure 1.
What health unlocks.
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land, is not emphasised enough in the definitions of poverty. Having land but being
in poor health or having access to education but being in poor health is a form of
poverty. Health, is therefore the basic block in life which gives one access to educa-
tion, work, food, clothes and shelter. From a public health perspective, health ought
to be identified as a basic block that is essential for the eradication of poverty. One
prerequisite to accessing everything else in life though seems to be health. Health
poverty affects all the other domains. See Figure 1 above.

3. Forms of poverty

Poverty may include social, economic and political elements as seen above [11].
An unemployed young person, who has migrated to a foreign land, leaving behind
friends and family, and now illegally living in a crowded township room, might be
socially, economically and health poor all at once.

4. Strategies used to address poverty

How best to help the poor is a longstanding debate [12-17]. Governments and
other organisations try to reduce economic poverty by a) providing basic needs
to people who are unable to earn a sufficient income like the child grant in South
Africa. Barriers are corruption, a dwindling tax base in a society that is driven by
the informal sector and ultimately sustainability. Less than half of South Africas’
rather population eligible for work is formally employed [18].

4.1 Start by protecting the physically healthy and making them aware
of their wealth-health

The physically healthy, the very assets of our economies, are currently not suf-
ficiently being made aware of their wealth-health, and neither are they supported
sufficiently to value their own health nor are they protected from environmental
pollution, water pollution, unsanitary conditions, and the lack of access to health
care services. Many black South Africans live in crowded squalor illegally and with
no or limited access to land.

5. Time poverty

Many public health facilities are overcrowded. Someone who needs to be seen
by a doctor has to calculate many hours of waiting. Many people are forced to take
a day or two from work making them time impoverished. Additional hours are also
lost daily during the commute to and fro the work, leaving them both time and
economically poor [18].

5.1 Sickness strips one of agency making one unable to stand up
for oneself or have a voice

Poverty exposes one to violence, since it renders one powerless and excluded
from society, living in marginal or fragile environments, with limited access to clean
water or sanitation [10]. One can have access to education but being hungry will
affect outcomes [12]. Children can be sent to school in poor health, suffering from
e.g. anaemia, bilharzia or worms and this will affect outcomes [12]. So, healthisa
fundamental building block.
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6. Conditions in which we are conceived, born, grow, live and work
affect our health

24 years since independence apartheid in South Africa has persisted in an eco-
nomic form [18]. Many families live in airless hovels constructed using splintered
boards and metal sheets [18]. Post-apartheid, land is still largely in the hands of the
white elites with most black South Africans still living in the townships [18] and one
needs political ties to survive and thrive in business [18], closing this door to many.

Health is determined by the conditions in which we are born, grow, live and work
[19]. We take this a step further and say health is determined by the conditions in which
we are conceived, born, grow, live, work etc. One South African domestic worker said;

“Our children are being born in the same situation I was born” [18] - Credit Jao
Silvia, New York Times.

In rural settings, people often have land, are surrounded with friends and neigh-
bours, have time, have spiritual groups usually and the environment is less crowded
and less filthy. Many have access to seasonally available fruit and vegetables. In
the urban setting, many blacks have no access to land, live in crowded unsanitary,
unsafe environments and neighbourhoods, isolated and often cannot practice
spirituality, and many live from hand to mouth-informal sector. The usual diets are
high in carbohydrates and saturated fats.

7. Conditions in which most south Africans live

The impact of former apartheid policies on the health system have been documented
and these inequalities have grown along class rather than racial lines recently [20] and
these issues still have effects on children being conceived under these conditions to date.
The well to do have access to quality health care services from the private health sector,
while 80 percent access health care from the overburdened public health sector [21].
Rapid urbanisation is also partly to blame for the increase in coronary heart and artery
disease and metabolic disorders [22]. Some people moved from a shack during apartheid
to another shack [18] post-apartheid. The living conditions have not changed much.
Several hours a day are spent commuting [18] to places of work making them time poor.
A foetus conceived while mum is in poor health, malnourished etc., will be affected by
these conditions even later on in life -health consequences. The health of the mother
affects the heath of the baby. A healthy mum is predictive of a healthy infant. This might
sound like chicken egg debate, which was first-and health is the chicken.

8. Access to land

No land no collateral [18], is another glaring issue in South Africa. Many South
Africans have no access to land. Investment in ensuring that people have access to land,
ensuring safe water supplies through digging more wells, boreholes and improving
sanitation- the very conditions that promote people to be and stay healthy is funda-
mental. Land ownership is one instrument that is pivotal in addressing both rural and
urban poverty [16]. In good health people can then access education, employment etc.

“We never dismantled apartheid. The patterns of envichment and impoverishment
are still the same.” Ayabonga Cawe, former economist Oxfam [18].
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9. Fossil fuel, sedentary life unsafe places

Causes of cardio vascular diseases (CVDs) in SA are high BP, smoking, drinking,
poor eating habits, obesity and lack of physical activity [22, 23] and psychosocial
stress (depression, anxiety, hostility) [24]. Cardiovascular risk factors dispropor-
tionately affect the socio-economically disadvantaged [25] and we can speculate
how this comes about.

People use fire for cooking, breathing in fumes, barefoot they walk on ground
littered with broken glass, needles, tins and daily they exchange armed robbery
updates [18]. Is this conducive for health? Police frequently descend on these
informal settlements tearing down these shacks without warning [18]. In some
settlements human waste forms puddles [18]. While in some predominantly
white areas toilets are stocked with soap, toilt paper, staffed with janitors and
security guards [18], many townships are ghettos of isolation [18]. Diet, sed-
entary life, loneliness and stress and how people deal with it e.g., drinking and
smoking are prevalent issues in townships. People often do not know where to
get the next meal and the insecure environments prevents physical activities
like walking forcing people to take taxis home or to school (no safe places to
walk). Attending worship is also affected by these unsafe places. Some services
are in the evening. Spirituality has been proven to give meaning and purpose to
stressful life events leading to more positive emotions like well-being, happiness,
optimism and fewer negative emotions. The psychological benefits of spiritual-
ity affect immune, inflammatory, endocrine and even autonomic functions.
These unsafe contexts further deprive people of these benefits further affecting
heart health [24].

9.1 How do people get diseases in theses contexts?

* Living in filthy overcrowded and unsanitary conditions

* Lack of food

* Lack of knowledge- leading to exposures

* Having knowledge but no options e.g., forced to scavenge from dump sites
9.2 How are the sick further affected in these contexts?

* Lack of financial means to buy drugs, pay for transport, lack of knowledge to
eat healthy (ongoing care and regular checks) and the condition gets worse.

* Living conditions, not safe to exercise, or walk, limited access to clean water
and sanitation

* No means to follow recommendations made by medical staff (medical educa-
tion to change) e.g., Eat broccoli when you cannot afford this or live-in rural
areas where such foods do not exist-unrealistic recommendations by medical
personnel that do not take context into account

* People get medicine and are sent back to the very environment that caused the
disease, leaving the stressors unaddressed e.g. the crime ridden township that
caused disease.
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How to destress, a different approach that includes preventive and promo-
tive health is needed. There is a direct link between stress and heart health. High
emotional stress, isolation and loneliness have been linked to atrial and ventricular
arrhythmias [24].

10. Causes of heart diseases in SA

Causes of CVD in SSA are hypertension, cardiomyopathy, rheumatic heart
disease and congenital heart disease [26]. One multicentre study on PHC in SA
revealed that primary care is dominated by NCDs and the most common diagnosis
and reason to attend PHC being hypertension and HIV ranking third [25]. Death
rates from non-communicable diseases in SA now exceed those of TB and HIV
combined [25] and cardiovascular diseases are leading the NCDs. Obesity (68% of
women and 31% of men) is another culprit [25]. The high burden of HIV directs
most health care spending towards antiretroviral treatment, limiting funds for
NCDs particularly in primary health care setting.

10.1 Neglected causes of cardiovascular diseases and their causes

Neglected CVDs in SSA are endomyocardial fibrosis, congenital heart dis-
eases, and rheumatic heart disease [26]. Rheumatic fever affects children in low
resource settings where poverty is rife, overcrowding and poor sanitary condi-
tions and limited access to health care services. Rhematic heart disease can be
prevented by preventing streptococcal infections or treating them early when
they occur [27].

Congenital heart disease: Genes and environmental factors are associated
with congenital heart diseases. Maternal health is critical particularly during the
first trimester [28]. New-born heart health is affected by maternal health during
pregnancy and the environmental conditions in which the mother lives. Causes of
endomyocardial fibrosis are virus infections and toxic insults among others [29, 30].
See Table 1 below.

It is important to point out that social determinants of health are alluded to in
the national development plan 2030 [31]. The realisation and implementation of
these policies however, remain a challenge.

Condition Cause Available interventions
Congenital heart Genes and environmental factors Preventive
disease Promotive

Curative-medical and
surgical treatment

Rehabilitative
Endomyocardial Virus infections and toxic insults Preventive
fibrosis Promotive

Curative-treatment
Rehabilitative

Rheumatic heart Poverty, overcrowding, poor sanitary conditions Preventive

disease and limited access to health care services Promotive
Curative-treatment with
antibiotics
Rehabilitative

Table 1.
Neglected causes of cardiovascular diseases and their causes.
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11. South African plans to decrease NCD related premature mortality

SA has plans to decrease NCD related premature mortality by 25% by end of
2020. This includes population and individual based strategies.

11.1 Population based strategies to prevent NCDs

* Legislation for reduction of sodium in processed foods [32]
* Taxation of sugar sweetened beverages [32] and alcohol

* Tightening of anti-tobacco regulations [25]
11.2. Individual level strategies (crucial)

» Detection, treatment and control of cardiovascular disease risk [25]

* Emphasis -assertive treatment, targeting antihypertensive and statin treatment
guidelines [25]

* Training of nurses (lest we forget) on correct measurement and aggressive
management of NCDs, active detection, prevention, control of cardio-vascular
diseases to avert expenses on hospitalizations [25].

12. Public health lip service?

Both the population based and individual based strategies above, are focus-
sing mainly on treatment rather than prevention. Why wait for the population to
fall sick? Simple, cost effective and culturally adapted behaviour and educational
interventions rather needed (Figure 2) [23].

Health of the population should be protected- a central tenet of public health.
The health care in SA is hospicentric rather than preventive and promotive. Only
10% of health expenditure is spent on promotive health? The system seems to foster
the idea that people should get ill first before being assisted.

Step 1: Health is an asset -acknowledgement and identification of that).

Step 2: Health needs to be preserved.

Step 3: Health gives us access to everything else in the society, education, jobs,
security etc.

Figure 2.
We are waiting for people to fall sick as depicted below.

9
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13.If 1 am healthy, I am rich (health rich)

Making people aware that being healthy is an asset can go a long way. In the HIV
context too, little money is spent on preventive strategies. Some young people are
not aware that being healthy, HIV negative is an asset worthy to be protected. Some
seem not afraid of HIV saying if they get it, they will get onto treatment. The value
of health as an asset seems not widely and explicitly valued?

The environments in which many South Africans live are characterised by
land poverty, environmental poverty, social or relational poverty, economic pov-
erty, political poverty (lack of voice for some) and spiritual poverty, all of which
lead to health poverty including cardiovascular health issues. See Table 2 below.

Forms of poverty Effects

Environmental poverty Causes stress, toxic exposures, violence

Time poverty Causes stress, loss of income

Spiritual poverty Causes stress and hopelessness

Land poverty Limits access to loans, one cannot grow own food

Social or relational poverty Causes loneliness

Economic poverty Reduces access to food and basics including health care

Political poverty Lack of voice, stress

Health poverty Decreases access to land, education, jobs, relationships, spirituality and

increases health complications

Table 2.
How do these factors affect heart health?

14. Interconnectedness of the different forms of poverty

The interconnectedness of the different forms of poverty and their effect on
health ought to be mentioned [33]. Systems thinking is therefore called for if health
issues are to be addressed effectively. See Figure 3 below.

sedentary life
no safe spaces to =
e N\,
.\ poor health
puhlic transport
instead of walking

- \ /
lack of access to
education

/ Effects can go both ways

Effects mostly one directional

> 4

Environmental
poverty

\

use of Laxis and

Figure 3.
Interconnectedness and the need for systems thinking.
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social/rela
tional
poverty-
health '-I-?_r_]_?lmess econonomic
poverty poverty
time Poverty land
poverty forms poverty
environmental lack of
rt voice-
S political
— spiritual

poverty

Figure 4.
Forms of poverty.

Figure 4 shows how connected the different forms of poverty are and how they
affect health.

15. Adapting current medical interventions and training
to reflect context

As depicted above, Figure 5, the current interventions work differently for
the poor and the rich. The poor often have no choice to change their environ-
ment, be it living or working environment, they live in unsafe neighbourhoods
where it is unsafe to walk let alone access to a gym. Many church services are held
at night. The poor are not safe to attend these spiritual opportunities depriv-
ing them of a freely available healing tool-spirituality. They eat what is cheap
and this is often high in unsaturated fats, and they often miss check-ups due to
transport costs etc.

It is therefore easier for the well to do who get diagnosed with cardiovascular
diseases to get back to the optimal health line. The current CVD interventions
are pro rich. How can we make them pro poor? Doing so would mean address-
ing environmental and psychosocial factors and economic and health system
factors. Context matters. The training of medical personnel should incorporate
locally available nutrition that promotes health without making the poor sink into
deeper poverty if they want to stay healthy. The currently recommended healthy
diet should be high in fibre, green vegetables, fruit the year round, fish and low

11
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Optimal health

Regular
change ’ change check up
environment EXRICUS diet and
medication

 — Current NCD interventions regularly recommended to patients

\ Direction of health away from the optimal health line
’ Direction of health towards the optimal health line
A
Figure 5.

The current interventions and their effect on health including heart health depending on whether one is vich
or poor.

processed foods and fat [24]. Can the average township person afford this? Locally
available foods e.g., seasonal fruits, wild vegetables, peanut butter and insects are
all good for heart health and should be widely promoted and made easily available.

16. Conclusion

Health is an asset. The conditions in which we are born, grow, live and work
affect our health. Countries do not necessarily need wealth to gain health e.g. Sri
Lanka had a maternal mortality rate of 2% in the 1930s not comparable to any
country today [34]. Sri Lanka reduced maternal mortality to 0.6% today, spending
less each year as they learnt what worked and did not work [34]. Similarly, countries
in SSA could adapt their approach through first identification of health as asset and
then investing in preventive and promotive health while still ensuring efficacy and
efficiency of curative services. Addressing the different forms of poverty, utilising a
systems thinking lens, could contribute to healthier societies.
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Chapter2

Poverty and Cardiovascular
Diseases in Sub-Saharan Africa

Julius Chacha Mwita and Brian Godman

Abstract

There is a rise in cardiovascular diseases (CVDs) in sub-Saharan Africa (SSA).
Even though SSA is home to 14% world’s inhabitants, it is home to more than half
of the global poor. The objective of this chapter is to evaluate the interconnec-
tion between CVD and poverty in SSA. We found that the relationship between
poverty and CVD is bidirectional. The intersection between poverty and CVD cuts
through primordial, primary prevention and secondary prevention interventions.
In the context of poverty in SSA, CVD prevention is a challenge due to competing
demands to address the never conquered infectious diseases exacerbated by the
current COVID-19 pandemic. With a weak healthcare system and out of pocket
payment for the costs of CVD care, a significant proportion of individuals with
CVD and their households are consequently impoverished. Besides, CVD affects
ayounger and productive population in SSA than in the rest of the world. Thus,
CVD-related loss of productivity progressively pushes an additional number of
individuals into poverty, requiring urgent attention.

Keywords: cardiovascular diseases, medicines, poverty, sub-Saharan Africa

1. Introduction

Cardiovascular diseases (CVDs) include coronary heart disease, cerebrovascular
diseases, peripheral arterial disease, rheumatic and congenital heart disease, and
deep vein thrombosis [1]. Except for coronary heart disease on the rise in urban
areas, hypertension, stroke, cardiomyopathies, and rheumatic heart disease are
the most common CVDs across sub-Saharan Africa (SSA) [2, 3]. CVDs account for
30% of global deaths, and about 80% of them occurring in low- and middle-income
countries (LMICs), including SSA [2, 4]. By 2030, projections show that CVD
alone will cause more SSA deaths than infectious diseases, maternal and perinatal
conditions, and nutritional disorders combined [5]. Consequently, an increas-
ing priority area for future activities. The rising burden of CVD in SSA is due to
increasing population exposure to various modifiable risk factors that account for
at least three-quarters of all the CVDs [3]. The risk factors include unhealthy diets,
physical inactivity, hypertension, obesity, diabetes, dyslipidaemia, and tobacco use
[4]. Given the poverty and multiple competing health priorities across SSA, similar
to several other LMICs, both prevention and treatment of CVDs get less attention
[3]. With the high patient co-payments in many SSA countries, CVDs impose a
significant health and economic burden on individuals and families in the region
than in higher-income countries [6]. Above and beyond, poverty may contribute
to an increased burden of CVD by its effect on several social and cultural factors
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responsible for the increasing burden of CVD [7]. Consequently, this report looked
at CVD and poverty interconnection in SSA and the implications for the future.

2. Poverty in sub-Saharan Africa

SSA is home to 14% of the 7.8 billion world’s inhabitants but contributes to
more than half of the global poor [8, 9]. Using the 1-dimensional measurement of
poverty that focuses on income or wealth, over 40% of SSA residents live below
the poverty line of $1.90 per person per day [9]. This poverty level is far above the
average poverty rate of 13% in other regions of the world [10]. While the rest of the
world has observed a significant decline in extreme poverty, SSA observed a rise
in the number of people living in extreme poverty from 278 million in 1990 to 413
million in 2015 [9, 11]. Even those who live above the $1.90 poverty, a significant
proportion of them are still very poor due to deprivations in various aspects of
well-being [9, 11]. Using deprivation from education, health, and assets as multi-
dimensional measures of poverty, about half (51%) of the poor population in the
world lives in SSA [12]. Therefore, most sub-Saharan inhabitants lack sufficient
income and basic needs, including quality health and education [12]. Most of the
causes of poverty in SSA are not different from the rest of the world. They include
colonialism, war and political instability, national debts, discrimination and social
inequality, and vulnerability to natural disasters [13]. The impact of colonialism,
the slave trade and resource extraction from SSA likely contributed in some ways
to the persistent poverty in the region [14]. The existence of a significant inequality
in income distribution and access to productive resources, essential social services,
opportunities, markets exacerbate the already existing poverty despite the auton-
omy of African countries following their independence [15]. Women and children
are the most affected groups with inequalities and natural catastrophic events such
as drought, flooding, and frequent disease epidemics in the region [14, 15]. In these
events, the already impoverished people are often displaced, lose their belongings,
and remain in the vicious cycle of poverty [15].

Similarly, violent regional conflicts, forced displacement and political instability
in a significant number of SSA countries interfere with safety, stability and security
needed for investment and economic growth [13]. The situation is made worse by
weak national institutions permissive to corruption and resource misallocation in
many SSA countries [9]. As a result, these countries carry significant debts that
have high-interest rates and are linked to conditions that may be unfavourable
to the development of local economies [13]. The impact of HIV and AIDS is also
significant as the disease affected the working-age population leading to a reduc-
tion in economic productivity [16]. In the context of all these factors, it remains
unclear if the region will end poverty in all its forms by 2030 as per the Sustainable
Development Goal 1 (SDG 1) [17].

3. The effect of poverty of CVD in Africa

With poverty, SSA has the lowest healthcare expenditure, the lowest life expec-
tancy, and inadequate access to health care services, safe water, education, and
sanitation facilities [18, 19]. Although poverty is among the reasons behind the
region’s high burden of infectious diseases such as malaria, tuberculosis and human
immunodeficiency virus (HIV), it is also a reason behind the rising burden of CVDs
[4]. Economic development in SSA leads to urbanisation and increased tobacco con-
sumption, harmful alcohol use, unhealthy diets, and physical inactivity [2]. While
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the wealthy population can revise their lifestyle, lack of access to both preventative
and remedial health care among the poor partly explains the high burden of CVD
risk factors [20, 21]. Besides poor access to healthcare services for CVD prevention
and control, low education significantly affects a good understanding of the disease
process and promoting a healthy lifestyle among the poor [22]. With poverty
encompassing low income and consumption, poor education, health, nutrition, and
other human development parameters, its effect on CVD is complex [23]. It affects
different stages, ranging from primordial prevention that targets the emergence

of CVD risk factors, primary prevention in the presence of CVD risk factors, and
educational programmes on modifiable CVD risk factors.

Unfortunately, data on the overall burden of CVD and its association with poverty
are scarce in SSA [24]. With the weak state of the health systems in many SSA coun-
tries, typical patient record systems are not sufficiently functional to support accurate
morbidity and mortality data documentation [25]. Given the high burden of environ-
mentally induced risk behaviours and limited access to good-quality and affordable
health care, the CVD burden, morbidity, and mortality are disproportionately higher
among the poor than the affluent population in the region [20-22, 26-28]. Only a few
countries (e.g., Botswana) have a universal healthcare system that extends coverage
to poor communities [28]. Besides, CVD modifiable risk factors such as hypertension,
diabetes, and cholesterol disorders remain undiagnosed or untreated in a significant
proportion of the poor communities in SSA [28-33]. The situation is concerning
because early detection and effective management of risk factors can substantially
reduce most CVD [34]. Over and above the behavioural and physiological risk factors,
anger, anxiety and depression are important risk factors for CVD [35]. Poor housing,
sanitation and limited access to healthcare are psychosocial stressors that may lead
to anger, anxiety and depression in the poor urban sub-Saharan populations [35].
Psychosocial stressors lead to an increased behavioural risk factors for CVD such as
tobacco consumption, harmful alcohol use, unhealthy diets, and physical inactiv-
ity [2]. Also, most of these populations live in overpopulated unplanned urban
settlements, which are often not conducive for establishing healthy behaviours [2,
18, 19]. These communities can hardly afford healthy food and have high illiteracy
levels [20, 21].

Hence, poverty leads to CVD through multiple ways that lie within and outside
the health sector. Consequently, broad partnerships across various sectors are
needed to achieve the 25% reduction in premature NCD mortality by 2025 (the 25
by 25 goal) in SSA [36].

Although not related to the epidemiological transition, rheumatic heart disease
(RHD) is another poverty-related CVD that has remained unconquered in SSA
[30, 37]. The disease is responsible for over 95% of the 492 042 global deaths per
year among the young population in SSA and other impoverished communities
in Oceania, South Asia, Central Asia, and the Middle East [38]. SSA (5-7 cases
per 1000), the Pacific and indigenous Australia and New Zealand (3-5 cases per
1000), and south-central Asia (2-2 cases per 1000) are the regions with the highest
prevalence of RHD [38]. The disease results from acute rheumatic fever (ARF) - an
abnormal immunological response to Group A Streptococcal (GAS) infection of the
throat [39]. Risk factors of ARF include poverty, overcrowding and reduced access
to medical care, all prevalent in SSA [38, 40]. Primary prevention of ARF involves
early detection and antibiotic treatment of streptococcal pharyngitis [38, 41]. Early
detection and treatment of streptococcal pharyngitis require functional health
care services and a community with enough health literacy and appropriate health-
seeking behaviour. With rampant poverty and the absence of universal healthcare,
the treatment of streptococcus pharyngitis is poorly practised in many SSA coun-
tries [42]. Consequently, RHD remains prevalent in SSA versus other countries
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and an appreciable cause of premature mortality with a mean age of death as low
as 25 years [43]. While medical and surgical management can reduce morbidity
and mortality, poverty reduction and improvement of overall living standards are
crucial in reducing the overall burden and complications of RHD [44].

4. The effect of CVD on poverty in Africa

CVDs occur approximately two decades earlier in SSA than in the rest of the
world [5]. In the context of poverty and weak healthcare systems, patients with CVD
in SSA have higher all-cause mortality and shorter lifespans than in the other parts
of the world due to often limited access to healthcare. Over 50% of these patients
die between 30 and 69 years of age, approximately ten years or more below the
equivalent group in higher-income countries [45]. Consequently, death and disability
attributable to CVD occur in the middle and economically productive age, affecting
young families and the much-needed workforce in the region [45, 46]. Available
evidence implicates stroke as the cause of the majority of CVD-related mortality in
SSA [46]. With the absence of universal health coverage and robust health insurance
systems among most SSA countries, patients and their families bear the costs of
CVD care costs [47]. In some instances, patients forego treatment due to costs [47].
The impoverishing effect of out-of-pocket payments is increasingly pushing many
individuals and families into poverty with family members affected by CVD [6].

5. Poverty, illiteracy, and indigenous knowledge system effect on CVD

Given the high cost and inaccessibility of biomedical care and medications for CVD,
traditional healers are central to CVD treatment among patients in SSA [48, 49]. The
spiritual underpinning of chronic diseases such as CVD, cultural beliefs, and taboos are
reasons behind the preference of traditional healers over biomedicine as the first choice
in some parts of SSA [50]. Consequently, it is not uncommon for individuals in the
region to seek help from traditional healers to treat diabetes, hypertension, and stroke
[51-53]. The belief that traditional healers are experts in treating and curing CVDs and
their risk factors delays the transfer to biomedical care despite the clinical deterioration
in some patients [50]. Those who transfer to biomedical care are less likely to maintain
treatment compliance equivalent to traditional medicines. These culturally driven
practices present the greatest threat to the treatment and control of CVDs and their
risk factors [50]. Some cultural ideas partly explain the persistently low knowledge
of CVDs, risk factors, and clinical symptoms in the SSA population [54]. Therefore,
governments and other key stakeholder groups understanding these cultural-driven
beliefs and practices are essential in devising strategies to improve health literacy in
managing and controlling CVDs [55].

6. Effect of poverty on diagnosis treatment and control/eradication
of CVD

With the growing burden of NCDs worldwide, the 2011 United Nation (UN)
high-level meeting adopted a political declaration on NCDs that aimed at a 25%
reduction in premature mortality from the four main NCDs (cardiovascular dis-
eases, chronic respiratory diseases, cancers, and diabetes) by 25% relative to their
2010 levels by 2025 (the 25 x 25 target) [36]. In 2015, the UN SGD-3 was adopted
to reduce by one-third premature mortality from NCDs by 2030 [17]. To realise

20



Poverty and Cardiovascular Diseases in Sub-Sahavan Africa
DOI: http://dx.doi.org/10.5772/intechopen.98575

the SGD-3 target on health, a reduction in tobacco use, harmful alcohol use, salt
intake, obesity, raised blood pressure, increased blood glucose and diabetes, and
physical inactivity is essential [56]. Besides, treating people at high risk of CVD and
ensuring a sustainable availability of medicines to treat NCDs and avoid potential
complications is also critical [56]. The above measures are challenging to implement
because of the regional poverty, underfunded healthcare systems and the absence
of clear policies and strategies [57]. To overcome these challenges, governments and
other key stakeholder groups need to instigate several measures that may reduce
CVD morbidity and mortality, especially among the poor. These include research-
ing to assess the optimal way to help diagnose CVD early and educate patients of
the benefits of biomedical versus traditional medical approaches alongside lifestyle
changes. In cognisance of the high levels of illiteracy among many of these patients,
approaches such as pictograms are helpful in enhancing understanding [36, 58].

In addition, for governments to produce up-to-date guidelines that are robust and
easy to use in electronic formats, with regular monitoring of prescribing patterns to
improve the future quality of prescribing [59, 60]. This recognises that adherence
to prescribing guidelines is seen as a better marker of the quality of prescribing
than current WHO/INRUD criteria [61]. Alongside this, seek to instigate policies to
enhance access to low-cost medicines, thereby reducing costly co-payments. This
can potentially be achieved with the help of donors and pharmaceutical companies
and exploring the potential for local manufacturing of multiple sourced medicines
building on concerns during the COVID-19 pandemic [61]. In the meantime, explo-
ration of the potential for aggressive procurement programmes since we have seen
in Europe that such programmes have resulted in the prices of generic medicines
used to manage CVD as low as 2% of pre-patent prices [62]. Issues of transport
costs to clinics to effectively treat patients with CVD also needs to be researched
further as lack of contact can be a significant barrier to adherence to medicines for
NCDs [63]. In addition, exploring different methods to improve the convenience of
medicine dispensing that reduces time off work building on current initiatives in
South Africa and wider [27].

7. Conclusions

There are concerns about the rising burden of CVD in SSA, adding to the preva-
lent infectious diseases in the region. The increase in CVD is due to behavioural and
metabolic risk factors resulting from the epidemiologic transition in the region. The
intersection between poverty and CVD cuts through primordial, primary preven-
tion and secondary prevention interventions. In the context of poverty in SSA, CVD
prevention is a challenge due to competing demands to address the never conquered
infectious diseases. With a weak healthcare system and out of pocket payment for
the costs of CVD care, a significant proportion of individuals with CVD and their
households are pushed into poverty. Besides, CVD affects a younger and productive
population in SSA than in the rest of the world.

Consequently, CVD-related loss of productivity will push an additional number
of individuals into poverty. Because of this, appropriate strategies are needed to
address the rising burden of CVD across SSA, and these should include activi-
ties to address poverty issues. Activities include providing available funding and
resources for effective screening for NCDs, especially CVD and diabetes, given high
rates of patients not being diagnosed. Alongside this, improving the access and
availability of medicines, especially where co-payments are an appreciable issue
among patients. Multiple channels exist, including activities of donors as well as
increasing local production. Alongside this, enhance educational input, especially

21



Lifestyle and Epidemiology - The Double Burden of Poverty and Cardiovascular Diseases...

for patients with low educational levels, to improve adherence rates to suggested
lifestyle changes and prescribed medicines, which can be appreciable concerns.
This includes a more significant role for pharmacists and nurse practitioners in

SSA ambulatory care clinics to help diagnose and manage CVDs. Access and other
schemes can also help to enhance the affordability of chronic medications to pre-
vent and manage CVDs, building on current schemes. Should there continue to be
high poverty levels and lack of healthcare, including medicines, CVDs will continue
to be a growing issue. This is not in the best interest of any key stakeholder group or
higher income countries seeking to benefit from growing African populations. We
will continue to monitor the situation.
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Chapter 3

Poverty, Compromised

Dietary Intake and Health
Implications among South Africa’s
Sub-Populations: A Conceptual
Analysis

Stella Chewe Sabi

Abstract

Hunger and malnutrition-related problems have been identified as proxies
for extreme poverty. Poverty and hunger currently affect >400 million people in
Sub-Saharan Africa, the poorest region in the world. South Africa, being the most
unequal society in Africa, is no exception to the crisis of food poverty and health
implications among sub-population groups. Research shows that individuals or
households that experience food insecurity have staple diets that are energy-dense,
thereby compromising their health lifestyle. This qualitative study reviewed the
evidence of the potential impact of poverty on compromised-dietary intake and
healthy lifestyle using 53 publications among them scientific studies, policy docu-
ments, government documents and electronic sources. Contextual analysis was
used to arrive at discussions, conclusions and recommendations. Major findings
reveal that the historically disadvantaged including undocumented immigrants
are highly vulnerable to compromised dietary intake and non-communicable
diseases due to persistent inequality in the country. As the global extreme poverty is
expected to rise in 2020/2021 due to COVID-19 pandemic which is negatively affect-
ing the global health and economic system, vulnerable groups with little to no social
protection such as financial social grants from the state in middle income countries
like South Africa, will be more affected. The findings conclude by providing valu-
able information for state actors and non-state actors to protect the most vulnerable
to acute food insecurity and chronic poverty.

Keywords: compromised dietary-intake, public health concern, non-communicable
diseases, undernutrition, vulnerable groups

1. Introduction and background

Poverty and hunger related issues have been paramount concern of humanity.
Poverty has been identified as a complex problem affecting nearly 700 million
people across the globe, of whom 422 million or > 70% live in the world’s poor-
est region—Sub-Saharan Africa [1]. Current estimates by the World Bank are
that between 2020 and 2021, the pandemic nature of the severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2), fondly known as COVID-19 disease
which is ravaging the global health and economic system would result in increased
extreme poverty by 100 million people with Sub-Saharan Africa accounting for 40
million individuals [1]. Extreme poverty refers to the socio-economic condition

of people living below the international poverty line of $1.90 a day. This popula-
tion will experience abject poverty in addition to being vulnerable to acute food
insecurity, and compromised health lifestyle. It is worth noting that the global
concern for food security as a necessity for quality health, dates back to early years
of twentieth century post-World Wars (World War I and World War II in 1930s and
1940s, respectively) during which most societies afflicted with non-communicable
diseases resulted from several factors including famine which led to their compro-
mised health lifestyle. It was not until 1935, that the first survey report on global
nutrition and public health by the League of Nation’s Health Division, documented
the extent of malnutrition and hunger in the world. The report revealed a critical
food shortage in low and middle-income countries [2]. The League of Nations’
survey report is fundamental to the present discourse on dietary intake and health
implications because it resulted in the Organization’s fundamental discussions

on action-oriented developmental policies including the need for coordinated
nutrition-related policies in several countries [2].

Contemporary episodes of famine and global food insecurity dates back to
early 1970s during the world food crisis when food production and consumptions
significantly dropped. This prompted the General Assembly of the United Nations
to convene the member states to take specific actions to determine the global food
challenge using the comprehensive approach of development agenda and interna-
tional economic operation [3]. The conference, attended by 135 member states from
developed and developing countries (including countries in Sub-Saharan Africa)
was concluded through the adoption of the following declaration; “Universal
Declaration on Eradication of Hunger and Malnutrition” [3]. The participating
states were invited within the context of the United Nations Economic and Social
Council Resolution [3]. Thenceforth, the issue of food and nutrition security has
been prominent on the global development agenda. In other words, the process of
eradicating chronic hunger and poverty and the implication on wellbeing has been a
priority since the last quarter of the twentieth century.

However, contemporary research on the history of global food security revealed
that for much of the twentieth century, food security was broadly viewed through
the lenses of accelerating food production as remedy to famine and international
food insecurity. Within this context, the equal relation between health and agri-
culture would enhance the international economies [2]. Such a perspective, also
promoted the need for meeting human basic needs through fundamental policy
objectives using commercial agriculture as means to economic development [2].
Consequently, between 1950s to 1970, the world recorded an increase in food
production (particularly staple food and/or cereal); concurrently, production per
capita improved by 50% and 20%, respectively [2]. Research on the history of food
security [2] also reveals that, the period between late 1960s to early 1970s saw an
annual food aid distribution by high income countries such as the United States to
middle income and low-income countries, dropping from an estimated 17 mil-
lion tons to only 7 million tons. By 1972, several regions of the world among them
Sub-Sahara Africa witnessed bad climate conditions such as drought that resulted in
famine or general food insecurity. As a consequence, the global food production in
staple food such as cereal, sharply fell by 30 million tons [2].

While such substantial measures in post-World Wars were undertaken by
the international communities, and three decades after the 1970s’ Universal
Declaration on Eradication of Hunger and Malnutrition, the chronic poverty and
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undernutrition continued to engulf developing regions such as Sub-Sahara Africa,
the Middle East and South Asia. Accordingly, the World Development Report [4]
revealed that while Sub-Sahara Africa constituted only 11.1% of the global popula-
tion, the region had 16.1% of the worlds’ chronically impoverished. By 1992, more
than 780 million people in developing countries were undernourished [5].

Reassuringly, at the dawn of the new millennium (21 century), the past
decades of the aforementioned poverty related conditions prompted the United
Nations General Assembly to devise eight fundamental goals, of which— eradi-
cating extreme poverty and hunger was set as a priority goal. The Millennium
Development Goals (MDGs) were international development goals that resulted
from the UN Millennium Summit in 2000 after the adoption of the United Nations
Millennium Declaration. These ambitious goals would be achieved by 2015 [6].
However, in 2015, the global report on the state of food insecurity in the world
revealed that some 795 million people were undernourished and/or food insecure
largely due to poverty [7] of which, >400 million were from Sub-Sahara Africa.
This is despite the region’ significant progress in reducing extreme poverty from
>50% in 1990 to about 41% in 2013 [8]. Thus, the MDGs were preceded by the 17
Sustainable Development Goals that would be implemented from 2016 to 2030 [6].
The Sustainable Development Goals were devised by the United Nations’ General
Assembly. Expectantly, the process of eradicating extreme poverty and hunger have
been reprioritized on the SDGs agenda.

The aim of this study is to determine the nexus between poverty and compro-
mised dietary intake, and the implication on health in selected sub-population
groups in a developing country, within the socio-economic context of South Africa.
The choice of South Africa as a focal point is suitable because of the nation’s com-
plex history that traverse 150 years of colonialism and about 50 years (1948-1994)
of the oppressive apartheid regime whose white minority rule and its radical racial-
ized policies significantly disadvantaged the country’s majority (>90%) mostly
people of black ancestry who were left in abject poverty [9]. The scars of the histori-
cally unjust policies remain visible as evidenced by the black majority or the histori-
cally disadvantaged population [10] being the most vulnerable to socio-economic
issues such as poverty, food insecurity and poor health— making the country one
of the most unequal societies in the world. Historically disadvantaged simply means
South African citizens that live in poverty due to the unjust systematic racism of the
apartheid policy or Act 110 of 1983 Constitution of the Republic of South Africa
that disenfranchised them.

2. Clarification of concepts
2.1Food security and insecurity

As a concept, food security was coined in 1970s following the global economic
crisis and the subsequent United Nations Conference that aimed to combat the
global food insecurity. Although there is no universally accepted definition of
food security, one internationally recognized definition is authored by the World
Food Programme of the United Nations which posits that “food security exists
when all people, at all times, have physical, social and economic access to suf-
ficient, safe and nutritious food to meet their dietary needs and food preferences
for an active and healthy life” [11]. Within this context, a household or, an indi-
viduals ability to obtain sufficient and nutritious food to stay healthy is crucial.
The definition of food security was also documented as the principle achievement
of the 1996 World Food Summit [2] because it operationalized food security
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as a condition that exists at different levels of society including international,
national, community, and household or individual level.

Therefore, food security includes factors such as availability, accessibility,
utilization and stability. Within the context, availability refers to the quantity of
food commodities that result from mass food production that is sufficient enough
to feed the entire human population; food accessibility happens when all people
have access to sufficient food or an individual’s economic power to access or acquire
sufficient food for consumption. This implies that high food prices can negatively
affect food access. Furthermore, food, utilization refers to an individual’s means
to acquire safe-nutritious food that meets their basic nutritional needs. Under this
notion, nutritious food and food safety includes one’s food preference, its conserva-
tion and preparations, and “nutrient absorptions in the human body” [2]. Food
utilization also refers to the process by which a human body detects the nutrients or
calories stemming from macronutrients and micronutrients, feeding practices, and
food preparations. This concept is critical to the current discourse as it unveils the
importance of dietary intake as one of the key factors to a healthy lifestyle. It could
be reasoned that, individuals with compromised-dietary intake are likely to meet
the challenge of being unhealthy.

Among conditions that are associated with compromised-dietary intake are
cardiovascular diseases such as heart failure, stroke, heart attack, cardiac arrest,
obesity, and other non-communicable diseases such as malnutrition and iron
deficiency anemia. An individual’s nutritional status is determined by biological
absorption of the food consumed [12, 13]. In this regard, the basic nutritional
knowledge and good dietary habits, clean and safe water, sanitation, and health
care should be considered when ensuring food security. Likewise, the food utiliza-
tion aspect authenticates that nutrition is directly associated with food security
and as such, there is food insecurity when the human population is not adequately
nourished.

Food stability is another fundamental element when analyzing the notion of
food security [12, 14]. From this perspective, an individual is food secure provided
that there is stability in the other three elements of food security (availability, acces-
sibility and utilization of the food) over time. Within this context, food security
can neither be limited to a particular moment such as, a month or a year but that it
should be sustainable. In other words, where there is lack of food stability, transi-
tory or chronic food insecurity occurs. Thenceforth, if a household has adequate
and nutritious food intake today, they are regarded food insecure whenever they
lack a sustainable food supply because, their health or nutritional status risk being
compromised by inadequate food consumption. In cases where there is credit
crisis that influence food prices, food security at all levels (international, national
community or household) may be difficult to achieve. For instance, the sharp rise
in global food crisis in post 2000, resulted in accelerating food prices, anxiety
and food riots in some parts of the world [15]. Furthermore, unfavorable weather
conditions such as floods and famine, economic factors, or political instability may
impact negatively on household or individual food security status.

3. Contextualizing poverty as a proxy for food insecurity and
compromised health

Poverty is a multifaceted phenomenon that derives from the word poor— or
the inability to meet basic human necessities [16]. Being a such phenomenon,
poverty has various dimensions of human deprivation in terms of food consump-
tion, health, education, dignity, security, decent employment, and voice [17].
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As a concept, poverty includes the state of being vulnerable to adverse shocks.

This implies that people who are poor, are burdened with having little to lack of
resources such as goods, finances or means for their livelihood. In economic terms,
poverty means that the income level from employment is so low that one’s basic
needs such as food security is highly compromised. Literature shows that poverty is
increasingly recognized as a prime determinant of food insecurity. From this per-
spective, food poverty is the extent to which individuals live without basic resources
such as money to acquire a stable supply of adequate food, and the ability to make
appropriate decisions to live and maintain a lifestyle [18, 19]. Research on associa-
tion between poverty related conditions such as food insecurity and mental health
revealed that, individuals who are food secure are less likely to experience anxiety
disorder than their food insecure counterparts [20]. Anxiety about the availability
of food can affect one’s social and/or mental well-being, by creating feelings of
depression and irritability [21].

As a concept, food insecurity is the state of being without reliable access to
sufficient safe and nutritious food for consumption to enhance normal growth and
to live an active and healthy life [22]. The phenomenon is one of the leading cause of
chronic hunger in Sub-Saharan Africa. As highlighted in the foregoing, food insecu-
rity may be caused an absence of any of the four fundamental element (availability;
access; utilization; and stability) of food security which are—characterized by
food inadequacy: to lack of resources to acquire food; utilization; improper use or
consumption of food in the body; and unstable supply and consumption of nutri-
tious food, respectively. As a complex process, food insecurity may occur in the
form of, chronic or persistent food insecurity that manifests when a household or an
individual is unable to meet basic food consumption requirements over a sustained
period [16]. A report by the World Food Programme [23] shows that individuals
who experience chronic food insecurity are unable to meet basic food necessities
due to lack of sufficient economic power to acquire income, land or productive
assets, or they experience high dependency ratios, acute sickness or social barriers.
Such households or individuals are constantly at risk of being unable to afford or
acquire adequate nutrition food over a sustained period [12, 13]. It is reasoned that
chronic food insecurity could be sustainably overcome with deliberate measures
used to address abject poverty and enhanced development such as education,
employment, or access to productive or financial resources in the form of credits
or loans. Furthermore, households affected by chronic food insecurity need more
direct access to adequate food supply to enable them raise their productive capacity
[22]. The importance of analyzing the notion of food security and insecurity is that
it helps in fostering improved food security responses both at macro and micro lev-
els in addition to influencing emergency interventions such as food aid programmes
and projects, and action-oriented food security policies.

4. Malnutrition versus overnutrition: dietary intake

Malnutrition is a public health concern that is occasioned by deficiencies, excess
or imbalances in macro and/or micronutrients in humans [22]. These deficiencies
could result from chronic food insecurity, hunger, and poverty [13]. Other non-
food factors that influence malnutrition are inadequate care practices, lack of health
services, unhealthy environment, and ignorance. This implies that malnourished
people in resource-poor communities, are at high risk of suffering from deficien-
cies of micronutrients caused by poverty and hunger. Hunger simply means food
deprivation. Within this context, hunger and malnutrition are not only a threat to
public health but are also among the leading cause of death in the middle and low
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income countries where the population is largely impoverished. On the other hand,
nutrition refers to the quality and the quantity of food consumed for a healthy
living. A healthy diet consists of four basic nutrients which are, proteins, carbo-
hydrates, minerals and vitamins (meat, dairy, starch vegetable, and fruits). Other
essential nutrients recommended for quality health lifestyle include fiber and lipids.
Consequently, nutritional complications not only emerge from compromised-
dietary intake but have adverse effects on human health resulting in death. On

the other hand, when good eating habits are practiced, nutrition is one of the
fundamental factors that enables people to stay healthy. Children especially those
below the age of 10 have high nutritional requirements for their growth. However,
in developing countries where poverty and food insecurity are high, undernutrition
and lack of adequate dietary diversity is a major contributor to child mortality [24].
Research on Maternal and child malnutrition in low-income and middle-income coun-
tries [25] shows that in 2011, undernutrition contributed to 45% of child mortality
in the low income and middle income countries.

It is also worth noting that dietary intake refers to the daily absorption or
consumption of nutrients such as protein, carbohydrate, fats and vitamins and
other food components such as fiber as recommended daily allowances for a healthy
living. This also implies taking sufficient amount of calories (units of energy) from
the food that is consumed. Hence, good dietary intake will mean that an individual
should take at least a minimum required calories per day. Dietary measurements
area also keys to assessing food, and nutrient intake of households or individu-
als. For example, the recent global report by the World Health Organization [26]
echoed that healthy diet practices means calories intake should resonate with the
energy expenditure. Conversely, to avoid unhealthy weight gain, total lipid should
not exceed 30% of total energy intake; while consumption of saturated fat should
not be more than 10% of total energy intake. Further, free sugars intake should be
less than 10% of the total energy consumption [26]. Meanwhile, public health prob-
lems such as cardiovascular diseases have been on the rise. Most recent estimates by
the World Health Organization [26] also shows that cardiovascular diseases mostly
originate from compromised dietary intake and lack of physical activities and that,
they are a primary cause of death globally. The WHO echoed that cardiovascular
diseases claim about 31% or 17.9 million lives annually, and that the diseases are
characterized by high levels of blood pressure, glucose, and lipids. Other symptoms
include obesity and overweight and these result in some cancers, type-2 diabetes,
stroke, heart attack, and cardiac arrest [26]. The problem of obesity and overweight
is also on the rise in middle-income countries such as South Africa.

To enhance nutritional health, in 2003 South Africa launched its Food-Based
Dietary (FBNGs), which it revised in 2013 using a multi sectorial approach com-
prising the National Department of Health- Directorate of Nutrition, the medical
research council, Nutritional Society of South Africa, food producer organizations,
academics and the United Nations organizations such as the FAO, as the national
working group. The 2003 South African FBNGs had the following items (mostly local
and affordable foods) to be consumed regularly by individuals who are >7 years as
necessity for health eating which lowers the risk of noncommunicable diseases [27]:

* Enjoy a variety of foods.
* Beactive.
* Make starchy foods the basis of most meals.

 Eatdry beans, peas, lentils and soy regularly.
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* Chicken, fish, meat or eggs can be eaten daily.

e Drink lots of clean, safe water.

* Eat plenty of vegetables and fruit every day.

* Eat fats sparingly.

* Use salt sparingly.

* If you drink alcohol, drink sensibly.

Use foods and drinks containing sugar sparingly, and not between meals.

The limitation in the first (2003) guide was that while it recommended the con-
sumption of food groups it neither specified the items (such as highly processed foods,
energy dense food, fat and salt) whose consumption should be limited nor provided
the absolute values for the recommended daily allowance or calories. The implication
is that the supposed evidence based guideline to comprehensive dietary patterns and
healthy lifestyles overlooked the issue of overnutrition, an emerging public health
concern in high income and middle income countries including South Africa [27].

Overnutrition is the overconsumption of any food or nutrients regardless of
the food group (source) such that one’s health is compromised. Overnutrition
can result in obesity and overweight which in turn increases the risk of metabolic
syndrome, noncommunicable diseases and/or cardiovascular diseases. Additionally,
studies [27-31] conducted in South Africa and around the world have shown that
overnutrition is among the leading cause of metabolic syndrome in children and
adolescents (conditions such as increased blood pressure, high blood sugar, excess
body fat around the waist, and abnormal cholesterol or triglyceride levels) and that
it increases among others, the risk of heart disease and type-2 diabetes.

The 2012-reviewed revised general FBDGs for South Africans had the following
items [27]:

* Enjoy a variety of foods.

* Be active!

* Make starchy foods part of most meals.

* Eat plenty of vegetables and fruit every day.

* Eatdry beans, split peas, lentils and soya regularly.

* Have milk, maas (sour milk) or yoghurt every day.

* Fish, chicken, lean meat or eggs can be eaten daily.

e Drink lots of clean, safe water.

* Use fats sparingly. Choose vegetable oils, rather than hard fats.

* Use sugar and foods and drinks high in sugar sparingly.

* Use salt and food high in salt sparingly.
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5. South African inequalities, poverty and compromised dietary-intake:
implications on public health

Africa is the most unequal society in the world of which South Africa is the
leading unequal country, mainly due to the nation’s historical injustices that were
driven by colonial and the apartheid regimes. In fact, poverty and food insecu-
rity related problems are not new in South Africa. The nation’s socio-economic
inequalities can be traced back to the arrival of the Europeans in the present day
Western Cape province and the subsequent apartheid governance whose racialized
policies disadvantaged and left the majority (black population) in chronic poverty.
This increased their vulnerability to hunger and malnutrition related conditions
evidenced by the 1994 demographic records which revealed that at the end of the
apartheid government, about 41% of children from South Africa’s impoverished
households were chronically hungry and undernourished [32]. Of note is that, that
during the apartheid regime, South Africa was food secure in terms of food avail-
ability. This was due to increased food production by commercial farming—a white
dominated industry. However, cheap labour was sourced from the black population
whose wage could not sustain their basic human needs including household food
security.

Consequently, the issue of food insecurity and poverty was worsened by unjust
and racialized policies that deprived the majority socially and economically [33].
More evidence of the existing inequalities such as high poverty levels among the
black population is reported in several studies that were conducted during the first
decade of post-apartheid South Africa. Likewise, a study [34] recounts that in 1995,
in terms of annual income quantile by race, South Africans of African ancestry
constituted the poorest households in terms of annual income such that an esti-
mated 26% of them had incomes between RO. 00 and R6 839.00 per annum. This
was followed by the mixed race ancestry households who constituted 12%, and only
2% of both Indian, and white households.

Additionally, in 1994, South Africa conducted its first national survey on child
malnutrition whose findings revealed that one out of four children aged between
6 months and six years were malnourished. Of these 10% were underweight [35].
Having a low Body Mass Index or being underweight compromises one’s immunity
system, and leads in poor health. Despite that these results only linked poverty
to child malnutrition, they are significant to this research as they underscore the
potential correlation between lack of dietary diversity and malnutrition, and
poverty or the inability to afford a good diet for a healthy living.

Similarly, research by, Woolard [9] concluded that the Africa National Congress
(ANC) government inherited extremely unequal economic opportunities which
saw the black population accounting for 95% of the impoverished South Africa.
The prioritization of the household food security as a basic human necessity by the
ANC government is evident in section 27 of the Constitution, which stipulates that
“Everyone has the right to have access to (a) health care services; (b) sufficient food
and water; (c) social security’ [36] and that; government should “take reasonable
legislative and other similar measures within the context of its available resources to
achieve the progressive realization of services such as sufficient food and water, and
health care” [36]. Further recognition of the right to food is enshrined in the socio-
economic policies such as the Reconstruction Development Programme (RDP) and
the Broad Based Black Economic Empowerment (B-BBEE) programmes which seek
to eradicate the nation’s high levels of poverty and deprivation that have been com-
pounded by relatively high level of disparities between the white population and the
historically disadvantaged population. The former was favored during apartheid.
The RDP is a government programme whose priority is to rectify the inequalities

36



Poverty, Compromised Dietary Intake and Health Implications among South Africas...
DOI: http://dx.doi.org/10.5772/intechopen.96520

fabricated by the apartheid government to the majority of South Africans [37, 38].
As observed by Hendriks [39] the RDP identified household food security as a basic
human necessity and food insecurity as a legacy of the oppressive apartheid laws
which favored the minority white race.

Despite that the apartheid government collapsed in 1994, and that the new
government ushered into new policies such as the RDP of 1994 and the B-BBEE of
2003, poverty levels are still high in the country and majority of those affected are
the black population and the youth. These vast populations are not only impover-
ished but have also been found to be food insecure [40]. Evidence of the existing
poverty and poor nutrition is the government social protection policies that have
been implemented through social grant financial packages and the national nutri-
tional programmes [such as the National School Nutrition Programmes (NSNP)]
which are meant to easy household poverty and vulnerability to hunger.

The NSNP is a fundamental government initiative that directly addresses macro
and micro nutritional needs among the historically disadvantaged children in South
Africa. The program is part of the National Policy on Food and Nutrition Security
that enhances a broad framework for the reorientation of household food security
interventions such as the nutrition programs in the country [41]. One of the aim is
to address nutritional needs among the most vulnerable groups such as the school
age. Adequate nutrition is essential for keeping humans healthy across their lifes-
pan. Thus, a healthy diet helps children grow and develop properly. It also reduces
their risk of chronic diseases, including obesity. Adults who eat a healthy diet live
longer and have a lower risk of obesity, heart disease, type 2 diabetes, and certain
cancers. Healthy eating habits can help individuals with chronic diseases to manage
these conditions and prevent complications.

Another strategy in which South African government addresses poverty and
household food insecurity, and vulnerability is through social grants. Social grants
are a government initiative that target household food insecurity in South Africa.
In particular, the grants target sub-population groups such as the impoverished,
including other vulnerable groups such as people with disabilities, children and
older persons above the age of 60 years. The social financial grants are distributed
in form of old age pension funds, foster care grants, disability grants, care depen-
dency grants and child support grants [32]. In 2016, 30% of the vulnerable groups
were beneficiaries of social grants that translated into 44% of all households in
South Africa [32]. In the same year, the Child Support Grant benefited 11, 9 mil-
lion children whereby each of them was paid R350.00 per month, making it the
highest form of paid social grant. On the other hand, the Older Persons Grant
benefitted from an estimated R3.2 million elderly people whereby those who were
aged between 60 and 74 years received R1 505.00 each per month; while R1 525.00
was granted to each beneficiary aged >75-year-old [32, 42]. A disability grant
beneficiary received R1 505.00 per month, a foster Care grant received R890.00
per month; while the Care Dependency Grant beneficiary received R1 505.00
per month.

These grants are shown to have improved household food access and other basic
household needs among the beneficiaries. In 2012 the Statistics South Africa [39]
reported that social grants contributed to 42% of household income in impover-
ished families and were their major source of income. Despite such a remarkable
mile stone in public spending on improving the welfare of vulnerable people, the
challenge is that not all the targeted beneficiaries have access to the grants arguably
due to bureaucracy in selecting those who qualify to be beneficiaries among the
millions who are impoverished in the country. As a result, about 20% [43, 44] of the
economically disadvantaged South Africans lack financial support from the state
and are thus malnourished and live in abject poverty.
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Some empirical studies [45] have reported about caregivers of child support
grants citing forgery of more birth certificates including having multiple children so
that they could secure more grants as safety nets. Similarly, there are also reports of
increased teenage pregnancy in households particularly in rural areas as strategy to
secure more child grant support. In turn, this increases poverty and unemployment
among such households because the young mothers are likely to drop out of school
and stay unemployed; in cases where they fail to secure their child support grants,
such families find it difficult to cope with the cost of maintaining large households.
Alcohol abuse is another identified risk factor for poverty and compromised healthy
lifestyle in South Africa. Some studies revealed that some grant caregivers do not
utilize the money for the intended purposes but divert a portion of it on alcohol
consumption [46].

Furthermore, it is reasoned that poverty levels in South Africa are also escalated
by undocumented immigrants in the country. For instance, given that the grants are
exclusive to documented persons or citizens (vulnerable groups) of South Africa,
this leaves the resource-poor undocumented or illegal immigrants in the country to
fend for themselves. Of note is that, South Africa has the highest number (>4 mil-
lion) of immigrants legal and undocumented (mostly from low income countries),
in Africa [47] most of whom are highly vulnerable to poverty and hunger.

In 2010-2011, South Africa drafted a National Development Plan-2030 (NDP-
2030) as a broad strategic framework for a more prosperous and equitable South
Africa, where poverty and its related conditions such as individual food insecurity
and non-communicable diseases will be adequately addressed by enhancing social-
economic opportunities such as health care, education, social security and safety
nets [48]. The implementation and success of the plan would depend on every
South African taking responsibility for the NDP, led by the head of state and the
Cabinet. However, several years after the implementation of the program whereby,
less than a decade is remaining to reach the year 2030, the problem of social-eco-
nomic inequalities persistent common in South Africa. Likewise, a report on South
African household poverty as proxy for household food insecurity revealed that in
2015, some 13,8 million individuals were vulnerable to hunger because they lived
below the national food poverty line of R441.00 per person per month [49]. This
was an increase from 11 million people in 2011. The most affected were the histori-
cally disadvantaged, single-parent households, and the rural households.

Consequently, most recent research shows that poverty, vulnerability to hunger,
and compromised health lifestyle are still common in South Africa. Accordingly, the
2019 Statistics South Africa report showed that, 11.3% or 6.5 million people by head
count experienced hunger while vulnerability to hunger by households was 9.7%. In
terms of food access inadequacy, 15.7% of the households that lived in metropolitan
areas had experienced inadequate or severely inadequate access to food during the
preceding year [50]. At the same time, severe inadequate food access affected 5.2%
of the households. Moderate food access inadequate stood at 15.0%. In the same
study, it was reported that inadequate food access was influenced by rising eco-
nomic challenges or poverty in the country. More so, rural poverty areas remained
much poorer, despite that the urban-rural economic gap has narrowed.

Another research [51] revealed that in South Africa, chronic malnutrition coex-
isted in increasing cases of obesity and overweight whereby compromised diet often
caused high levels of malnutrition. As such, high food prices, high poverty levels
and socio-economic inequalities meant that many households were unable to con-
sume a diverse diet. In the same study, socio-economic status was measured using
income and relative asset index. The study concluded that a consistence of pro-rich
Socio Economic Status (SES) influenced dietary intake among high income house-
holds. Of note is that, although, consumption of starch and energy dense food (high
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sugar) was common in both categories of the surveyed, low income households had
alow intake of fruit, vegetable, and meat than their high SES counterparts whose
households also consumed food rich in vitamins, minerals and protein. The find-
ings also concluded that inequality in both dietary diversity and the frequency of
consuming all food categories favored high income households whose dietary intake
resonated with both the South African national and the WHO. On the same subject,
a different research [27] shows that an intake of fruits and vegetables reduces the
risk of non-communicable diseases such as diabetes, obesity, cancer and cardiovas-
cular mortality and all cause of mortality among resource-poor communities.

6. Conclusions and recommendations

This chapter concludes that in a developing country like South Africa, poverty
is one of the influencers of compromised-dietary intake and vulnerability not only
to cardiovascular diseases such as stroke, heart attack and heart failure, but also to
other non-communicable diseases, malnutrition and undernutrition, and type 2
diabetes. This is evident in the majority of the historically disadvantaged group in
South Africa.

A comprehensive public health approach is needed to curb the inequality and
ignorance which are the main source of compromised dietary intake among vulner-
able groups. The problem associated with malnutrition related diseases cannot be
left in the hands of government alone. It requires multi sectorial approach from civil
society actors, researchers and the public itself; the approach that requires public
awareness.

As the world continues to nurse its latest public health disaster—COVID-19
pandemic which infected >62 million people and claimed >1.5 million lives in 2020
[52, 53], individuals with pre-existing unhealthy conditions such as malnutrition,
cardiovascular disease, and diabetes are highly vulnerable to succumbing to the
virus. Deliberate policies that promote household food security are critical in foster-
ing dietary diversity, and health lifestyle such as physical exercises.

Furthermore, global extreme poverty is expected to rise in 2020/2021 for the
first time in over two decades. This is due to the disruption of the COVID-19 pan-
demic that has worsened the pressures of conflict and climate change, which were
already slowing poverty reduction progress in Sub-Saharan Africa. As a result of the
COVID 19 pandemic, Sub-Sahara Africa’s fragile economy, will negatively affect the
vulnerable groups who are dependent on government handouts for their livelihood
as is the case in South Africa.
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Chapter 4

Double Burden of Poverty
and Cardiovascular Disease
Risk among Low-Resource
Communities in South Africa

Wilna Oldewage-Theron and Christa Grobler

Abstract

Limited studies evaluating the prevalence of cardiovascular risk (CVR) in
resource-poor black communities in South Africa (SA), exist. The objective of this
chapter is to evaluate the prevalence of CVR in a cross-sectional studies in ran-
domly selected low income children, adults and elderly in Gauteng, Free State and
Eastern Cape, SA. The test panel of CVR markers included: anthropometry, lipid
profile, blood pressure, fibrinogen, high sensitive-C-reactive protein (HS-CRP),
homocysteine, vitamin B12, folate, glucose and dietary intakes. The main find-
ings indicated high CVR with prevalence of overweight/obesity, Hypertension,
hyperhomocysteinaemia, increased fibrinogen and HS-CRP, as well as low intakes
of dietary fibre, vitamins B6 and B12, folate and polyunsaturated- and monoun-
saturated fatty acids, and high intakes of dietary sodium, saturated and trans fatty
acids, and added sugars. Multiple CVR factors are present among all the communi-
ties. It can thus be concluded that a double burden of poverty and risk of CVD exists
across the different age groups and geographical locations in these resource-poor
communities.

Keywords: cardiovascular risk, poverty, South Africa, children, adults, elderly

1. Introduction

South Africa (SA) is a middle-income country that is characterised by contrast-
ing living conditions ranging from wealthy urban suburbs to lower-income, under-
developed areas. [1] SA has faced many socio-economic challenges such as high
levels of poverty, inequality and unemployment [1, 2] despite having the second
largest economy on the African continent. Since the country’s transition to democ-
racy in 1994, progress has been made, but unemployment rates and poverty levels
remain high. [1] Poverty is the main underlying factor contributing to food insecu-
rity. [3, 4] The food insecure often use strategies to cope with the inability to access
food. One of these include reducing the quality and quantity of food consumed,
thus consuming poor diversity diets which can have detrimental consequences
such as hunger, malnutrition [5, 6] and increased prevalence of metabolic and
cardiovascular diseases (CVDs) [7] due to it hindering individuals’ ability to choose
the most appropriate foods and beverages for an adequate diet. [8] A disadvantage
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of food insecurity is thus monotonous diets with consumption of more affordable
energy-dense staples and foods that may have detrimental health outcomes such as
obesity and its chronic disease comorbidities. [9] Food insecurity thus does not only
cause under-nutrition, but also in over-nutrition such as obesity and its comorbidi-
ties, especially in low-income communities. [10] SA is a country in health transition
and suffers from a quadruple burden of (a) poverty and nutrition-related chronic
diseases of lifestyle [CDL], (b) communicable diseases, (c) peri-natal, maternal
and injury-related disorders, [11] and (d) a nutrition transition. A recent study has
found that this quadruple burden of disease is predominantly present in the black
African population. [1] Urbanisation and westernisation of the Black African popu-
lation of SA is marked not only by demographic transition, but also by increased
animal protein, total dietary fat and added sugar intakes [11] and a health transition
resulting in an increased prevalence of obesity [6] and CDL such as CVD. [11, 12]

2. Double burden of poverty and cardiovascular disease among black
south Africans

The South African population of approximately 59 million people consists of
81% black Africans. [13] In 2017, it was reported that 56% of the SA population
lived in poverty [14] with 28% living in extreme poverty, thus not having enough
money to purchase enough food to consume around 2,100 calories per day for a
month (food poverty). The most vulnerable to food poverty are women, children
(66.8%), those with low education (79.2%) and people from the black population
group (64.2%). [15, 16]

CVD incidence is increasing rapidly among all population groups in SA. [11]
CDLs contribute 51% to the mortality rate, with CVD and diabetes accounting for
19% and 8% of the total deaths. Many people in SA have poor living conditions
and limited resources to maintain health and well-being. [15] In spite of cultural
background, people that has been subjected to urbanisation, has adopted a more
Western lifestyle with lower dietary fibre and higher dietary fat and added sugar
intakes, as well as lower physical activity levels. These dietary changes have led to
higher prevalence of CDL, [17] specifically an increased risk and susceptibility
of CVD among the black population, [18] and not only in adults, but also among
children. [19] The face of CVD has thus changed in recent years. Initially it was
a disease of the white population group, the affluent and older generations, but
since the 2000s, it was also observed that the prevalence of CVD risk factors, such
as dyslipidaemia and obesity, has increased among black Africans [20] as well as
children and adolescents. [21-24]

The aim of this chapter was thus to investigate the prevalence of the various
cardiovascular risk factors, specifically those that are irreversible, among
children (6-18 years old) in peri-urban Free State (FS), [25] rural Eastern Cape
(EC), [24, 26-28] peri-urban [29] and urban [30-33] Gauteng; adults (19-59 years
old) in urban Gauteng [30, 31, 34-37] and peri-urban FS; [38-40] and elderly
(>60 years) in urban Gauteng, [41-43] including both genders, living in pov-
erty in SA. Gauteng was chosen as the authors both resided in Gauteng and it
was the focus of the university for funding. No data had been available for the
cardiovascular risk factors in the above-mentioned communities and a valuable
research opportunity was created to address the paucity of information in these
communities. For this reason, the FS and EC provinces were chosen because of
funding opportunities and gap in the knowledge base on the areas included in
these studies.
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3. Methodology

A search of electronic databases focusing on poverty, food insecurity and cardio-
vascular risk factors was carried out between 2010 and 2020. Databases used included:
MEDLINE (PubMed), Web of Science, ScienceDirect, Scopus, EBSCOHost, Springer

»

Link, and Sabinet. The keywords used included: “poverty”, “food security”, “nutrition
security”, “food and nutrition security”, “cardiovascular disease”, “CVD”} “cardiovas-
cular risk”, “CVR?, “cholesterol”, “triglycerides”, “HDL”, “LDL”, “C-reactive protein”,

» «

“CRP”, “fibrinogen’, “homocysteiene”, “vitamin B6”, “vitamin B9, “folate”, “folic

» » « » <«

acid”, “vitamin B12”, “glucose”, “insulin”, “obesity”, “overweight”, “nutritional status’,

» «

“hypertension”, “high blood pressure”, “dietary diversity”, “dietary intake”, “children’,
“adults”, “elderly”, “older people”, “aged”, “double burden”, and “South Africa”

The data used for this chapter included all the databases and articles published
for the various studies undertaken by the authors between 2000 and 2020 among
black children in the EC, FS and Gauteng, [24-28, 30-32, 36] adults in Gauteng and
the FS [25, 30, 35, 37, 40] and the elderly in Gauteng [37, 41, 43] in various urban,
peri-urban and rural areas of SA. For the purpose of this book chapter, urban
areas include cities and towns that are developed, thus having a density of human
structures such as houses, commercial buildings, roads, and public transport. Peri-
urban areas are underdeveloped areas on the outskirts of the towns and cities where
people live, but no public transportation or commercial buildings are present. Rural
areas refer to areas with low population density and large areas of undeveloped land
where people mainly live far apart from their neighbours.

Comparative tables were drawn up using the published articles and, where data
were not published, descriptive statistical analyses (frequencies) were calculated
using IBM SPSS Statistics, version 26, from the study databases that had not been
destroyed. The ethical and scientific procedures for the sampling strategy and data
collection methods were the same for the published and unpublished data.

4. Poverty and food insecurity

Poverty and food insecurity were observed in all seven study communities. A large
majority of the adults (75.7%-78.0%) [35, 44] and child caregivers (53.0%-94.0%)
[27, 29, 30, 44] were unemployed, had either no or only primary education (39.9%-—
78.8%), [27, 29, 30, 34, 36, 43, 44] and lived in poverty (67.7-100%). [27, 29, 35, 36, 44]
The poverty rates of all the communities were more than double the 25.2% national
food poverty rate. [15] This may have been due to the high unemployment rate and
low education levels found among the adults in all the communities. A chronic money
shortage to buy food was also reported in large percentages of the study population.

5. Cardiovascular risk factors

Many risk factors for CVD have been identified in the scientific literature and
can be reversible or irreversible (Table 1). In 2016, 20% of the South African adults
(15+ years) were smoking. [45] Risk factors present in the South African adult
(18+ years) population are obesity (68% women; 31% men) hypertension (46%
in women and 44% in men), [46] physical inactivity (37%), high blood pressure
(24%) and hyperglycaemia (10%). [45] There is a paucity of national data for
other CVD risk factors in adults, and very little CVD national data are available for
children, except for the prevalence of overweight and obesity.
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Irreversible Gender (male)

Ageing

Genetically inherited factors
Potentially reversible factors Cigarette smoking

Obesity

Hypertension Physical activity

Hyperglycaemia, diabetes

Increased haemostatic factors, decreased fibrinolysis, increased platelet
aggregration

Increased levels of homocysteine

Increased inflammatory response (HS-CRP)

Dyslipidaemia (increased cholestrol, LDL, Triglyseride, decreased LDL)

Diet and dietary diversity

Psyschosocial Low socio-economic class

Stressful environment

Personality types

Geographic Climate and season (cold weather increased risk)

Soft drinking water

Environmental pollution

Table 1.
Reversible and irreversible cardiovascular risk factors.

5.1 Socio-demographic risk factors

The history of CVD of an individual is directly proportional to the risk of
CVD (the earlier the age of onset and the more family members affected the greater
is the risk of CVD). [47] It is known that men are at greater risk of developing
CVD than women [47, 48] maybe because oestrogen has an inhibiting effect on low
density lipoprotein-cholesterol (LDL-C) oxidation and increasing the production
of large very low-density lipoproteins (VLDL) and therefore has a protective effect
against atherogenesis. [50] Low levels of education in middle-income countries
like SA had a significantly higher risk of major CVD events compared to those with
high incomes. [49] The majority (>70%) of our communities showed low educa-
tion (no or primary school education), [29, 31, 34, 35, 43] except for the peri-urban
adults in the FS (44.2%); [44] and caregivers of the peri-urban children in Gauteng
(39.9%), [29] however, these percentages are still high. High unemployment rates
(53.0-94.0%) [29-31, 35, 44] for the majority of all the communities were also
observed. The low education and high unemployment rates of the communities
could be some of the main reasons for the high poverty rates in the study communi-
ties (67.7-100%). [26, 35, 36, 44] Research has found that people with low educa-
tion may not have access to health care that may prevent detecting and treating
disease and thus compromise their health even further. [50]

5.2 Cigarette smoking

Cigarette smoking doubles the risk of coronary artery disease and contributes
seven-fold to the increase in risk for peripheral arterial disease. [51] Cigarette
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smoking and increases blood pressure and increases the heart’s workload. It
deprives the heart muscle of oxygen and damages the platelets that increase coagu-
lation and clot formation. Toxins in cigarettes may also damage the blood vessels
and increase atherosclerosis. [48, 52] In SA, the proportion of adult (15+ years)
women that smoke (37%) daily is higher than in men (8%). [46] Smoking patterns
among children were not measured in our studies, but we previously reported
11.7%, 15.2% and 23.6% smoking among urban elderly, [43] peri-urban adults in
Gauteng [31] and rural adults in the FS. [37]

5.3 Obesity

Obesity is considered a multi-factorial condition [20, 53, 54] associated with an
increased risk for comorbidities such as type 2 diabetes, insulin resistance, cancer,
stroke, [53] hypertension, dyslipidaemia, [53, 55] and hypertriglyceridaemia.

[55] Obesity is also considered an independent risk factor for CVD. [40] For every
1% increase above ideal body mass index (BMI), the cardiovascular risk (CVR)
increases by 3.3% for females and 3.6% for males. [56] In our studies, the major-
ity of the adults and elderly were overweight/obese. [44, 57] Although we did not
report gender differences in this chapter, previous published results confirmed a
higher prevalence among women in rural FS [37] and urban elderly [41] than in
men. Our results further showed that the urban women in Gauteng had the highest
prevalence (82.3%) of overweight/obesity, but cannot be compared to the peri-
urban adults and urban elderly that included both men and women. However, the
overweight/obesity prevalence among the urban elderly in Gauteng [57] and the
peri-urban adults in the FS [44] was consistent with the national prevalence.

There is usually a higher prevalence of overweight/obesity in urban than rural.
[20] We did not have any rural adult communities to compare our results, but
the urban elderly in Gauteng (61.0%) [57] had lower prevalence of overweight/
obesity than the peri-urban adults in the FS (67.9%). [44] This was inconsistent
with research from sub-Saharan Africa (SSA) [54] and SA where it was found that
age is positively correlated with overweight and obesity. [58, 59] In all three the
adult communities, the prevalence of obesity was higher than the prevalence of
overweight. (Table 2). The increasing prevalence of childhood overweight/obesity
in SA [11] is presenting a major public health problem. Childhood overweight/
obesity is associated with early onset of hypertension and hyperglycaemia, both risk
factors for CVD, [71] as well as adult obesity, [54] premature death and disability.
[54] Similar to adults, a higher prevalence of overweight/obesity among children
is found in urban areas. [54, 72, 73] (Table 3) However, our results showed higher
prevalence among the rural children (4.3%) [24] compared to the urban children
(1.0%). [32] In addition, the rural [28] and urban [32] children had the lowest
prevalence of overweight and no obesity prevalence. Both peri-urban areas showed
a prevalence of 21.0% in the FS [25] and 18.3% in Gauteng. [32, 33] This was higher
than the national prevalence. In our studies among resource-poor communities, the
prevalence of obesity was much lower than the prevalence of overweight. Our stud-
ies have found significantly higher prevalence of overweight/obesity in girls when
compared to the boys. [24, 26] These results were consistent with national data [77]
and for SSA, [54] but inconsistent with a recent systematic review and meta-analysis
investigating overweight/obesity among 5-19 year old children in 15 countries in
Africa where the boys and girls were equally affected by overweight/obesity. [71].

To summarise, overweight/obesity is common among the poor-resource adults
and elderly in our study population. The high prevalence observed among the
adults, specifically women, and elderly may be due to poor nutrition (Table 2).
Although the prevalence of obesity is not yet high among the children in our study
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Variable Reference values Urban Peri-urban Urban elderly
women adults Gauteng
Gauteng Free State (n=170)
(n=628) (n=271) %
% %
Overweight BMI > 25 < 30 [60] 39.3 [37] 26.0 [44] 29.5 [57]
Obese BMI > 30 [60] 43.0 [37] 419 [44] 31.5 [57]
High serum TC levels >6.2 mmol/L [61] 0.5 [37] 16.7 22.3[57]
Low HDL-C levels <1 mmol/L (adult men) 43.0 [37] 62.7 [39] 76.2 [57]

<1.3 mmol/L (adult
women) [61, 62]

High LDL-C levels >4.1 mmol/L [60, 63] 0.5[37] 16.7 14.6 [57]

Hypertriglyceridaemia >2.3 mmol/L [60, 63] 24.7 [37] 12.7 [39] 13.8 [57]

(High TRG levels)

High normal BP 130-139 mm Hg/85-89 mm 116 [37] 12.7 10.8 [57]
Hg

(systolic/diastolic blood
pressure) [64]

Hypertensive >140/>90 mm Hg (systolic/ 36.4 [37] 53.2 [39] 68.0 [57]
diastolic blood pressure)
[64]
Hyperhomocysteienemia >15 umol/L [61] (serum — —_ 66.4 [57]
homocysteiene)
Fibrinogen >3.5g/L [65] — — 68.0 [57]
Inflammation (HS-CRP) >3 mg/dL [62] — 56.9 68.3 [57]
Hyperglycaemia (serum >5.5 mmol/L [66] — 16.0 [39] 38.5[57]
glucose)
Serum vitamin B6 <8.6 meg/L [67] — — 98.0 [57]
Serum vitamin B12 <156 pmol/L [68, 69] — — 4.8 [57]
Serum folate <5.9 nmol/dL [70] — — 96 [57]
Table 2.

Cardiovascular risk factors in adults and elderly.

communities, the results highlight the increasing burden of overweight among
children (Table 3). The high prevalence of overweight and obesity in our study
communities is a concern as the comorbidities associated with overweight/obesity
have negative effects on health across the life cycle. [71]

5.4 Hypertension

Hypertension (blood pressure > 140/90 mm Hg) [64] is considered one of
the most important risk factors for developing CVD [50, 78] due to organ injury
to the heart and kidneys. [79] Sharp increases in childhood hypertension have
been reported in SA recently. [11] In childhood, hypertension treatment does
not reverse the target organ injury and although hypertension treatment will
significantly reduce event rates, the burden of CVD event rates will remain high
though adulthood. [79] SA has a high hypertension burden with 44% and 41% of
adult (>15 years) black African women and men respectively. [46] In our adult
populations the urban women in Gauteng had lower prevalence of 36.4% compared
to the peri-urban adults in the FS (53.2%). [39] The elderly in urban Gauteng
had the highest prevalence (68.%). [57] (Table 2) This was consistent with the
national prevalence (84% among both genders aged >65 years), indicating that
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Variable Reference Rural children Peri- Peri-urban Urban
values Eastern Cape urban children children
(n=232) children Gauteng Gauteng
% Free State (n=203) (n=152)
(n=98) % %
%
Overweight BMLLA>2<3 4.3 [24] 17.0 [25] 15.8 [29] 1.0 [32]
(74]
Obese BMI:A > 3 [74] 0.0 [24] 4.0 [25] 2.5[29] 0.0 [32]
High serum TC levels >5.18 mmol/L 1.3 [24] 194 3.0 10.2 [32]
[75]
Low HDL-C levels <1.04 mmol/L 42.5[24] 30.6 19.2 95.9 [32]
[75]
High LDL-C levels <3.37 mmol/L 2.12 [24] 12.2 25 28.6 [32]
[75]
Hypertriglyceridaemia >1.12 mmol/L 12.4 [24] 357 44 1.0 [32]
(High TRG levels) (0-9 years old)
>1.47 mmol/L
(10-19 years
old)[75]
Hyperhomocysteienaemia >15umol/L [61] 1.6 — — —
Fibrinogen >3.5g/L [65] 14.8 — — —
Inflammation (HS-CRP) >3 mg/dL [62] 19.0 [24] 7.8 — —
Hyperglycaemia >6.1 mmol/L 10.3[24] 6.5 6.9 —
(serum glucose) [76]
Serum vitamin B12 <156 pmol/L 76 — — —
[69]
Serum folate <5.9 nmol/dL 46 — — —
[70]

Table 3.

Cardiovascular visk factors of children.

the hypertension burden increases with age. [46, 80] A recent national survey has
found an overall prevalence of 43%, of which 58% were unaware of the condition
and thus did not receive treatment. [80] Similar results were observed where only
36.8% of the hypertensive urban elderly in Gauteng used hypertensive medication.
[43] No hypertension data were available for the children.
In summary, our results showed high levels of hypertension in adults and the
elderly in both urban and peri-urban areas. A recent national survey has found
older age, obesity and lower education levels as the main risk factors for hyperten-
sion in SA. [80] High prevalence of obesity and poor education levels have been

identified in all our adult communities.
5.5 Hyperglycaemia, diabetes and metabolic syndrome

Diabetes mellitus is the most common, but also the most complex CDL. [81, 82]
Hyperglycaemia affects multiple organs and can lead to arterial hypertension. [83] It is
estimated that the cause of death in 80% of individuals suffering from type 2 diabetes
will be due to thrombotic complications of which 75% will result from a cardiovascular
event. [84] Data on the incident rates of children with diabetes are available for only
6% of African countries and may be due to lack of screening tests available in the poor
and low income communities. [84] Results in Tables 2 and 3 indicated that 38.5%
urban elderly (Gauteng), [57] 16.0% peri-urban adults (FS), [39] 10.3% rural children
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(EC), [24] 6.5% peri-urban children (FS), and 6.9% peri-urban children (Gauteng)
had high serum glucose levels. An increased prevalence of diabetes was reported for
developing countries, [85] and it can be concluded that the prevalence of hyperglycae-
mia in all age groups in urban, peri-urban and rural areas in SA is concerning.

5.6 Haemostasis

The development of coronary artery disease and myocardial infarction has both
atheromatous and thrombotic components. Haemostasis is a finely balanced system
of clot formation and fibrinolysis. [86-88] Fibrinogen is recognised as an indepen-
dent risk marker of CVD. Fibrinogen, because of its mass, also has a direct effect on
the blood viscosity and a physical functional effect on platelet aggregation. [65, 89]
Studies have indicated an increased level of plasma fibrinogen in black South
Africans. [12, 57, 90] An increase of one gram per litre in plasma fibrinogen doubles
the risk of CVD. [89] The fibrinogen levels were measured in two of the communi-
ties. High fibrinogen levels were observed in 68.0% of the elderly [57] (Table 2)
and 14.8% of the rural children (Table 3), indicating an increased risk for CVD.

5.7 Homocysteine metabolism
5.7.1 Homocysteine

Several mechanisms have been proposed to clarify the link between homocys-
teine and pro-thrombotic state. The oxidative damage to the endothelium, com-
bined with inhibition of the vasculo-protective function of nitric oxide, enhances
thrombogenecity. [91] Homocysteine is metabolised by (a) the trans-sulphuration
pathway which results in the production of cystathionine - a process that requires
vitamin B6 and the main route of metabolism is via a methionine-conserving path-
way - a process that requires methyltetrahydrofolate (from folic acid) and vitamin
B12 as co-factor or alternatively (b) by the remethylation pathway taking place in the
kidney and liver (where betaine is utilised instead of folate). [92-95] An association
between elevated plasma homocysteine and the development of atherosclerosis has
been confirmed. [96] Studies in animal models have shown that elevated homocys-
teine promoted atherosclerosis by increased oxidative stress impaired endothelial
function and increased thrombogenecity. [92, 93, 95-99] Epidemiological retrospec-
tive and prospective clinical studies established homocysteine as a potent indepen-
dent risk factor for atherothrombotic vascular disease. [91, 92, 100] Additionally,
homocysteine increase superoxide (O, ) levels resulting in increased oxidative
stress, causing an inflammatory state and increased atherosclerosis and ischemia
reperfusion. Oxidative stress in return inhibits the cobalamine metabolism and
enhances the cycle. [101, 102] The frequency of hyperhomocysteienaemia as an
independent risk factor for atherothrombotic vascular disease [91, 92, 100] was
found in 66.4% and 1.6% of the urban elderly [57] and rural children respectively.
Thus, although homocysteine measurement did not form part of the objectives in
all our communities, prevalence of hyperhomocysteienaemia in the urban elderly
(Gauteng) (Table 2) and the rural children (EC) (Table 3) is an additional confir-
mation of an increased risk for CVD in the low income South African population.

5.7.2 Serum vitamin B6 levels
Vitamin B6 acts as coenzyme in the irreversible trans-sulfuration of homocysteine

to cysteine. Higher vitamin B6 level are associated with lower homocysteine levels.
Fat metabolism requires carnitine, obtained either directly [103] through diet or via
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synthesis requiring lysine and vitamin B6. Vitamin B6 deficiency was also found to
be associated with decreased plasma PUFAs (n-6 and n-3) which may be associated
with elevated cardiovascular risk and a contributing factor to the anti-inflammatory
response. [104, 105] Low circulating vitamin B6 levels have been found inversely
related to inflammatory markers (HS-CRP, fibrinogen, IL-6 and TNF-«) and are
related to the incidence of inflammatory diseases (rheumatoid arthritis, CVD, and
diabetes). [106, 107] Vitamin B6 levels were only available for the urban elderly and
98% of the respondents had low serum vitamin B6 levels (Table 2). Vitamin B6
levels were not available for any of the children, but pre-school children in Zambia
indicated a suboptimal vitamin B6 in the studied group. [108] It would, therefore, be
beneficial to include vitamin B6 serum levels in their analytical profile in future.

5.7.3 Serum folate levels

Low serum folate levels is a cardiovascular risk marker independently from
homocysteine level. [109] Folate, as a donor of one-carbon units, is essential for
methylation and affects numerous metabolisms involved in CVD [110] and accurate
replication of deoxyribonucleic acid (DNA) and its repair. If DNA repair capacity of
the cell is exceeded by the rate of damage to the genome, serious defects in cellular
and tissue physiology occur, resulting in degenerative diseases including CVD. [111]
The four mechanisms by which folate is involved in reducing atherosclerosis are: (1)
Optimising methylation cycle and thereby directly reducing the homocysteine levels;
(2) Acting directly as an antioxidant; (3) Interacting with enzyme endothelial nitric
oxide synthase; (4) Affecting cofactor bioavailability of nitric oxide. Apart from being
an independent cardiovascular risk marker, decreased serum folate levels also Indicate
adecreased cell regeneration. [112] The serum folate levels were only available for two
of the communities and 4.8% and 76% had low folate levels in the elderly [57] (Table 2)
and rural children (EC) (Table 3) respectively. Study communities included in this
study are therefore at risk for CVD and the general effect of ineffective cell recovery.

5.7.4 Serum vitamin B12 levels

The cofactor cobalamin is required for the optimal function of the enzymes
methionine synthase and L-methylmalonyl-CoA. [113, 114] During methionine
synthase, homocysteine is converted to methionine, when the methyl group is
transferred from 5-methylene tetrahydrofolate to cobalamin to form methylco-
balamin and tetrahydrofolate while methylcobalamin donates its methyl group
that binds to homocysteine to form methionin (required for the synthesis of
S-adenosylmethionine [SAM]). [87, 115] SAM is required in many cellular methyla-
tion reactions, including the methylation ribonucleic acid (RNA) and DNA. [116,
117] Reduced synthesis of methionine as a result of insufficient cobalamine results
in increased homocysteine levels. [104] Vitamin B12 is also the coenzyme required
to remove the methyl group from folate, thereby activating folate. [117, 118] Serum
vitamin B12 was only available for the elderly in Gauteng (Table 2) and the rural
children (EC) (Table 3) and 4.8% [57] and 7.6% had low folate levels respectively,
thus at risk of impaired homocysteine metabolism and CVD.

5.8 Inflammation
An inflammatory response is initiated by damage to the vascular cell lining
resulting in a series of mechanisms (acute-phase response) including haemody-

namic (vasodilatation) activation of endothelial cells (increased adhesion molecule
expression), increased permeability (enhanced protein movement) and an increase
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in acute-phase proteins. [119, 120] Vessel injury can also be caused by high LDL-C,
hypertension, cigarette toxins and elevated homocysteine levels. During the inflam-
matory response that aims to repair the damage to the artery wall, LDL-C becomes
trapped in the lesion that is engulfed by the macrophages and the free radicals oxi-
dise the LDL trapped in the macrophage and eventually become plaque. [48] CRP is
a p-globulin which is bound strongly to phospholipids and increases twentyfold to
thirtyfold during an infectious or inflammatory response and is, therefore, consid-
ered a credible marker for systemic inflammation. [47] The prevalence of systemic
inflammation was found in 56.9% of the adult respondents (peri-urban FS) and

in 68.3% of the elderly, [57] (Table 2) as well as 19% and 7.8% of the rural (EC)
[26] and peri-urban children (FS) respectively. (Table 3) Elevated CRP is a strong
independent predictor of risk of future cardiovascular events. [121, 122] Thus, the
results from our studies indicate an increased risk for CVD.

5.9 Dyslipidaemia

The prevalence of dyslipidaemia varies across the regions in SSA due to increased
urbanisation and change of lifestyle factors (epidemiological transition). [123] A
similar variation was observed in SA where a significant difference in the prevalence
of dyslipidaemia occurs in different ethnic groups. [124] Although, studies indicated
that people from an African decent showed an athero-protective lipid profile (lower
total cholesterol) compared to their white European or Indian fellow countrymen,
widespread low High density Lipoprotein (HDL-C) was present. [125] The use of
antiretroviral therapy (ARV) also leads to an increase in dyslipidaemia. With the high
prevalence of HIV/AIDS in SA [45, 46], is ARV treatment (the largest health pro-
gramme internationally) is considered as a contributing factor to dyslipidaemia in SA.
[126]. Previous studies indicated that prevalence of dyslipidaemia among black South
Africans (independent of rural or urban) varies between 30% and 63%. [125, 127, 128]

The high protein component of high-density lipoprotein-cholesterol (HDL-C)
accounts for its metabolic function of removing cholesterol from tissue back to the
liver, and is considered as an important anti-atherogenic pathway modulating inflam-
mation. The inverse correlation between serum HDL-C and cardiovascular risk
(CVR) is well known and widely accepted. [129] Studies showed that improving poor
lifestyle habits to have a positive effect on the HDL-C levels. [130]

With reference to the reported results in Tables 2 and 3, the prevalence of
increased total serum cholesterol (TC) with the lowest in the urban adult women in
Gauteng where 0.5% of participants had an increased TC. The highest prevalence
was observed among the urban elderly population of Gauteng, where 22.3% of
participants had an increased TC. The prevalence of low serum HDL-C levels was
significantly decreased in all the study communities with the lowest prevalence
in the peri-urban children where 19.2% had a HDL-C of less than 130 mg/dl. The
highest prevalence was in the urban children where 95.6% had a decreased HDL-C
level. The percentage of participants with the highest prevalence of abnormal
LDL-C levels was found in the urban children in Gauteng (28.6%) and the lowest
prevalence was found in the urban women of Gauteng (0.5%). In contrast, the
lowest prevalence of participants with increased serum triglyceride levels were
found in the urban children of Gauteng and the highest prevalence was in the urban
(Gauteng) women (24.7%). Results obtained from our studies are in line with
results obtained from other studies in SA [125-128], confirming that prevalence of
dyslipidaemia (mainly decreased HDL-C) is becoming an increasing concern that
needs to be consciously addressed in planning for Health care interventions.

Dyslipidaemia is regarded as an independent CVR marker. [124] As indicated
in Figure 1, a total of 4.1% Peri-urban children from the FS had four elevated lipid
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Figure 1.
Dyslipidaemic factors present in study groups.

risk factors, additionally, of the urban elderly from Gauteng 3.8% had four, 13.1%
had three, 12.3% had two and 47.7% had one elevated lipid parameter. Interestingly,
more than one lipid risk factor were present in almost all the communities (>10% of
adults and elderly), even in the children (>5%).

5.10 Dietary intake factors

Dietary diversity has a significant positive association with health. [34] An
inverse relationship between dietary diversity and CVD risk factors, namely hyper-
tension, hypercholesterolaemia and high HDL-C has been observed. [131] Although
we did not measure dietary diversity in all the communities, poor to moderate
dietary diversity were observed in all of the communities. [26, 29, 33, 35, 38, 57].
This may have been due to their socio-economic status and food insecurity and may
be a risk factor for CVD.

5.10.1 Added sugar intakes

An association between higher dietary sugar intakes and overweight/obesity and
CDLs such as CVD exists. Increased dietary glycaemic load, caused by high sugar con-
sumption, results in increased hepatic lipogenesis, dyslipidaemia,[132] and CVD. [133]
Childhood overweight/obesity risk and morbidity were associated with consumption
of sugar-sweetened beverages (SSBs) and highly processed foods and snacks. [54] The
World Health Organisation recommends the intake of added sugar to be <10% of total
energy intake. [134] More than 20% of the adults, elderly [57] and children in rural EC
had high added sugar intakes whereas the children in peri-urban FS and urban Gauteng
[33] had no added sugar intakes. Although SSB consumption has not been investigated
in our studies, during the past 50 years, SBB consumption has increased [132] and SA is
in the top 10 countries with the highest consumption of SSBs globally. [135]

5.10.2 Dietary fibre

Vegetables, legumes, whole grains and fruit all contribute to dietary fibre intake.
Dietary fibre is differentiated as soluble (dissolves in water and forms a gel) and

55



Lifestyle and Epidemiology - The Double Burden of Poverty and Cardiovascular Diseases...

insoluble fibres. Good sources of soluble fibre are oats, citrus fruit, barley and
legumes. It lowers LDL-C and glucose levels and, therefore, has a protective effect
against CVD. [136] Lowering of cholesterol is achieved by the binding of fibre to
bile acids, thereby escalating its excretion. This inhibits the production

of cholesterol by the liver, resulting in lower blood cholesterol. [137] Food sources
of insoluble dietary fibre include whole grains and vegetables. It cannot be
fermented and promotes bowel movement and alleviates constipation. [138] A
large majority (0-100%) of the children and adults in all our communities had
low dietary fibre intakes. [24, 26, 29, 33-35, 38, 43, 44, 57] This may be due to the
mainly refined carbohydrate-rich diet consumed by all these communities.

5.10.3 Dietary fats and fatty acids

Dietary fats consist mainly of cholesterol and fatty acids. Total dietary fat
(% of total energy [TE]) intakes were higher than recommended for all the
communities, ranging from 13.7% to 32.7% in urban Gauteng women and
elderly respectively. [24, 26, 29, 32, 35, 36, 38, 39, 42-44, 57] High-fat diets cause
an increase in postprandial triglyceride levels that are associated with risk of
coronary heart disease (CHD). [139, 140] Fatty acids can be either protective
against the development of CVD or can be risk factors for CVD. Saturated fatty
acids (SFAs) and trans fatty acids (TFAs) have the greatest adverse effect on
atherogenic cholesterol levels and are both associated with risk of CVD. [136,
141] Increased SFA intakes increase LDL-C levels. [142] TFAs have a HDL-C
lowering effect and also increase LDL-C levels and, therefore, increase the risk
of CVD.[47]. The contribution of TFA to CVD is a multiple pathway mechanism
affecting lipid metabolism, increased inflammatory response and adiposity, and
decreased endothelial function and insulin sensitivity. [143]

Dietary SFA intakes of <10% and TFAs of <1% of total energy intakes are recom-
mended. [144] High TFA intakes were observed in less than 10% of our communities,
except for the children in rural EC where the proportion of respondents with high
intakes of TFAs was 36.7%. The proportion of the respondents that had high SFA
intakes ranged from 18.6% to 42.9%. [24, 26, 32, 34, 37, 38, 42] The elderly (40.0%)
[57] and peri-urban children (41.6% in Gauteng and 42.9% in the FS) [25, 29] had the
highest prevalence of high TFA intakes (40.0%). Low-cost processed meats such as
polony and Russians as well as chicken feet and heads were frequently consumed by
our communities and may have contributed to the large intakes. Although there has
been controversy about SFA intake and CVD risk, sufficient evidence exists that high
SFA intakes cause increased LDL-C level by downregulating LDL receptors. [136]

PUFAs have a protective effect against CVD, specifically omega-6 PUFAs that
significantly reduces total cholesterol and LDL-C levels as well as inflammatory
markers. [145] High intakes of omega-3 PUFAs lowers the risk for myocardial
infarction, CHD and CVD mortality and CVD events. [136] In addition, a diet
rich in PUFA reduces the TC:HDL-C ratio and CHD incidence. [146] Linolenic
acid (omega-3 fatty acid) and linoleic acid (omega-6 fatty acid) are essential fatty
acids that cannot be physiologically produced and, therefore, need to be supplied
by food sources. [147] Omega-3 decreases the risk of CVD by preventing thrombus
formation, lowering blood pressure and protecting against irregular heart beat.
[142] Replacing dietary carbohydrates and SFAs by an increased intake of omega-6
PUFAs lower LDL-C and increase HDL-C levels [148]. A large proportion of all
of our communities had low PUFA intakes (33.0-100%), particularly for both
omega-3 (93.1-100%) and omega-6 (2.4-29.7%) fatty acids. MUFA intakes were
low in a large proportion of the participants (29.0-77.6%), except for the peri-urban
children in Gauteng where only 4.8% of the children had low MUFA intakes. The
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majority of these children also showed high dietary cholesterol intakes (57.6%)
whereas the rest of the study communities had relatively low prevalence (<20%) of
high dietary cholesterol intakes. Because most of our communities live in poverty,
it is questionable if they can afford oily fish, olive oil and the other MUFA and
PUFA dietary sources, however, they do consume mostly sunflower oil, but in small
quantities. [26, 29, 33, 34, 38, 57]

5.10.4 Dietary vitamin B6, B12 and folate intakes

Dietary sources of vitamin B6 include meat, fish, potatoes and bananas which
are good sources. However, it is also present in nuts, whole grain, fortified cereal
and leafy vegetables, chicken, legumes, non-citrus fruit, liver and soy products.
[149-152] The bioavailability differs according to food type, with pyridoxine
glycoside as the least bioavailable. Vitamin B6 (5-75%) obtained from plant sources
is in the form of glycosylated pyridoxine. [153, 154] Owing to the abundance of
vitamin B6 in a variety of food sources, deficiency is not very common, however, in
our communities, large proportions of the adults (79.1% in peri-urban FS Province
and 85.7% urban women in Gauteng) and elderly (91.0%) [57] had low vitamin
B6 intakes. Among the children, 36.7% of the rural and 24.8% of the peri-urban
children in Gauteng showed low intakes of vitamin B6. Vitamin B6 deficiency
often occurs in conjunction with other nutritional disorders and is associated with
an increased risk of CVD. [155] Vitamin B6 not only has a homocysteine lowering
effect, but is also needed for the metabolism of omega-3 PUFAs. [96]

Folate is the major determinant of homocysteiene [96] and thus has homo-
cysteiene lowering effect. A recent meta-analysis showed that folic acid supple-
mentation resulted in a 4% reduced risk for CVD events and the benefit was even
greater among participants without pre-existing CVD or low folate levels. [156]
Because folate cannot be physiologically synthesised, concentration depends on
consumption. [65] All of our communities showed large proportions of partici-
pants (>40.0% < 95.0%) with low dietary folate intakes. Green leafy vegetables,
citrus fruit, legumes, yeast, liver and organ meats contain the highest concen-
tration of folate. [155] Low intakes of these food items have been found in our
studies. [25, 26, 29-31, 33, 35, 38, 43, 44, 57] Folate is omnipresent in nature, but
heat and oxidation during food preparation and storage have a destructive effect
and can destroy up to 50% of the original concentration. [157]

Vitamin B12, together with folate, plays a key role for the enzyme methionine
synthase needed for the re-methylation of homocysteine to methionine. [96]
Dietary sources of vitamin B12 are animal products (meat, fish, chicken, milk and
cheese) and rarely found in plants or yeast. [158] Vitamin B12 is stored in large
quantities in the liver and a deficiency is developed over years. [65] The majority of
our communities showed large proportions of participants (>60% < 95.2%) with
low intakes of vitamin B12, except for the peri-urban children in Gauteng where
14.4% of the participants had low vitamin B12 intakes. This may be mainly due to
the mainly carbohydrate-based diet with low meat and cheese intakes.

5.10.5 Dietary sodium intakes

Sodium is an essential nutrient that is required for many physiological functions.
[146] The daily physiological requirement for sodium is estimated at 0.1-1.0 gram.
[159] High sodium intakes have been established as the major cause of hypertension
in many epidemiological, experimental, controlled clinical and population trials.
[160, 161] Sodium is mainly consumed as (a) salt (sodium-chloride) which is added
during food preparation and cooking or at meal time, and (b) from sodium used
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in processed foods in SA. [162] Unfortunately we did not measure dietary sodium
intakes in all our communities. Bread was identified as the largest contributor to
salt intakes and that 41.0% of the South African population has a high salt intake.
[162] Bread also consistently appeared in the top 20 most commonly consumed
foods among our study communities [26, 29-31, 33, 34, 38, 43, 44, 57]. Another
contributor to sodium intake in SA is sodium glutamate that is used as a condiment,
[163] as well as salt in soup, gravy and spice mixes and powders, margarine and
atchar, a spicy condiment, [163] biscuits/cookies, and breakfast cereals [164]. Stock
cubes are regularly used for flavouring meat and vegetable dishes in SA [165, 166].
High stock cube consumption has also been observed in these communities by the
authors.

6. Conclusions

In the studies reported among various communities, low education and employ-
ment status were observed as well as poverty in a large majority of the respondents.
The scientific literature shows a strong association between poverty and CVD [163].
Poverty is an underlying factor of food insecurity that often results in poor dietary
intakes that were observed in our communities. Many of the dietary CVD risk
factors were present in large proportions of the communities. The literature is clear
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Cardiovascular risk factors prevalent among children, adults and the elderly.
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that these dietary factors may be associated with some of the risk factors for CVD,
such as obesity, hypertension and the biochemical risk factors for CVD. Irreversible
and potentially reversible and physiological (low income) risk markers were found
to prevail. A summary of the elevated cardiovascular risk markers in our study

is schematically presented in Figure 2. Multiple preventable CVR markers were
present among the children, adults and elderly in rural, peri-urban and urban areas.
It can thus be concluded that a double burden of poverty and risk of CVD exists
across the different age groups and geographical locations in these resource-poor
communities. Prevention of CVD can be achieved through nutrition education and
awareness programs. It is recommended that policy makers give serious attention
to CVR and screening should be done from an early age to identify those at risk and
implement appropriate interventions.
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Ambulatory Isolated Systolic
Hypertension and Cardiovascular
Target Organ Damage in People of
African Ancestry

Muzi Maseko, Bongubuhle Mlambo, Edgar Phukubje
and Thamsanqa Nyundu

Abstract

Isolated systolic hypertension (ISH) is a major contributor to cardiovascular
disease morbidity and mortality worldwide, however, diagnosis of ISH is mainly
dependent on conventional blood pressure (BP) techniques. Studies that have used
ambulatory blood pressure monitoring (ABPM) were only limited to 24-hour BP.
To date ambulatory isolated BP subtypes have never been identified. Therefore, the
prevalence of ambulatory subtypes of ISH unknown. Conventional and ambulatory
BP was measure in 549 participants and based on the results, they were strati-
fied into ISH subtypes (Conventional, Daytime, Night-time and 24-hour ISH).
Participants further underwent measurements of pulse wave velocity (PWV) and
left ventricular mass index (LVMI) to determine the extent of arterial stiffness and
left ventricular hypertrophy. We further assessed whether the target organ changes
are associated with any ISH subtype. The prevalence of Conventional ISH (ISHC),
24-hour ISH (ISH24), Night-time ISH (ISHN) and Daytime ISH (ISHD) was 7.5%,
7.1%, 7.7% and 7.5% respectively. Compared to normotensives, all ISH subtypes had
higher PWV and LVMI. These target organ changes were similar to those observed
in hypertensives. Our results indicate that isolated systolic hypertension, whether
conventional or ambulatory, is as detrimental as hypertension on cardiovascular
target organs.

Keywords: hypertension, hypertrophy, ambulatory nocturnal, conventional,
cardiovascular

1. Introduction

By definition, hypertension is a chronic condition characterised by persistent
elevated blood pressure [1]. Traditionally, the term hypertension has been used to
describe a condition in which systolic BP (SBP) is equal or above 140 mm Hg and/
or a diastolic BP (DBP) is equal or above 90 mm Hg [2]. The term Systolic-diastolic
hypertension (SDH) is slowly replacing ‘hypertension’ in this regard as the latter
becomes a broader term describing a large number of classes/categories of persis-
tent high BP [3-5]. Thus hypertension can be divided into several types based on
several criteria which may or may not overlap.
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European Society of Cardiology/European Society of Hypertension (ESC/ESH)
criteria for the classification of participants according to office (conventional) BP
measurement [4].

Category SBP (mm Hg) DBP (mm Hg)
Normal (Normotensive) 120-129 and/or 80-84
High-Normal (Normotensive) 130-139 and/or 85-89
Hypertensive >140 and/or >90
Isolated Systolic Hypertensive > 140 and <90
Isolated Diastolic Hypertensive <140 and >90

The America College of cardiology/American Heart Society (ACC/AHA) has
more stringent criteria for conventional BP diagnosis of the hypertension categories.

Category SBP (mm Hg) DBP (mm Hg)
Normal (Normotensive) <120 and <80
Elevated (High-Normal) 120-129 and <80
Grade 1 Hypertension 130-139 and/or 80-90
Grade 2 Hypertension > 140 and/or >90
Isolated Systolic Hypertensive >130 and <80
Isolated Diastolic Hypertension <130 and >80

The advent of ambulatory BP monitoring (ABPM) has revealed much about
other subtypes of hypertension in everyday environments; in fact, some developed
countries have called for the application of ABPM as a routine tool in clinical
practice [6-9]. The superiority of this technique over office BP measurement has
been well documented, particularly with respect to the prediction of cardiovascular
events and target organ damage [10, 11]. Another benefit of this method is that it
minimises the interference of false BP elevations/reductions that may be influenced
by clinical settings or other stimuli, as the case may be with white coat hypertension
or masked hypertension [10, 12].

The ABPM technique has been instrumental in the understanding of circadian
rhythm of haemodynamics, in particular the phenomena of night-time BP dipping
or rising, the early morning BP surge [13] as well as BP variability [8, 12]. In light of
all these advantages, it is not surprising that ambulatory techniques are now consid-
ered the gold standard in hypertension diagnosis and out of office BP measurement
[9, 14]. In fact, the ESH and ESC guidelines recommend that wherever possible this
method be used as the basis for hypertension diagnosis [2].

The ESC/ESH and ACC/AHA thresholds for hypertension diagnosis according to
ABPM [2, 15].

Category SBP (mm Hg) DBP (mm Hg)
Daytime mean >135 and/or >85
Night-time mean >120 and/or >70
24 hour mean >130 and/or >80

Using the above ambulatory blood pressure thresholds, the following subtypes
of hypertension have been identified:
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Hypertension subtype Day BP (mm Hg) Nigh BP (mm Hg)
Isolated Nocturnal Hypertension <135/85 >120/70
Isolated Daytime Hypertension > 135/85 <120/70
Sustained 24-hour Hypertension >135/85 >120/70

Ambulatory BP has also allowed identification of two abnormal night-time
blood pressure patterns. The first one is an attenuated decline in nocturnal BP.
Blood pressure varies over 24 hours, it is high during the day and low during the
night. Normally, BP decreases by 10% to 20% during the night. Individuals that
lack this decline in nocturnal BP are classified as non-dippers. A large body of
evidence exists around the strong association between a non-dipping profile and
target organ damage at a vascular, cardiac and cerebrovascular level. Another
variant BP pattern that is opposite to non-dipping has been identified with
ambulatory BP monitoring. Individuals who present with this condition have
an abnormally high night-time BP that rises above the daytime BP values. This
condition known as reverse dipping has also been associated with cardiovascular
target organ damage.

1.1Isolated systolic hypertension

Isolated Systolic Hypertension is a form of hypertension characterised by
elevated SBP > 140 mm Hg and often normal or low DBP < 90 mm Hg [16]. Asa
result of this, ISH is associated with increased pulse pressure (PP), which is the
difference between SBP and DBP [16, 17]. Previous studies of ISH date as far back
as 1970 [18], with interest in the subject increasing around the 1980’ [19-22]. Most
of these earlier studies identified ISH as a disease of the elderly, stemming from the
“normal” physiological processes associated with ageing [20, 22, 23]. More recent
studies have revealed that ISH does in fact also exist in younger individuals [24-27].
In either age group the condition can have detrimental effects on the cardiovascular
system and other vital organs [12, 26, 28].

Systolic BP and PP are both increased in ISH, and are major predictors of heart
disease. These haemodynamic parameters are associated with increased risk of
myocardial infarction, left ventricular hypertrophy (LVH), renal dysfunction,
stroke and cardiovascular mortality to a greater extent than DBP [29-31]. Some data
from clinical trials suggest that even small elevations of SBP confer a significant
risk of coronary heart disease [32]. The low DBP associated with ISH may lead
to impaired tissue perfusion, particularly of the heart itself [29, 31]. In fact, ISH,
which was long believed to be a normal and physiologically harmless state associ-
ated with the ageing process [30] has been shown to be a stronger predictor of
cerebrovascular and cardiovascular events [32] as well as renal disease [29] than
elevated DBP. A thorough understanding of the pathophysiology of ISH is necessary
in order to manage the condition effectively and possibly reduce its negative effects
on target organs.

Systolic BP has been shown to increase with age [33], a phenomenon that has
been attributed to “natural” changes occurring in the arterial walls as the body
ages. For this reason, most of the physiological mechanisms that are believed to
be responsible for ISH are associated with the vascular ageing process [34]. This
involves an interplay of several processes typically culminating in increased stiff-
ness of the central arteries [30, 31, 35, 36].

As the vascular system ages - usually from about the age of 50 [17, 30], the arte-
rial walls experience fatigue and the elastin fibres therein begin to fragment. This
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is associated with increased calcium deposition and subsequent media calcification
[17]. In addition to this, more collagen fibres are deposited into this fragile wall.
There is an accumulation of Advanced Glycation End products (AGEs), which pro-
gressively and irreversibly interlink with collagen and elastin fragments to form a
complex matrix [36, 37]. Local inflammation occurs, characterised by the release of
pro-inflammatory cytokines and enzymes including some metalloproteases which
inhibit the production of Nitric Oxide (NO) an influential vasodilator substance,
leading to endothelial dysfunction [35, 36, 38].

The pathophysiology of ISH in young individuals is thought to differ at least
to some extent from the mechanisms described for the older population [24, 28].
In some young people, ISH develops following a hyperkinetic pre-hypertensive
state which is associated with an increase in sympathetic stimulation. This is
associated with adrenergic activation with the release of norepinephrine. In
these individuals, an increase in resting heart rate and cardiac output leads to
an acceleration of arterial stiffness with an isolated increase of SBP [28]. The
findings of McEniery et al. [39] in a study of individuals between 17 and 27 sug-
gest that indeed aortic stiffness is associated with ISH in young people, having
similar pathophysiological implications as it does in the elderly. Some researchers
have shown that an increase in stroke volume in certain young individuals is
the major contributor to an elevated PP leading to premature aortic stiffening
[26, 27, 28, 39]. Increased body fat in obese young adults could also be a contrib-
uting factor to isolated elevation of SBP as the former has been shown to be a
strong predictor of aortic stiffness [24].

Another type of ISH is observed in young active, particularly athletic adults. In
this group, the SBP and PP elevations are often isolated to the peripheral arteries
(especially in the upper limbs), while central haemodynamics remain normal
[28, 40]. This phenomenon has been attributed to the effects of exercise-related
bradycardia on stroke volume; which is thought to increase PP by exaggerating
the amplification of the pressure wave [28, 40, 41]. This type of ISH is arguably
considered spurious and somewhat ‘non-detrimental’ by most researchers
[28, 42-44] since most risk is often associated with central rather than peripheral
abnormalities [27].

1.2 Ambulatory isolated systolic hypertension

Early studies into ambulatory ISH seemed to suggest that ISH was a form of
“white coat” hypertension that was not sustained during day to day activities
outside a clinical setting [45, 46]. The work of Staessen et al. [10] compared the pre-
dictive ability of ABPM over conventional BP measurement in older ISH patients,
and found that ambulatory SBP was a more superior predictor of cardiovascular
risk than conventional SBP. Later research using improved technology for ABPM
showed that while this may be true to some extent, sustained and masked forms of
ISH are also prevalent, particularly in the elderly population [47]. Over time, ABPM
became more useful in investigating ISH from several angles. It has been used to
investigate postprandial hypotension in elderly ISH patients [48]. Saladini et al. [49]
investigated the future risk of sustained hypertension in young, sporty ISH patients
diagnosed by ABPM. These studies either used ABPM in people already diagnosed
with ISH using conventional BP monitoring or diagnosed ISH with ABPM using
only 24-hour BP. None these studies identified the ambulatory ISH subtypes.
Therefore, a possibility exists that with ambulatory BP monitoring, different types
of ISH can be identified.

With this gap in the current literature, we designed a study using ambulatory
BP monitoring, with the aim of identifying different ambulatory ISH subtypes,
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determining their prevalence and investigating whether these subtypes are associ-
ated with preclinical cardiovascular pathology in a population of African ancestry.

2. Methods
2.1 Study group

Participants of African ancestry were recruited from Soweto, a township in the
southwest of Johannesburg. The lower age limit for the participants was 18 years
and there was no upper age limit. Based on their conventional and ambulatory BP
measurements were divided into the following six groups:

i.Normotensives (NT). Those with normal daytime and normal night-
time ambulatory BP (daytime BP < 135/85 mm Hg and nighttime
BP < 120/70 mm Hg).

ii. Hypertensives (HT). Those with increased daytime BP and increased night-
time BP (daytime BP > 135/85 mm Hg and night-time BP > 120/70 mm Hg).

iii. Conventional isolated systolic hypertensives (ISHC). Those with increased
conventional systolic BP and normal conventional diastolic BP (systolic
BP > 140 mm Hg and diastolic BP < 90 mm Hg).

iv. Twenty four-hour ambulatory isolated systolic hypertension (ISH24). Those
with increased 24-hour systolic BP and normal 24-hour diastolic BP (24-hour
systolic BP > 130 mm Hg and 24-hour diastolic BP < 80 mm Hg).

v. Night-time isolated systolic hypertensives (ISHN). Those with increased
night-time systolic BP and normal night-time diastolic BP (night-time
systolic BP > 120 and night-time diastolic BP < 70 mm Hg).

vi. Daytime isolated systolic hypertensives (ISHD). Those with increased
daytime systolic BP and normal daytime diastolic BP (daytime systolic
BP > 135 mm Hg and daytime diastolic BP < 85 mm Hg).

2.2 Blood pressure measurement

Participants were invited to visit the Human Nutrition Clinic at the School of
Physiology, Wits Medical School where conventional BP was measured using an
automated pressure monitor (Omron, Kyoto, Japan) after they were allowed to rest
for 10 minutes. Twenty four-hour ambulatory BP was measured using a 24-hour BP
monitor (Spacelab, model 91207). Monitors were set to measure BP every 15 min-
utes from 06:00-22:00 and every 30 minutes thereafter until 06:00 the next morn-
ing. On average, participant bedtime was 19:00 and wake up time was 05:00. Based
on this, the 09:00-19:00 and 23:00-05:00 intervals were used to define daytime and
night time respectively.

2.3 Anthropometric measurements

Anthropometric measurements were taken while the participants were barefoot
and wearing lightweight indoor robes. Weight was measured using a floor scale
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(Health o meter® Professional, USA) and was recorded to the nearest 0.1 kg. For
this measurement, the participant was asked to stand upright on the middle of the
scale with their weight distributed evenly between both feet. Height was measured
to the nearest 0.1 m using a wall-mounted stadiometer (Seca®, Germany), with
the participant standing upright and the headpiece of the stadiometer was placed
horizontally on the vertex (highest point) of the participant’s head and the cor-
responding reading was recorded. Body Mass Index (BMI) was calculated as weight
in kilogrammes divided by the square of the height in metres. Participants with

a BMI > 25 kg/m” were considered overweight, and those with a BMI > 30 kg/m’
were considered obese. Waist circumference was measured in at the end of normal
expiration using an inextensible measuring tape aligned parallel to the floor at the
narrowest point between the costal margin and the upper iliac crest.

2.4 Pulse wave velocity measurement

A high fidelity tonometer interfaced with a SphygmoCor computer software
(AtCor Medical Pty. Ltd., West Ryde, New South Wales, Australia - version 9.0) was
used to perform pulse wave assessments of pulse wave velocity (PWYV), an index
of arterial stiffness. Participants were allowed to rest in the supine position for
15 minutes prior to assessment. Using an inextensible measuring tape, distances (in
mm) between the relative sampling sites (femoral and carotid) and the suprasternal
notch were measured. The difference between the two distances was considered as
the pulse wave distance. Applanation tonometry was then used to record sequential
wave forms at the participant’s dominant carotid and femoral regions. A three lead
chest ECG was performed concurrently with the waveform sampling in order to
assess the time differences in the generation of the waveforms. The pulse transit
time was defined as the average of 10 consecutive beats. The PWV was automati-
cally calculated as the difference between the aforementioned distances (i.e. the
pulse wave distance) divided by the pulse transit time.

2.5 Echocardiography

Echocardiography was used to determine the left ventricular mass index for
the participants. All echocardiographic measurements were carried out by an
experienced technician using an echocardiogram - the Acuson SC2000 Diagnostic
Ultrasound System (Siemens Medical Solutions USA, Inc.) linked to a 10-MHz
linear array transducer and electrocardiogram. Participants were asked to lie in
the left lateral decubitus position. M-mode images were taken at a frame rate of
>110 frames per second. M-mode echocardiography of the short axis of the heart
was obtained as close to the tip of the mitral valve as possible using the parasternal
long axis view (2D). The resulting images were used to measure left ventricular
dimensions only when the endocardial surfaces of the septal and posterior walls,
as well as both the left and right septal surfaces, could be clearly seen. Wall dimen-
sions, namely the Left Ventricular Internal Diameter at end Diastole (LVIDD),
the Posterior Wall Thickness in Diastole (PWTD) and the Interventricular Septal
Thickness in Diastole (IVSTD) were obtained from M-mode images. Left ventricu-
lar mass values were indexed for body.

3. Statistical analysis

Database management and statistical analyses were performed with SAS
software, version 9.4 (The SAS Institute Inc., Cary, North Carolina, USA). Data
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from individual subjects were averaged and expressed as mean * SD for con-
tinuous variables and categorical variables were expressed as percentages. The
differences between the means was calculated using the General Linear Model
(GLM) and adjustments were made for the following covariates; age, gender,
BMI, alcohol intake and cigarette smoking. A p value <0.05 was considered sig-
nificant. The Receiver Operator Characteristics (ROC) curve analysis was used
to determine how well the different subgroups of ISH would predict an increased
PWYV and LVMI. The ROC curve analysis is used in clinical prediction to assess
how well a test can discriminate between absence or presence of a condition. The
analysis yields a curve of sensitivity versus 1-specificity, where the Area Under
the Curve (AUC) is a measure of predictive power of the test to a maximum of 1
[50]. The closer the AUC is to 1, the greater the ability of the test in question to
discriminate whether the presence of a condition is associated with a change in a
given parameter [50].

4, Results

Table 1 shows the demographic, general and clinical characteristics of the
population under study. Of the 549 participants, 41 (7.5%) had ISH as measured
by conventional means (ISHC). This figure is similar to those obtained for the
ambulatory sub-types of ISH, namely 24-hour, Night-time and Daytime ISH which
had 39 (7.1%), 42 (7.7%) and 41 (7.5%) participants respectively. Systolic-diastolic
hypertension was observed in 161 (29%) of the participants. The mean age of
the population was 45.3 + 18.5 years and the ISHC group was significantly older
(65.3 £ 13.5 years) than both normotensives (39.7 + 17.6 years) and hypertensives
(52.1 + 15.5 years). There were slight reductions in average age within the other
ISH subtypes, with ISH24 at 57.8 + 20.1 years, ISHN at 55.4 + 24.6 years and ISHD
at 53.7 + 20.9 years. We observed that all the ISH subgroups had greater propor-
tions of female participants than the normotensive or hypertensive groups [51].
Anthropometry revealed significantly higher waist circumference in the ISHC
group than in the normotensives, this was also true for all the other ISH subgroups
albeit of no known significance. In addition to this, the overall population was
overweight with a BMI of 29.1 + 7.8 kg/m®. Both ISHC and hypertensives were obese
(BMI of 31.4 + 75 kg/m” and 30.9 + 7.5 kg/m” respectively), the former group hav-
ing a significantly higher BMI than the normotensives (BMI = 28.0 + 7.7 kg/m?).
The average SBPC of the ISHC group (153.1 + 11.7 mm Hg) was higher than that of
the hypertensive group (149.6 + 20.3 mm Hg), and significantly higher than that
of the normotensives (129.7 + 21.4 mm Hg). Overall, the SBPC values for all ISH
sub-types were high. Conventional ISH had an average DBPC of 83.5 + 4.8 mm Hg,
significantly higher than that of normotensives (77.6 + 7.2 mm Hg) and significantly
lower than that of hypertensives (98.6 + 8.4 mm Hg). Similarly, 24-hour, night-time
and daytime ISH all had conventional diastolic blood pressures below those of
hypertensives but above those of normotensives. All sub-types of ISH had higher
pulse pressure values than both normotensives and hypertensive groups, signifi-
cantly so for those participants with ISHC (PP = 69.7 + 12.3 mm Hg).

Tables 2 and 3 show the ROC curve analysis of the relationships between the
sub-types of ISH and cardiovascular target organ changes. All subtypes of ISH were
significantly associated with increased PWV and LVMI. Conventional ISH strongly
predicts arterial stiffness and left ventricular hypertrophy, with area under the
curve (AUC) values of 0.88 + 0.03 (CI: 0.83 t0 0.93) and 0.86 + 0.03 (CI: 0.88 to
0.92), respectively. Daytime ISH was shown to be a strong predictor of both (PWV
and LVMI) with all the values exceeding 0.8. all three organ changes under study
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ISH subtype AUC CI

ISHC 0.88+0.03 0.83t00.93
ISH24 0.77+0.04 0.68t0 0.86
ISHN 0.78+0.04 0.70 to 0.85
ISHD 0.83+0.05 0.74 t0 60.92

AUC, area under the curve; CI, confidence intervals; ISHC, conventional isolated systolic hypertension; ISH24, 24
hour Isolated systolic hypertension; ISHN, Night-time isolated systolic hypertension; ISHD, Daytime isolated systolic
hypertension P < 0.05 for all associations. Adjustments were made for age, gender, BMI, the use of antihypertensive
medication, smoking and alcohol consumption.

Table 2.
ROC curve analysis of the velationship between ISH and PWV.

ISH subtype AUC CI

ISHC 0.86+0.03 0.88t00.92
ISH24 0.76+0.03 0.67t0 0.86
ISHN 0.71+0.05 0.62 to 0.80
ISHD 0.80+0.06 0.68t0 0.09

AUCG, area under the curve; CI, confidence intervals; ISHC, conventional isolated systolic hypertension; ISH24, 24
hour Isolated systolic hypertension; ISHN, Night-time isolated systolic hypertension; ISHD, Daytime isolated systolic
hypertension. P < 0.05 for all associations. Adjustments were made for age, gender, BMI, the use of antihypertensive
medication, smoking and alcohol consumption.

Table 3.
ROC curve analysis of the relationship between ISH and LVMI.
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Figure 1.

Comparison of PWV of ISH subgroups, the hypertensives and the normotensives. This figure shows data of
PWYV expressed as adjusted means + SD. The differences between the means was calculated using the general
linear model and adjustments weve made for the following covariates; age, gender, BMI, alcohol intake and
cigarette smoking. There was no significant difference in the PWV of the different ISH subtypes and none of the
ISH subtypes was significantly different from the hypertensives. Howevey, the PWV of all the ISH subtypes and
hypertensives was significantly higher than that of the normotensives. * = p value <0.05.

(AUC values all exceeding 0.8). The pattern of association and the significance was
maintained even after adjusting for confounding variables.

Figures 1 and 2 shows data of PWV and LVMI respectively expressed as
adjusted means + SD. For both PWV and LVMI, there was no significant differ-
ence in the PWV of the different ISH subtypes and none of the ISH subtypes was
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Figure 2.

Comparison of the LVMI of the ISH subtypes, the normotensives and the hypertensives. This figure shows data
of LVMI expressed as adjusted means + SD. The differences between the means was calculated using the general
linear model and adjustments weve made for age, gender, BMI, alcohol intake, cigavette smoking and presence
of diabetes. There was no significant difference in the LVMI of the different ISH subtypes and none of the ISH
subtypes was significantly different from the hypertensives. However, the LVMI of all the ISH subtypes and
hypertensives was significantly higher than that of the normotensives. * = p value <0.05.

significantly different from the hypertensives. However, the PWV and LVMI of all
the ISH subtypes were significantly higher than that of the normotensives.

5. Discussion

In the present study, we determined the general characteristics of ISH and
went on to divide it into four subtypes namely Conventional ISH, 24-hour ISH,
Night-time ISH and Daytime ISH. We proceeded to investigate the associations
between each of these subtypes with PWV and LVM. We further investigated the
extent to which each of the ISH subtypes predicted the target organ changes men-
tioned. The results of the present study show that 7.5% of the cohort had ISHC
and the same percentage had Daytime ISH. Night-time ISH was found in 7.7%
of the population, while 7.1% of the participants had 24-hour ISH. Furthermore,
our findings show that all subtypes of ISH are significantly associated with
increased PWV and LVMI in measures comparable to general hypertension, The
percentage of participants with ISHC in our study is consistent with the work of
Guptaet al., [52] who found a similar (7.78%) prevalence of the condition follow-
ing their study of office workers in a North Indian town. Huang et al., [53] also
found a similar prevalence of ISH (7.6%) in a Chinese study. However, all these
studies used only conventional BP measurements to determine the prevalence of
ISH. Hence our study is the first to identify the three ISH subtypes identified by
ambulatory BP monitoring.

5.1 Determinants of ISH
5.1.1 Socio-economic status

Our and other studies indicate that the prevalence of isolated systolic hyperten-
sion averages around 8% across populations whether measured by conventional

or ambulatory BP techniques. However, Ntuli, et al. [54] investigated a population
ethnically similar to our study cohort and their study revealed a much higher
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prevalence of ISHC (21%). The most likely explanation for this is the socioeconomic
difference between their sample population and ours. The study by Ntuli et al. [54]
was conducted in rural Limpopo (Dikgale), where unemployment and poverty

is high and there is limited access to adequate healthcare [54-56]. Ntuli’s study
indicates that socio-economic factors could play a role in the prevalence of ISH.
Socioeconomic factors have been implicated in contributing to the high prevalence
of hypertension in developing countries [57, 58], and it would not be surprising that
ISHC would follow the trend.

5.1.2 Age

The mean age of participants in the present study (45.3 years) was similar
to that of subjects in the study by Ntuli et al. [54] (44.2 years). Gupta et al. [52]

did not report a mean age for their population which was limited to the working
age-group under 58 years, while Huang et al. [53] carried out their investigation

on participants in the 35-74 age group [52, 53]. The bulk of studies on ISHC have
been focused on specific age groups, usually the young (under 35 years of age) or
the old (over 50 years old) [27, 49, 59, 60] unlike our population which included all
consenting persons over the age of 18. While several studies in recent years have
shown that the condition is not at all restricted to the older population [25-27],

the relatively high average age associated with ISH (especially the conventional
subtype) in our study is consistent with the findings of a number of researchers and
with the widely accepted notion that ISH is predominant and naturally occurring in
the elderly population [1, 16, 18, 30, 61]. A study by Huang et al. [53] also showed
an increase in ISHC with age.

Martins et al. [62] observed an increase in PP and SBP from the age of 45
upward in their analysis of data from the NHANES. Indeed, the most commonly
described pathophysiological mechanism for ISH involves changes occurring to
the large arteries owing to ageing [13]. With age progression, elastin in the media
decreases, leading to a fragmented media [13, 18] which is susceptible to calcium
and lipid accumulation. Along with this media calcification occurs the accumu-
lation of smooth muscle cells within the intima, collagen cross linking occurs
and all this leads to the thickening and fibrosis of the arterial wall [13, 18, 43].
These changes culminate in arterial stiffness, an increased wall-to-lumen ratio
and a reduced cross-sectional area of the lumen of the greater arteries [13, 37,
63]. Due to poor compliance, the large arteries fail to expand and subsequently
recoil effectively in systole and diastole of the cardiac cycle, respectively. There
is a resultant increase in aortic PP and PWV. Consequently, the reflected wave
which would normally return during diastole, returns during late systole and
augments systolic pressure; SBP increases while the DBP decreases [43, 63]. In
line with this, we observed higher values of average SBPC in the ISH groups than
in the normotensive group, and these were comparable to that of hypertensive
participants. This was coupled with relatively low DBPC for all ISH sub-types
when compared to the hypertensive group. By definition, PP is the difference
between SBP and DBP, thus its normal value is approximately 40 mm Hg [64].
Pulse Pressure values exceeding 60 mm Hg are associated with target organ
damage which may or may not be asymptomatic [3]. In the present study, PP was
markedly increased in participants with ISHC, with an average of 69.7 mm Hg.
Wallace et al. [65] also observed similar elevated SBP and PP (67 mm Hg) in their
ISHC group. This finding was as expected based on the definition and underly-
ing physiology of the condition [16, 18, 61] since PP is the difference between
systolic and diastolic BPs; and an increase in the former and/or decrease in the
latter would raise PP.
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5.1.3 Obesity

In general, all the ISH groups in this study were obese. Average BMI values
ranging from 30.9 to 31.4 were recorded for these groups, all of which exceed the
obesity threshold of 30 for BMI [66]. The role of obesity as a risk factor for ISH is
well documented [25, 35, 57, 63, 67]. Erhun et al. [68] observed the highest preva-
lence of ISH among the extremely obese group in their study. The ISH subgroup in
the research by Grebla et al. [24] was overweight, and these authors suggested that
obesity may be an important determinant of ISH in young adults [25]. A study by
Nemes et al. [69] showed that obesity is associated with increased arterial stiffness
and that this is true even for young obese adults, whose arterial stiffness they found
comparable to that of elderly non-obese individuals. Although all of these studies
investigated obesity in ISH by conventional BP measurement, their findings may
extend to all the ambulatory subtypes of the condition as well. Our results show that
in all participants with any forms of ISH, arterial stiffness as measured by PWV was
increased in comparison to normotensives.

Several mechanisms have been described that may explain the role of obesity in
ISH. Hyperinsulinaemia and insulin resistance, which are both strongly associated
with obesity [70], may mediate aortic stiffness through glycation of vascular wall
proteins and subsequent increased cross-linking [69]. Insulin has also been associ-
ated with smooth muscle hypertrophy and increased endothelial dysfunction of
large arteries likely resulting from oxidant stress, causing increased susceptibility
to atherosclerosis [69, 71]. One other significant mechanism that has been impli-
cated in the relationship between obesity and ISH is the activity of leptin [69].
Hyperleptinaemia is associated with endothelial dysfunction in obese individuals
[72], which is an underlying cause of arterial stiffness. Schutte et al. [73] reported
a strong negative correlation between leptin and arterial compliance coupled with
a strong positive relationship between leptin and SBP as well as leptin and PP in
obese/overweight hypertensive African women. The high-leptin state of over-
weight/obese women in our study population, which was predominantly African,
has been previously described [74] and may play an important role in ISH.

5.2 Isolated systolic hypertension target and target organ changes
5.2.1 Arterial stiffness

We measured PWV by applanation tonometry, a minimally invasive method
which is widely recognised as the ‘gold standard’ in the determination of arterial
stiffness [65, 75]. As far as we know there are no studies which have investigated
PWYV in ambulatory subtypes of ISH, however, the general association of ISHC
with arterial and aortic stiffness has been reported [65, 76, 77]. Antza et al. [77] in
their study of arterial stiffness in ISHC observed an increase in arterial stiffness in
patients with the condition, and suggested that ISHC may have a role to play in large
artery arteriosclerosis.

This observation can be explained in terms of the haemodynamic changes
associated with ISH. Since ISH is characterised by elevated systolic and pulse pres-
sures, these parameters exert increased mechanical stress on the arteries over time,
leading to elastin fragmentation and subsequent calcification, collagen deposition
and smooth muscle cell hypertrophy [34, 37, 76]. In addition to this, endothelial
dysfunction associated with the shear stress also triggers the inhibition of NO
production and the release of pro-inflammatory cytokines and growth factors such
as TGF-f [31, 34, 65]. These augment arterial damage by promoting smooth muscle
cell hypertrophy and the increased production of extracellular matrix proteins;
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moreover, TGF-p inhibits the activity of those metalloproteases which would other-
wise assist by breaking down the collagen build-up, such as MMP-9 [38]. All these
factors culminate in arterial stiffening of mainly the central arteries. In essence, ISH
speeds up the rate of arterial ageing and increases arterial stiffness, thereby leading
to its own exacerbation in a vicious cycle [65]. Several scholars agree that the causal
relationship between arterial stiffness and ISH is bidirectional [31, 34, 38].

With this in mind, it is not surprising that we observed significantly elevated
PWYV in all subtypes of ISH when compared to normotensives. Of interest, is that
all ISH groups had an increase in PWV that is comparable to that of the sustained
hypertensive group. This suggests that the arterial damage caused by the ISH groups
may equal arterial stiffness arising from sustained hypertension in this population.
This is contrary to our expectation. We expected the PWV of the ISH24 to be higher
than that of the other groups due to the cumulative effects of a high systolic BP that
is sustained over a 24-hout period. The explanation for this apparent discrepancy
is that 24-hour BP is a combination of both daytime and night-time BP. Since BP
decreases at night, that decline in nocturnal BP may have a damping effect on the
*overall effect of ISH24 on arterial stiffness.

When we used ROC curve analysis to determine how well the different sub-
groups of ISH would predict an increased PWYV in this population, our results
indicate that all ISH subtypes predict PWV. Conventional ISH was the strongest
predictor of arterial stiffness with an AUC of 0.88 followed by ISHD at 0.83. In this
respect, daytime BP is emerging as the best predictor of ISH in this population as
both conventional and daytime ambulatory BP are measured during the day. This is
due to the 24-hour pattern of BP in which BP increases during the day and decreases
at night. Our results indicate that the increase in daytime systolic BP in people
with ISH is exaggerated, resulting in a high PP of 70 mmHg, which is 30 mm Hg
the normal value of 40 mm Hg. This is PP value is higher than that of people with
sustained hypertension. The same pattern was observed in people with ISHD. As
discussed earlier, PP is an independent risk factor for vascular disease. This explains
why ISHC and ISHD which have the highest PP, are the strongest predictors of
arterial stiffness. Even though ISHN predicts arterial to a lesser extent than ISHC
and ISHD, it is still a strong predictor of arterial stiffness with an AUC of 0.78. This
highlights the importance of this study which is the first to discover the existence of
this clinical entity.

5.2.2 Left ventricular hypertrophy

Left ventricular mass index has been used as an indication of LVH, a major
independent predictor of cardiovascular mortality and morbidity [78-80]. We used
echocardiography, a well-accepted, efficient and non-invasive tool for the estima-
tion of LVMI [79, 80]. In this study, there were no clear differences in LVMI values
obtained for the ambulatory ISH sub-types (ISHD, ISHN and ISH24), suggesting
that there are no major differences in the development of LVH among these three
subtypes; although the extent of cardiac damage they caused is similar to that
associated with hypertension. This implies that even if diastolic BP can be normal,
the impact of systolic BP alone is significant has a significant impact on cardiac
morphology. The premature return of the reflected wave in ISH is probably the
most significant cause of LVM increase [81] in this condition. The augmentation of
SBP by the reflected wave results in an increased afterload to the left ventricle. As
the left ventricle adapts to the increased workload, concentric hypertrophy of sur-
rounding tissue occurs, resulting in thickening and increase in mass of the left ven-
tricle wall [37]. Poor coronary perfusion owing to low DBP may also exacerbate the
effects of increased LVM in ISH as increased oxygen demand of the myocardium
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becomes difficult to meet [82]. Our results bear some similarity to those obtained
by Pearson et al. [83], who reported that ISHC patients exhibited increased LVMI
arising from thickened septal and posterior walls of the left ventricle. Lip et al.

[84] had related outcomes, they found that LVMI and other echographic param-
eters were similar between ISHC and full hypertension (SDH) groups. Our study
adds significantly to this body of knowledge by showing that ISH has a number of
subtypes which are as detrimental to cardiac pathology as both ISHC and sustained
hypertension. Some research has shown that increased LVMI even within the “nor-
mal” range is clinically relevant i.e. it is associated with significant cardiovascular
risk [85]. Since ISH increases the risk of LVH at least twofold, even the preclinical
increases in LVM observed in this study may progress to cardiac pathology over
time as the elevated SBP persists.

Most ISH studies in the past have been carried out on elderly participants, how-
ever, our results show that even after correcting for age the associations and predic-
tions remain unchanged, suggesting that ISH is just as detrimental to the elderly as
it is to younger age groups with respect to left ventricle structure and consequently,
cardiovascular function. Levy et al. [79] also found that the relationship between
increased LVMI and cardiovascular morbidity and mortality was applicable to the
middle-aged study group as much as the elderly study group, although their focus
was not particularly on ISH. Obesity, which was identified in this ISH population,
is thought to increase the risk of LVM and LVH by its tendency to attract other risk
factors such as metabolic syndrome and diabetes mellitus [85]. Genetics also plays
an important and complex role in the increase of LVM and development of LVH.
So, the population under study - being predominantly black, may be at higher risk
of LVH. Skelton et al. [86] reported a very high prevalence of increased LVM in an
African-American population. This highlights the need for more studies to investi-
gate the impact of ISH subtypes to be investigated.

Similar to PWYV, again ISHC and ISHD were the strongest predictors of increased
LVMI according to ROC analysis (AUC = 0.86 and 0.80 respectively), followed
by ISH24 (AUC = 0.76) and ISHN (AUC = 0.71). This confirms the impact of the
increases in daytime systolic BP on cardiovascular organs. There is no comparable
research on ISH subtypes predictive power on increased LVMI, however our results
provide strong evidence that ISH subtypes, which were not known previous to this
study, predict preclinical cardiac pathology similar to hypertension, indicating that
these subtypes are clinical entities that require intervention.

6. Conclusion

Our overall findings are that there are three subtypes of ambulatory ISH
(24-hour ISH, night-time ISH and daytime ISH) which had not been previously
defined. Night-time ISH is the most prevalent form of ISH in this population. Most
importantly our results indicate that all these ISH subtypes may be as detrimental
to cardiovascular organs as hypertension as they all emerged as good predictors
of elevated PWV and LVMI, which are markers of arterial stiffness and left ven-
tricular hypertrophy respectively. This highlights the importance of using both
conventional and ambulatory BP techniques for the diagnosis ISH because current
strategies that are limited to conventional BP monitoring, are incapable of detecting
ambulatory isolated systolic hypertension subtypes. Moreover, since this data shows
that night-time ISH is the most prevalent form of ISH, and it predicts both arterial
stiffness and left ventricular hypertrophy, diagnosis of nocturnal ISH may be very
essential in the management of BP related cardiovascular target organ damage.
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Abstract

Cardiovascular disease is a notable cause of death globally. When undetected,
varying measurements of BP between arms can lead to inaccuracies in the inter-
pretation and management of blood pressure consequently putting individuals in
an avoidable risk through sub-optimal blood pressure control. The aim of the study
was to determine the difference in blood pressure between the arms and its associa-
tion to cardiovascular risk in young adults at Ellisras. A total of 624 young adults
aged 18 to 29 years old participated in the study. Blood pressure measurements and
blood analysis were done according to standard procedures. Multivariate logistic
regression was used to determine the association between interarm blood pressure
and cardiovascular risk factors. There was significant (p < 0.05) mean difference
of diastolic blood pressure of the <10 mmHg and > 10 mmHg groups. There was a
positive significant association between systolic inter arm blood pressure difference
and hypertension (B = 5.331; 95%CI = 12.260-23.183; P = 0.026) while no signifi-
cant association was found between diastolic blood pressure and interarm diastolic
differences in diastolic blood pressure (B = 1.081; 95%CI = 1.032-1.131; P = 0.920).
The current study showed positive associations between inter arm differences and
a few cardiovascular risk factors including BMI and gender. Detection of an inter-
arm BP difference should motivate the need for a thorough cardiovascular/health
assessment.

Keywords: inter arm blood pressure, young adults, cardiovascular risk,
cross-sectional study, association

1. Introduction

Cardiovascular disease (CVD) is a notable cause of death globally [1]. One main
contributing factor to cardiovascular disease development is arteriosclerosis and it
is the key cause of morbidity and mortality [2]. Blood pressure (BP) measurement
is the most commonly utilized method of assessing arteriosclerosis activity [3].
Systolic blood pressure (SBP) difference between arms (inter-arm difference/IAD)
is one risk marker that is easy to measure since it does not require extra equipment
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and seems acceptable to patients. Circumstances in which differences in BP were
found in clinical settings were infrequent [4, 5].

When undetected, varying measurements of BP between arms can lead to
inaccuracies in the interpretation and management of blood pressure consequently
putting individuals in an avoidable risk through sub-optimal blood pressure control
[6]. Furthermore it has been reported that systolic BP difference of 10 mmHg or
greater between both arms was related with cardiovascular risk/complications
[7, 8]. Moreover an inter arm difference is mostly encountered with differences
in systolic of 10 mmHg or greater prevalent in 11% of hypertensive patients, 7%
diabetic patients as well as 4% of the general population [5].

Past studies have discovered a rise in the incidence of big inter arm difference
in hypertensive [9] and diabetic patients [10]. The association between inter arm
difference and atherosclerosis-related diseases, such as coronary artery disease
[11], and other peripheral artery disease were also reported [12, 13]. Nevertheless,
the majority of these studies took place in populations that were Westernized/
urbanized with little sample sizes and comprising of certain disease groups. The
prevalence of selected cardiovascular risk factors has been reported in young adults
at Ellisras including BP/hypertension [14], but the inter arm BP difference was not
investigated. Furthermore as far as we are aware, such a study was not reported
among black South Africans in Limpopo Province. Therefore the study aimed to
determine the blood pressure difference between arms and its association to cardio-
vascular risk in young adults at Ellisras.

2. Methods and materials
2.1 Sample

The study constituted of 624 young adults (306 males; 318 females) aged 18
to 29 years old from the Ellisras Longitudinal Study (ELS) in Lephalale, Limpopo
province in South Africa. The details of ELS are explained elsewhere [15]. The study
was approved by the Ethics Committee at the University of Limpopo prior to the
study commencing. Consent forms were also signed by the participants.
Participants with factors that could influence the reliability of the study includ-
ing pregnancy and chronic diseases or hospitalization were excluded.

2.2 Blood pressure measurements

Prior to being measured the participants rested for approximately 5 minutes.
Afterwards, three blood pressure (BP) readings of systolic blood pressure (SBP)
And diastolic blood pressure (DBP) were measured five minutes apart in both the
left and right arms using an electronic Micronta monitoring kit, [16, 17]. Average
BP was calculated for both arms. Then the difference between the average SBP and
DBP in the left and right arms was calculated.

2.3 Cardiovascular risk factor measurements

All participants underwent height and weight measurements according to the
standard procedures [18]. The weight and height were then used to determine the
body mass index (BMI) [18].

There was fasting of between 8-10 hours before the collection of blood samples.
All blood sample collections were carried out in schools by qualified nurses from the
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Witpoort Hospital at Ellisras in the morning. The samples were collected, stored,
transported, and analyzed according to standard procedures [14].

Blood glucose (fasting) was drained into fluoride tubes and measured using
an Accu-chek [19]. The total cholesterol (TC) and high-density lipoprotein
cholesterol (HDL-C) levels were both measured using standard procedure that
utilizes spectrophotometry. The Friedewald equation was then used to determine
low density lipoprotein cholesterol (LDL-C) (LDL-C = TC - HDL-C - TG/2.2)
[20]. Triglycerides (TG) measurement was done through standard enzyme-based
colorimetric technique. These measurements were all accomplished using an AU480
Chemistry System from Beckman Coulter (Brea, Calif).

All apparatuses underwent calibration based on standard procedures. These
blood analysis was carried out by workers in the Department of Pathology and
Medical Science Unit at University of Limpopo.

The cut-off points were as follows: hypertension was defined as systolic and
diastolic blood pressure > 140/90 mmHg. Diabetes was defined as elevated FBG
>7.8 mmol/L while obesity was defined as BMI (kg/m2) >25 kg/m2 [21].

2.4 Statistical analysis

Inter arm systolic blood pressure difference (IASBPD) and inter arm diastolic
blood pressure difference (IADBPD) were described as the absolute value of the
left arm SBP/DBP minus the right arm SBP/DBP respectively. Both the IASBPD and
IADBPD were grouped into two categories based on a cut-off point: <10 mmHg
which is normal and > 10 mmHg which is the category increasing cardiovascular
risk [22]. Continuous variables were articulated as mean + standard deviation while
categorical variables were articulated as frequencies and percentages. Moreover
comparisons of the variables were performed between the two cut-off groups using
independent ¢ test for continuous variables, and chi-square test for categorical
variables. A multivariate logistic regression model was used to analyze the associa-
tion between IASBPD and IADBPD, height, weight, BMI, SBP, DBP, fasting glucose,
TC, TG, HDL-C, LDL-C, diabetes and hypertension. All analyses were performed
using SPSS software version 14.0 and P-value of <0.05 was considered statistically
significant.

3. Results

Table 1 represents the Descriptive statistics of the general characteristics.

There was significant (p < 0.05) mean difference of diastolic blood pressure of the
<10 mmHg and > 10 mmHg groups. The prevalence of obesity, diabetes and hyper-
tension was insignificantly (p > 0.05) higher in the <10 mmHg group (1.8-30.9%)
than the >10 mmHg (0-16.7%).

Table 2 shows the association between risk factors and inter arm differences in
systolic blood pressure among Ellisras young adults. There was a positive significant
association between IASBPD and hypertension (B = 5.331; 95%CI = 12.260-23.183;
P = 0.026). There was also a positive significant association found between gender
and IASBPD (B = 1.998; 95%CI = 0.022-3.903; P = 0.043).

Table 3 shows the association between risk factors and interarm differences in
diastolic blood pressure among Ellisras young adults. There was a positive signifi-
cant association found between SBP and IADBPD (B = 1.003; 95%CI = 0.967-1.041;
P = 0.001) while there was no significant association found between DBP and
IADBPD (B = 1.081; 95%CI = 1.032-1.131; P = 0.920).
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Variables <10 mmHg >10 mmHg P-value
Height (cm) 168.26 + 13.15 169.52 +10.19 0.743
Weight (Kg) 66.99 + 14.22 67.74 + 22.54 0.859
BMI (Kg/mZ) 23.51+547 23.58 +7.39 0.964
SBP (mmHg) 119.99 + 12.88 11792 + 20.38 0.585
DBP (mmHg) 70.03 + 9.62 81.50 + 1541 0.000
Fasting glucose (mmol/L) 554 +1.27 5.38 + 0.87 0.677
TC (mmol/L) 414 £1.03 4.39 +1.05 0.406
TG (mmol/L) 1.01+£0.59 1.05+0.48 0.827
HDL-C(mmol/L) 115+ 0.34 118+ 0.33 0.724
LDL- C (mmol/L) 2.80 £ 0.87 3.00 + 0.84 0.429
Gender m = 301(49.2%) m =5 (41.7%) 0.606
f = 311(50.8%) f = 7(58.3%)

Obesity 189(30.9%) 2(16.7%) 0.716
Diabetes 10(1.66%) 0(0%) 0.655
Hypertension 11(1.8%) 1(8.3%) 0.103

P <0.05.

Table 1.

Descriptive statistics showing general characteristics.
Variables B 95%CI P-value

Lower upper

Age (years) 0.929 0.825 1.046 0.222
Gender 1.998 0.022 3.903 0.043
Height (cm) 1.002 0.981 1.024 0.853
Weight (kg) 1.038 0.986 1.092 0.159
BMI (Kg/m?) 0.882 0.764 1.018 0.087
SBP (mmHg) 1.000 0.974 1.026 0.983
DBP (mmHg) 1.012 0.980 1.045 0.464
Fasting glucose(mmol/L) 1.093 0.822 1454 0.540
TC(mmol/L) 0.000 0.000 — 1.000
TG (mmol/L) 23.905 0.000 — 1.000
HDL-C (mmol/L) 1174525.430 0.000 — 1.000
LDL-C (mmol/L) 7854389.463 0.000 — 1.000
Diabetes 0.000 0.000 — 0.999
Hypertension 5331 12.260 23183 0.026

P <0.05.

Table 2.

The association between risk factors and inter arm differences in SBP.
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Variables B 95%CI P-value
Lower upper 0.105

Age (years) 0.858 0.713 1.032 0.203
Gender 1.970 0.963 5.596 0.596
Height (cm) 1.023 0.940 1113 0.851
Weight (kg) 1.013 0.889 1153 0.654
BMI (Kg/m®) 0.920 0.640 1.323 0.853
SBP (mmHg) 1.003 0.967 1.041 0.001
DBP (mmHg) 1.081 1.032 1131 0.920
Fasting gucose(mmol/L) 1.024 0.624 1.632 1.000
TC(mmol/L) 187307604 0.000 — 1.000
TG (mmol/L) 0.072 0.000 — 1.000
HDL-C (mmol/L) 0.000 0.000 — 1.000
LDL-C (mmol/L) 0.000 0.000 — 1.000
Diabetes 0.000 0.000 — 0.999
Hypertension 0.261 0.022 3132 0.290

P <0.05.

Table 3.

The association between risk factors and inter arm differences in diastolic blood pressure among Ellisras young
adults.

4. Discussion

In the current study, 12 participants (5 males and 7 females; 1.92% of the sample
size) showed an inter arm difference > 10 mmHg. A previous study has suggested
that interarm BP difference was more usual among young healthy study partici-
pants, with an interarm blood pressure difference > 10 mm Hg reported in 111
(12.6%) and 77 (8.8%) participants for SBP and DBP respectively [23]. The current
study did not find similar results due to a low prevalence found. Another study
conducted among hypertensive patients reported a prevalence of 7.7% (285 patients
with a systolic interarm difference of >10 mm Hg), while 1.5% (57 patients) had
a > 10 mmHg diastolic interarm blood pressure difference. Furthermore, a study
by Kim et al. [22] reported a 0.6% (21 patients) prevalence for both systolic and
diastolic interarm difference > 10 mmHg.

The different findings found between the current and other related studies could
be because of the varying age groups, diseases profile of the participants (some
being healthy and others suffering from hypertension and other chronic diseases)
or even the different methods used to measure the interarm BP difference. The
difference in systolic blood pressure between arms is considered a risk marker and
advantageous due to that it is easy to measure clinically without additional equip-
ment and is more acceptable to patients. Furthermore, studies have associated a
systolic inter arm difference > 15 mmHg [24], and > 10 mmHg with cardiovascular
risk and mortality [7]. The inability to detect the interarm BP difference may result
in insufficient treatment of people suffering from hypertension and interrupt
hypertension diagnosis. Hence, it is vital to measure blood pressure in both arms.
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A previous study has reported that blood pressure measured in only one arm would
lead to approximately 30% misdiagnosis of hypertensive patients being wrongfully
classified as normotensive [25].

In multivariate logistic regression of the current study, a positive significant
association was found between systolic interarm blood pressure and hypertension
as well as gender. In addition there was also a positive significant association found
between SBP and diastolic interarm blood pressure difference in the current study.
A previous study by Kimura et al. [26], reported a positive association between
systolic interarm systolic blood pressure > 10 mm Hg and SBP and BMI. This was
different from the findings of the current study since we found a non-significant
association between BMI and both IASBPD and IADBPD. Furthermore, another
study by Grossman et al. [27], reported that interarm BP difference was not associ-
ated with age, BMI, and heart rate, but was in association with SBP in both young
and healthy patients [27]. The latter findings are similar to the current study
since we found an association between SBP and IADBPD. Moreover, A study by
Grossman et al. [27] which is supported by another study by Ma et al. [28], reported
that high inter arm systolic blood pressure difference seems to be more common in
older than in younger people.

The study had several limitations. The study had limited variables to broadly
represent the large spectrum of cardiovascular risk/health. The effect of controlling
interarm blood pressure difference on cardiovascular risk could not be evaluated
at this stage. The study did not have a large range in terms of the age hence the
effect of age on the inter arm blood pressure difference could not be adequately
determined. The cardiovascular health status of the participants was determined on
a cross sectional basis hence some factors that can temporarily affect measurements
may have affected the readings. The nature of the study cannot fully establish a
cause and effect relationship, hence possible bias cannot be ruled out.

5. Conclusions

The current study found a low prevalence of interarm BP difference and showed
positive associations between inter arm differences and a few cardiovascular risk
factors including hypertension and gender. More similar studies should include a
variety of risk factors and diseases as well as a broader age group. Carrying out such
an investigation on a longitudinal basis is also necessary for exclusion of factors that
can temporarily affect the findings. Detection of an interarm BP difference that is
>10 mmHg should motivate the need for a thorough cardiovascular/health assess-
ment to prevent late diagnosis and other related complications.
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Abstract

Obesity as directly measured by anthropometric parameters has been
demonstrated to be associated with hypertension and type 2 diabetes mellitus,
which are common risk factors for CVD. The study aimed at assessing the relation-
ship between blood pressure, blood glucose and anthropometric parameters in
Ellisras children. A total of 492 children aged 6 to 11 years, participated in the study.
Neck circumference, waist circumference, body mass index, waist-to-height ratio,
fasting blood glucose, systolic and diastolic blood pressure were measured using
standard procedures. Linear regression showed significant association (P < 0.05)
of anthropometric parameters (except waist-to-height ratio) with blood pres-
sure. Fasting blood glucose was significantly associated with neck circumference
when adjusted for age and gender. Positive correlation was found for systolic blood
pressure with neck and waist circumference and body mass index in both genders
and for diastolic blood pressure, the correlation was only found in boys. Fasting
blood glucose was negatively correlated with neck circumference. Waist circumfer-
ence (P = 0.025, p = 1.208, 95% CI = 1.017-1.285) was better than BMI (P = 0.046,

p =1.340, 95% CI = 1.005-1.788) in predicting elevated systolic blood pressure.
These findings suggest that it is crucial to manage anthropometric parameters in the
Ellisras community in order to decelerate the increase of hypertension and diabetes
mellitus.

Keywords: body mass index, neck circumference, waist circumference,
waist to height ratio, fasting blood glucose and blood pressure

1. Introduction

Obesity is a key global public health alarm with about 500 million people
worldwide affected [1, 2]. In epidemiological studies, anthropometric param-
eters, body mass index (BMI), waist circumference (WC), neck circumference
(NC) and waist-height ratio (WHtR) are often used as measures of obesity [2-5].
Obesity as directly measured by anthropometric technique has been demonstrated
to be associated with hypertension and type 2 diabetes mellitus, common risk
factors for CVD [6, 7].
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The diagnosis of diabetes is often based on a fasting plasma glucose, random
plasma glucose, a 2-hour plasma glucose value in a 75g oral glucose tolerance
test or a glycated hemoglobin (A1C) measurement, but generally on fasting
plasma glucose, partly because of its better sensitivity to diagnose diabetes [5, 8].
Hypertension uses information about systolic blood pressure (SBP) and/or diastolic
blood pressure (DBP) to derive an estimate for diagnosis [9].

In view of the burden of obesity, hypertension and diabetes and their impact on
children and the scarcity of information on the relationship of blood glucose, blood
pressure with anthropometric parameters in rural South African communities,
more especially in Ellisras, the present study aimed to determine the relationship of
blood pressure and blood glucose with anthropometric parameters among Ellisras
rural children aged 6 to 11 years and to determine which of the anthropometric
parameters is associated with greater odds of high blood pressure and high blood
glucose levels in this population.

2. Methodology
2.1 Geographical area

Ellisras, also known as Lephalale, is a relatively deep rural area located within
the North- western area of Limpopo province, South Africa. The population con-
sist of approximately 50000 people residing in 42 settlements and are adjacent
to the Botswana border. Majority of residence in this population work at Iscor
coal mine and Matimba electricity power station, whereas the remaining work
class is involved in subsistence farming, while the minority is in civil services and
education [10].

2.2 Sampling and study design

Research design and sampling method for the Ellisras Longitudinal study (ELS)
have been reported elsewhere [10].

In this study, a total of 492 children (n = 296 boys; n = 196 girls) aged 6 tol1 who
are part of the ELS, participated in this study. Ethical approval prior to this study
was obtained from Ethics Committee of the University of Limpopo. Guardians were
provided with, and signed, written informed assent.

2.3 Anthropometry

Anthropometric measurements were done according to the International Society
for the Advancement of Kin-anthropometry (ISAK). Weight was measured on an
electronic scale to the nearest 0.1 kg, and a Martin anthropometry was used to mea-
sure height to the nearest 0.1 cm. Flexible steel tape was used to measure NC and
WC. Waist circumference was measured midway between the lower costal margin
and iliac crest immediately after exhalation. Neck circumference was measured
directly below the thyroid cartilage perpendicular to the long axis of the neck. All
measurements were taken with the participants standing in an anatomical position.

Children with BMI <85th, >85th and > 95th percentile were considered normal,
overweight and obese, respectively [7]. Children with WC >90th percentile were
considered to have abdominal obesity, and those with NC 90th > were considered
to have obesity [3, 11]. BMI was calculated as weight in kilograms (kg) divided by
the square of height in metres (m), whereas waist to height ratio was calculated as
waist circumference divided by height.
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2.4 Blood pressure

To measure blood glucose, the participants were first made comfortable, by
sitting on the chair for at least five minutes before measurements. From each subject
at least three reading blood pressure (systolic and diastolic) measurements were
taken, at an interval of five minutes apart. Blood pressures readings were taken
using electronic Micronta monitoring kit. The device has a bladder which contains
an electronic infrasonic transducer that monitors the blood pressure and pulse rate,
thus displaying these on the screen. Hypertension was defined by systolic and dia-
stolic blood pressure > 95th percentile of age and sex adjusted reference level [6].

2.5Blood glucose

To measure blood glucose level all subjects were asked to do an 10 hours over-
night fasting prior to the test, in the morning their capillary blood sample were
obtained by a finger prick and blood was caught up in little cuvettes, which were
prepared with below mentioned reagents (glucose oxidase and reagents to measure
the generation of hydrogen peroxide such as non-toxic phenol red and horseradish
peroxidase was bonded to filter paper). After mixing with the reagents, fasting blood
glucose was measured using Hemocue® [8]. Type 2 diabetes mellitus was defined by
fasting blood glucose >7.1 mmol/L of sex and age adjusted reference level.

2.6 Statistical analysis

All the statistical analyses were performed using the Statistical Package for the
Social Sciences (SPSS) version 25. Data comparison was done using student t-test
for 2 groups. Descriptive statistics were performed for age, anthropometric param-
eters, fasting blood glucose and blood pressure (systolic and diastolic). The Linear
regression model was used to assess the association between blood pressure (systolic
and diastolic), blood glucose and anthropometric parameters after adjusting for
potential confounders. The logistic regression was used to determine the risk of
developing hypertension and type 2 diabetes mellitus using anthropometric param-
eters. Statistical significance was set at a probability level of 0.05 (Figures1 and 2).

Prevelence of obesity based on anthropometric parameters

®Boys mGirls

Prevalence (%)

BMI wC NC WHtR
Anthropometric parameters

Figure 1.

Gender specific prevalence of obesity based on WC, BMI, WHtR and NC among Ellisras children aged 6 to 11
years. The prevalence of obesity was higher in boys measured by BMI (16.9%), WC (5.4%) and WHtR (9.6%),
as compaved to givls BMI (12.2%), WC (4.6%) and WHtR (6.2%) and that measured by NC was higher in
girls (14.3%) than in boys (11.5%).
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Prevelence of hypertension and diabetes mellitus 11

®boys ™ girls

prevalence (%)

Hypertension Hypertension type 2 diabetes
(SBP) (DBP) mellitus

cardiovascular risk factors

Figure 2.

Gender-specific prevalence of hypertension and type 2 diabetes mellitus among Ellisvas children age 6 to
11 years. The prevalence of hypertension defined by SBP was higher in boys (5.4%) than in givis (5.1%),
hypertension defined by DBP was higher in girls (9.7%) than in boys (8.4%) and that of type 2 diabetes
mellitus was higher in boys (16.9%) as compared to girls (12.2%).

3. Results

Table 1 showed descriptive statistics of anthropometric parameters, blood pres-
sure and fasting blood glucose stratified by gender. The study population comprised
predominately boys (60%) with boy to girl ratio of 1.51:1. Boys showed higher mean
values of age NC, WC, BMI and WHtR than girls. In contrast, girls had higher mean
SBP, DBP and FBG values.

Table 2 showed positive correlation for systolic blood pressure with NC (0.261**
and 0.252**), WC (0.276** and  0.208**) and NC (0.264** and 0.233**) in boys
and girls respectively. Positive correlation was found for diastolic blood pressure
with NC (0.176**), WC (0.272**) and BMI (0.212**) in boys. Negative correlation
was found for fasting blood glucose with NC (—0.147*) and positive correlation for
fasting blood glucose with BMI (0.176*)

Variables Boys Girls

Age (years) 9.637 (1.351) 9.341 (1.086)

SBP (mmHg) 96.621 (11.569) 97.740 (10.540)
DBP(mmHg) 65.426 (8.930) 66.300 (9.216)
FBG (mmol/L) 4.542 (1.900) 4.707 (1.160)

BMI (kg/mz) 14.411 (1.203) 14.182 (1.368)
NC (cm) 25.850 (1.350) 25.287 (1.275)

WHIR 0.411 (0.022) 0.407 (0.023)

WC (cm) 54.720 (3.153) 53.853 (3.354)

M = Mean; SD = standard deviation; NC = Neck Circumference (cm); WC = waist circumference (cm); BMI = body
mass index ( kg/m2 ); WHIR = waist to height ration; SBP = systolic blood pressure (mmHg); DBP = diastolic blood
pressure (mmHg); FBG = fasting blood glucose (mmol/L).

Table 1.
Descriptive statistics of anthropometric parameters, systolic and diastolic blood pressure and blood glucose of
Ellisras children age 6 to 11 years.
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SBP DBP FBG
Boys Girls Boys Girls Boys Girls
FBG —-0.029 0.075 0.044 0.131
NC 0.261%* 0.252** 0.176** 0.102 —-0.147* -0.027
WC 0.276** 0.208** 0.272** 0.065 —-0.065 0.111
BMI 0.264** 0.233** 0.212* 0.096 -0.004 0.176*
WHtR —-0.046 0.058 0.064 0.025 0.031 0.035

**p < 0.001; "p < 0.05 statistical significant; NC = Neck Circumference (cm); WC = waist civcumference (cm);
BMI = body mass index (| k:g/m2 ); WHIR = waist to height ration.

Table 2.
Pearson correlation coefficient (v) of blood pressure (systolic and diastolic) and blood glucose with
anthropometric parameters.

Unadjusted Adjusted for age and sex
Para meters B P-value 95%CI B P-value 95%CI
Systolic blood pressure
BMI 0.244 <0.001 1.390-2.901 0.161 <0.001 0.942-2.529
wC 0.240 <0.001 0.528-1.120 0.186 <0.001 0.296-2.072
WHtR —-0.009 0.838 —49.434-40.129 0.069 0135 -10.957-80.784
NC 0.242 <0.001 1.294-2.724 0.197 <0.001 0.780-2.485
Diastolic blood pressure
BMI 0.156 <0.001 0.487-1.731 0.072 0.004 0.319-1.640
wC 0177 <0.001 0.249-0.734 0171 <0.001 0.190-0.758
WHtR 0.043 0.337 —18.486-53.846 0.091 0.053 —0.463-75.012
NC 0.134 0.003 0.307-1.488 0.120 0.026 0.098-1.515
Fasting blood glucose
BMI 0.046 0.312 —0.056-0.173 0.083 0.081 —0.014-0.229
wC —-0.018 0.692 —0.054-0.036 0.034 0.516 —0.035-0.070
WHtR 0.027 0.551 —4.582-8.586 0.011 0.824 —6.137-7.704
NC —-0.120 0.008 —0.254--0.039 —-0.104 0.054 —0.257-0.002

Povalue < 0.05 = statistical significant; CI = confidence interval; p = beta; NC = Neck Circumference (cm);
WC = waist circumference (cm); BMI = body mass index ( Ieg/m2 ); WHItR = waist to height ration.

Table 3.
Linear regression analysis for the association of anthropometric parameters with, blood glucose and blood
pressures.
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Table 3 shows the linear regression for the association of anthropometric
parameters (NC, BMI, WC and WHtR) with DBP, SBP and FBG. There was a
significant association of SBP with BMI (p = 0.244, 95%CI = 1.390-2.901), WC

(B = 0.240, 95%CI = 0.528-1.120) and NC (p = 0.242, 95%CI = 1.294-2.724).
Table 4 showed binary logistic regression analysis for determining the odds

of high blood pressure and high blood glucose using anthropometric parameters.
After multivariate adjustment by age and gender, BMI (P = 0.046, § = 1.340, 95%
CI = 1.005-1.788) showed to have significantly greatest odds for high SBP followed
by WC (P = 0.025, p = 1.143, 95% CI = 1.017-1.285).
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Unadjusted Adjusted for age and
gender
Systolic blood pressure
Parameters OR(95% CI) Pvalue OR (95% CI)
BMI 1.340 (1.005-1.788) 0.046 1.258(0.925-1.709)
NC 1.208 (0.903-1.617) 0.203 1.080(0.763-1.530)
WC 1.143 (1.017-1.285) 0.025 1.115(0.975-1.276)
WHtR 1.510 (1.106-1.666) 0.579 1.413(0.752-1.777)
Diastolic blood pressure
BMI 1.150 (0.909-1.456) 0.244 1.210(0.941-1.558)
NC 1.076 (0.856-1.354) 0.529 1.189(0.901-1.571)
WwC 1.069 (0.973-1.174) 0.164 1.120(1.004-1.249)
WHtR 1.042 (0.144-1.317) 0.092 0.172(0.093-3.181)
Fasting blood glucose
BMI 0.987 (0.827-1.177) 0.884 1.009(0.838-1.215)
NC 0.831 (0.701-0.986) 0.034 0.813(0.663-0.998)
WwC 0.975 (0.910-1.045) 0.479 0.983(0.907-1.066)
WHtR 0.137(0.124-1.432) 0.083 0.978(0.809-1.183)

Poalue < 0.05 = statistical significant; CI = confidence interval; OR = odds ratio; NC = Neck Circumference (cm);
WC = waist circumference (cm); BMI = body mass index (kg/mz); WHIR = waist to height ration.

Table 4.
Binary logistic regression analysis of anthropometric parameters with systolic and diastolic blood pressure.

4. Discussion

The main purpose of the study was to determine the relationship of blood
pressure, blood glucose with anthropometric parameters among Ellisras children
aged 6 to 11 years old and several major findings emerged.

The present study showed that NC is significantly associated with blood glucose,
which corroborates the previous findings that increased NC is an emerging risk
factor for high blood glucose [12]. However, it is difficult to explain in the present
study why only NC was associated with fasting blood glucose, although BMI, WC
and WHItR are also anthropometric parameters. One possible explanation for these
findings may be that different anthropometric parameters have varied impact on
blood glucose. The mechanism linking anthropometric parameters with blood
glucose levels is not clear but main schools of thought on the matter suggest differ-
ent mechanisms. Firstly, in obesity (i.e WHR >0.90 or BMI >30 kg/m2), abundance
of circulating fatty acids and liver-derived triglyceride (VLDL) provide an excel-
lent fuel for muscle, decreasing their requirement for glucose [13]. People with
obesity tend to be sedentary, and thus muscle consumes less glucose [14]. In obesity,
increased delivery of fatty acids to the liver (as in visceral obesity) enhances gluco-
neogenesis and thus leading to production of glucose [15]. In obesity the increased
fatty acid cause insulin resistance directly by activating enzymes that decrease the
response to insulin, thereby aggravates the pre-existing insulin resistance which
results in elevated blood glucose level and eventually type 2 diabetes mellitus [16].

The study also demonstrated that NC, WC and BMI are significantly associated
with blood pressure, which confirms the observations of the previous findings

114



Association of Anthropometric Parameters with Blood Pressuve and Blood Glucose...
DOI: http://dx.doi.org/10.5772/intechopen.95938

around the relationship between mean anthropometric parameters and blood pres-
sure values [4, 7, 17]. However, the precise mechanism by which anthropometric
parameters act to increase blood pressure is not fully understood. One possible
mechanism is linked to the prognostic importance of visceral adipose tissue assess-
ments by WC rather than general obesity assessments by BMI [18, 19]. Visceral
adipose tissue produces angiotensinogen, interleukin-6 and leptin [20]. An imbal-
ance in production of these adipokines, particularly angiotensinogen leads to the
activation of the rennin-angiotensin system, causing vasoconstriction and reab-
sorption of sodium [20]. The constriction of blood vessels increases blood pressure
and eventually the development of high blood pressure.

This study has several limitations. Firstly this is a cross sectional study and does
not allow establishment of cause-effect relationship, secondly the study model
does not provide information regarding the ability of anthropometric parameter to
future health outcome, and lastly the study was conducted in rural areas in Ellisras
so the findings might not be generalizable to the overall Ellisras population.

5. Conclusion

The study shows that both blood glucose and blood pressure are associated with
some anthropometric parameters. These findings suggest that it is crucial to manage
and control traditional risk factors in rural South African communities in Ellisras in
order to decelerate the increase in obesity, hypertension and type 2 diabetes mellitus
and to reduce the burden of cardiovascular disease. The present study highlights the
need of incorporating body mass index (BMI), waist circumference (WC), neck
circumference (NC) and waist-height ratio (WHtR) while evaluating the associa-
tion of easily accessed anthropometric parameters with CVD risk factors.
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Abstract

Overweight and obesity have increasingly become a health concern globally and,
in particular, developing countries such as Zimbabwe. Obesity is associated with an
increased risk of non-communicable diseases such as diabetes and cardiovascular
diseases. Previous studies in the country have controlled for other factors, but none
have examined the relationship between household assets ownership and body mass
index. This study examines the association between demographic, socioeconomic
factors and household assets ownership and obesity among Zimbabwean women of
reproductive age over the 10-year period from 2005 to 2015 based on three
Demographic and Health Surveys. The analytical sample consisted of non-pregnant
women aged 15-49 years who were dejure household residents. Logistic regression
models were used to examine the association between background variables and
Body Mass Index. Women in urban areas, with higher education, working and from
richer households are more likely to be at risk of overweight and obesity. However,
possession of household assets such as television, radio and telephone were not
associated with overweight/obesity, except for the television in 2010/11. Thus,
there is need for constant awareness programmes on healthy eating food, and
physical activity especially among older women and those working.

Keywords: obesity, overweight, household assets, trends, Zimbabwe

1. Introduction
Obesity has become a public health problem that has shifted from being a

problem in rich countries to one that is found across all income levels. Worldwide
obesity has nearly tripled and it is estimated that 4.7 million people died
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prematurely in 2017 due to obesity-related causes [1]. The number of premature
deaths due to obesity-related causes is projected to increase to 5.5 million in 2025
[2]. Sub-Saharan Africa has the lowest prevalence of obesity in comparison to other
regions of the world [3]. However, the prevalence of obesity and overweight is
projected to increase in the next two decades [4] and Southern Africa is dispropor-
tional affected [5]. In response to this, World Health Organisation (WHO) came out
with “Global action plan on physical activity 2018-2030: more active people for a
healthier world” which is aimed at providing effective and feasible policy actions to
increase physical activity globally [6]. In Zimbabwe, the prevalence of overweight
and obesity increased substantially over the decade from 25% in 2005 to 36.6% in
2015 [7]. Obesity is likely to lead to death, high blood pressure/hypertension, high
cholesterol coronary, diabetes, cardiovascular diseases (CVDs), hypertension, cor-
onary heart disease, and stroke [6].

Evidence from several research studies indicated that socio-economic background
factors increased the likelihood for individuals to end up being obesity. The emerging
prevalence of overweight and obesity in Africa has been largely attributed to the
rising level of urbanisation in the region and its attendant global nutrition transition
[8]. Urbanisation in Africa is increasing rapidly and African countries are projected
to have 50% urbanisation by 2020 [9]. These risk factors of obesity are similar to
those found in several studies across the world as accounting for the increasing
overweight and obesity epidemic in developing countries and the stall in the phe-
nomenon in developed countries [10, 11]. Literature is showing differences in over-
weight and obesity to the disadvantage of those in urban settings [5]. These rural-
urban disparities could be explained by the differences in lifestyle such as time spent
watching television, mechanisation of occupation and dietary pattern in Africa [5, 12,
13]. Studies elsewhere have confirmed that women who were informally employed
and listened to the radio were less likely to be overweight or obese compared to those
who were unemployed and did not listen to the radio, respectively [14].

Research had shown socioeconomic differences in overweight and obesity by the
level of education and wealth to the detriment of those with lower socio-economic
status in most countries across Africa similar to those found in other previous
studies [15]. Studies have argued that cultural norms that favour fatter body size
contribute significantly to the socio-economic status differences in overweight and
obesity in developing countries, particularly in Africa [16]. Women of higher
socioeconomic status have the resources and knowledge of the importance of phys-
ical activity and healthy diet but they also face several socio-cultural barriers that
may prevent them from putting those into use [17]. With specific reference to those
with no education, research had shown that the odds of being overweight/obese
significantly increased with the level of education [18].

Studies have revealed a significant association between overweight/obesity and
age [14, 19, 20]. Studies have shown the likelihood of obesity and overweight to be
high among older women and the possible reason for this finding maybe that old
age is likely to be characterised by high physical inactivity as well as the consump-
tion of more energy-dense foods, which may result in overweight and obesity [14].
Another possible explanation for this could be that, as people grow, the composition
of their body changes, which results in an increase in fat mass and a decline in fat-
free mass [19, 20]. Overweight and obesity vary greatly between men and women,
with women across the globe disproportionately affected [21]. Generally, women
with higher parities have been found to have higher retention of gestational weight
gain and consequently the onset of overweight and obesity [16, 22]. The real impact
of parity and associated reproductive factors could, however, be modest and inter-
twined in a complex pattern with socio-cultural, demographic and socio-economic
factors, as well as other risk factors [22].
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Researches have shown an association between religious affiliation and obesity
and overweight. This finding can be explained in the context of a study by Kahan
(2015) in 38 countries that found high rates of physical inactivity among Muslim
women, as well as Benjamin and Donnelly (2013) who conducted a study on bar-
riers and facilitators influencing the physical activity of Arabic adults [23, 24].
Married women are more susceptible to being overweight or obese, thus marital
status is a strong predictor of obesity [25]. Hormonal contraception use has been
found to increase the risk of obesity and injected depot medroxyprogesterone
acetate also increased weight [26, 27].

The rapidly changing role of women in African societies, with their increasing
involvement in the labour force, especially in urban areas contribute to the dramatic
changes in dietary patterns and food supply occurring in these settings [28]. In
addition, in these settings, a direct relationship between socioeconomic status and
obesity has been observed, since higher socioeconomic groups are more likely to
buy extra food and achieve their desire to look healthy and strong [29]. Therefore,
this paper aim to investigate the problem of obesity and included household assets
as part of the background variables.

2. Methods
2.1 Source of data

This paper utilises pooled data from 3 consecutive Zimbabwe Demographic and
Health Surveys (ZDHS) from the following years; 2005/6, 2010/11 and 2015. The
ZDHS is a nationally representative sample survey of women aged 15-49 years,
which is conducted every five years. Permission to use the data sets was sought
from Measure DHS. The data collected covers: individual and household level socio-
demographic; health and sexual activity; maternal and child health; mortality; fer-
tility; family planning; and nutrition.

2.2 Study participants and sample size

The sample sizes of the interviewed women aged 15-49 were selected based on a
master sampling plan, which was provided by the Central Statistics Office (1988-
2005) and Zimbabwe National Statistics Agency (ZIMSTAT) (2010-2015). A two-
stage cluster sampling process was used. Firstly, enumeration areas were selected
from a list of clusters obtained from the master sampling plan provided by
ZIMSTAT, followed by a selection of households from each cluster. All women aged
15-49 years were selected from each selected household and interviewed. Informed
consent was obtained from the respondents before being interviewed. The analysis
was limited to currently non-pregnant women aged 15-49 years who were dejure
household members: survey year 2005/6, n = 7,798; 2010/11, n = 7,612; and 2015,

n = 8,552). All data sets from the three surveys were weighted.

3. Variables
3.1 Dependent variable
Overweight and obesity was the outcome variable and the measurement of

obesity is based on the Quetelet Index, also known as body mass index (BMI). BMI
is weight divided by height squared (kg/m2). The biomarkers took the weight and
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height measurements during the face-to-face interviews. The study adopted the
widely accepted definition of overweight and obesity as a BMI of >25.0 kg/m” and
30 kg/m®, respectively. Overweight and obesity were combined as one category to
ensure enough cases for the analysis. We use a binary variable to classify respon-
dents whose BMI was >25.0 kg/m” as overweight and obesity and coded “1” while
those below 25.0 kg/m?” were classified otherwise and coded “0”.

3.2 Independent variables

The independent variables used in this study were categorised into two groups:
demographic factors and socioeconomic status (SES). The demographic factors
were: age (15-19, 20-24, 25-29, 30-34, 35-39, 40-49); parity (<2, 2-3, 4-5, 6+);
marital status (never in a union, currently in a union, and formerly in a union);
religion (Roman Catholic, Protestant, Pentecostal and others). SES was measured
using six indicators: wealth (poorest, poorer, middle, richer and richest); the level
of education (no education and primary were collapsed for easy analysis), second-
ary, higher education); employment status (unemployed and employed); place of
residence (rural or urban); region or province all (ten Zimbabwean provinces were
included); and household assets (radio, television and telephone).

3.3 Data analysis

We used frequency distributions to describe and summarise the characteristics
of the respondents across all three survey years under study. In addition, the
bivariate relationship between the background characteristics and the dependent
variable were examined using the Chi-square test of independence. In the last part,
three binary logistic regression models were fitted to examine the associations
between the independent variables and the outcome variable.

4. Findings

About a quarter (25.2%) of the women were either overweight or obese in 2015,
31.3% in 2010 and 34.9% in 2015 (Table 1). The majority of women sampled were
from rural areas, 59.8% in 2005, 61.7% in 2010 and 61.9% in 2015. More than two-
thirds of women came from households that had wealth between middle and
richest, 66.4% in 2005, 65.8% in 2010 and 65.8% in 2015. At least sixty percent of
women had at least secondary education, 63.3% in 2005, 59.6% in 2010 and 72.8%.
Most respondents were aged between 15 and 34 years, 74.5% in 2005, 72.1% in 2010
and 51% in 2015. The majority of women had parity <2, 46.9% in 2005, 44.1% in
2010, 41.2 in 2015. The most common religion was Apostolic sect, 29.2% in 2005,
37.4% in 2010 and 41.4% in 2020. More than half of women were currently in a
union, 54.6% in 2005, 59.5% in 2010 and 59.5% in 2015. In terms of employment,
most women were not working, 62.4% in 2005, 62.2% in 2010 and 57.9% in 2015.
The highest proportions of women were from Harare province, 17% in 2005, 18.4%
in 2010 and 17.8% in 2015. The least proportion of women was from Matebeleland
South province, 5.0% in 2005, 5.2% in 2010 and 4.2% in 2015. Close to half of the
women reported that their household owned a radio (55.2% in 2005, 41.3% in 2010
and 55.6% in 2015). Around 40% of women reported that their household owned a
television set (39.2% in 2005, 43.2% in 2010 and 44.3% in 2015). Ownership of a
telephone was low, 11.4% in 2005, 4.9% in 2010 and 3.9% in 2015.
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Variables 2005/06(%) 2010/11(%) 2015(%)

Place of Residence

Urban 3,136 (40.2) 2911(38.3) 3,260(38.1)
Rural 4661(59.8) 4,700(61.7) 5,292 (61.9)
Household wealth

Poorest 1,340 (17.2) 1288(16.9) 1,468 (17.2)
Poorer 1,271 (16.3) 1,320(17.4) 1,452(17.0)
Middle 1,345 (17.2) 1382(18.2) 1,536(18.0)
Richer 1765 (22.6) 1,697 (22.3) 1,945(22.7)
Richest 2077(26.6) 1922(25.3) 2,151(25.1)

Level of Education

No Education/Primary 2869(36.8) 2310 (30.4) 2,328(27.2)
Secondary 4690(60.2) 4933 (54.8) 5,603(65.5)
Higher 238(3.1) 368(4.8) 620(7.3)
Age

15-19 1880 (24.1) 1638(21.5) 1,912 (2.3)
20-24 1605 (20.6) 1452 (19.1) 1,381 (16.5)
2529 1249(16.0) 1,317(17.3) 1,381 (16.5)
30-34 1,073 (13.8) 1084(14.2) 1,345(15.7)
35-39 769(9.9) 874(11.5) 1095(12.8)
40-44 652(8.4) 673(8.9) 907(10.6
45-49 570(7.3) 574(7.5) 528(6.2)
Parity

<2 3654 (46.9) 3353(44.1) 3,524 (41.2)
2-3 2288(29.3) 2550(33.5) 2,977 (34.8)
45 1118(14.4) 1158(15.2) 1,508 (17.6)
6+ 738(9.5) 551 (7.2) 543 (6.4)
Religion

Roman Catholic 793 (10.2) 653(8.6) 575 (6.7)
Protestant 2042 (26.2) 1290 (17.0) 1,390 (16.3)
Pentecostal 1384 (17.8) 1643 (21.6) 2,138 (25.0)
Apostolic sect 2278 (29.2) 2,844(37.4) 3,542 (41.4)
Others 1300(16.7) 1181 (15.2) 906 (10.6)

Marital Status

Never in Union 2253 (28.9) 1964(25.8) 2,278(26.6)
Currently in Union 4260 (54.6) 4523(59.5) 5,089(59.5)
Formerly in Union 1285 (16.5) 1121 (14.7) 1,186(13.9)

Employment status

Working 2942 (37.8) 2875 (37.8) 3,598(42.1)

Not Working 4841(62.4) 4737(62.2) 4,954(57.9)
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Variables 2005/06(%) 2010/11(%) 2015(%)

Province of Residence

Manicaland 912(11.7) 1007(13.2) 1,069(12.5)
Mashonaland central 707(9.1) 731(9.6) 738 (8.6)
Mashonaland east 624(8.0) 699(9.2) 839 (8.7)
Mashonaland west 721(9.3) 878 (11.5) 997 (11.7)
Matabeleland north 474 (6.1) 377 (5.0) 405 (4.7)
Matabeleland south 393(5.0) 398(5.2) 357 (4.2)
Midlands 1,031(13.2) 937(12.3) 1,073 (12.6)
Masvingo 970(12.4) 741 (9.7) 1,036(12.1)
Harare 1322 (17.0) 1340(18.4) 1,525 (17.8)
Bulawayo 643(8.2) 443 (5.8) 513(6.00)

household has: radio

No 3494 (44.8) 4,464 (58.7) 4,773 (55.8)

Yes 4300 (55.2) 3,148(41.3) 3,7789(44.1)

household has: television

No 4740 (60.8) 4,319 (56.7) 4,767(55.7)
Yes 3052 (39.2) 3,293 (43.2) 3,785(44.3)

household has: telephone

No 6906 (88.6) 7,240 (95.1) 8,218 (96.1)

Yes 887 (11.4) 372(4.9) 334(3.9)

Total, n 7798(100) 7,612 (100) 8,552(100)
Table 1.

Percentage distribution of the characteristics of women in Zimbabwe, 2005-2015.

The results show that there has been an increasing trend in the percentage of
women in Zimbabwe who were either overweight or obese from 2005/06 (25.2%)
to 2015 (34.9%) (See Table 2).

The results of the bivariate analysis reveal a significant association between
background variables and overweight/obesity (Table 2). Women from urban areas
were more likely to be overweight or obese (35.8 in 2005, 40.3% in 2010 and 46.7%
in 2015) compared to those from rural areas (18% in 2005/06, 25.4% in 2010/11 and
27.7% in 2015) (p = 0.000). Similarly, urban provinces such as Harare and Bula-
wayo were more likely to have women who were obese and overweight compared
to women in rural provinces (p = 0.000). Women from richest households were at
higher risk of overweight/obesity over the period, 39.1% in 2005, 42.5% in 2010 and
50% in 2015 compared to women from the poorest households (13.6, 17.4 and
18.7%, respectively) (p = 0.000). Similarly, the level of education was associated
with the prevalence of overweight/obesity (p = 0.000). Women with higher edu-
cation were more likely to be obese/overweight (57.4% in 2005, 48% in 2010 and
57% in 2015) compared to women with primary or no education (22.6%, 29.5% and
28.2%, respectively) (p = 0.000). Obesity/overweight increased with parity, for
2005/06 and 2010/11, the highest prevalence of overweight/obesity was among
women with 4-5 children while for 2015, the highest prevalence was among women
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Variables 2005/06(%) 2010/11(%) 2015(%)
Prevalence of Obesity

Obese/Overweight 1963(25.2) 2,383(31.3) 2,984(34.9)
Normal 5,835(74.8) 5,229(68.7) 5,568(65.1)

Place of Residence

Urban 1121 (35.8) 0.00 1189 (40.3) 0.00 1521 (46.7) 0.00
Rural 842 (18.0) 1194 (25.4) 1527 (27.7)
Household wealth

Poorest 182(13.6) 0.00 224(17.4) 0.00 279 (18.7) 0.00
Poorer 194 (15.3) 314(23.8) 355(24.5)

Middle 251(18.7) 394(28.5) 472 (30.7)

Richer 524(29.7) 635 (37.4) 802 (41.2)

Richest 812 (39.1) 817(42.5) 1076 (50.0)

Level of Education

No Education/Primary 647 (22.6) 0.00 681 (29.5) 0.00 656(28.2) 0.00
Secondary 1179 (25.1) 1525 (30.9) 1972 (35.2)

Higher 137 (57.4) 177(48.1) 356(57.4)

Age

15-19 214 (11.4) 0.00 200 (12.2) 0.00 251 (13.1) 0.00
20-24 293 (18.3) 305 (21.0) 331(24.0)

25-29 322 (25.8) 432 (32.8) 481(34.8)

30-34 334 (31.2) 430 (39.7) 621(46.2)

35-39 302(39.3) 389 (43.8) 529(48.2)

40-44 270(41.4) 336 (49.9) 491(54.1)

45-49 229 (40.1) 297 (51.7) 281(53.2)

Parity

<2 635 (17.4) 0.00 705 (21.0) 0.00 806(22.9) 0.00
2-3 688(30.1) 930 (36.5) 1272 (42.7)

4-5 389(34.7) 511 (44.2) 659(43.7)

6+ 251(34.1) 237 (43.0) 248 (45.7)

Religion

Roman Catholic 254 (32.0) 0.00 258 (39.4) 0.00 226(39.4) 0.00
Protestant 643 (31.5) 496(38.5) 556(40.7)
Pentecostal 388 (28.0) 565(34.4) 849 (39.7)
Apostolic sect 431(18.9) 741(26.1) 1037 (29.3)

Others 248(19.1) 324(27.4) 307(33.8)

Marital Status

Never in Union 342(15.2) 0.00 328 (16.7) 0.00 420(18.4) 0.00
Currently in Union 1248 (29.3) 1648(36.4) 2075 (40.8)
Formerly in Union 374 (29.1) 407(36.3) 489(41.3)
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Variables 2005/06(%) 2010/11(%) 2015(%)

Employment status

Working 932(31.7) 0.00 1270 (26.8) 0.00 1608 (44.7)  0.00

Not Working 1031 (21.3) 1313 (38.7) 1377 (27.8)

Province of Residence

Manicaland 258(28.3) 0.00 231(31.9) 0.00 330 (30.9) 0.00
Mashonaland central 89(12.6) 165 (22.6) 216(29.2)
Mashonaland east 135(21.6) 200(28.7) 278(33.1)
Mashonaland west 164 (22.7) 253 (28.8) 310(31.6)
Matabeleland north 78 (16.6) 88 (23.3) 116 (28.6)
Matabeleland south 98 (25.0) 102(25.6) 100(27.9)
Midlands 227 (22.0) 278(29.7) 342(31.9)
Masvingo 192(19.8) 214 (28.9) 320 (31.0)
Harare 491 (37.1) 601 (43.0) 736 (48.2)
Bulawayo 231 (35.9) 160 (36.2) 237 (46.2)

Household has: radio

No 631 (18.0) 0.00 1285 (28.8) 0.00 1614 (33.8) 0.05

Yes 1332 (31.0) 1098 (34.9) 1370 (36.3)

Household has: television

No 878 (18.5) 0.00 1064 (24.6) 0.00 1310 (27.5) 0.00

Yes 1085(35.5) 1320 (40.1) 1675 (44.2)

Household has: telephone

No 1589 (23.0) 0.00 2218 (30.6) 0.00 2831 (34.5) 0.00
Yes 374 (42.0) 165 (44.3) 154 (46.0)
Overall 1963(25.2) 2,383(31.3) 2985 (34.9)

Table 2.

Prevalence of overweight and obesity by background variables.

with 6+ children (p = 0.000). Women currently in a union or formerly in the union
were more likely to be overweight or obese compared to women who have never
been in union (p = 0.000). For 2005/06 and 2015, women who were working were
at higher risk of overweight/obesity (31.7% in 2005 and 44.7% in 2015) compared to
women not working (21.3% and 27.8%, respectively) p = 0.000). For 2010/11,
women who were not working were more likely to be overweight or obese (38.7%)
than those not working (26.8%) (p = 0.000) in 2010.

Household asset ownership was associated with the prevalence of overweight/
obesity. Women from households with radios were more likely to be overweight/
obese (31% in 2005/06, 34.9% in 2010/11) compared to women from households
without a radio had prevalence of (18.0% in 2005, and 28.8% in 2010) (p = 0.00).
Women from households with television were more likely to be overweight or
obese (35.5% in 2005, 40.1% in 2010 and 44.2% in 2015) compared to women from
households without a television (18.5%, 26.6% and 27.5%, respectively)

(p = 0.000). Women from households which owned a telephone had the highest
prevalence of overweight/obesity, 42.0% in 2005, 44.3% in 2010 and 46.0% in 2015
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Variables

2005
aOR(95% CI)

2010
aOR(95% CI)

2015
aOR(95% CI)

Place of Residence

Urban (ref)

Rural 0.95 (0.72-1.22) 0.80(0.64-0.99)** 1.11 (0 .87-1.42)
Household wealth

Poorest(ref)

Poorer 1.18 (0.93- 1.49) 1.58(1.28- 1.95)*** 1.46(1.17-1.81)***
Middle 1.44(1.12-1.84)* 1.95 (1.56-2.47)*** 1.95(1.58-2.41)***
Richer 2.35(1.70-3.20)*** 2.38 (1.82-3.10)*** 3.06 (2.32-4.05)***
Richest 3.06 (2.06-4.56)*** 3.92(2.11-4.04)*** 4.56 (3.20-6.51)***

Level of Education

No Education/Primary(ref)

Secondary 1.05( 0.89-1.25) 1.08 (0.92-1.27) 1.17 (1.01-1.35)**
Higher 1.89(1.37-2.60)*** 1.19(0.89-1.60) 1.32 (1.01- 1.72)**
Age

15-19(ref)

20-24 1.37 (1.06-1.75)** 1.44 (1.12-1.84)** 1.42(1.12- 1.80)**
25-29 1.96(1.48- 2.59)*** 2.41 (1.87-3.12)*** 2.25(1.69-3.00)***
30-34 2.44 (1.82-3.28)*** 2.99 (2.29- 3.92)*** 3.38(2.53-4.50)***
35-39 3.24(2.41-4.36)*** 3.58 (2.65- 4.84)*** 3.70(2.71-5.05)***
40-44 3.69(2.73- 5.00)*** 4.43 (3.21-6.11)*** 4.75 (3.50-6.46)***
45-49 4.16 (3.94-6.88)*** 5.04(3.61-7.03)*** 4.74(3.31-6.78)***
Parity

<2 (ref)

2-3 1.25 (1.04-1.51)** 1.18 (0.97-1.44) 1.19(0.99- 1.43)*
4-5 1.49(1.15- 1.92)** 1.60 (1.26- 2.07)*** 1.22(0.96- 1.56)*
6+ 1.50(1.11-2.03)** 1.56(1.16-2.09)** 1.58 (1.17- 2.15)**
Religion

Roman Catholic(ref)

Protestant

1.00 (0.82-1.22)

0.97 (0.76-1.24)

1.07 (0.82-1.37)

Pentecostal

0.85 (0.69-1.06)

0.85(0.67-1.08)

1.00 (0.79-1.27)

Apostolic sect

0.75 (0.61-0.92)**

0.68 (0.54-0.86)***

0.87 (0.67-1.14)

Others

0.67(0.54-0.85)**

0.71(0.55-0.931)**

1.02(0.78-1.33)

Marital Status

Never in Union(ref)

Currently in Union

1.44 (1.14-1.83)**

1.68 (1.32-2.14)***

1.65(1.36-2.01)***

Formerly in Union

1.13(0.86-1.49)***

1.35(1.02-1.79)**

1.39(1.10- 1.75)**

Employment status

Not Working(ref)

Working

1.23 (1.06- 1.44)**

1.04(0.91-1.19)

1.15 (1.00-1.31)**
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Variables

2005
aOR(95% CI)

2010
aOR(95% CI)

2015
aOR(95% CI)

Province of Residence

Manicaland (ref)

Mashonaland Central

0.44 (0.27-0.70)**

0.64(0.50-0.85)***

1.03(0.79-1.34)

Mashonaland East

0.66(0.50-0.87)**

0.84 (0.60-1.18)

0.97(0.75-1.24)

Mashonaland West 0.66 (0.51- 0.86)** 0.83 (0.68-1.01) 0.85(0.66-1.10)
Matabeleland North 0.69 (0.52-0.93)** 0.85 ( 0.63-1.12) 1.10 (0.82- 1.44)
Matabeleland South 1.00 (0.75-1.31) 0.94 (0.74-1.20) 0.90 ( 0.68-1.19)
Midlands 0.64 (0.51-0.81)*** 0.92 (0.72-1.18) 0.96 (0.72-1.28)
Masvingo 0.89(0.67- 1.20) 1.05(0.84-1.31) 1.00 (0.78-1.30)
Harare 0.97(0.74-1.26) 1.02 (0.80-1.31) 1.16 (0.89-1.52)
Bulawayo 0.85(0.66-1.10) 0.78 (0.59-1.05) 1.12 (0.85- 1.42)

household has: radio

No

Yes 1.09(0.92-1.30) 1.02(0.89-1.15) 1.00 (0.88-1.14)

household has: television

No

Yes 1.08(0.90-1.29) 1.25 (1.05-1.47)** 1.07(0.89-1.29)

household has: telephone

No

Yes 1.38(1.12-1.69) 1.20 (0.92-1.58) 0.91 (0.65-1.29)

Notes: aOR, adjusted odds ratio.
*» < 0.1

**p < 0.05

***p < 0.001

Table 3.
Odds ratio estimates for overweight /obesity women aged 15-49 years from 2005-2015 in Zimbabwe.

compared to women with households without a telephone (23%, 30.6% and 34.5%,
respectively) (p = 0.000).

Table 3 shows the results of the multiple regression, indicating variables that are
statistically significant after controlling for other factors. Women from rural areas
were less likely to be overweight/obese compared to those from urban areas only in
2010 (aOR = 0.80, p < 0.05). Household wealth was associated with being over-
weight/obese, with women from richest households were three times (aOR = 3.06),
four times (aOR = 3.92) and five times (aOR = 4.56) more likely to be overweight/
obese compared to those from poorest households in 2005, 2010 and 2015, respec-
tively (p < 0.001). In 2005/06, women with higher education had a significantly
higher likelihood of being overweight/obese compared to those with no/primary
education (1.89 times higher, p < 0.001), while in 2015, women with secondary
and higher education were 1.17 and 1.32 more likely to be overweight/obese,
respectively than those with primary or no education (p < 0.05). Older women
aged 45-49 years had increased odds of overweight/obesity compared to the young
women aged 15-19 years, four times (aOR = 3.06) in 2005, five times (aOR = 5.04)
in 2010 and five times (aOR = 4.74) in 2015 (p < 0.001). Parity also increased the
likelihood of overweight/obesity, women with parity of 6+ had more than 50%
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higher chances of being overweight/obese compared to those with parity of <2 in
three periods, 2005, 2010 and 2015 (p < 0.05). Women currently in union were
more likely to be overweight/obese compared to those never in union, 44% higher
chances in 2005 (p < 0.05), 68% higher chance in 2010 (p < 0.001) and 65%
higher chance in 2015 (p < 0.001) (Table 3).

Working increased odds of overweight/obesity compared to those not working,
aOR =1.23in 2005, and aOR = 1.15 in 2015 (p < 0.05). Household ownership of
radio and telephone did not show a statistically significant association with women’s
chances of being overweight or obese. Household ownership of television showed
a significant increased likelihood of overweight/obesity in 2010 only (aOR = 1.25)
(p < 0.05) with no significant likelihood in 2005 and 2015.

5. Discussion

The aim of the study was to examine factors associated with overweight and
obesity among women aged 15-49 years in Zimbabwe. Our study found that rural
women were less likely to be overweight and obese than urban women. Similar
findings were also reported by Neupane, Prakash and Doku 2015 who found obesity
to be more prevalent in urban setups [5]. Neupane et al. [5] attributed this disparity
to differences in lifestyle, dietary pattern and type of occupation. Women in rural
areas tend to be involved in activities that call for their energy use such as farming,
collecting firewood and fetching water and thus use up lots of calories. The study
findings also reveal that women from richer households had higher odds of over-
weight and obesity than women from the poorest households. Similar findings were
reported by Neupane et al. [5]. We found higher education and working status to be
constantly associated with overweight/obesity in 2005 and 2015 and not in 2010/11.
Studies elsewhere concur with current findings [18]. This could be related to the
fact that these highly educated women are more likely to be working and more
likely to come from richer households, and thus use energy saving devices at home
to execute their daily domestic chores or can afford to employ domestic workers. In
addition, some women tend to afford eating western food outlets at work which are
perceived to be ‘junk’ and fatty food. However, the period 2010/11 has no statisti-
cally significant relationships as the period comes immediately after the economic
challenges that occurred in 2008, spilling the effects into this period, such that
education and working were overridden by other factors, thus diluting the rela-
tionship of these factors with overweight/obesity. Ownership of household assets
was not associated with overweight or obesity except for television in 2010/11. This is
contrary to other studies which found asset ownership such as radio and telephone
to be associated with obesity. It is not surprising that a sedentary lifestyle has been
observed to closely relate to time spent watching television as a leisure activity
[13, 18]. Subsequently, reduced energy expenditure because of this leisure activity
is closely associated with overweight and obesity.

Age was a constant predictor of overweight and obesity in all three surveys.
With increasing age, women tend to be at higher odds ratios of becoming over-
weight and obese. Elsewhere in similar settings, the prevalence of overweight and
obesity was also reported to be higher among older women [14, 19, 20]. Other
studies associate obesity in old age to be characterised by high physical inactivity as
well as the consumption of more energy-dense foods, which may result in over-
weight and obesity [14]. The current study found parity to be significantly associ-
ated with overweight/obesity. Similarly, several studies found multiparous women
had the highest odds of being obese [7, 14] as well associated with the onset of
higher retention of gestational weight gain [16, 22]. Marital status also emerged as a
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key factor in influencing overweight/obesity as women who were in a union or had
been in a union had higher odds of overweight and obesity. Similar studies have
found married women are more susceptible to being overweight or obese [25]. This
could be due to childbearing as married women tend to have children, as the
tradition implies marriage with childbearing and thus as parity increases in mar-
riage, so the risk of overweight/obesity.

6. Limitations

The study used cross-sectional data and reported factors associated with which
might not imply a causative relationship. Consequently, results are restricted to
how individuals were responding at one moment in time rather than over a period
of time. Second, sampling procedures rely on archival data that may contain
counting, collection, and recording errors. As a result, selection and recall biases
may perhaps have been introduced during data collection. Third, the explanatory
variables included in the study were limited to the ones collected as part of the
demographic and health survey. The Zimbabwe Demographic Health Surveys lack
key variables which can be sued as proxy to lifestyle behaviours such as diet
preferences and physical exercises. The majority of the variables in our study were
either biological (age, sex, parity) or socioeconomic (education, marital status,
wealth, employment status and education). It is difficult to interpret our results in
the absence of key factors such as type of food consumed and level of exercise.

7. Conclusion

The study has shown that demographic and socio-economic variables are more
likely to be associated with overweight and obesity. Women in urban areas, with
higher education, working and from richer households are more likely to be at risk
of overweight and obese. Also, older women and those currently in a union or had
been in union are more likely to be overweight/obese. However, possession of
household assets such as television, radio and telephone were not associated with
overweight/obesity, except for the television in 2010/11. This calls for interventions
that address the socio-economic factors. Thus, there is need for constant awareness
programmes on healthy eating food, and physical activity especially among older
women and those working.
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Chapter 9

Smoking and Non-Communicable
Diseases in Sub-Saharan Africa:
The Nigeria Scenario

Abayomi Ayodapo and Babalola Ibisola

Abstract

Smoking remains a strong factor in the emergence of Non-Communicable
Diseases (NCDs) and it contributes to the development of cardiovascular diseases,
cancers, diabetes mellitus and chronic respiratory disease which are the four leading
NCDs worldwide. Non-Communicable Diseases has been implicated in about two
thirds of the global premature deaths. However despite the strong evidence of link
of smoking to NCDs, the prevalence of smoking is still high among the youths and
adults, with an attendant adverse health effects. Nigeria, though a signatory to
WHO Framework Convention on Tobacco Control (WHO FCTC) of 2005, and its
recent domestication in National Tobacco Act of 2015, effective operationalization
and implementation is still a mirage.

Keywords: Prevalence, Smoking, non-communicable diseases, Nigeria, Africa

1. Introduction

Non-communicable diseases (NCDs) as at 2015 already account for more than
80 percent of premature deaths in developing countries and the reported single
largest preventable risk factor for NCDs is tobacco smoking [1]. The transition of
tobacco hubs from the West to the African continent is of paramount importance,
and Nigeria lies at the forefront of the shift from a tobacco-producing to a tobacco-
consuming nation [2]. Smoking is the inhalation of the smoke of burning tobacco
encased in cigarettes, pipes, and cigars. Most smokers begin smoking during their
adolescent years, and they grow into the habit making nicotine addiction difficult
to curb [3]. As these adolescents become adults, they serve as role models to youths,
reinforcing a vicious cycle [3]. The health consequences of tobacco smoking depend
on the duration and quantity of the smoking behaviour. Starting to smoke early in
life increases the risk of NCDs and adolescent smokers are at greatest risk of future
morbidity and mortality [4].

This chapter will highlight the prevalence and determinants of smoking in
Nigeria, its measured effects on the health and well-being of the citizens, its
economic burden, governmental and institutional efforts towards the control of
tobacco smoking and the success, if any, of these measures.

Historical Background: Cigarette smoking is a mode of consumption of
tobacco, an agricultural product derived from the leaves of plant nicotiana™.
Tobacco was first grown as a cash crop in America in 1962 by settlers in James town
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Virginia USA. Tobacco consumption gradually gained wide publicity through 1880s,
through chewing, smoking pipes and hand rolled cigar or cigarettes. However,

the invention of the first cigarette—-making machine by James Bonsack capable of
milling 120,000 sticks of cigarette per day revolutionised the trade, spread and
consumption of this product worldwide [5].

There was an astronomic growth in the industry across the globe and consump-
tion was freely rising until 1964 when it witnessed its first set back. The Surgeon
General of the USA, Luther L. Terry (MD) issued the first warning dangers on
cigarette smoking on January 11th 1964, relating the tar and nicotine content as
causes of cancer. His Advisory Committee made their observations and conclusions
based on the findings of more than 7,000 articles relating to smoking and disease
available at that time in the biomedical literature [6]. They concluded that cigarette
smoking was responsible for lung and laryngeal cancers in men, probable cause of
lung cancer in women and the most important cause of chronic bronchitis.

The guided restrictions placed on the use of tobacco in Nigeria and other
parts of the world were the results of the early steps taken by Luther L. Terry who
insisted on warning labels on every cigarette pack [7] which forced tobacco indus-
tries to modifying their products by introducing filters and reducing the nicotine
contents in their products. The warning labels transformed over years [7] and
most developed countries made a stricter conditionality that forced many cigarette
companies outside the shores of the US to the developing countries especially in
Asia, Africa and South America where they found safe haven to establish their
industries.

Generally, the 19th Century was associated with improvement in health research
which further revealed other adverse effects of smoking. Subsequently, its ban or
reduction in use gained a global attention. Despite the known adverse consequences
of tobacco consumption, it is only in the Kingdom of Bhutan (South Asian country)
that the sales of tobacco are illegal [8].

Historically, the agenda for a national policy on tobacco control in Nigeria dates
back to the pre independence era, it however was not until a decade after the 2005
signing of the World Health Organisation Framework Convention for Tobacco
Control (WHO FCTC) [9, 10]. Economic challenge such as lack of fund and loss of
employment by the citizens were some of the reasons cited for the delay in imple-
menting the tobacco compliant policy. This is in difference to the observation by
Egbe et al. in their 2017 report that focused on and implicated the tobacco industry
as the major influence against the implementation of the WHO FCTC since 2005
when Nigeria ratified the FCTC, until 2015 when the National Tobacco Control Act
(NTCA) was signed into law [9, 11].

2. Prevalence of smoking in Nigeria

Globally, it is estimated that the number of smokers will increase from the pres-
ent prevalence of 1.3 billion to 1.6 billion people in 2025. Its associated mortality is
estimated to increase to 8.3 million persons in 2030 from 4.8 million persons in 2006
[12]. In 1990, Obot reported a prevalence of 26.8% of current smokers and 4.7% of
past smokers among Nigerian adults [13]. According to the 2012 GAT'S conducted
in Nigeria, the overall prevalence of adults who currently smoked was 3.7% [(3.1
million people): 7.2% - males; 0.3% - females)] [14]. The average age at initiation of
daily smoking, according to the report showed that majority began after 16 years old
[14]. More recent studies among medical, pharmacy and nursing students in South-
west Nigeria had life time prevalence of 17.9% and 5.04% for lifetime and current
smokers [15]. The undergraduate university students study in Ilorin, North-central
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Nigeria recorded a similar result, 17.1 and 5.7 prevalence for lifetime and current
smokers respectively [16]. The male to female prevalence ratio among current smok-
ers were 3.8:1, male 7.7% and female 2.0%. The mean age at initiation of smoking

for males (15.5 + 2.9, range 10-22 years) was not significantly different from that of
females (15.6 + 3.3, range 10-19 years). A common factor in all the Nigerian studies
is male predominance among all categories of smokers [9, 13, 15, 16]. The gender
difference may be attributed to societal perception as most African communities see
smoking as a sign of masculinity or even specific to manhood and vigour, while social
values discourages smoking among women. This is also true in some other African
studies such as Ghana [17] and Sudan [18]. Few Nigerian studies and findings from
systematic review studies conducted across Sub-Saharan African countries shows

no consistent disparity in smoking prevalence between rural and urban populations
[19, 20]. Hence, tobacco control policies should be strengthened across all Nigerian
societies regardless of geography or existing health or socioeconomic inequalities.

3. Determinants of cigarette smoking

A substantial body of literature has emerged over the last few decades which
examined the determinants of smoking behaviour in an economic framework
of demand incorporating cigarette prices. Most studies in Nigeria were focused
mainly on the determinants without much emphasis on the effect of cigarette
pricing. Some of the determinants highlighted include the age of onset, peer
group, parental influences, media influence etc. The Nigeria climate and weather
favours the cultivation of tobacco in large commercial scale, especially in the
South-western part of the country. This agricultural setting may influence tobacco
smoking, but little is known about the influence of tobacco leave plantation
(agricultural setting) on the incidence and prevalence of tobacco among children
and adults in Nigeria.

3.1Age

One important determinant of cigarette smoking with perhaps the highest
immediate and long term consequences is the age. Early age at debut implies that
the smoker will not only have longer time over which his/her tolerance levels can
increase but also that the period of exposure to cigarette smoking with subsequent
complications will be high. On the average, at the turn of thirty years of age, the
rate of decline in the functional capacities of human organ-system is at about 0.1%
annually. This modest decline is lost and the downward trend as high as 1% annual
decline is seen in those with one form of existing morbidities or harmful lifestyle
practices such as cigarette smoking.

Age of smoking debut is around 15 years in Nigeria and by age 17, a persistent
smoking pattern is already established and a significant 15% smoking prevalence
among the adolescents [21, 22]. The male to female prevalence ratio among current
smokers were 3.8:1, male 7.7% and female 2.0%. The mean age at initiation of smok-
ing for males (15.5 + 2.9, range 10-22 years) was not significantly different from
that of females (15.6 + 3.3, range 10-19 years) [16]. The driving force for the onset
age of smoking among Nigerian children depends on the population being under
study, whether out-of-school youths or in-school youths. For the out-of-school
youths, psychosocial factors such as belonging to a polygamous home, low level of
fathers’ education, feeling loneliness in the face of weak family bonds and harsh
survival realities plays an initial dominant factor, coupled with peer pressure with
the attendant high prevalence of smoking among the group [20, 23]. Since these
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psychosocial problems are usually due to physical, emotional and sexual abuse and
neglect, they usually resort to tobacco smoking or other forms of substance abuse
as a coping mechanism to ameliorate their condition. And among the in-school
youths, the onset age of smoking is influenced by peer pressure and media influ-
ences. Additional risk factors in both groups are family conditions, such as low
parental education, polygamy, not living with parents, having a parent who smokes
and having divorced or separated parents [20]. Older studies in Nigeria and other
developing countries in Africa were in agreement with the findings regarding early
initiation of the youths into the act of cigarette smoking. Early commencement of
smoking in high schools within Nigeria was reported in several works in this field
[24-26]. The path to addiction commonly commences from this stage (the initia-
tion phase) and by the age of 21 (in the university), the cigarette uptake process

is mostly completed [27]. This trend of early initiation into cigarette smoking

has been related to the highly addictive nature of cigarette and tobacco related
substances.

Studies suggest that age at smoking initiation is related to subsequent aspects
of smoking behaviour, such as cigarette consumption, nicotine dependence and
smoking cessation [28]. Breslau predicted that the probability of smoking cessation
among adults is inversely related to age at initiation [29].

Reports have shown that initiation into smoking and other dangerous life
styles majorly occurs at the adolescent age [24-26, 30]. The disease burden
emanating from chronic cigarette smoking is quite enormous. A recent report
placed the current cost of medical treatment and low productivity emanating
from cigarette smoking in Nigeria at five hundred and ninety-one million dollars
($591 M) per annum [31]. This is capable of significantly eroding the gains and
advantages of a young population in growing economy like ours. Therefore the
policy formulators must painstakingly exercise every right to inform and protect
this group of individuals at all times.

3.2 Parental factors

Environmental factors also known as behavioural factors that are important in
smoking prevalence can be found in the familiar (shared) or individual-specific
(unshared) environment. The familiar environment is more likely to influence a
smoker if anyone in his immediate environment is smoking such the parent(s).
Parental influence could be direct (when the parent is a smoker) or indirectly (when
parents are uninvolved in the affairs of their children).

A study in Port Harcourt Nigeria attributed 6.3% of the adolescent smokers, in
their recent survey, to parental influence [32]. This factor ranked fourth behind
Experimental exposition, Peer Influence and Advertisement. They reiterated the
role of parents in moulding the characters of their children/wards against cigarette
smoking, a factor though not as strong as peer influences and experimental exposi-
tions [32]. There is also some contribution by religiosity and the culture of the
region which can influence the family/societal values and traditions and in the long
run an individual’s smoking habit.

A study among secondary school students in the Southwest Nigeria established
a very strong relationship between the students smoking behaviour and those of
their parents among other factors [24]. The study posited that parental influence
(p = 0.002856) played significant role in the adoption of smoking behaviour by
youths. They further advised that enlightenment and rehabilitation programmes
targeted against cigarette smoking should also involve parent smokers to ensure
effective outcome [24].
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3.3 Peer influence

The peer influence has been observed to have a higher influence on smoking
initiation and persistence [33, 34]. Powell et al., used the peer effect model in their
study on tobacco control policies and youth smoking behaviour; to establish that
peer effects play a significant role in youth smoking decisions [35].

3.4 Media influences

The numbers of hours people watch television have also been shown to
influence the smoking habits and initiation [26]. Television programs depict-
ing tobacco usage may encourage smoking among adolescents, however the
converse was observed in an Iraq study [36]. Although bans have prevented
direct tobacco advertising on television, studies have indicated the widespread
portrayal of smoking on television on prime-time programming, movies,
music videos, and sporting events. Rarely is smoking portrayed as a negative
influence or unattractive, thus making television an indirect means of smoking
advertising [33].

3.5 Legislation

The presence of legislation against smoking also determines smoking habits.
This will limit the availability and youth access to cigarettes, elevate the age of onset
of smoking, ensure a smoke-free indoor air and thus reduce the adverse effects of
tobacco on the smoker and passive smokers. Chaloupka studied the effects of limits
on youth access on smoking rates controlling for their enforcement and compliance
[38]. He found that most state and local tobacco control policies did not have statis-
tically significant effects on youth smoking except when strong restrictions exist.
However, the combined effect of all non-tax policies on smoking participation was
significant [37, 38]. Studies have concluded that strong smoking restrictions signifi-
cantly reduced both smoking prevalence and average daily cigarette consumption
among young adults [39, 40]. In fact a strict enforcement against cigarette smoking
for 20 years in Brazil resulted in a 50% cut in prevalence of smoking among the
young adults [40]. This is probably why in developed countries, where there is
strong political will against the act of smoking, a decreasing prevalence of smoking
is being documented [35].

3.6 Health status

Furthermore, individual-specific environmental factors include factors like
mood and general state of health play significant role. Depressed individuals
tend to smoke more and a history of major depressive disorder is associated with
a lower chance to quit smoking [41]. Personal feeling of insecurity, insomnia,
loneliness and feeling of grandeur all increase affiliation to cigarette smoking. On
the other hand, sudden diagnosis of an ailment can encourage a current smoker
to quit.

Some people may associate a particular status with smoking. They feel that
smoking brings respect and is an acknowledgment of superiority. Finally, defiance
to authority can be a factor that influences smoking. Some children tend to show
disagreement/rebellion against parents, teachers or designated authorities through
smoking [36]. These factors cannot be quantified and may confound with one
another.
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4. Adverse effects of smoking

Cigarette smoke is a complex mixture of chemicals. It is believed that the reason
why people smoke is due to the active ingredient in the tobacco, nicotine which
acts as a stimulant and a relaxant through its effects on the central nervous system,
adrenals and the sympathetic nervous system [42, 43]. When a cigarette is smoked,
nicotine-rich blood passes from the lungs to the brain within seven seconds and
immediately stimulates the release of many chemical messengers including acetyl-
choline, norepinephrine, epinephrine, vasopressin, arginine, dopamine, autocrine
agents, and beta-endorphin [42, 43]. This release of neurotransmitters and hor-
mones is responsible for most of the effects of nicotine. Nicotine appears to enhance
concentration and memory due to the increase of acetylcholine. It also appears to
enhance alertness due to the increases of acetylcholine and norepinephrine. Arousal
is increased by the resultant elevated level of norepinephrine. Pain is reduced by the
increases of acetylcholine and beta-endorphin. Anxiety is reduced by the increased
beta-endorphin. Nicotine also extends the duration of positive effects of dopamine
and increases sensitivity in brain reward systems [44, 45]. This is one of the key
reasons why cigarette is very addictive.

Some smoke components, such as carbon monoxide (CO), hydrogen cyanide
(HCN), and nitrogen oxides, are gases. Others, such as formaldehyde, acrolein,
benzene, and certain N-nitrosamines, are volatile chemicals contained in the liquid-
vapour portion of the smoke aerosol. Still others, such as nicotine, phenol, polyaro-
matic hydrocarbons (PAHs), and certain tobacco-specific nitrosamines (TSNAs)
are contained in the submicron-sized solid particles that are suspended in cigarette
smoke. In view of this chemical complexity, cigarette smoke has been shown to have
multiple and highly diverse effects on human health. These adverse effects have
been documented in literature to involve every organ in the human body culminat-
ing in various cancers, chronic obstructive pulmonary airway disease to various
cardiovascular diseases. It has also been linked with auditory problems [46] while
in India and China it has been associated with increased prevalence in pulmonary
tuberculosis [47].

The use of tobacco has been reported to be associated with increased chronic
lung diseases, asthma, angina depression, arthritis, diabetes, hypertension and
cerebrospinal accidents [45-51]. The adverse economic effect of tobacco smoking is
huge [5, 52, 53]. In the United States, an estimated $96 billion per annum were being
incurred from tobacco use and related medical expenses due to loss of productivity
and over $2 billion would be saved annually from healthcare insurance if all smok-
ers in the US were to quit smoking [54].

5. Control of tobacco use through legislation

The Youths are the most effective groups targeted by public/health policy makers
and economists for smoking prevention programmes, since almost all first use of
cigarettes occur at this age and the development of addictive habits also begins at
this age. Health policy designed to discourage the use of Tobacco products especially
in this age group was signed and approved by many countries including Nigeria,
under the aegis of the WHO Framework Convention on Tobacco Control (WHO
FCTC) of 2005. The WHO Framework Convention on Tobacco Control (FCTC),
was adopted by the 56th World Health Assembly on May 21, 2003, and implemented
on February 27, 2005. In this treaty, WHO recommends a four-pronged strategy for
the control of smoking. The first prong advocates a ban on all forms of advertising
and an increase in public health information with special attention to youths. By
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2008, WHO revealed a six evidenced-based policy package known as “MPOWER”
through which the FCTC could be implemented. This acronym stands for

(i) Monitor tobacco use and prevention policy, (ii) Protect people from tobacco
smoke, (iii) Offer help to quit tobacco use, (iv) Warn people about the dangers of
tobacco, (v) Enforce bans on tobacco advertising, promotion and sponsorship, and
(vi) Raise taxes on tobacco.

The MPOWER also seeks to enhance price and excise tax policy, smoke-free
indoor air laws, laws restricting access of minors to tobacco (including retail
tobacco licencing), advertising and promotion restrictions on tobacco products,
requirements for warning labels on tobacco products, and requirements for product
ingredient disclosure [55]. It provides a practical measure for countries wishing to
reduce demand for tobacco in line with WHO FCTC [55]. According to the 2013,
WHO Report on the Global Tobacco Epidemic, a third of the world’s population is
covered by at least one measure of the MPOWER at the highest level. Turkey is the
only country at present protecting its entire population with all MPOWER mea-
sures at the highest level [56].

Global Adults Tobacco Survey (GATS) report, a component of the Global
Tobacco Surveillance System (GTSS), an initiative of the WHO is used by countries
to collect data on adult tobacco use and MPOWER measures [14]. In Nigeria, the
2012 survey report which targeted adults aged 15 and older, showed a generally
below average indices to the MPOWER measures [14]. This was compounded by
the prolonged delay in signing the tobacco smoking bill into law and currently the
procrastination in the operationalization and enforcement of the law.

One of the factors that influence consumers in a market economy is price, and
the law of demand that defines the typical relationship between price and quantity
demanded states that ‘consumers will demand more of a particular product at a
lower price, and less at a higher price’ [37]. This may not entirely apply to cigarette
smoking due the associated addiction. The price elasticity of demand measures
the responsiveness or sensitivity of the quantity demanded of a particular product
to changes in its price [37]. In relation to smoking, there is need to understand
how price adjustment will affect the demand for cigarettes. Hence, this will help
define the influence of price adjustment as control measure for control of cigarette
smoking among the youths.

With effective control measures in place, the rate of tobacco consumption has
been stabilised in developed nations between 1970 and 2000. Unfortunately, there
has been tremendous increase in consumption rate in the developing countries.
Leder and Esson had projected that within the next 25 years the rate of smoking
would have increased by 60% and 100% respectively in countries of Medium and
Low level human developments respectively [55]. Fifty percent of the mortal-
ity from cigarette smoking was projected to involve the productive age groups
(35-69 years) which is a great set back to the socioeconomic development of these
countries. Nigeria being a part of the WHO FCTC and in the bid to curb this
trend, it is necessary to find out the impact of this anti-smoking policy on smoking
behaviour of young people.

It will be sufficed to say that; passive smoking is also a challenge in Nigeria as
overall prevalence in the home was 24.1%, while it stands at 43.0% in non-home
areas including public places [57]. The health impact of this is also enormous which
include but not limited to lung cancers, stroke, triggering of asthmatic condi-
tions, TB infections and progression to TB diseases, stroke, chronic obstructive
pulmonary diseases, cardiovascular diseases [58]. In 2008, Federal Capital Territory
(FCT), Abuja passed most comprehensive public ban on smoking, followed by
Lagos State [57]. This ban outlawed smoking in all communal areas including
restaurants, bars and workplaces. The National Tobacco Act later provide new
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opportunities for broad scale reduction in passive smoking exposure in public
places at the national level.

In Nigeria, the first law on tobacco regulation was in the Section 6 of the Nigeria
(Constitution) Order-in Council of 1954 but it was essentially designed to make
provisions for licencing and payment of duties of Tobacco importation. Presently,
the only law in-place which also legislates on the consumption and advertisement
of tobacco is the “Tobacco Smoking (Control) Decree No. 20 of 1990, It prohibits
smoking in public places including schools, public transportation, stadium, the-
atres, medical establishment etc. It also stipulates restrictions on tobacco adver-
tisements and provides penalties for smokers, sellers and advertisers that do not
conform to the provisions [20]. Unfortunately a smoking age limit and the restric-
tion of cigarette sales to or by minor are not provided for in this law. The presence
of the so called warnings like: “The Federal Ministry of health warns that Tobacco
smoking is dangerous to health” or “Smokers are liable to die young”; appear insuf-
ficient since the minors do not understand the implications. The enforcement of the
existing law is another questionable issue. The agitations on the existing inefficient
anti-smoking laws in Nigeria culminated in the recent commencement of legislative
process for the review of the present Tobacco Smoking (Control) Decree No. 20
of 1990. This bill sort for an act to repeal the Tobacco smoking Control Act 1990,
CAP. T6 Laws of the Federation and to enact the National Tobacco Control bill
2012 to provide for the regulation and control of production, manufacturing, sale,
advertising, promotion and sponsorship of tobacco products in Nigeria and other
related matters. The public hearing was held at the National Assembly Complex on
15th October 2014. It was finally passed into law by the legislatures and received
the presidential assent on May 27th 2015. The Nigeria National Tobacco Control
Act of 2015, was passed to domesticate the WHO FCTC; however, implementation
has been poor as most public places are yet to be smoke free, and no funds have
been dedicated for tobacco law enforcement. Currently the bureaucratic processes
involving the operationalization of the Act is ongoing. The operationalization of
this Act needed to be given a deserved attention as report shows half of adolescent
smokers become regular smoking adults, and a further half of this population is
expected to die of tobacco-associated illnesses, further highlighting the great bur-
den smoking in young poses and the need to end this habit [20]. Hopefully, when
the law becomes effectively operationalised and implementation enforced, it will
help in reducing the tides of smoking with its attendant health risk.

The health hazards of smoking and the impact on quality of life should be
part of focus on tobacco control initiatives for youths. Former smokers should be
involved in active antismoking campaigns and the factors that made them quit
should be taken into consideration when designing anti-smoking measures.

6. Conclusion

Tobacco smoking poses a huge burden to Nigerian youths (the most populous
country in Africa) and the high prevalence and various determinants were reported.
Following the 2003 World Health Organisation (WHO) Framework Convention on
Tobacco Control (FCTC), Nigeria ratified the convention agreement in 2005, and
in 2015 signed into law the National Tobacco Control (NTC) Act that regulates all
aspects of tobacco control including advertising, packaging, and smoke-free areas.
A thriving tobacco market raises serious public health concerns, particularly for a
country with a relatively weak health system.

Careful implementation of smoke-free legislation (targeted at reversing tobacco
epidemic) beyond the national level to state and local levels may complement
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successful measures like taxes, health education and media campaigns. Besides,
Nigeria needs to develop comprehensive surveillance systems to monitor the pro-
duction, sales, and consumption of cigarettes to effectively achieve control targets.

It is imperative that all stakeholders engage in concerted efforts in tobacco control
strategies.
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Abstract

Cardiovascular diseases (CVDs), ranked top non-communicable diseases
(NCDs), are the second leading cause of mortality in Africa, especially in sub-
Saharan Africa (SSA) where they account for 73-4% global deaths and 80% of
all premature deaths yearly. The ill-health due to CVDs in SSA is equivalent to
the combined burden due to communicable, maternal, neonatal and nutritional
diseases. Un-addressed, it is extrapolated that the Sustainable Development Goal
3.4 which targets NCDs will not be achieved. The preponderance of CVDs in SSA is
due to determinants such as the epidemiological transition of diseases, aging, stress,
illiteracy, poor health systems and poverty. This is quite worrisome for SSA dubbed
“one of the most poverty stricken region on the globe” As such, poverty in Africa
may adversely affect CVDs, but this has been less examined. This chapter explores
the impact of poverty on CVDs and healthcare systems related to CVDs in Africa.

Keywords: epidemiology, poverty, cardiovascular, disease, Africa

1. Introduction

Cardiovascular diseases (CVDs) such as heart failure, cerebrovascular diseases,
and ischemic heart diseases are major plaques in Africa. The burden of CVDs is
high in Africa and particularly in sub-Saharan Africa (SSA) where the magnitude
of CVDs is equivalent to the combined magnitude due to communicable, maternal,
neonatal and nutritional diseases. In Africa the burden of CVDs, is partly flued by
poverty which is often overlooked. This chapter discusses the impact of poverty on
CVDs and healthcare systems related to CVDs in Africa.

2. Epidemiological transition and cardiovascular diseases in Africa
Epidemiological transition can be defined as the transition, under the influ-

ence of socio-economic development and aging, from predominantly infectious

diseases to mainly chronic non-communicable diseases [1]. This concept was

first introduced in the 1971’s by Omrad and Olshansky, and Ault later on refined
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its meaning [2]. The transition process according to Omrad was in three ages or
phases [2]: The age of pestilence and famine, the age of receding pandemics, and
the age of degenerative and man-made diseases.

The age of pestilence and famine is characterized by a period of high infant and
child mortality with a low mean life expectancy of less than 30 years. This stemmed
from the high rate of malnutrition and infectious diseases or communicable disease
like tuberculosis, pneumonia, and diarrheal diseases in Africa; with less than 10%
of the mortality rate due to cardiovascular diseases [2, 3]. The age of receding
pandemics is characterized by an improvement in public health policies and nutri-
tion patterns leading to a decrease in the rate of infant and child deaths from to
malnutrition and infectious diseases. This decrease in mortality was accompanied
by arise in the life expectancy from 30 to 50 years or more [2, 3]. The age of degen-
erative and man-made diseases is marked by an excessive intake of fat and calories
with a decrease in physical activity leading to the emergence of non-communicable
diseases (NCDs) such as ischemic heart diseases and heart failure. An increase in
life expectancy as a result of a reduction in the mortality rate of infectious or com-
municable diseases tremendously marked the age of degenerative and man-made
diseases. On the other hand, there is a higher death rate shift in NCD, more specifi-
cally cardiovascular diseases (CVDs). The death rate due to CVDs varies between 35
and 65% of the overall mortality rate [2, 3]. The challenges entail strengthening the
prevention and improvement of the management of CVD.

Low- to middle-income countries (LMICs) in Sub-Saharan Africa (SSA) are
of the epidemiological transition process [4]. A 20-year assessment of the disease
burden in SSA between 1990 to 2010 shows a decline in premature mortality
and disability attributable to neonatal, nutritional and maternal communicable
diseases, including lower respiratory infections and diarrhoeal diseases [4]. It is
worth mentioning that there were communicable diseases that occur permanently
with the same high mortality rate over these 20 years-periods [4]. With only 12%
of the world’s population in Africa, Africa bears a considerable proportion of the
global burden of tuberculosis, HIV/AIDS and malaria with rates of 31%, 62% and
70% respectively [5]. Besides communicable diseases, the disease burden due to
NCDs is not trivial. Between 1990 to 2010, the disease burden from several NCDs
increased, particularly stroke, depression, diabetes, and ischemic heart disease
[4]. An assessment made in SSA from 1990 to 2017 shows a 67% growth in the total
number of disability-adjusted lives (DALYS) due to NCDs (90.6 million in 1990
and 151.3 million in 2017) [6]. The increment in NCDs in SSA was mainly flued by
CVDs, ranked as the second leading cause of the NCD burden in 2017, resulting in
22.9 (21.5-24.3) million DALYs (15.1% of the total NCD burden), after the group of
disorders categorized as other NCDs (28.8 million [25.1-33.0] DALYs, 19.1%) [6].
This data show the progressive and increasing installation of NCDs in Africa and
their impact on morbidity and mortality.

3. Poverty in Africa

Poverty is a multidimensional concept. According to the United Nations
Development Programme (UNDP), poverty is not only the lack of income neces-
sary to meet food and non-food needs (clothing, energy, housing) but also a lack
of basic human capabilities (illiteracy, malnutrition, reduced life expectancy, poor
maternal health, illness) [7]. Therefore poverty should not be considered only
under the spectrum of financial income; as a result, the concept of poverty is dif-
ficult to quantify. But for a global assessment of poverty, a monetary scale has been
developed as a common denominator between the different regions of the world in
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order to be able to assess poverty. According to the World Bank, the poverty line

is considered to be 1.90 dollars per day per inhabitant since 2011 [8]. In 2015, the
rate of the world’s population living in poverty was 10%, representing 736 million
people, more than half of whom live in SSA, on less than US$1 a day [8, 9]. The
advent of industrialization in China and India tremendously decreased the poverty
rate unlike in SSA where progress in poverty has been limited. Of these 736 million
poverty stricken population living on earth in 2015, 80% resided in SSA [10].
According to the World Bank’s estimates, the global poverty rate slightly dipped to
8.6% in 2018. No isolated figure was reported for SSA. But since 2018, the World
Bank has repeatedly reported that SSA will consistently record a poverty rate of

at least two figures till the year 2030 unless very drastic interventions are put into
place to address the problem of poverty in SSA [10].

In several SSA countries, the direct care costs, are high in relation to household
income, a major factor in poverty. The cost of HIV/AIDS treatment for an adult,
combined with the loss of income due to absence from work, can push an entire
household below the poverty line. Therefore, just as good health can stimulate
economic growth, poor health can lead to poverty from which it is very difficult to
escape. The vicious cycle of poverty and poor health is observed in many African
countries. About 76% of people in SSA have an income of less than US$2 per day
and 46.5% have an income of less than US$1.08 per day [9]. While poverty has
been declining in other parts of the world such as East and South Asia over the two
decades the trend is clearly reversed in SSA. Between 1981 and 2001, the domestic
product of SSA countries fell by 13% and the number of people in this region living
on less than US$1 per day doubled from 164 million to 314 million. While Africans
accounted for only 16% of the world’s poor population in the year 1985, the propor-
tion rose to 31% by 1998, and this trend is expected to continue [9].

4. Cost of management of cardiovascular disease in Africa

In Africa, the cost of management is variable. With regard to hypertension, the
overall average daily cost of drug treatment for uncomplicated hypertension is esti-
mated at 368 + 234.6 FCFA, i.e. 0.68 + 0.44 dollars, representing more than a third
of the daily income (1.90 dollars) [11]. In view of the cost of treatment, the absence
of symptoms associated with hypertension is often the cause of non-adherence to
treatment. Also, some patients who often reach the stages of complications of CVDs
often experience the cost of treatment increased by the additional cost of treating the
associated complications [12].

In Africa, 60-70% of health expenditure is paid by households directly to
health facilities, compared to a global average of 46%. This may be due to the pre-
ponderance of the informal sector (farmers, craftsmen,...) which groups together
more than 70% of the African population who are not covered by health insurance.
Contrary to those in the informal sector, some African governments are setting
up compulsory health insurance systems for the formal sector, civil servants
or employees of private companies, financed through employee and employer
contributions [13].

5. Poverty, malnutrition and cardiovascular disease: a vicious cycle
Poverty is one of the socio-economic factors at the root of malnutrition in

Africa. The prevalence of malnutrition in SSA rose from 181 million in 2010 to 222
million in 2016 [14]. Poverty and malnutrition are part of a vicious circle. Poverty
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leads to malnutrition, especially maternal malnutrition, which causes low birth
weight, stunted infants and adolescents. These individuals will be disadvantaged
later in life because they may show a reduction in physical and mental development
leading to low skills and reduced human capital. Competence is one of the facul-
ties developed through adequate nutrition of children and adolescents. Wachs has
defined competence as the ability to adapt and interact with one’s environment
[15]. Human capital refers to well-nourished, healthy, educated, skilled and alert
individuals - an improved human condition - resulting in a workforce that could be
the most productive asset of any country. However, the absence of this productivity,
particularly economic productivity, perpetuates poverty [16]. Alongside poverty,
we also have a trend towards the Westernization of the African lifestyle, which is
not the least compounding factor for the emergence of CVDs in Africa.

The African population is experiencing an increasing rate of urbanization,
with a shift in migration from rural to urban areas, with changes in lifestyle habits
in particular, as the traditional diet rich in fruits and vegetables is gradually being
replaced by a diet rich in calories densed foods from snacks, sweetened beverages,
animal fats and low in complex carbohydrates. This change in diet is accompanied
by weight gain (overweight and obesity) and a decrease in physical activity due
to the abolishment of traditional agriculture for sedentary work [9]. This change
in lifestyle is contributing to an increase in the prevalence of cardiovascular risk
factors in Africa, with a tendency to equalize the prevalence in high-income coun-
tries. The prevalences of some cardiovascular risk factors in SSA are given below
in comparison with high-income countries (HICs): Smoking rates are 10% in SSA
versus 30% in HIC; hypertension prevalence in individuals >18 years old is 30% in
SSA (40% in urban and 20% in rural populations) versus 20% in HIC; diabetes mel-
litus prevalence in persons aged above 17 years is 7.1% in adult males and females
in SSA compared with up to 8% in males and up to 6% in women in HIC. Also,
dyslipidemia prevalence in adults is 25% in SSA versus 40-60% in HICs; physical
inactivity prevalence is 22% in SSA versus 29-40% in HIC; and obesity whose
prevalence rates are variable in SSA and higher among women (2-40%) compared
with men (1-15%) versus 18-35% in women and 12-30% among men in HIC [17].
Poverty has several consequences, including the development of communicable and
non-communicable diseases.

In the 1980s, a real revolution in the understanding of chronic diseases in adults was
initiated with the pioneering work of an English epidemiologist named David Barker.
During an observational study, he found that regions of UK that had a high rate of
cardiovascular mortality, also had a high infant mortality rate [18]. Then a meticulous
study of patients with NCDs [18], allowed him to put forward a hypothesis on the
“origin of the development of health and disease” or early origin of adult diseases
based on the premise that environmental factors during foetal life have a considerable
impact on the susceptibility to various pathologies later in life of these exposed persons
[18]. More precisely; malnutrition occuring in utero permanently changes the body’s
structure and function in ways that “programme” the appearance of disease in child-
hood, adolescenthood or adulthood [18].

At present it has been recognized that malnutrition during pregnancy is the
cause of an alteration in the fetus in the short term of the programmed metabolism
of carbohydrates and lipids and of the functions of the genes. In the long term,
these changes will lead to reduced cognitive development, decreased educational
performance, compromised immunity, lower physical capacity and an increased
risk of several NCDs [18-21]. The physiopathological mechanisms by which
foetal malnutrition can lead to NCDs are better elucidated to date. Gluckman and
collaborators have shown that malnutrition is responsible for a modification of
gene expression via epigenetic modification by methylation of foetal DNA. They
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hypothesized that the changed genetic expression may change physiological set
points that will eventually change the way individuals respond to environmental
exposures later on their lives [22]. The management of CVDs management leads to
direct and indirect costs, thus perpetuating the vicious circle of poverty.

Direct costs are related to chronic diseases and these costs entail the direct
payment by patients for cardiovascular healthcare services, cardiovascular
investigation tests (12-led electrocardiogram, Holter electrocardiogram, stress
electrocardiogram, heart ultrasound, transesophageal ultrasound) and medications
for CVDs. Patients with CVDs are often confronted with a dilemma: to suffer and
possibly die without treatment, or to seek treatment and drag their families into
poverty. The situation is particularly serious for people with long-term chronic
CVDs such as chronic heart failure, stroke survivals with significant physical dis-
abilities because the costs of medical care is often life-long and relatively expensive.
Indirect costs are a reduction in income subject to illness due to loss of productivity
resulting from illness or death; the cost of time spent by adult members of the
family household caring for those who are ill. There is also the loss of income that
will result from the sale of goods necessitated by the need to meet direct costs and
unpredictable expenses, and the missed opportunities for children who are forced
to give up school to care for sick adults or contribute to the family economy [21].
Hence, CVDs will not only have a detrimental effect on the income of the patients
with CVDs, but also on that of the family; subsequently, there will be with a marked
pejorative impact on the economy of different African nations resulting in a drop in
the economy of the African continent.

6. Prevention of cardiovascular diseases and insurance health system of
African countries

6.1 Prevention of cardiovascular diseases

According to the WHO, primary prevention of CVDs is defined as measures
put in place to decrease the incidence of cardiovascular events (ischaemic heart
disease and strokes) in individuals at risk of CVDs who have not yet developed
overt or clinical CVDs. Efforts geared at preventing recurrent clinical cardiovascu-
lar events in individuals with CVDs are called secondary prevention [22]. Reports
have shown the beneficial impacts of pharmacological interventions in primary
and secondary the prevention of CVDs, though with caveats for population-based
interventions. The need for economic assessment of these studies to identify those
which have best value for money is paramount in inform decision making by health
policy makers in designing a health system insurance policy [23]. Furthermore,
WHO projects that by 2030, NCDs will overtake all other causes of mortality in
all Africa [24]. With the increasing CVDs burden in Africa, the AHN was created
in 2001. The AHN is a joint collaboration of various cardiovascular societies and
national heart foundations sharing the same agenda: curbing CVDs in Africa,
thereby improving the cardiovascular health for all Africans. The vision of the
AHN is to play a leading role in the prevention and reduction of the burden related
to CVDs, including cerebrovascular accident to halt from no longer being the major
etiology of disability and premature death in the African continent. The AHN
shares the vision of the World Heart Federation (WHF), the main organization of
national and continental cardiovascular societies and foundations globally. The
WHE’s global target of ‘25 by 25’ represents the objective of decreasing premature
deaths caused by CVDs by 25% by the year 2025—an interim goal addressed by the
Sousse’ Declaration of 2018 [25]. The objective of the AHN held in Tunisia in 2018
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was on the prevention of CVDs. The conference was endorsed by the Minister of
Health of Tunisia, highlighting the importance of governmental collaborations in
attending ‘health-for-all’ Themes arising from the conference included the man-
agement of various cardiovascular risk factors, legislation of these cardiovascular
risk factors, and using the leverage of other local and international organizations
to improve cardiovascular health in Africa. Cited cardiovascular risk factors to be
urgently cared for in Africa include diabetes mellitus, hypertension and dyslipi-
daemia. There is therapeutic inertia in the therapeutic algorithms of these condi-
tions especially hypertension. The AHN emphasized on the importance of the
timely treatment of resistant hypertension. Obesity was highlighted as the main
driver of the diabetes epidemic in Tunisia as well as Africa, with 75% of patients
with Type 2 diabetes mellitus dying from CVDs. A 1% improvement in glycosyl-
ated hemoglobin was shown to decrease mortality from ischemic heart disease by
more than 14% in the Tunisian population although glycemic control is not often
achieved in the African continent due to low awareness, treatment and control

of diabetic patients who often present late with acute complications of diabetes
mellitus such as hyperglycemic comas. Various barriers to control had been identi-
fied, namely the inability of clinicians to apply treatment guidelines, inadequate
monitoring or surveillance of blood pressure and glycaemia, lack of community
education and empowerment, and most importantly, the cost of accessing health-
care. There is also a poor awareness of the cardiovascular risks associated with
dyslipidemia in SSA. The South African perspective displayed an increase in the
burden of dyslipidemia due to anti-retroviral therapy (ART) induced dyslipidemia
in patients living with HIV/AIDS and treated with ART. This needs to be promptly
managed in order to prevent CVDs. Previous studies have identified the huge
burden of premature ischemic heart disease partly due to dyslipidemia in Africa
compared to other regions [26]. This reflects a lack of prevention, early detection
and effective management of CVDs in Africa. Preventing CVDs remains a major
challenge for development within the region as it results in significant health,
financial and social consequences for individuals and government. Likewise, the
control of tobacco use, known a risk factor of six of the eight leading causes of
CVDs death was highlighted as being important. The role of healthcare provid-
ers and health authorities in preventing CVDs due to tobacco use was addressed
through a governmental vote on the increment of tobacco taxation as there remains
a discrepancy between taxes paid and the treatment cost of tobacco related health
disease and death. The WHO ‘MPOWER’ package was emphasized as a tool to
assist countries with tobacco reduction measures. In addition, patients should be
motivated by clinicians and family members to quit smoking with both counseling
and the early use of pharmacotherapy. In the same vein, the formulation of legisla-
tions to control cardiovascular risk factors including the control intervention for
the effective implementation of physical exercise and encouraging a low-calorie
dense foods to prevent CVDs mortality related to obesity and diabetes mellitus are
strongly recommended. This will however, require an involvement from policy
makers for the formulation of public health interventions geared at curbing the
burden of CVDs in Africa. Moreover, there is a shortage in drugs and equipment
for monitoring CVDs between African countries which needs to be addressed

for CVDs prevention. This is due to preference in healthcare expenditures for
infectious diseases at the detriment of CVDs in Africa. Various partnerships
including the WHF, the United Nations the Non-communicable disease alliance
(NCD Alliance), Pan African Society of Cardiologists (PASCAR), American Heart
Association (AHA), Medtronic Foundation, Heart and Stroke Foundation of South
Africa, World Heart Day events, The Kenyan-Heart Talking Walls project are

key continental and inter-continental foundations trying to achieve and prevent
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cardiovascular health for all in Africa. Also, the social media is a crucial platform
to increase awareness in communities regarding CVDs awareness and prevention.
Successful CVDs preventive interventions such as the RESOLVE and the WHO
Global Hearts projects need to be taken by African Stakeholders to improve car-
diovascular health by addressing important issues such as improved management
of hypertension, decreasing salt intake and tobacco use. It is worth to mention
that CVDs prevention in Africa can significantly be achieved by identifying health
advocates as well as effective leadership and the coalition of professional groups.
Hence, an ‘Africa-specific’ guidelines for CVDs prevention need to be formulated
and adopted. CVD risk factors prevention in Africa cannot be overemphasized as
cardiac surgery to amend cardiovascular diseases still remain expensive and scarce
in a continent already overburdened with poverty.

The International Forum for Hypertension Control and Prevention in Africa
formulated treatment guidelines for CVDs prevention in 2003 [27]. Since then,
CVDs preventive interventions to identify cardiovascular risk factors and set guide-
lines are now under way. Some African countries have conducted epidemiological
studies, a few have begun to continually monitor and assess their programmes, and
others, Nigeria and South Africa, have their own guidelines for managing hyperten-
sion. There is hope though, and some attention has finally been focused on CVDs
prevention in Africa. However, challenges such as poor healthcare infrastructure,
underfunded and understaffed health systems in Africa, inadequate access to cheap
generic drugs and lack of public recognition and acceptance of the importance of
CVDs will continue to hinder the effective implementation of both population-
based health programmes and those aimed at people at high CVDs risk [28, 29]. The
continent’s people need education on healthier lifestyles such as weight reduction,
smoking cessation, and greater physical activity.

6.2 Insurance health system of African countries

CVDs are very burdensome to manage in Africa due to a lack of a national
health insurance policy in most SSA countries [30]. Health systems insurance is
primordial for achieving universal healthcare by providing financial protection to
patients. It helps protect people from high healthcare costs by pooling funds to allow
a cross-subsidization between the rich and poor and between the healthy and the
sick [31]. Healthcare insurance coverage is still inexistent or at an embryonic stage
in most African countries. This has largely contributed to poverty, poor cardiol-
ogy service delivery and mortality from CVDs in Africa. Implementing an African
health system insurance remains an important goal to improve the health status of
individuals in Africa [4]. Reports illustrates that in the several SSA countries, direct
out-of-pocket payments as a share of total health expenditure are still above 40%,
exorbitantly high above WHO 20% threshold level of the total health expenditure
below which financial risk protection can be ensured, and thus leading to poverty
in Africa [32]. There is a serious handicapping sparsity of health systems insurance
in most African nations where only about 15% of the 55 countries have national
comprehensive health insurance schemes [33]. Evidence abounds that in SSA, the
poor bear the highest burden of diseases and subsequently, experience very high
expenses on healthcare costs [34]. Hence, the development of a health system insur-
ance scheme should be advocated in public health and financial planning within
African countries for better healthcare delivery in general. A universal healthcare
system with national-level health insurance scheme would probably be more effica-
cious to avoid the low-socioeconomic class of the population from being marginal-
ized. Strategies such as compulsory taxations from employees, deductions from
sales taxes, and an increment on tobacco taxes have been shown to be effective in
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some countries in SSA [35] .A comparative study of five African countries (Ghana,
Tanzania, Kenya, Rwanda and Ethiopia) sought to help fill this gap by looking at
how a national health system insurance schemes can cover the poor or not, as the
case may be. Selected countries had were national insurance schemes with the intent
of providing health insurance for all their inhabitants. Ghana, Kenya and Tanzania
had similar health insurance programmes [36-40]. Ghana’s National Health
Insurance Scheme (NHIS), covers every citizen by law. Tanzania and Kenya had
separate insurance schemes for the public and private sectors. Rwanda and Ethiopia
operated a Community-Based Health Insurance (CBHI), but Rwanda’s CBHI was the
only one with wide coverage of the poor. Hence, setting down insurance policies or
programmes does not guarantee reaching the poor. Many have questioned whether
African countries have been too eager to adopt Western-style policies that are not
necessarily appropriate to their context-specific fiscal laws. The selected countries
are characterized by large informal sectors, making it difficult for the rolling out of
health insurance scheme models that depend on this group. After almost 12 years
of introducing national health insurance in Ghana, less than 40% of the population
were covered by the health system insurance scheme. In spite of provisions made

to cover the poor, health system insurance programmes have faced challenges in
enrolling this group. Defining who the poor are is a task that policymakers have
grappled with. Many terms have been used to identify the poor—ultrapoor, very
poor, indigent and vulnerable. Coining these terms and explaining what they mean
and who qualifies to be categorized as such has become not only burdensome but
costly—and political [41].

The way forward to establishing a sustainable cost-effective and context specific
health system insurance scheme in SSA should take into consideration the following.
Firstly, the fact that the educational and socioeconomic status of a family play key
roles in the decision of whether to enroll in health insurance should take into consid-
eration that community-based health insurance provides some financial protection
by reducing out-of-pocket spending [42]. Secondly, data analysis from micro-level
household indicates that community financing improves access by rural and private
sector workers to needed heath care and provides them with some financial protec-
tion against the cost of illness. Thirdly, analysis from macro-level cross-country gives
empirical support to the hypothesis that risk-sharing in health financing matters in
terms of its impact on both the level and distribution of health, financial fairness and
responsiveness indicators [43].

7. Conclusion

In view of the vicious circle of poverty, lifestyle and cardiovascular disease
in Africa, we propose some solutions to break this cycle. Women of childbearing
age need to be well nourished, empowered and educated. They are “the most
proximal levers” on which we can act to ensure optimal foetal and infant nutri-
tion to break the vicious circle of poverty; malnutrition, underdevelopment and
non-communicable disease. Obstacles hampering primary and secondary preven-
tion of CVDs in SSA such as insufficient health care systems and infrastructure,
scarcity of cardiologists, skewed budget allocation and disproportionate pri-
oritization away from NCDs, high cost of cardiac treatments and interventions
coupled with rarity of health insurance systems in most African countries need
to be urgently addressed by the various governments and ministries of health of
different African countries.
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Abstract

Cardiovascular diseases (CVD) are a major public health problem in Sub-Saharan
Africa (SSA), as in the rest of the world, with increasingly increasing morbidity and
mortality. We are presenting here, not the results of an epidemiological study, but
rather a reflection on the problem of CVD and their risk factors (RFs) in SSA, taking
into account the differences in lifestyle between rural and urban areas, the objective
being to highlight the differences in the epidemiological profile trends relating to
CVDs and their RFs between these two environments on the basis of existing data,
to indicate some characteristic features of lifestyle in these two environments and to
draw lessons from this in terms of the prospects for combating this new epidemic in
this part of the world. We have indicated in this presentation that the prevalence of
CVDs as well as that of their RFs show increasing trends in SSA due to new lifestyles
linked in particular to urbanization and its numerous economic and social corollar-
ies. However, data on their geographical and sociological distribution, especially in
rural and urban areas, are still incomplete. The first existing epidemiological surveys
seem to indicate that they are more firmly established in urban areas than in rural
areas, probably linked to the difference in lifestyles between these two areas. We
concluded by mentioning that it is necessary for SSA states to take the option of
launching vast epidemiological and clinical research programs tending to make basic
epidemiological data available, taking into account the specific geographic and
sociological characteristics of African society. This knowledge, documented in the
form of scientific evidence, would make it possible to consider with relevance and
effectiveness measures to combat this new epidemic in developing countries.

Keywords: lifestyle, cardiovascular risk factors, rural area, urban area,
Sub-Saharan Africa

1. Introduction

Cardiovascular diseases (CVDs), one of the main components of
noncommunicable diseases (NCDs), are the first leading cause of mortality world-
wide: more people die annually from CVDs than from any other cause.
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In 2012, an estimated 17.5 million people died from these diseases, representing
30% of all deaths worldwide. An estimated 7.5 million of these deaths are due to
coronary heart disease and 6.7 million to stroke. Low- and middle-income countries
are disproportionately affected, accounting for over 80% of CVD deaths. By 2030,
nearly 23.6 million people will die from cardiovascular diseases, primarily heart
disease and stroke. According to projections, these conditions will remain the lead-
ing cause of death in the world [1].

During the 3rd high-level meeting on NCDs, it was reported that seven in 10
people (71%) worldwide die from these diseases, which mainly consist of cardio-
vascular disease, cancer, diabetes and lung chronic diseases, an average of 41 mil-
lion people each year. These include 15 million people dying from NCDs between
the ages of 30 and 69; over 85% of these “premature” deaths occur in low- and
middle-income countries [2].

CVDs, as other NCDs, are favored by factors that are related to genetics, phys-
iology and sociological environment, and are called risk factors (RFs) or specifically
cardiovascular risk factors (CVRFs).

The main RF of CVDs or NCDs, are related to the sociological environment,
particularly with our lifestyle or our everyday behavior and are thus called behav-
ioral RFs; they are thus deeply influenced by the culture and customs of the envi-
ronment. It is this link between the sociological environment and the RFs of CVDs
or NCDs, which could determine the African disparities between the rural environ-
ment, guardian of traditional culture and the urban environment, strongly
influenced by Western culture.

1.1 Objective of the presentation

In this chapter, we want to present an overview on CVDs and their RFs in rural
and urban areas in Sub-Saharan Africa (SSA), to indicate some characteristic fea-
tures of lifestyle in these two environments and to draw conclusions from them in
terms of prospects for combating this new epidemic in this part of the world.

1.2 Methodology

We conducted a literature review related to the topic of the chapter, based on
the available documentation as well as on the international scientific literature
accessible through the PUBMED search engine where, after entering the keywords,
the most relevant publications were selected. The use of this documentation was

carried out taking into account the general situation in the world, the specific
situation of the ASS with comparative observation between rural and urban areas.

2. Overview of cardiovascular diseases and risk factors in Sub-Saharan
Africa

2.1 Overview

CVDs are a group of disorders of the heart and blood vessels; they include
mainly [3]:

* coronary heart disease — disease of the blood vessels supplying the heart
muscle;

* cerebrovascular disease — disease of the blood vessels supplying the brain;
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o peripheral arterial disease — disease of blood vessels supplying the arms and
legs;

* rheumatic heart disease — damage to the heart muscle and heart valves from
rheumatic fever, caused by streptococcal bacteria;

* congenital heart disease — malformations of heart structure existing at birth;

* deep vein thrombosis and pulmonary embolism - blood clots in the leg veins,
which can dislodge and move to the heart and lungs.

CVDs are promoted by a number of factors called “risk factors” (RFs).The main
CVREFs are: poor diet, lack of physical activity, smoking, and harmful use of alcohol.
These RFs, related to lifestyle, are called behavioral RFs. They can be the cause of
physiological disturbances such as high blood pressure, hyperglycemia, hyperlipid-
emia and obesity; they are called intermediate risk factors.

CVREFs are also classified into non-modifiable factors and modifiable factors.
The unchangeable risk factors are age, sex, race, and inheritance. Modifiable factors
correspond to behavioral and biological factors. The Figure 1 shows the link
between CVRFs and CVDs.

STEPS studies carried out on a continental African scale in the 1980s indicated
high prevalence of CVRFs and especially hypertension.

The summary of the results of these studies is presented in Table 1.

Cardiovascular diseases are become a major public health problem throughout
the African Region. The main CVDs are: high blood pressure, stroke,

Non-modifiable Physiological risk

. Pathologies
risk factors factors

Age .

Male ndmidual Hypettenswe

= cardiopathies

Faruly history Hypertension — Hemaorrhagc

stroke
Increased LDL
. . cholesterol
Behavioral risk Ohesity
factors Decrease m Coronary heart
HDL diseases
cholesterol —_—

Sedentary hfestyle Hemorthagic

B A stroke

- Saturated fat Diabetes

Salt —
- Cholesterol .
: Peripheral

- Total calcium content v':;}c]uf;

Excessive consumption of diseases

alcohol

Smoking

Figure 1.

Relationship between CVRFs and CVDs. Source: Wong ND., Black et Grdin JM., Preventive cardiology: a
practical approach, Chicago, Mc Graw Hill, 2005.
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cardiomyopathy and coronary heart disease. In addition, rheumatic heart disease
remains a worrying problem [5].

The Tables 1 and 2 and Figures 1 and 2 below relating to cardiovascular mor-
bidity and mortality in SSA clearly illustrate the current place occupied by CVDs in
this region of the world.

There are also a number of underlying determinants of CVDs. They stem from
major social, economic and cultural developments - globalization, urbanization,
aging populations, poverty, stress and hereditary factors [3]. It is these socio-
cultural and economic disturbances that could partly determine the differences
observed between rural and urban areas in Africa.

2.2 Cardiovascular risk factors: rural versus urban environment

Several African studies have indicated a higher prevalence of FDRCV in urban
areas than in rural areas and attributed this disparity to lifestyle change in urban
areas. The most documented RFs are hypertension, diabetes, obesity, and high
cholesterol.

The prevalence of hypertension is very high in SSA. It varies according to the
studies and according to the regions globally between 19 and 43% in the general
population and can exceed 70% beyond 65 years; it is higher in urban areas than in
rural areas [7-9]. Studies carried out across a few African countries have shown

CVDs Morbidity Mortality

n % n %
Stroke 10367 16,57 2124 19,68
Heart failure 5477 8,76 876 8,12
Ischemic cardiopathy 501 0,80 86 0,80
Pulmonary embolism 278 0,44 103 0,95
Deep vein thrombosis 246 0,39 — —
Pericarditis 81 0,13 13 0,12
Valvular heart diseases 79 0,13 12 0,11
Bacterial endocarditis 6 0,01 2 0,02
Acute articular rhumatism 13 0,02 1 0,01
Other 2432 3,89 597 5,53
All CVDs. 19480 31,14 3814 35,35
All internal medicine diseases 62553 100,00 10790 100,00

Source: Statistics from the National Cardiovascular Disease Control Program, PNMCYV / DR. Congo, 2018.

This table shows that CVDs represent 31.1% of all hospitalizations in the medical sector in Kinshasa hospitals between
2007 and 2016; Stroke is the leading cause of morbidity in hospitalization in the medicine sector with 53% of
cardiovascular morbidity and 16.6% of overall morbidity, followed far behind by heart failure and ischemic heart
disease. We can also observe the low frequency of heart valve disease (including rhewmatic valve disease), probably
due to the easier access to antibiotics and other preventive measures, mainly in urban areas.

The table indicates also that CVDs represent in Kinshasa hospitals, between 2007 and 2016, 35.4% of overall
mortality in the medicine sector; stroke accounts for 55.7% of cardiovascular mortality and 19.7% of overall mortality,
followed by pulmonary embolism and ischemic heart disease.

These results on hospital movbidity and mortality in Kinshasa join those of a hospital survey carried out more than
twenty years ago in a hospital establishment in Kinshasa, where stroke vepresented 31% of cardiovascular morbidity,
6% of morbidity overall, 57% of cardiovascular mortality and 12% of overall mortality [6].

Table 2.
Cardiovascular morbidity and mortality from 2007 to 2016 in eight hospitals in Kinshasa, DR Congo.
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Figure 2.

Proportions of Death from Different CVDs. Source: Statistics from the National Cardiovascular Disease Control
Program, PNMCV / DR Congo, 2018. This figure indicates that stroke and all-cause heart failure were the two
leading causes of cardiovascular mortality in Kinshasa hospitals between 2007 and 2016, with 55.7% and 23%
respectively, followed by pulmonary embolism (2,7%) and ischemic cardiopathy (2,25%).

some prevalence figures: 19.3% and 21.4% respectively in Nigeria and Kenya in
rural areas, 23.7% and 38% in Tanzania and Namibia in urban areas [10]. In South
Africa, 43% in rural areas, 77.3% in subjects aged over 50 in urban areas [10]. In
Benin, the prevalence of high blood pressure, obesity and diabetes has been higher
in urban than in rural areas, while, exceptionally, that of smoking has been higher in
rural areas [11].

The disparity in hypertension prevalence rates between the different SSA coun-
tries is probably linked, beyond the methodology and the conditions for carrying
out each study, to the socio-cultural characteristics of each society, including in
particular the dietary habits with different salt intake levels.

At the African level, a meta-analysis of SSA carried out in 2007 [12] indicated
that diabetes was the second cardiovascular risk factor. Its prevalence is higher in
urban areas than in rural areas. This is the case in the Democratic Republic of
Congo, where prevalences of 4.8% and 25% were observed in rural and urban areas
respectively [13].

The prevalence of obesity is steadily increasing in large cities in SSA, mainly due
to the new lifestyle imposed by urbanization. Thereby, the prevalence of obesity is
higher in urban than in rural areas and is estimated at over 60% in some regions [10].

In SSA, hypercholesterolemia follows the same geographic distribution as obe-
sity, ie more prevalent in urban areas than in rural areas [7].

In DR Congo, there has been a gradual increase in the prevalence of hypertension
over the years, in view of certain surveys carried out mainly in the capital, from 9.9%
in 1986 to 26% in 2018 [14-16]; Unfortunately, there is no large-scale survey, in the
general population, comparing the burden of CVRFs in rural versus urban areas.

2.3 Lifestyle in rural versus urban areas
According to World Bank data, more than 50% of the population in SSA lives in

rural areas, which is characterized by the predominance of traditional economic and
social survival activities: agriculture, animal husbandry and fishing. As these
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activities have not been modernized, they are essentially carried out by hand and
thus require their providers to have a high, regular and permanent level of physical
activity. In addition, the diet contains fewer processed products than in urban areas.
All this could explain the low prevalence of CVRFs in comparison to the urban
environment where we find the following characteristics: tendency to sedentary
lifestyle, insufficient physical activity, diet high in sugar, fat and salt, stress psy-
chosocial etc.

Hence the interest of general measures among populations as recommended by
the WHO, including reducing salt consumption. In fact, in the 2013-2020 global
action plan to combat NCDs [17] adopted in 2013, one of the targets to be achieved
by 2025 was the 30% reduction in average salt consumption by populations to
reduce the prevalence of hypertension. The effective implementation of this rec-
ommendation requires general measures, among the populations, aimed at reducing
salt consumption, in particular by discouraging the use of added salt during food
preparation or at the table.

It is also useful to mention that locking rural populations in an environment
dominated by traditional mores and mentalities can constitute a handicap to
understanding and adopting new behaviors necessary for the fight against NCDs.
This can make rural populations fragile once they are exposed to NCD RFs. This is
precisely what is observed among populations from rural areas and living in peri-
urban areas, mentally close to their traditional areas but confronted with a Western-
type society that exposes them to the RFs of NCDs. An awareness-raising effort for
the fight against NCDs, adapted to each environment and each social category,
deserves to be encouraged.

3. Discussion

The difference in lifestyle between rural and urban areas in SSA is a sociological
reality known to all; however, the impact on the burden of CVRFs in these two
settings has not yet been sufficiently studied. This is mainly due to the high cost of
epidemiological surveys in the general population. Nevertheless, the few studies
carried out in these two environments and mentioned in this chapter, although
small in scope, have been able to provide some information tending to confirm the
difference between these two environments.

The rural environment is characterized by its still strong attachment to the
customs and mores of traditional African society where individuals are physically
active, most often consuming natural foods and less exposed to stress related to the
vagaries of modern society. There is therefore a low exposure to CVDFs and hence
to CVDs. Conversely, progress in the fight against infections is less noticeable there,
which would explain an infectious mortality even more marked than in urban areas,
a residue of the era of major pandemics. All of this deserves to be documented by
solid epidemiological investigations that can inform health and policy decisions. On
the basis of current plot data related to CVDs and CVRFs in rural areas, it could be
said that rural areas in SSA are still between the 1st and 2nd stage of the epidemio-
logical transition following the subdivision described by Meslé and Vallin in 2007
[18], while the urban environment could be considered to be already in the middle
of the 2nd stage, in view of the real decline of the infectious risk to the benefit of
NCDs and their RFs.

As a reminder, the concept of epidemiological transition was launched by Omran
in 1971 [19] and subdivided into three stages below by Meslé and Vallin in 2007:

* the stage of high infectious morbidity and mortality, with low life expectancy;
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* the stage of decline in pandemics, leading to an improvement in life
expectancy;

* the stage of the reign of chronic diseases or NCDs, a consequence of the
increase in life expectancy.

This concept was supplemented by that of health transition [20], which is more
global, encompassing not only the epidemiological situation but also the different
responses from society to health issues.

Conversely, the urban and peri-urban environment in SSA are characterized by
a tendency to sedentary lifestyle, a diet rich in sodium and calories, excessive
alcohol consumption, socio-professional stress, all this in a context of poverty or
social insecurity. Linked in particular to an uncontrolled rural exodus. This results
in an increase in biological or physiological RFs [15, 21, 22] and a vicious circle
between NCDs which exacerbate poverty and vice versa, poverty which promotes
NCDs [23], poverty understood in the classic World Bank sense, namely an income
of less than §$ 1.9 per day per person or the inability to afford basic minimum
services.

There is growing evidence that poverty promotes NCDs, particularly through
poor accessibility to treatment [24] and other health services; in low-income coun-
tries, the high prevalence of RDF of NCDs, the early onset of their complications
[25-29] as well as the excess mortality associated with these diseases constitute
strong arguments in favor of this link between poverty and NCDs. The following
statement by Ambassador Taonga Mushayavanhu, Permanent Representative of the
Republic of Zimbabwe to the United Nations Office at Geneva, within the frame-
work of the “Dialogue on NCDs, Poverty and Development Cooperation” forum is
sufficiently enlightening on the question:

“In developed countries, the population often takes advantage of multisectoral
policies and plans put in place by the government to reduce exposure to risk factors
and empower health systems”, explains the Ambassador, who adds: “Developing
countries have little capacity to fight NCDs, which leads to premature death,
reduces productivity, slows economic growth and locks the most destitute in
chronic poverty. In a report published in April 2013, the African Union pointed out
that the exorbitant costs associated with NCDs push 100 million people into poverty
each year, hampering development. Yet the tools, knowledge and strategies avail-
able today can prevent most of these diseases” [23].

It should be recalled that NCDs have already been the subject of three high-level
meetings at the United Nations, in 2011, 2014 and 2018, each time bringing together
the various member states of the world organization at the highest level of repre-
sentation. World leaders have recognized that NCDs pose the greatest threat to
health and development worldwide, especially in the developing countries. To this
end, a political declaration on NCDs was adopted at the first high-level meeting.

At the Sixty-sixth World Health Assembly held in May 2013 and as part of the
follow-up to the Political Declaration of the First High-Level Meeting of the United
Nations General Assembly on the Prevention and Control of Noncommunicable
Diseases, States approved the Global Plan of Action for the Control of
Noncommunicable Diseases for 2013-2020 [17], whose objectives and voluntary
global targets are as follows.

3.1 Objectives

1.To raise the priority accorded to the prevention and control of
noncommunicable diseases in global, regional and national agendas and

171



Lifestyle and Epidemiology - The Double Burden of Poverty and Cardiovascular Diseases...

internationally agreed development goals, through strengthened international
cooperation and advocacy;

2.To strengthen national capacity, leadership, governance, multisectoral action
and partnerships to accelerate country response for the prevention and control
of noncommunicable diseases;

3.To reduce modifiable risk factors for noncommunicable diseases and
underlying social determinants through creation of health-promoting
environments;

4.To strengthen and orient health systems to address the prevention and control
of noncommunicable diseases and the underlying social determinants through

people-centred primary health care and universal health coverage;

5.To promote and support national capacity for high-quality research and
development for the prevention and control of noncommunicable diseases;

6.To monitor the trends and determinants of noncommunicable diseases and
evaluate progressin their prevention and control.

3.2 Voluntary global targets

1. A 25% relative reduction in the overall mortality from cardiovascular diseases,
cancer, diabetes, or chronic respiratory diseases;

2. At least 10% relative reduction in the harmful use of alcohol, as appropriate,
within the national context;

3.A 10% relative reduction in prevalence of insufficient physical activity;
4.A 30% relative reduction in mean population intake of salt/sodium;

5.A 30% relative reduction in prevalence of current tobacco use in persons aged
15+ years;

6.A 25% relative reduction in the prevalence of raised blood pressure or
contain the prevalence of raised blood pressure, according to national
circumstances;

7.Halt the rise in diabetes and obesity;

8. At least 50% of eligible people receive drug therapy and counselling (including
glycaemic control) to prevent heart attacks and strokes;

9.An 80% availability of the affordable basic technologies and essential
medicines, including generics, required to treat major noncommunicable
diseases in both public and private facilities.

Unfortunately, during various evaluations of the progress made in the imple-
mentation of the commitments made by the States, the observation was disap-
pointing: most of them had not reached the desired level in the process of
implementation of the States commitments [30].
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To this end, seven main obstacles to the implementation of these commitments
have been identified, namely:

1.lack of political will, mobilization, capacity and action;
2.lack of policies and plans for NCDs;

3.difficulties in setting priorities;

4.impact of economic, business and market factors;
5.insufficient technical and operational capacities;

6.Insufficient funding (internal and international) to transpose scaling up
measures to combat NCDs; and.

7.lack of accountability.

This explains, in most states in SSA, a situation of inertia in the implementation
of the recommendations and commitments made by the leaders of these states, with
multiple consequences: absence of administrative and legal reforms to support the
fight against NCDs, lack of support for national programs, where they exist,
scarcity of basic epidemiological data on NCDs, lack of support for healthcare
establishments for the management of NCDs, etc.

In this context, it is understandable why in SSA states, there are no national
registers of NCDs, nor large-scale general population data on NCDRFs or CVRFs,
and even less on CVDs; healthcare establishments are not equipped for the correct
management of NCDs or CVDs. These states for the most part do not have struc-
tures for universal health coverage to promote accessibility for all to quality care.
Comparative information on NCDs and their RFs between rural and urban areas is
not sufficiently documented, apart from a few small series.

In view of this gloomy picture of CVDs in SSA, one of the priority actions should
concern the carrying out of large national surveys of the prevalence of CVRFs so as
to make basic epidemiological data available. This would make it possible to identify
evidence on the possible differences between the different environments, urban
and rural, and to draw the necessary consequences in terms of prospects for the
control of CVDs.

4. Conclusion

CVDs are one of the major current public health problems in SSA and
globally. They are among the main causes of morbidity and mortality in SSA,
but data on their geographical and sociological distribution, especially in rural and
urban areas, are still incomplete. The first existing epidemiological surveys seem to
indicate that they are more firmly established in urban areas than in rural areas,
probably linked to the difference in lifestyles between these two areas. SSA states
need to take the option of launching vast epidemiological and clinical research
programs aimed at making basic epidemiological data available, taking into
account the sociological specificities of African society. This knowledge,
documented in the form of scientific evidence, would make it possible to
consider with relevance and effectiveness measures to combat this new epidemic in
developing countries.
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and Associated Risk Factors
among University of Limpopo
Students
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Abstract

In South Africa, substance rehabilitation centers found alcohol as the primary
substance abuse in eight out of the nine provinces. This study aimed to investigate
the prevalence of alcohol use and associated risk factors among University of
Limpopo students with mean age of 21.5 years. This was a cross-sectional study
and constituted a total of 500 female students and 417 male students from the
University of Limpopo. Logistic regression was used to calculate the association
between alcohol consumption and its predictors. Information about their alcohol
consumption, the type of alcohol and the practice related to alcohol consumption
was collected using a validated questionnaire. Tobacco and marijuana product
use were significantly (P < 0.05) associated with alcohol use among University of
Limpopo students for unadjusted (OR ranges 4.31 95%CI 2.71 6.87 to 4.92 95%ClI
3.16 7.70) and after adjusting for age gender and amount of money deposited into
the student account by the bursary scheme (OR ranges from 4.14 95%CI 2.59 6.62 to
4.50 95%CI 2.87 7.06). Tobacco product use, marijuana use and enhancing interper-
sonal relationships are major risk factors associated to current alcohol use. Future
studies are required to investigate the development of lifestyle and cardiovascular
disease over time among University of Limpopo students.

Keywords: alcohol, tobacco, marijuana, students, university of Limpopo

1. Introduction

A university living setting provides a unique opportunity for students who enter
this environment for the first time. Yet, living in a new environment is associated
with stress and changes of lifestyle [1]. At the university level, students adjust to a
certain level of being an adult and experiencing freedom. These students create a
social and cultural environment by drinking alcohol to obtain a positive outcome
(e.g. enhancement, coping) or to avoid a negative outcome (like peer rejection) [2].
This environment could further create unhealthy lifestyles such that students are
more involved in risky behaviour and serious drinking problems than their peers
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who are not enrolled in the University [2-4] . Unhealthy behaviour such as tobacco
product use, marijuana use, injuries and interpersonal problems are the vital risk
factors associated with excessive alcohol consumption. Besides, alcohol use among
university students has been associated with poor academic performance, personal
injuries, loss of memory, temporary illness (such as nausea, vomiting, and hang-
over), unprotected sexual activity, acquaintance rape, sexual violence and other
problems like suicide,, impaired driving skills,, vandalism or fights [5].

The high percentage of alcohol use and abuse in the university environment
by students is viewed as representing the prime drinking years for individuals [6].
For example, Young and De Klerk. [7] reported that more than 50% of Rhodes
University student respondents who participated in their study were dependent on
alcohol. The prevalent of alcohol use in a university in the South-East of Nigeria was
reported to be 78.4% [8].

The prevalence of alcohol use by university students in South Africa has been
found to range from 20% to 80% in 2009 by Peltzer & Ramlagan [9]. The preva-
lence of alcohol drinking at the University of Venda, South Africa was reported to
be 65% of the current drinkers [10]. In South Africa, substance rehabilitation cen-
ters found alcohol as the primary substance abuse in eight out of the nine provinces
[9]. Excessive alcohol consumption during University year’s impacts negatively on
student lifestyles even on post-University level, leading to accidents, health prob-
lems, and personal problems [11].

Alcohol drinking may be responsive to internal rewards such as the manipulation
of management of one’s own internal emotional state and external reward such as
social acceptance [2]. Various factors affect the alcohol drinking patterns of students
in the university environment. Some university student prefer beer and other drugs
for economic reasons, Regardless of the various alcoholic beverages like cider, wine,
spirits, champagne, whisky, gin or brandy [12]. Gender differences in alcohol use was
reported among university students in the USA with a significantly high number of
males compared to females drinking alcohol [13]. Furthermore, staying on-campus
has been linked with excessive alcohol drinking than staying off-campus [14]. Little
is known about the prevalence of alcohol use and associated risk factors among the
University of Limpopo. This study aimed to investigate the prevalence of alcohol use
and associated risk factors among University of Limpopo students aged 17 to 43 years.

2. Method
2.1 Geographical area

The study was conducted at the University of Limpopo, that was previously
known as the University of The North (Sovenga). The University of Limpopo
is situated at the foothill of Hwiti (Wolkberg range) in Mankweng, midway
between Polokwane and Makgoebaskloof in Limpopo province, South Africa. The

research was approved by the University of Limpopo research ethics committee
(TREC/61/2019: 1R).

2.2 Sampling and sample size
All the participants of the study were full-time students enrolled for the aca-
demic year 2019 in University of Limpopo. The participants represented the four

available faculties (Science and Agriculture, Humanities, Management and Law,
and Health Sciences). The total number of participants was n = 917 of which 45.5%
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(n = 417) were males and 54.5% (n = 500) were females (mean age of 21.5 years). A
convenient sampling method was used to have easy access to the participants.

2.3 Instruments

The questionnaire used in this study was based on questions, which have been
used in the Ellisras Longitudinal Study and other studies [15, 16]. The questionnaire
was shared with experts to ensure content, face and construct validity. The ques-
tionnaire was then revised and piloted with a sample of students to make sure it was
valid, reliable, acceptable and accurately understood.

The questionnaire comprised of three sections. The first section of the question-
naire included of participants’s age,gender, marital status and place of residence,
field of study, year of entering the university and the level of study. The academic
level was categorised as lower level (first and second year), moderate high (third-
year level) and high level (postgraduate level).

Current alcohol drinkers were defined as anyone who drinks alcohol regularly
for the past 30 days. The following question was asked: “During the past 30 days,
have you had at least one drink of any alcoholic beverage such as beer, wine, a malt
beverage, or liquor regularly?” The number of days in the past month where you
had a drink between 07:30 and 16:00 and the frequency of drinking alcohol regu-
larly the past 30 days were classified into: Less than four times in the past 30 days, 2
to 3 days a week in the past 30 days and more than four days a week the past 30 days.
This was classified into the less than four times in 30 days. The onset (initiation age)
age for alcohol drinker use was determined by the question “If yes, indicate how
old you were when you first tried this____. How old were you when you first drank
alcohol regularly ” Onset age was grouped as less than 15 years, between 15
and 19 years and over 20 years.

2.4 Other associated factors

All studied characteristics together with peer relation, personal enjoyment and
tension reduction were chosen based upon literature that had identified associa-
tions between these variables and binge drinking [17, 18]. The selection questions
included: I drink alcohol because it will boost my creativity (Yes/NO)? I drink
alcohol because I want to be popular (Yes/NO)? I drink alcohol because it helps
me to face difficulties with confidence (Yes/NO)? I drink alcohol because it would
comfort me when I get blamed (Yes/NO)?

Tobacco and marijuana products use was assessed using the following ques-
tions: Does anyone you live with use tobacco products (Yes/No)? Does anyone
you live with smoke hubbly bubbly (Yes/No)? Does anyone you live with smoke
weed/marijuana (Yes/No)? Does anyone you live with drink alcohol (Yes/No)?

2.5 Statistical analysis

Descriptive statistics including frequency distribution and percentage frequen-
cies were used to determine the prevalence of current alcohol use among University
of Limpopo students. A chi-squared test was used to compare sets of nominal
data that had larger frequency counts while the Fisher’s exact test was used when
frequency cells were small (less than five or ten) between genders [19, 20]. Logistic
regression was used to determine the associated risk factors for current alcohol use
among the University of Limpopo students. All statistical analyses were performed
using SPSS version 25. The statistical significance was setat P < 0.05.
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3. Results

Table 1 shows the descriptive statistics for positive response on alcohol con-
sumption of the University of Limpopo students aged 17 to 43 years. The preva-
lence of current regular alcohol use was significantly (p < 0.021) higher for males
(61.9%) compared to females (47.8%). Students who first consumed alcohol at
age of less than 15 years were 24.7% males and 8.8% females, the difference was

Males Females

% (n) % (n)
Faculties of the University of Limpopo
Science and Agriculture 33.8 (141) 196 (98)
Humanities 269 (112) 23.8 (119)
Management and Law 17.0 (71) 13.0 (65)
Health Sciences 223 (93) 43.6 (218)
Bursaries Received
Receiving funding from other bursaries 11.0 (46) 9.2 (46)
Receiving funding from NSFAS 703 (293) 804 (402)
Students Study level
Lower level (First and Second year) 56.8 (237) 53.8 (269)
Moderate high level (third-year level) 23.0 (96) 256 (128)
High level (post graduate level) 20.1 (84) 20.6 (103)
Alcohol consumption
Have you ever drunk alcohol? 743 (310) 62.8 (314)
Age when you had first drink of alcohol
Less than 15 years 314 (131) 14.2 (71)
15to 19 years 357 (149) 40.0 (200)
20 years and above 72 (30) 8.6 (43)
Are you currently drinking alcohol regularly during 619 (258) 478 (239)
the past 30 days
Age when you first started drinking alcohol regularly during the past 30 days
Less than 15 years 247 (103) 8.8 (44)
15to 19 years 30.0 (125) 30.8 (154)
20 years and above 72 (30) 8.2 (41)

Types of alcoholic drinks you drink regularly in the past 30 days

Beer 444 (185) 96 (48)
Cider 35 (146) 30.2 (151)
Wine 24.9 (104) 292 (146)
Spirit 293 (122) 12.8 (64)
Home made 84 (35) 3.0 (15)
Champagne 15.8 (66) 124 (62)

*20.05; **>0.001.

Table 1.
Descriptive statistics for positive response on alcohol consumption of the University of Limpopo students aged 17
to 43 years.
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significant (P < 0.05). Many males (44.4% and 29.3%) in the current study signifi-
cantly (P < 0.05) prefer beer and spirits compared to females (9.6% and 12.8%),
respectively. Females preferred wine than males (29.2% and 24,9%) respectively.
Though, the difference was not significant. The use of homemade alcohol was
significantly (p < 0.05) higher for males (8.4%) compared to females (3.0%).
Table 2 presents the prevalence of positive response on the frequency of drinking
and reasons for drinking alcohol among University of Limpopo students aged 17 to
43 years. A significantly high number of females (27.6%) drink alcohol fewer than
4 times in the past 30 days than males (21.6%). There was a significant (P < 0.05)
number of males (13.4%) who drink alcohol regularly between the period of 07:30
and 16:00 2 to 3 days a week in the past month compared to females (7.4%). The
prevalence of students who drink alcohol for popularity and bosting confidence is also
higher in males (34.8% and 23.5%) than in females (1.8%, and 7.8%), respectively.
The prevalence of tobacco and marijuana products use among relatives/friends who
live with males students were significantly higher (ranges from 16.8 to 42.2%) com-
pared to those who live with females students (prevalence ranges from 10.6 to 27.4%).
Table 3 shows the logistic regression (Odds ratio and 95% confidence interval
and p-value) for the association of current regular alcohol drinking use and the
associated risk factors for University of Limpopo students aged 17 to 43 years.
Tobacco and marijuana product use of relatives/friends living with students were

Males Females
% (n) % (n)

Rate of drinking alcohol regularly the past 30 days

< than 4 times in 30 days 216 (90) 276 (138)
2 to 3 days a week in the past 30 days 11.8 (49) 6.8 (34)
> than 4 days a week in the past 30 days 285 (119) 134 (67)
Number of days in the past month where you had a drink between 07:30 and 16:00

< than 4 times in the past 30 days 29.0 (121) 24 (112)
2 to 3 days a week in the past 30 days 134 (56) 74 (37)
> than 4 days a week the past 30 days 72 (30) 4.0 (20)

Reasons for drinking alcohol

I drink alcohol because it will enhance my creative 6.7 (28) 6.6 33)
ability

I drink alcohol because I want to be popular 348 (145) 1.8 )
I drink alcohol because it helps me to face difficulties 235 99) 78" 39)
with confidence

I drink alcohol because it would ease me when I get 18 (75) 46 (23)
blamed

Tobacco and marijuana product use

Does anyone you live with use tobacco product? 252 (105) 14.2° (71)
Does anyone you live with smoke hubbly bubbly? 16.8 (70) 114 (57)
Does anyone you live with smoke weed/marijuana? 28 (95) 106 (53)
Does anyone you live with drink alcohol? 02 (178) 274 (137)

*20.05; **20.001.

Table 2.
Positive vesponse on frequency of drinking and reasons for drinking alcohol among University of Limpopo
students aged 17 to 43 years.
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Unadjusted Adjusted for age, gender and receiving money into
own Bank account
OR P-value (95%CI) OR P-value 95 %CI
Educational level
Lower level 0.96 0.765 (0.74 1.25) 0.98 0.900 (0.74 1.31)
Moderate high 0.84 0.254 (0.62 1.13) 0.84 0.264 (0.62 1.14)
High level 130 0.113 (0.94 1.80) 1.28 0.161 (091 1.82)
Tobacco and marijuana product use of relatives/friend living with participated students
Smoking 431 0.000" @7n (6.87) 414 0.000" (259 6.62)
hubbly bubbly
Smoke 493 0.000" (316 (7.70) 450 0.000" (287 7.06)
Marijuana
Tobacco 454 0.000" (3.04 (6.78) 424 0.000". (2.82 6.35)
smoking
Student residence
On campus 0.86 0.322 (0.64 (1.16) 1.07 0.650 (0.79 1.45)
Off Campus 1.16 0.322 (0/86 (1.57) 0.93 0.650 (0.69 1.26)

Reasons for drinking alcohol

I drink alcohol 452 0.000" (373 (8.21) 3.65 0.000" (.74 6.66)
because it will

enhance my

creative ability

I drink alcohol 1.86 0.001" (0.07 (371) 231 0.005" (1.87 786)
because I want
to be popular

I drink alcohol 110 0321 (0.31 (4.42) 0.24 0.371 015 334)
because it helps

me to face

difficulties with

confidence

I drink alcohol 341 0.561 (245 4.73) 221 0.461 (1.57 4.63)
because it
would ease

me when I get
blamed

*20.05; **>0.001.

Table 3.
Odds ratio and 95% confidence interval and p-value for the association of curvent regular alcohol drinking use
and the associated risk factors for University of Limpopo students aged 17 to 43 years.

significantly (P < 0.05) associated with the current regular alcohol use among
University of Limpopo students for unadjusted (OR ranges 4.31 95%CI 2.71 6.87
to 4.92 95%CI 3.16 7.70) and after adjusted for age, gender, and amount of money
deposited into the student account by the bursary scheme (OR ranges from 4.14
95%CI 2.59 6.62 to 4.50 95%CI 2.87 7.06). Place of residence and educational level
of students were not significantly associated with current regular alcohol use
among students. Current regular alcohol use among students was significantly

(P < 0.05) associated with enhancing creativity (OR = 4.52 95%CI 3.73 8.210) and
popularity (OR = 1.86 95%CI 0.07 3.71) motive among University of Limpopo
students before adjusting the cofounders, even after adjusting cofounders, creativ-
ity (OR = 3.65 95%CI 2.74 6.66) popularity (OR = 2.31 95%CI 1.87 7.86)).
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4. Discussions

This study aimed to investigate the prevalence of alcohol use and related risk
factors among University of Limpopo students aged 17 to 43 years. The prevalence
of current alcohol drinkers was significantly higher for males compared to females
in a University of Limpopo. Similar patterns were reported earlier in South African
Universities [7 9, 10]. Among students in South Africa, Lategan et al, [12] found
significant differences in drinking behaviour between males and females, with male
students drinking frequently more alcohol than female students. Kypri, et al., [21]
reported similar results among students in a university in New Zealand and further
indicated that these students drank over the legal limit.

In the current study, a significant number of males compared to females
(P < 0.05) preferred drinking beer and spirits. Weschler et al., [22] reported that
several students (both genders) chose spirits (43.8%), beer (19.2%) cider (17.4%)
and very few chose wine (3.7%).

Students who preferred spirits and beer showed risky drinking behaviour such
as driving while drunk and smoking [12]. Alcohol use at university tends to reach
a peak among students aged between 18 and 25 years and are also at the risk of
increasing their alcohol consumption later [23]. These university students may
develop drinking patterns early in life and it will eventually affect their health and
reduce their life expectancy later in their lifestyle.

In the current study alcohol use among students is associated with the use of
tobacco and alcohol among friends and family they are staying with. Taremian
etal., [24] showed a relatively high incidence of alcohol (17%) abuse among
University students in Tehran, however drugs abuse was also high with 34% water-
pipe smoking, 24% cigarette, and 2.2% marijuana. Patterns of alcohol consump-
tion and use of drugs vary depending on drinking motives. Cox and Klinger, [25]
reported that alcohol drinking and drug use motives could be characterised into
two underlying dimensions reflecting the valence (positive or negative) and source
(internal or external) of the outcome an individual hopes to achieve. These drinking
and drug problems of university students affect their academic achievement badly,
emotional adaptableness, and the ability to get jobs after obtaining their career
qualification [26].

In our current study alcohol use was not significantly associated with the
students residents (off campus/on campus). Dawson et al., [27] found the similar
results were there was no differences in amount of alcohol drinking among students
living on and off-campus. Similar results were found in the current study. Contrary,
Simons-Morton et al., [14] reported that independency and peer pressure increases
the risk of alcohol consumptions among students living off-campus.

In the present study, most students drank alcohol to improve interpersonal
relationships. The greatest motive for drinking was to be popular followed by
difficulties with confidence among males in the current study. Yoo et al., [28],
reported a similar response among Korean Medical Students. The high prevalence
of drinking among university students not only undermines academic perfor-
mance, it also places student at risk of injuries, mortality, crime, and sexual assault
[29]. It is necessary and essential to identify the significance of alcohol consump-
tion complications in the institutional environment and system that can launch a
healthy drinking culture. The problem of university student alcohol consumption
can be solved by Policy-based tactics. A healthy drinking culture should be advo-
cated by both the university authority, staff, students and parents such that skilled
graduates of the University of Limpopo could pursue his/her career with dignity
and vision.
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This study has some limitations. We did not randomly select the students to
participate in the study but have invited them to take part in the study. There isa
possibility that our sample may not be generalizable to the University of Limpopo
students. This study forms the base; ever since the higher education sector decided
to deposit the bursary money into the student account every month to cover their
essentials. Given the cross-sectional nature of the current study, a causal relation-
ship could not be achieved. This was based on interviewing students by well-
trained field workers hence recall bias should not be ruled out as an interview was
conducted between lecture classes.

5. Conclusions

The prevalence of the current alcohol consumption is high among University
of Limpopo male students compared to female students. Living with a person
using Tobacco product, marijuana and alcohol are major associated risk factors
for current alcohol use in the University of Limpopo students. Drinking problems
should not be handled in isolation by the university authority in policy formula-
tion for the culture of healthy drinking but also educate the students on the use of
drugs and the motives for drinking. Future studies are required to investigate the
development of lifestyle and cardiovascular disease over time among University of
Limpopo students.
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Abstract

Metabolic syndrome (MetSy) is a compilation of interrelated pathologic conditions
characterized by central obesity, hypertension, insulin resistance and atherogenic
dyslipidaemia. The prevalence of MetSy is rising globally. There is growing evidence
which linked the individual components of MetSy to the increasing prevalence of poor
reproductive health in both the male and female community. This text reviews the
recent evidence associating MetSy to poor reproductive health as well as the underly-
ing pathophysiology. The aims to study the relationship between MetSy and reproduc-
tive health. The effects of MetSy on fertility were examined and supporting evidence
explaining the pathophysiology of dysfunction with each MetSy component extracted
from the following medical databases, including CINAHL, MED- LINE, EMBASE,
PubMed, and ERIC were described. Noncommunicable disease is rising at an alarming
rate globally. Metabolic disorders like hyperlipidaemia, obesity, and insulin resistance
can directly or indirectly affect the reproductive health and fertility in both men and
women through the interruption of hypothalamic - pituitary — gonadal axis functions.
Metabolic syndrome’s adverse effects are likely transgenerational (Barker hypothesis),
where children born to obese mothers are at increased risk for obesity, diabetes and
cardiovascular disease later in life. Therefore MetSy deserves attention and screen-
ing should be upscaled at all contacts for all age group of patients to save the future
generations.

Keywords: body mass index, diabetes, fertility, metabolic disorders, obesity,
male and female reproductive health, screening

1. Introduction

Metabolic Syndrome (MetSy) is one of the fastest-growing non-communicable
disorders globally [1, 2]. Metabolic syndrome (MetSy) is a precursor to Non-
communicable Diseases (NCDs) and is responsible for the high prevalence of
chronic diseases like diabetes, hypertension, heart conditions and cerebrovascular
incidents. The burden of NCDs is rising globally and is becoming worse in develop-
ing countries, where more women than men are at risk. Women also bear the great-
est morbidity and mortality in almost all countries [2]. By the year 2030, studies
project that NCDs and related diseases will be the cause of more than 75% of deaths
globally [3]. Cardiovascular diseases (CVDs) are predicted to be the future major
cause of deaths in low-income countries, more than all the infectious diseases,
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maternal and perinatal conditions, and nutritional disorders combined [2, 3]. The
risk factors associated with NCDs include smoking, high blood pressure, unhealthy
diet, inactivity, overweight and obesity, hypercholesterolemia, elevated blood sugar
and alcohol consumption [4].

In 2016, the WHO recorded 39% of adults aged 18 years and over (39% of men
and 40% of women) to be overweight and on the whole about 13% of the world’s
adult population (11% of men and 15% of women) were obese in 2016 [5]. Obesity
and overweight). The worldwide prevalence of obesity nearly tripled between 1975
and 2016 [5]. Obesity in men in reproductive age is increasing worldwide, impact-
ing negatively on reproductive potential, sperm function and assisted reproduction
outcomes. Changes in modern eating behaviors are needed to invert the negative
correlation between lifestyle and sperm quality [6]. Current studies predict that
approximately 25% of children less than 16 years old will be obese by the year 2050.
This is of serious concern as childhood obesity predisposes individuals to adult
obesity and the associated obesity related medical sequelae. One such sequela is the
impact on reproductive health in both the male and females population [7].

2. Defining the metabolic syndrome (MetSy)

Metabolic syndrome (MetSy) presents as a group of interrelated factors that
increases the risk of acquiring cardiovascular disease (CVD) such as coronary heart
disease (CHD), arterial atherosclerotic vascular disease and type-2 diabetes mellitus
(T2DM), which was described as “Syndrome X” by Reaven in 1988. “Syndrome X”
was characterized by impaired glucose tolerance (IGT), hyperinsulinemia, elevated
triglycerides (TG), and reduced high-density lipoprotein cholesterol (HDLc) [8].
To date, several definitions of MetSy have been proposed by various international
organizations and expert groups by incorporating its different components. These
include definitions by the National Cholesterol Education Program Adult Treatment
Panel IIT (NCEP:ATPIII), American Association of Clinical Endocrinology (AACE),
International Diabetes Federation (IDF), American Heart Association (AHA) in
collaboration with National Heart, Lung and Blood Institute (NHLBI), and World
Health Organization (WHO) [9]. A summary of these definitions is presented in
Tables1and 2.

In an effort to provide more consistency in both clinical care and research of patients
with MetSy, these various international organizations and expert groups published a
consensus joint statement in 2009 on uniform diagnostic criteria, The Harmonized
Definition of Metabolic Syndrome [10]. The Harmonized Definition of Metabolic
Syndrome (MetSy) includes the presence of 3 of the 5 risk factors, these being enlarged
waist circumference (WC) with population-specific and country-specific criteria
(WC > 102 cm in men and WC > 88 cm in women), serum triglycerides >150 mg/dL
or 1.69 mol/l, high density lipoprotein (HDL-c) < 40 mg/dL or 1.03 mmol/l in men
and < 50 mg/dL or 1.29 mmol/l in women, systolic blood pressure > 130 mm Hg or dia-
stolic blood pressure > 85 mm Hg, as well as fasting glucose >100 mg/dL or 5.6 mmol/l.
Also included are patients taking medication to manage hypertriglyceridemia, low high-
density lipoproteins (HDL-c), hypertension and hyperglycaemia.

MetSy predicts that the development of type 2 diabetes mellitus (T2DM) leads,
in addition, to increased cardiovascular morbidity [9]. Thus, the main components
of MetSy are: dyslipidaemia, characterized by elevated triglycerides and low High-
Density Lipoproteins (HDL cholesterol), elevated blood pressure (BP), hyperglycae-
mia, abdominal obesity and/or insulin resistance (IR). Metabolic syndrome is nota
disease per se, but a combination of metabolic abnormalities which can present in dif-
ferent ways in accordance with the various components that constitute the syndrome.
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National Cholesterol Education Program Adult Treatment Panel III (NCEP:ATPIII): Any three or more of the
following:

¢ Waist circumference > 102 cm in men and > 88 cm in women;

* TG > 150 mg/dl (1.69 mmol/l);

¢ HDL-cholesterol <40 mg/dl (1.03 mmol/l) in men and < 50 mg/dl (1.29 mmol/l) in women;
* BP >130/85 mmHg;

* Fasting glucose >100 mg/dl (5.56 mmol/l).

American Association of Clinical Endocrinology (AACE): Impaired glucose tolerance plus two or more of the
following:

* BMI > 25 kg/m?2;

* TG > 150 mg/dl (1.69 mmol/l) and/or HDL-cholesterol <40 mg/dl (1.03 mmol/l) in men and < 50 mg/
dl (1.29 mmol/1) in women;

* BP >130/85 mmHg.

International Diabetes Federation (IDF): Central obesity (defined by waist circumference with ethnicity-
specific values#, but can be assumed if BMI > 30 kg/m2), plus two of the following:

¢ TG > 150 mg/dl (1.69 mmol/l);

* HDL-cholesterol <40 mg/dl (1.03 mmol/l) in men and < 50 mg/dl (1.29 mmol/l) in women;
« BP > 130/85 mmHg;

* Fasting glucose >100 mg/dl (5.56 mmol/l).

American Heart Association in collaboration with National Heart, Lung and Blood Institute (AHA/NHLBI):
Any three of the following:

* Waist circumference > 102 cm in men, and > 88 cm or greater in women;

¢ TG > 150 mg/dl (1.69 mmol/l);

* HDL-cholesterol <40 mg/dl (1.03 mmol/l) in men and < 50 mg/dl (1.29 mmol/l) in women;
* BP >130/85 mmHg;

* Fasting glucose >100 mg/dl (5.56 mmol/l). TG: Triglyceride; HDL: High density lipoprotein; BP: blood
pressure: BMI: body mass index #See Table 2.1.

WHO clinical criteria for defining MetS:

* Resistance to insulin by one of the following:
Type 2 Diabetes

Impaired fasting glucose

Impaired Glucose Tolerance

Insulin resistance defined euglycemic hyperinsulinemic

More any two of the following:

Antihypertensive and/or high blood pressure (systolic or diastolic >140 > 90 mm/Hg)

Plasma triglycerides >150 mg/dl ‘HDL cholesterol 39 mg/dl (in women)*BMI 30 kg/m* and/or the
waist/hip > 0.85 (in women)

Urinary albumin excretion rate > 20 g/min or albumin creatinine ratio > 30 mg/g

Table 1.
Metabolic syndrome definitions [9].

3. Pathophysiological development of metabolic syndrome

Many different factors such as genetics, lifestyle (diet and physical activity),
obesity and insulin resistance have been hypothesized to play a role in the develop-
ment of MetSy [8, 11, 12]. Visceral adiposity as a result of a high caloric intake has
been demonstrated to be a primary trigger and a major causative factor for the
pathogenesis in MetSy [13-15]. A metanalysis conducted by Ryckman et al. [16]
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Analyte Range Classification
Total Cholesterol' (mmol/L) <52 Desirable
52-6.1 Borderline high
>6.1 High
HDL™ >1.53 Less than average risk
(mmol/L) 1.03-1.53 Average risk (male)
1.29-1.53 Average risk (female)
<1.03 Increased risk (male)
<1.29 Increased risk (female)
LDL' <26 Optimal
(mmol/L) 26-33 Near optimal
3441 Borderline high
4.2-49 High
>49 Very high
CHOL/HDL** <35 Optimal (male)
(mmol/L) <34 Optimal (female)
>5.0 Above average risk (male)
> 44 Above average risk (female)
VLDL5® 0.1-17 Normal / near optimal
>0.77 High
Non-HDL"? <34 Optimal
(mmol/L) 34-4.1 Near optimal
4.2-49 Borderline high
5.0-5.7 High
>57 Very high
Triglycerides' <169 Desirable
(mmol/L) 1.69-2.25 Borderline high
2.26-5.63 High
>5.63 Very high
Glucose®’® <56 Normal (fasting)
(mmol/L) <78 Normal (non-fasting)
41-6.6 Reference interval (fasting)
<2,>30 Critical

"National Cholesterol Education Program ATP II1.
2Lab Tests Online - Lipid Panel.

’Harvard Medical Health Guide.

*American Heart Association.

SLab Tests Online — VLDL.

SAbaxis — Piccolo® Lipid Panel Plus Reagent Disc.
"American Diabetes Association.

5)Mayo Clinic.

Table 2.
Reference ranges for clinical and biochemical measurements.

found that the presence of a single element of metabolic syndrome could contrib-
ute to the development of metabolic syndrome, and that diabetes alone will later
contribute to the development of hypertension. Obesity appears more common in
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females and this is attributed to the fact that most women gain weight outside the
recommended levels during pregnancy [17].

4. Global epidemiology of metabolic syndrome

Due to the aging population, global increase in obesity and sedentary lifestyles,
the prevalence of MetSy is increasing throughout the world and it has become an
epidemic of the 21st century [18]. Prevalence rates vary widely due to the criteria
used, age of the population, gender, ethnic group, prevalence of obesity in the
background population, and environment. The incidence of MetSY often parallels
the incidence of obesity and incidence of T2DM. The global prevalence of MetSy
has be estimated to be about one quarter of the World population [19]. The preva-
lence of MetSy is 0-50% or more in African populations, commoner in females and
increases with age and urban housing (Okafor, 2012) [20].

5. Screening for MetSy in the general public

Screening can include individuals with pre-symptomatic or unrecognized
symptomatic disease [21]. Several studies have shown the importance of screening
[22-24].

Health-screening programmes have been effectively used to pinpoint public-
health challenges [25-40], and many countries have implemented nationwide
health screening and intervention programmes that specifically target MetSy [41].
The first Framingham Risk Score is a gender-specific score that identifies patients at
risk of developing cardiovascular complications within a 10-year period. It factors
in age, sex, LDL cholesterol, HDL cholesterol, smoking, blood pressure and also
whether the patient is on treatment or not for hypertension, lipidaemia and diabe-
tes, and smoking [42]. Artigao-Rodenas et al. [42] applied the Framingham Risk
Score in a prospective cohort study of four years in Spain and found that the model
had a good predictive value, with negative predictive values in both sexes, a speci-
ficity of 85.6% in women and sensitivity of 79.1% in men in a population with high
risk of cardiovascular disease. The model had a significant cumulative probability
of individual survival by tertiles in both sexes with a p value <0.001.

6. Obesity screening anthropometric indices: body mass index (BMI)
and mid-upper arm circumference(MUA)

BMI is currently the metric measure used to determine categories of bodyweight
in adults (Table 3). Other methods and techniques of estimating body fat and body-
fat distribution includes measurements of the waist circumference (WC), waist-hip
ratio, underwater weighing, bioelectrical impedance analysis, skin-fold thickness
and imaging techniques such as ultrasound, computed tomography, and magnetic
resonance imaging with the later giving the most accurate estimates of body compo-
sition [44]. The problem of using MUAC is that there is no consensus on its cut-offs
internationally [45]. Waist circumference has likewise been shown to estimate body
fat, but is a fairly better guide to cardiometabolic disease risks as it identifies people
with relatively low BMI but with increased intra-abdominal fat accumulation [46].

In most studies which have measured estimated total body fat by a reference
method, BMI was found not to be a strong predictor of body fat [47] and there-
fore other methods should be developed to better classify individuals at risk of
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BMI (kg/m2) Obesity Disease Risk* (Relative to Normal Weight and
Class Waist Circumference)
Men <40in (<102 cm) >40in
‘Women <.35in (>102cm) > 35in
(<.88 cm) (>88cm)
Underweight <185 — —
Normalf 18.5-24.9 — —
Overweight 25.0-29.9 Increased High
Obesity 30.0-34.9 I High Very High Very High Very
35.0-39.9 High
Extreme >.40 111 Extremely High Extremely High

Obesity

"Disease risk for type 2 diabetes, hypertension, and CVD.
"ncreased waist circumference can also be a marker for increased risk even in persons of normal weight.

Table 3.
Body mass index and obesity [43].

developing MetSy [48]. This is important because there are established ethnic
differences in the relationship between abdominal adiposity and metabolic disease
risk [49, 50]. Baloyi and Mokwena [51] conducted a prospective cross-sectional
study among the pregnant women attending antenatal care at Regional Hospital in
Bloemfontein, South Africa in which they excluded BMI and WC in defining MetSy
but considered the presence of 3 of the 5 risk factors based on the Harmonized
Definition of Metabolic Syndrome. The prevalence of MetSy in this sample was
15.46% and the screening tool enables the screening of pregnant women for meta-
bolic syndrome in all trimesters.

Adapted from “Preventing and Managing the Global Epidemic of Obesity. Report
of the World Health Organization Consultation of Obesity.” WHO, Geneva, June 1997.

7. Gender as risk factors for metabolic syndrome

Studies have demonstrated that there are sex differences concerning risk factor
predictors of MetSy, suggesting that levels of sex steroids hormones, estrogen/
androgen, balance potentially play a vital role in determining MetSy [52-56]. In
women, raised BMI, low HDL cholesterol, increased WC and hyperglycaemia were
significantly greater contributors to the MetSy, whereas in men hypertension and
elevated triglycerides were the main factors [55]. Case and Menendez [57] found
two factors in SA that contributed to the gender prevalence disparity, nutrition-
ally deprived during childhood and a higher socio-economic status than males.
They identified women to have been nutritionally deprived during childhood; and
having a higher socio-economic status. The contributing risk factors prevalent in
women are abdominal obesity and insulin resistance, as well as physical inactivity,
aging and polycystic ovarian syndrome in some [58]. Other factors contributing to
the higher prevalence of MetSy in women is that women live longer than men, and
it is reported that women develop cardiovascular disease (CVD) at an older age
compared to men [59, 60]. There is a wide disparity in economic status among the
black population compared to the other ethnic groups, and this correlates with the
wide gap in the prevalence of obesity and disease between these ethnic groups that
may be partly attributed to or mediated by these social inequalities [61].
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8. Lifestyle habits as risk factors for metabolic syndrome in women

There is an inverse relationship between socio-economic status and obesity in
high-income countries but consistent positive association between obesity and
socio-economic status in low- resource countries [62]. The transition towards
Western lifestyle and urbanization which is accompanied by access to clean water
and electricity, reduced housing density, more money available to spend on food,
higher energy intake, commuting by taxi/vehicle and reduced physical activity or
increased sedentary behavior have positively associated with obesity [56, 63]. The
risk of developing specific components of MetSy such as obesity, hyperlipidaemia,
hypertension, and elevated fasting blood sugar, has been largely attributed to
environmental stressors including poor nutrition with consumption of high-calorie
diets which are cheaper and fill the stomach at a cheaper price than healthy food,
lack of exercise, and smoking [4]. There is a growing trends among the youths
and young adult engaging in alcohol binge drinking, this conduct was found to be
significantly associated with lower levels of high-density lipoprotein cholesterol
(HDL-C). The low HDL-C increases the risk of developing cardiovascular diseases
among these participants [64].

9. Consequences of the metabolic syndrome

Available data support the theory of “developmental origins of adult disease”
hypothesis, the “Barker Hypothesis”, which posits that a significant portion of the
risk for adult metabolic conditions is determined by exposure occurring in the
perinatal period [65]. The “Barker Hypothesis” proposes that a poor in-utero envi-
ronment produced by maternal dietary or placental insufficiency may “program”
susceptibility in the foetus to later development of cardiovascular and metabolic
disease. The “Barker Hypothesis” further proposes that maternal MetSy has an
epigenetic effect, making the next generation unwell and leading to an increase
in T2DM and cardiovascular disease in juvenile age and in later life from obesity
[65, 66]. The MetSy is further associated with polycystic ovary syndrome in girls,
obstructive sleep apnoea, hypogonadism and some form of gynecological cancers
especially endometrial cancer [67].

10. Metabolic syndrome and reproductive health
10.1 The physiology of the hypothalamic - pituitary — gonadal axis

Under normal conditions in both males and females, gonadotropin-releasing
hormone is produced and released from the hypothalamus, which stimulates
the production and release of the gonadotropins, follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) from the anterior pituitary. FSH and LH
act on the respective gonads, testicles in men and ovaries in women, to stimulate
spermatogenesis and steroidogenesis, and folliculogenesis and steroidogenesis
respectively [68].

10.1.1 Luteinizing hormone

In both sexes, LH stimulates secretion of sex steroids from the gonads. In the
testes, LH binds to receptors on Leydig cells, stimulating synthesis and secretion
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of testosterone. Theca cells in the ovary respond to LH stimulation by secretion

of testosterone, which is converted into estrogen by adjacent granulosa cells. In
females, the LH surge leads to ovulation of mature follicles on the ovary and later to
form corpus luteum, which secrete the steroid hormones progesterone and oestra-
diol. In the event of pregnancy progesterone is necessary for the maintenance of that
pregnancy.

10.1.2 Follicle-stimulating hormone

The FSH is responsible for the maturation of ovarian follicles. Administration
of FSH to humans and animals induces “superovulation”, an increased number of
mature gametes. FSH is also critical for spermatogenesis and sperm cell maturation
at the Sertoli cells.

10.1.3 Control of gonadotropin secretion

LH and FSH secretion is under the influence of gonadotropin-releasing hormone
(GnRH, also known as LH-releasing hormone). GnRH is a ten amino acid peptide
that is synthesized and secreted from hypothalamic neurons and binds to receptors
on gonadotrophs.

As depicted in Figure 1 below, GnRH stimulates secretion of LH, which in turn
stimulates gonadal secretion of the sex steroids testosterone, estrogen and proges-
terone. In a classical negative feedback loop sex steroids(oestrogens, progesterone,
testosterone) inhibit secretion of GnRH and also appear to have direct negative
effects on gonadotrophs.

This regulatory loop leads to pulsatile secretion of LH and, to a much lesser
extent, FSH. The number of pulses of GnRH and LH varies from a few per day
to one or more per hour. In females, pulse frequency is clearly related to stage of
the cycle.

Several hormonal substances such as inhibin and activin from the gonads,
which selectively inhibit and activate FSH secretion from the pituitary, influ-
ence GnRH secretion, and positive and negative control over GnRH [69]. Thus
gonadotropin secretion is actually considerably more complex than depicted in

Figure 1 below.

Hypothalamus

GrRH
*y
e Fituitary -
LH and FSH
Ovaries

Figure 1.
(vivo.colostate.edu).
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10.2 Metabolic syndrome and impact on reproductive health

Obesity is a cardinal feature of MetSy and has been increasing in [70]. The
effect of obesity on reproduction and as a cause of female infertility has been more
extensively studied in females [70]. Obesity has been recently associated with
an increased incidence of male factor infertility. A study from Norway looked
at planned pregnancies and the time to achieving pregnancy, after adjusting for
female BMI and smoking habits, the results showed that overweight and obese men
had an odds ratio of infertility of 1.19 and 1.36, respectively [71]. Ramlau-hansen
etal. [72] conducted a similar study comprising nearly 48,000 couples for six years
assessing the effects of both male and female obesity on infertility and found that
overweight and obese men coupled with normal- weight females had an odds ratio
for reduced fertility of 1.18 and 1.53, respectively. A further observation was that
couples where both parents were overweight or obese, the odds ratios for reduced
fertility were 1.41 and 2.74, respectively [73]. Obese people have decreased gonado-
tropin levels, and increased circulating estrogen levels [74]. The increase in estrogen
is likely secondary to peripheral aromatization of androgens from cholesterol in the
adipose tissue. A hypogonadotropic hypogonadism state is created due to estrogen
negative feedback onto the hypothalamus [74].

10.3 Metabolic syndrome and female reproductive health

Metabolic disorders, including diabetes, obesity, and hyperlipidaemia plays
a significant role in the development of female-specific reproductive health
issues, which have a significant impact on public health. MetSy also increases
the risk of reproductive cancers such as, breast, endometrial, bladder and cervi-
cal cancers [73]. Obesity particularly impacts women of reproductive age, as it
is associated with an increased risk of infertility and adverse obstetric outcome
such as miscarriage, stillbirth, birth defects and cesarean section [70, 75, 76].
MetSy can affect women’s reproductive health and fertility directly or indirectly
by interfering with the hypothalamic - pituitary — gonadal (HPG) axis func-
tion. MetSy creates conditions of negative energy balance and metabolic stress
which cause hypogonadism by suppressing the expression of the hypothalamic
KiSS/kisspeptin [77, 78].

In addition to the effect of peripheral aromatization which create the hypogo-
nadotropic hypogonadism state in obese women, a lack of residual insulin secretion
in diabetes is also associated with the status quo [79]. The hypothalamic origin of
the decreased levels of gonadotropin in amenorrhoeic and diabetic patients are
related to a toxic effect of hyperglycaemia on the neurons of the hypothalamus
leading to reduced LH response to GnRH stimuli [80].

10.3.1 Prematuve adrenarche in girls

Adrenarche is the puberty of the adrenal gland. Pubarche is denoted by the appear-
ance of pubic hair and or axillary hair. Premature adrenarche in girls is when pubarche
occurs before age 8 years in girls and 9 years in boys. The chief hormonal products of
adrenarche are DHEA and DHEAS produced from zona reticularis. Premature adre-
narche represents an early clinical feature of MetSy (obesity, hypertension, dyslipi-
daemia, insulin resistance) for some girls. Conceivably the early recognition of these
children will permit allow early intervention, such as lifestyle modifications, including
dietary, activity level intervention with possibility of using insulin-sensitizing agents
in some individuals. Premature pubarche due to premature adrenarche and hyperinsu-
linemia may precede the development of ovarian hyperandrogenism [81].
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Interference with the hypothalamic - pituitary — gonadal axis function may
affect follicular recruitment and impact subsequent oocyte quality and affect-
ing overall subfertility in obese women. Studies of women undergoing assisted
reproductive technologies (ART) have demonstrated that obesity also has direct
effects on the quality oocytes and embryos and on the status of the endometrium.
Audit data from retrospective studies demonstrated obesity to be associated with
increased risk for miscarriage in spontaneous conceptions [82] as well in pregnancy
achieved through donor oocytes after IVF [83]. The pathophysiology underlying
this association is complex and likely multifactorial, involving the oocyte, embry-
onic development, and the endometrium. Apart from fertility and pregnancy
problems, female adiposity may influence the timing of onset of puberty, associated
with irregular menses, ovulatory dysfunction and ovarian aging [77].

10.3.2 PCOS and obesity

Polycystic ovary syndrome (PCOS) is a hormonal disorder common, among
women of reproductive age affecting 5 to 10 percent, often complicated by chronic
anovulatory infertility and hyperandrogenism with the clinical manifestations
of oligomenorrhoea, hirsutism and acne [84, 85]. The link between PCOS and
obesity is complicated. Signs and symptoms of polycystic ovarian syndrome begin
for some females soon after menarche. Women with PCOS have insulin resistance
(IR) [86]. This insulin resistance is one reason why women with PCOS tend to
gain weight or experiences challenges in losing weight. In some females, PCOS
develops later on, following substantial weight gain. Women affected by obesity
are also more likely to face reproductive problems like polycystic ovarian syndrome
(PCOS) and women with PCOS have a greater risk for obesity. Obesity and PCOS
share some common features, anovulation and hyperandrogenism although simple
or non-syndromic obesity is much more prevalent than PCOS and seems to have a
different pathophysiology with respect to the obesity-related reproductive impair-
ment [87]. The difference in the two is that PCOS is characterized by increased
serum LH whereas obese women typically have in general lower serum LH. Obesity
may modify some aspects hypothalamic — pituitary — gonadal axis function [88].
Although obesity can affect many facet of PCOS, it is a cause of this syndrome and
without doubt have an effect on reproduction regardless of PCOS symptomatology
[87]. In this review, we will focus on how obesity in the absence of PCOS affects the
HPO axis.

10.4 Metabolic syndrome and male reproductive health

Obesity, as a cardinal feature of MetS, has been associated with an increased
incidence of male factor infertility. Although the effect of excess body fat on
reproduction has been more extensively studied in females, there has been a recent
increase in literature assessing the relationship between obesity and semen charac-
teristics, male endocrine changes, male sexual function and male factor infertility.
Over the past decade, numerous studies have found an inverse correlation between
increased obesity and semen quality that negatively affects male fertility, with an
increased chance of subfertility among couples in which the male partner is obese.
Various mechanisms for this relationship have been proposed and can be broadly
divided into direct negative effects on spermatogenesis and sperm function (lower
sperm counts, poorer sperm quality), hormonal factors and, and increased rates of
erectile dysfunction [89, 90]. In males, a state of primary hypogonadism is also well
defined as an underlying feature associated with MetS [89].
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10.4.1 Pathophysiology of obese male factor infertility

Obesity in men contribute to the poor reproductive function through numerous
postulated mechanisms. First, hormonal perturbations that involves peripheral
conversion of testosterone to estrogen in excess peripheral adipose tissue may lead
to secondary hypogonadism through HPG axis inhibition. Second, elevated levels
of inflammatory mediators and reactive oxygen species (ROS), generating oxida-
tive stress at the level of the testicular micro environment may result in decreased
spermatogenesis and sperm DNA fragmentation. Lastly, the accumulation of supra
pubic and inner thigh fat may result in increased testicular heat, which cumulatively
can have substantial, detrimental effects on spermatogenesis [74, 90-92].

Men with obesity, the metabolic syndrome and type 2 diabetes have low total
and free testosterone and low sex hormone-binding globulin SHBG. On the other
hand, the presence of low testosterone and/or SHBG predicts the future develop-
ment of metabolic syndrome and T2DM [93]. Thus, the observed decrease in
testosterone levels in obese males is likely due to several factors, including decreased
synthesis of testosterone, inhibition of SHBG synthesis, and decreased gonado-
tropin secretion [93]. In summary, total testosterone, free testosterone and SHBG
are all commonly decreased in obese males. Obesity is also characterized by higher
insulin levels and insulin resistance this is suggested to impair steroidogenesis at the
Leydig cells which may negatively impact the male reproductive function in the case
of obesity [94, 95]. Derby et al. [96] conducted a longitudinal trial of 942 men ages
40-70 years enrolled in the Massachusetts Male Aging Study, demonstrated that
BMI was negatively associated with total testosterone, free testosterone, and SHBG,
as well as that these levels decline more rapidly with age in obese men.

Adipose tissue behaves like an endocrine gland, it produces hormonally active
proteins involved in satiety and metabolism as well as HPG axis regulation [97].
The white adipose tissue produces leptin [74, 97] which has been found to stimulate
gonadotropin-releasing hormone secretion in the hypothalamus and FSH and LH
secretion in the anterior pituitary in the rat animal studies [98, 99]. Leptin is also
believed to have a direct effect on regulation of testosterone production in the
testicle taking into account the presence of leptin receptors in Leydig cells [100].
Obesity generates a leptin resistant state, given that high circulating leptin levels are
linked with increased adiposity and lower testosterone levels [101].

Obesity creates a proinflammatory state with production of adipokines and
cytokines by adiopocytes that result in an increase in systemic inflammation [102]
Any form of Inflammation of the reproductive tract has been shown to be associ-
ated with infertility in male patients. The cytokines tumor necrosis factor (TNF-a)
and interleukin-1(IL-1) have been implicated as the main mediators of the inflam-
matory process [103]. Inflammation increases levels of reactive oxygen species
generating oxidative stress at the level of the testicular that can negatively impact
normal reproductive pathways [104]. Elevated oxidative stress leads to increased
DNA damage of spermatozoa and is negatively correlated with normal sperm
morphology [105-107]. Tunc et al. [108] compared reactive oxygen levels in semen
samples from both overweight/obese men and men of normal BMI and found that
there was a weak but statistically significant positive correlation between increasing
BMI and reactive oxygen species levels.

Spermatogenesis is also adversely effected by elevated testicular temperature.
Increased adiposity in the legs and pannus overlying the scrotum may lead to
increased testicular temperatures. Shafik and Olfat [109] performed lipectomy to
remove the excess scrotal lipoma from a series of infertile men and later observed
improvements in their semen parameters in 64.7% of study participants and
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pregnancies in 19.6% [109]. Prolonged inactivity in obese men has also been associ-
ated with increased scrotal temperatures [110].

11. Intervention approaches to reduce the burden of MetSy
11.1 Health promotion (Ottawa charter)

Health promotion is ‘the process of enabling people to increase control over
and to improve their health’ Introduced into public health in Ottawa in 1986 [111].
Health promotion strategies can be achieved by developing and changing lifestyles,
to impact on the social, economic and environmental conditions that determine
health.

The Ottawa Charter for Health Promotion set out five strategies that are essen-
tial for the success for any health promotion strategy: Build healthy policy; Create
supportive environments; Strengthen community actions; Develop personal skills;
and Reorient health services. Health promotion actions should target the population
atrisk, early in life to stop the metabolic storm, by increasing their knowledge and
warning them about the dangers of MetSy, enforcing bans on alcohol and tobacco
advertising, promotion and sponsorship, raising taxes on alcohol and tobacco and
reducing the price of healthy diet food. It is of vital importance to note that the ideal
time for intervention is pre-conception. Health-care workers who attend to women
of reproductive age and diagnose obesity, have a duty to counsel and refer these
patients to high-risk obstetric specialists for consultation to discuss the many risks
associated with obesity in pregnancy [112].

These obese patients should be encouraged strongly to undertake nonsurgi-
cal interventions to achieve weight reduction to achieve ideal body weight (BMI,
18.5-24.9 kg/m2) before conception. These include, among others, behavioral
modification, dietary changes, exercise, and pharmacotherapy [113]. Dietician con-
sultation is recommended for diet advice that is high in fiber, fresh fruit, vegetables,
lean protein, and complex carbohydrates, while avoiding foods that contain large
amounts of sugar, saturated fats, and cholesterol. Regular fitness exercises based
on available facilities such as brisk walking, stair climbing, jogging, or swimming
that use the larger skeletal muscles should be incorporated into weight reduction
programs. Once the diagnosis of MetSy in Pregnancy or elements of it is made,
it’s possible to provide intervention to prevent progression of the condition and
complications in pregnancy and the associated adverse perinatal outcomes [114].

Insulin resistance and central obesity are regarded as the main underlying causes
of metabolic syndrome. Therefore, reduction in body weight will lead to fatty
acid mobilization and should be the key focus in management of the MetSy [115].
Stinson et al. [116] showed that overconsumption of poor diet is an important com-
ponent of the MetSy, and thus needs to be targeted for its reduction and treatment.
A literature review on randomized control trials has shown improvement in MetSy
following intervention focusing on diet and lifestyle modification, either in certain
components or taken as a whole syndrome within a period of 2 weeks-1 year [117].
Informing and educating the public should include nutrition, promotion of regular
physical activity, reduction of substance abuse as well as prevention or manage-
ment of central adiposity, diabetes, atheromatosis and hypertension, and setting a
national agenda to motivate all population groups to change stereotype perceptions
and behaviors aimed at health and quality-of-life promotion.

Literature provides evidence of efficacy in adhering to the Mediterranean diet
(MeD) in reducing body weight [118]. The Mediterranean Dietary pattern is com-
prised of fruit, cooked vegetables and legumes, grains (whole, not refined) and, in
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moderation, wine, nuts, fish and dairy products, particularly yogurt and cheese. It is

a food pattern that has the potential of improving health and quality of life in people
who adhere to it appropriately, characterizing a way of life and culture [119]. These
interventions to alter diet and lifestyle have the potential to succeed only if they are
executed early, and thus, offer enough evidence to develop appropriate public policies.

11.2 Bariatric surgery and pregnancy

Obese women with overtly high BMI of more than 40 kg/m” or BMI of 35 kg/m’
with the presence of comorbid NCD conditions (such as diabetes mellitus, coronary
artery disease, or severe sleep apnea), should be referred to a specialist surgeon for
possible bariatric surgery [120]. Great success has been reported with women who
have undergone Bariatric surgery followed by healthy lifestyle modifications [121],
by generally demonstrating overall recovery in quality-of-life measures and resolu-
tion of their medical comorbidities [122, 123].

Patients who have undergone bariatric surgery should be counseled to avoid
pregnancy for a period of 12-18 months after the procedure. Falling pregnant dur-
ing this interval has been associated with higher risk of surgical complications and
exposure of the foetus to rapid weight change [124].

12. Summary

MetSy is not only as a predictor of cardiovascular disease but also as a potential
contributing factor to poor reproductive health and interfere with fertility in
both male and female affected across her lifespan. Perhaps the most concerning
information presented in this chapter is the Barker hypothesis, that the metabolic
syndrome’s adverse effects are likely transgenerational where children born to obese
mothers are at increased risk for obesity, diabetes and cardiovascular disease later
in life. There is also increasing and worrying evidence that lifestyle factors such as
alcohol binge consumption increases the incidence of metabolic syndrome. Obesity
exerts it detrimental effect in the human body by generating a physiological resis-
tant state in the such as a leptin resistant state, insulin resistant.

Noncommunicable disease is rising globally at an alarming rate, future studies
focus should be on the strategies needed to improve public health programs and
policies aimed at reducing the prevalence of metabolic syndrome through screen-
ing at all contacts for all types of patients to save the future generations. Instituting
early and targeted lifestyle interventions such as balanced diet and frequent physi-
cal activity for metabolic syndrome is a medical exigency.
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Chapter 14
Type 2 Diabetes and Dysautonomy

Ahmed Anas Guerboub and Ghizlaine Belmejdoub

Abstract

Responsibility for the dysfunction of the autonomic nervous system in the
genesis or aggravation of cardiovascular and/or metabolic disorders is currently
held. Indeed, a significant correlation between sympathetic overactivity and the
pathophysiological mechanisms responsible for type 2 diabetes has been proven.
Therefore, the treatment of this dysautonomia could improve the management of
type 2 diabetes.

Keywords: the autonomic nervous system, dysautonomia, type 2 diabetes,
insulino-resistance, insulino-secretion

1. Introduction

The autonomic nervous system (ANS), the dysregulation of which, called
dysautonomia, is a frequent and often unrecognized condition which is accompa-
nied by polymorphic functional manifestations [1]. The exploration of the ANS
has gained renewed interest in recent years, due to the demonstration of the major
role of its alterations in the genesis and aggravation of several diseases [2]. The
importance of type 2 diabetes (T2DM) comes not only from its growing prevalence
around the world leading the World Health Organization (WHO) to consider it a
significantly expanding epidemic; but also given its human and economic conse-
quences, making it a major public health problem.

2. The autonomic nervous system (ANS)

* ANS controls the body’s unconscious, vegetative activities. It ensures the normal
functioning of vegetative functions (breathing, heart rate, blood pressure,
digestion, secretions, body temperature, water balance, etc.), and responds
instantly to all physical and emotional demands. It is a system of adaptation of
the body to its environment [2].

* The autonomic nervous system consists of two functionally and, in large part,
morphologically distinct parts [3]:

o The orthosympathetic (or sympathetic) system which intervenes in the
involuntary activities of the stressful and arousal situations. It is preponderant
in the conflicts of the organism with its external environment, when life is
threatened. The sympathetic system stimulates all the organs that play a role in
the defense response. The sympathetic nerve centers are essentially bulbospinal
and their organization is segmental. The preganglionic fibers exit through the
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ventral root of the corresponding spinal nerve. They separate to form the white
communicating branch which joins the corresponding para-vertebral ganglion.
These paravertebral ganglia are united in a chain by inter-ganglionic fibers. The
fibers which exit from the paravertebral ganglia join the corresponding spinal
nerve by the gray communicating branch to go to the target organ.

o The parasympathetic system which takes care of the involuntary activities
of the situations of relaxation and rest. Its nerve centers are located in the
brainstem and the sacral marrow. The preganglionic fibers follow the path of
the corresponding nerves. They synapse into a pre-visceral or intra-visceral
ganglion. The parasympathetic system therefore does not have a structure
equivalent to the chain of sympathetic paravertebral ganglia.

* The autonomic or vegetative nervous system is made up of several levels:

a.Nervous centers located within the central nervous system (medulla
oblongata, thalamus and hypothalamus.) and in the spinal cord, constitute
the “motor” of the autonomic nervous system.

b.Peripheral ganglia located on three floors:

o The first ganglionic stage comprises the para- vertebral sympathetic
chain. This chain is located laterally in the spine and extends from
the end of the cervical segment to the coccygeal segment. It includes
3 cervical ganglia, superior, middle and inferior through which the
sympathetic fibers of the cervical segment pass.

o A second ganglionic stage consists of the pre-visceral ganglia or
plexus. They are less numerous than the paravertebral ganglia. They
are more ganglion plexuses than ganglia. They are paired and lateral
in the neck (carotid plexus, pharyngeal, ...) and pelvis but single
and medial in the thorax (cardiac, pulmonary plexus) and abdomen
(solar plexus, lumbo-aortic). At the cervical level, this second stage is
associated with the 1st stage.

o A third lymph node stage includes the visceral or terminal lymph
nodes located on the surface or in the thickness of the target organ.

c.Fibers that connect these levels to each other and to the viscera:

Between the nerve center and the target organ, the autonomic nervous
path is always interrupted by at least one synapse located in a ganglion.

An autonomous nerve pathway is therefore made up of at least two fibers:
the pre-ganglionic fiber and the post-ganglionic fiber.

The nerve fibers of the autonomic system travel either alongside the fibers
of the somatic system (mixed nerves) or independently, along the blood
vessels. Norepinephrine is the neurotransmitter at all levels of the sympa-
thetic system, except the ganglionic (acetylcholine) level, while acetylcholine
mediates the parasympathetic or vagal system.

* There is a strong interaction between the autonomic nervous system and the
endocrine system, especially the hypothalamic—pituitary-adrenal axis. Also,
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sympathetic hyperactivity is implicated in various symptoms or pathologies
such as essential hypertension [4], obesity [4, 5], permanent resting tachycardia,
hyperlipidemia, type 2 diabetes [5], sleep apnea [5] or sedentary lifestyle.

3. The ANS measurement methods

* Considered difficult, the assessment of ANS activity has been greatly facili-
tated by the development of systems allowing non-invasive clinical exploration

based mainly on the continuous recording of blood pressure and heart rate by a
Holter ECG [6].

* Sympathetic activity can be measured directly by the technique of micro-
neurography which measures muscle sympathetic nerve activity (ANSM) by
inserting electrodes into a nerve (usually the peroneal nerve). This technique is
very precise and minimally invasive.

* On the other hand, the measurement of the “spill over” of catecholamines is
reliable but is not easily applicable due to its very invasive nature. We can also
measure catecholamines and their metabolites (metanephrines) in peripheral
blood or 24 hours urine, but studies show that plasma catecholamine levels are
not sensitive markers of sympathetic activity. Also, they objectify that the urinary
catecholamines are not sufficiently sensitive to estimate the sympathetic [6].

4. Epidemiological data

* The importance of the type 2 diabetes (T2DM) stems from:

o Its increasing prevalence throughout the world, around 463 million diabetics
in 2019 according to IDF, and to increase to 700 million in 2045.

o Its association with a remarkable increase in cardiovascular morbidity and
mortality.

* The 2000 World Diabetes Congress in Mexico City placed particular emphasis
on the metabolic syndrome by sounding the alarm on the impact of such a
prevalence on the population. This puts the metabolic syndrome and diabetes
far ahead of HIV-AIDS in terms of morbidity and mortality.

5. Relationship between type 2 diabetes and ANS

A global approach of the responsibility of a dysfunction of the ANS in the
genesis or the aggravation of the 3 main pathophysiological mechanisms of type 2
diabetes, which are insulin resistance, decrease in insulin secretion and hypergluca-
gonemia, has been attempted, by several studies all over the world especially during
the last decades.

a. ANS and insulinoresistance

* Currently there is evidence that sympathetic hyperactivity is responsible for
resistance to the action of insulin. Indeed, it can even precede the installation
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of this insulin resistance [7]. Activation of adrenergic receptors, in particu-
lar B-adrenergic receptors, has been shown to transform the phenotype of
muscle cells into insulin-resistant cells [8].

* Variation of adrenaline and noradrenaline may also reduce insulin-induced
glucose uptake. The aforementioned metabolic abnormalities are associated
with a depletion of capillaries which reduces the supply of nutrients to the
muscles which are therefore largely involved in insulin resistance [9, 10].

* Inarecent longitudinal study, Flaa A. et al. studied the relationship between
sympathetic activity and future insulin resistance in healthy Caucasian
subjects with 18 years of follow-up [11]. They found that sympathetic activity
was a predictor of insulin resistance as measured by HOMA-IR (Homeostasis
model assessement- Insulin resistance: is a method for assessing p-cell func-
tion and insulin resistance (IR) from basal (fasting) glucose and insulin or
C-peptide concentrations).

* Inaddition, there is a strong inflammatory activity in abdominal obesity with
macrophage infiltration of visceral adipose tissue. These macrophages will
be responsible for the secretion of pro-inflammatory factors such as interleu-
kin 6 (IL6) or tumor necrosis factor alpha (TNF alpha) [12]. The secretion
of these two cytokines by the visceral adipose tissue in obesity may play a
specific role in the development of insulin resistance. Indeed, these factors
can activate inhibitory pathways of the insulin cascade which will therefore
have less effect on sensitive peripheral tissues (skeletal muscle and liver for
example) and therefore induce insulin resistance [13].

Sympathetic overactivity : long term
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Figure 1.

Schematic vepresentation of the association between sympathic hyperactivity and the different metabolic and
cardiovascular pathologies [8]. Sympathetic overactivity is implicated in various symptoms or pathologies such
as essential hypertension, obesity, permanent vesting tachycardia, hyperlipidemia, type 2 diabetes, sleep apnea.
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* These results provide new information on the pathophysiological mechanisms
of insulin resistance, suggesting that sympathetic overactivity may be a predis-
posing factor for future insulin resistance (Figure 1).

b.ANS and insulinosecretion:

There are hormones that are part of the metabolic extension of the sympa-
thetic while others are the metabolic extension of the parasympathetic. Insulin
is part of the parasympathetic-vagal tendency.

The vagal deficiency secondary to T2DM is added to the depletion of the beta
cells of the islets of Langerhans in the pancreas, thus exacerbating the insulin
deficiency of type 2 diabetics [14].

c. ANS and hyperglucagonemia:

There is a microcirculation within the islets of Langerhans. Arterial blood first
passes through “B” cells and “8” cells (somatostatin) before reaching “a” cells
which therefore do not respond directly to hyperglycemia. Hyperglucagonemia
is secondary on the one hand to a direct stimulatory sympathetic action on “a”
cells; and on the other hand, to a vagal deficiency responsible for the lifting of
the inhibition on the “a” cells and a decrease in the stimulation of the “p” cells
responsible for a decrease in GABA and molecules contained in the granules

(Zinc) [15].

6. Outlook

To date, little therapeutic benefit has been gained from this information, since
centrally acting sympatho-inhibitory drugs and alpha and beta blockers are used in
the treatment of arterial hypertension.

Beta blockers are known to make diabetes worse. On the other hand, quite inter-
estingly, drugs having a central sympatho-inhibitory action, such as clonidine and
rilmenidine, are neutral or even slightly beneficial in diabetes and the metabolic
syndrome.

Antidepressants, especially selective serotonin reuptake inhibitors (SSRIs)
can be extremely effective in regulating the autonomic nervous system and blood
pressure. At the same time, some studies indicate that serotonin-norepinephrine
reuptake inhibitors (a SNRI) are even more effective.

These data may also lead to the proposal of sympathetically inhibiting drugs of
central action in patients with metabolic syndrome in order to reduce the cardiovas-
cular and metabolic consequences and perhaps even better in the unincorporated
phases of the MS hoping to reduce the probability of evolution towards the consti-
tuted SM.

7. Conclusion
The responsibility of sympathetic dysfunction in the genesis or aggravation of
cardiovascular and/or metabolic disorders is currently confirmed.

The consequences could vary depending on the genotypic and phenotypic
characteristics of individuals and their environment, this encourages us to always
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explore the autonomic nervous system as part of the etiological assessment of the
metabolic syndrome in general or of arterial hypertension and T2DM in particular.

The metabolic and functional consequences of ANS dysfunction could have a
role not only in the genesis of T2DM but also in the development of complications
and in its management.

A predominance of the sympathetic over the parasympathetic is responsible for
insulin resistance, impaired insulin secretion and hyperglucagonemia, hence the
importance of the exploration of the S.N.A both for screening and for management.
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Chapter 15

Assessment of Follow-Up Care
Received by Patients with
Hypertension at Primary Health
Care Facilities in Tshwane District
of Gauteng Province, South Africa

Julia Manyelo and Debbie Habedi

Abstract

To extend the life expectancy of all South Africans to at least 70 years by 2030,
hypertension follow-up care needs to be strengthened so that patients do not
develop complications while in care. The aim of this study was to evaluate the
follow-up care received by patients with hypertension at primary health care (PHC)
facilities in Tshwane district. The study setting was ten PHC facilities in the afore-
said district. Quantitative, descriptive and retrospective methods were adopted,
and simple random sampling was used to select ten PHC facilities from which ten
files were conveniently sampled. Data were captured in Microsoft Excel 2010 and
exported to IBM Statistical Package for the Social Sciences (SPSS) software version
21 in which data coding, outlier detection, missing value analysis and statistical data
analysis were performed. In line with the study aim, frequency tables in SPSS were
used to produce frequency statistics, and the chi-square test was used to test for the
presence of association between compliance by nurses to clinical guidelines and
categories of attributes, and further determine if there was a significant difference
between adherence and non-adherence. The study found a significant proportion
(93.4%) of non-adherence to hypertension guidelines among consulting nurses at
selected PHC facilities.

Keywords: assessment, follow-up care, hypertension, primary health care

1. Introduction

Hypertension is a global health condition of developed and developing countries
including South Africa. South Africa has the highest prevalence of people with
hypertension (between 42% and 54%) compared with the eastern (15%) and west-
ern (25%) parts of Southern Africa. Sadly, the condition of these patients is still not
controlled even while on treatment [1]. A recommendation of this study is that a
regionally tailored intervention is implemented to prevent disastrous consequences
relating to hypertension mortality and morbidity. While hypertension is a chronic,
lifelong condition that needs regular and continued follow-up care, it also requires
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skilled health care providers who are supported by the treatment guidelines of the
National Department of Health (NDoH), South Africa.

Approximately 17-million patients diagnosed with hypertension, a chronic,
non-communicable and preventable disease, visit South PHC clinics for consulta-
tion. Hypertensive patients are initially encouraged to follow lifestyle modifications
to promote control and management of the disease as part of its non-treatment
management. Thereafter, if condition remains uncontrolled, hypertensive patients
are informed to use daily treatment for the rest of their lives [2]. The NDoH of South
Africa recommends that health professionals who are practicing in PHC clinics
provide health education to enhance compliance with the management and control
of hypertension [3].

Before 2006 parallel guidelines were developed by the Southern African
Hypertension Society and the South African Department of Health, but the 2006
guideline is the combination task of the two bodies [4]. The guideline outlines dis-
similar broad steps that health professionals should adhere on to achieve controlled
blood pressure effectively, beginning from the patient risk screening/profiling,
the measurements and investigations, the classification and complete treatment
of hypertensive patients with or without co-morbidities, to their repeat and con-
tinuous plan [5]. A research conducted in Pretoria (Tshwane) on adherence to the
hypertension guidelines among private practitioners and PHC physicians found
that overall adherence to the hypertension practice guidelines used by generalists
in private practice was 55%, while among PHC doctors in public-service, it was
56.4% [6].

Although two guidelines, Adult Primary Care (APC)/ Standard Treatment
Guidelines (STG) and Essential Medicines List (EML), are available for use
in PHC facilities when consulting patients with hypertension, the challenge is
whether these guidelines are adhered to or not. To this end, the study sought to
assess adherence or non-adherence to these guidelines and to describe the follow-
up care received by patients in the Tshwane district of the Gauteng province,
South Africa.

As far as the workshop on Diabetes Mellitus was concerned, the former
Deputy Minister of Health in South Africa Dr. Joe Phaahla reported concerns
about the quality of records in some clinics during auditing of patients’ records.
Hypertensive patients’ medical history was recorded in two sentences, for
example “For follow up. Medication issued”. The researchers noted this trend with
seriousness since students following the R48 are taught comprehensive health
assessment, which includes correct history taking and physical examination
plus treatment of illnesses. Truly, if health assessment and treatment are done
correctly, medical history could not be recorded in two sentences, which proves
that if it is not recorded, it was undone. Adherence to the guidelines is stipulated
throughout the R48 training programme to prove that there is standardisation
regarding how hypertensive patients are treated at PHC level. During clinical
practical of students, the researchers also realised that chronic services are
regarded as fast track and sometimes, very incompetent nurses are assigned
to that because they are considered mainly treatment collection. The South
African’ health care system is predominantly nurse-based and requires nurses
to have the appropriate competence and expertise to manage the country’s
quadruple burden of diseases, of which hypertension forms a significant part
[7]. To achieve this requirement, nursing education and training must produce
safe and competent nursing professionals who are capable of making a meaning-
ful contribution [8]. This prompted the researcher’s interest in assessing the
follow-up care received by the patients with hypertension at PHC facilities in the
Tshwane district.
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2. Research design and methods
2.1 Patient’s history

Detailed history, physical examination and interpretation of investigations
should form an integral part of the routine care of patients with hypertension.
Regarding measurements, it is important to ensure that PHC nurses who take
blood pressure measurements have adequate initial training and their performance
periodically reviewed. Equipment for measuring blood pressure must be cor-
rectly checked, serviced and adequately recalibrated according to the companies’
instructors’ manuals. When checking blood pressure, PHC nurses in the clinics
should calm the setting and provide a relaxed, temperate atmosphere, with the
patients quiet and seated, and arms outstretched and supported. Use of a cor-
rect machine for the patient’s arm is important [9]. A community-based study to
estimate the prevalence of hypertension and its associated factors in municipalities
of Kathmandu, Nepal [10], found that factors associated with hypertension were
smoking, Body Mass Index (BMI), alcohol use, poor physical activity and diabetes.

The guidelines [9] emphasise the importance of the following lifestyle
modifications:

* Administer continuous lifestyle advice to patients
* Promote a healthy diet and regular exercise

* Offer guidance and written or audiovisual materials to promote life-
style changes

* Encourage reduced alcohol consumption

* Discourage excessive consumption of coffee and other caffeine-rich products

* Encourage patients to keep their dietary sodium intake low

* Offer advice and help smokers to stop smoking

* Inform patients about support groups such as local initiatives, health care
teams or patient organisations that provide support and promote life-style
change [9].

In South Africa, the following lifestyle modification is also recommended [11]:

* Educate patients about adequate dietary fibre intake (fruits, vegetables and
unrefined carbohydrate).

2.2 Study design

The research is quantitative because it sought to measure the phenomenon by
attaching numerical values to express quantity [12]. The observation was carried
out in the PHC facilities whereby entries of patients’ files were evaluated. Perusal
of patients’ files and documentation using checklist was also done. Furthermore,
quantitative research is described as a formal, objective, systematic methodology
to describe variables, to test relationships, and to examine cause and effect [13].
However, for this study, only the former is applicable. The patients whose files were
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perused had experienced an event that is a “follow-up consultation for hyperten-
sion”. Moreover, the patients were mostly pensioners and depending on old age
grant and even the unemployed ones without the medical aids. They resided around
the townships and villages of Tshwane.

2.3 Setting

The study setting was guided by the research questions and the type of data that
were required to answer the following questions [14].

* How is the follow-up care received by patients with hypertension at PHC facili-
ties in the Tshwane district?

* What is the adherence or non-adherence to the National Guidelines by nurses
about hypertension follow-up care?

A multi-site approach was used whereby ten different PHC facilities were
selected. Using multiple sites offers a larger and more diverse sample [12], which
improves external validity. Both provincial and municipal facilities were included.
Data collection took place at two community health centres (CHCs) and eight clin-
ics. The total number of PHC facilities was ten. The real-life settings were natural,
and uncontrolled; the researcher did not attempt to manipulate them in any way.

2.4 Units of analysis

The units of analysis were the files of male and female patients above 30-years
old, who were diagnosed with hypertension at PHC facilities in the Tshwane district
of Gauteng Province. As recommended [12], this was the entire aggregation of cases
in which the researcher was interested.

2.5 Sampling strategy

Ten of the 74 PHC facilities in the Tshwane district were randomly selected
from the list on the National Health Research Database (NHRD). All clinics in the
Tshwane district appear on the NHRD. The names of the facilities were written on
pieces of paper that were placed in a bowl, and jumbled. From this, the first facility
was chosen. The names were jumbled again, and the second facility was chosen.
The process was repeated until all ten facilities had been chosen. According to the
monthly statistics, at the time of the study, an average of 300 hypertensive patients
were seen in each of the ten facilities per month. Hence, a proportional sample of
ten files was conveniently chosen per facility.

2.6 Pilot study

The pilot study was done a month prior data collection when the research
instrument was tested with ten files which were not utilised in the actual study. This
was done to check if it could yield required information. The instrument was then
revised and refined after the statistician checked it for validity and reliability.

Reliability of an instrument is a major criterion for assessing quality [12]. It is
defined as the consistency and accuracy with which an instrument measures what is
intended to measure. When used on repeated trials, an instrument with high reli-
ability will produce the similar results [15]. To determine usefulness reliability of the
instrument, the researchers utilised South African NDoH hypertension management
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guidelines. The guidelines support for a consistent standard of care across all PHC
facilities in the country. Thus, the measuring instrument was considered reliable
because it entailed attributes that are nationally recommended as the standard of
care that hypertensive patients should receive during their follow-up visits.

Content validity was proofed by aligning concepts with the hypertension
management guidelines of the country’s NDoH. Prior the actual real research study
was conducted, a clinic that was excluded in the final study sample was piloted
to test the data collection process. Inputs from clinicians were used to amend the
data collection tool where necessary. Piloting was conducted between the first two
months of the year 2018.

The ethics approval certificate (HSHDC/839/2018) was granted by the University
of South Africa (UNISA).

2.7 Data collection

Data were collected by auditing the files of patients who were consulted for
hypertension follow-up using a checklist. A checklist itemises task descriptions in
one column and provides a space besides each item to check off items that are done
or not done [16]. The checklist contains activities that must be performed on a
follow-up visit for hypertension according to the National Guidelines, the APC and
the EML. The checklist was distributed by the researcher herself at the chosen PHC
facilities. Some amendments and modifications were made to the checklist follow-
ing the pilot study. Data were collected over a period of two months (June and July
2018), and all 100 checklists were completed.

The managers of the selected PHC clinics were contacted in advance to inform them
of the data collection date. Ten files were chosen per PHC clinic, and from these, the
data were gathered. Files were physically collected from the filing room with the help of
the administrative staff of the PHC facility. The researchers examined each file to check
that it belonged to hypertensive adult patient, who was non-diabetic and not pregnant
in order to adhere with the inclusion criteria. Once ten files that adhered with the
criteria were found, the data gathering started. All 54 questions on the checklist were
ticked/not ticked in accordance with either attribute was recorded or not recorded.

2.8 Data analysis

Data were coded and checked for correctness before being entered into a
Microsoft Excel codebook. The data were analysed according to the following steps:

¢ the last year in which patient was seen at the clinic;
* characteristics of the sample;

* patient’s history

* physical examination;

* vital signs;

* side room investigations;

 routine blood tests;

* life style assessment;
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* management of the patients; and
* knowledge and skills of health worker.
2.9 Results

Table 1 below indicates whether the attributes listed were assessed, as evidenced
by records.

Frequencies Percentages (%)
Attributes of physical examination
Dyspnoea
Yes 1 1.0
No 0 0.0
Not recorded 98 98.0
Missing/Incomplete 1 1.0
Total 100 100.0
Jugular venous pressure
Yes 1 1.0
No 0 0.0
Not recorded 99 99.0
Total 100 100
Apex beat recorded
Yes 0 0.0
No 0 0.0
Not recorded 100 100.0
Total 100 100.0
Oedema
Yes 64 64.0
No 0 0.0
Not recorded 36 36.0
Total 100 100.0
Crepitations
Yes 17 17.0
No 0 0.0
Not recorded 83 83.0
Total 100 100.0
Heart sounds
Yes 53 53.0
No 0 0.0
Not recorded 47 47.0
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Frequencies Percentages (%)
Total 100 100.0
Cyanosis
Yes 28 28.0
No 0 0.0
Not recorded 72 72.0
Total 100 100.0
Clubbing
Yes 28 28.0
No 0 0.0
Not recorded 72 72.0
Total 100 100
Attributes of physical measurements
Blood pressure
Yes 100 100.0
No 0 0.0
Not recorded 0 0.0
Total 100 100.0
Pulse rate, rhythm and character
Pulse rate
Yes 96 96.0
No 0 0.0
Not recorded 4 4.0
Total 100 100.0
Pulse rhythm
Yes 0 0.0
No 0 0.0
Not recorded 100 100
Total 100 100
Pulse volume
Yes 0 0.0
No 0 0.0
Not recorded 100 100.
Total 100 100.0
Waist circumference recorded
Yes 0 0.0
No 0 0.0
Not recorded 100 100.0
Total 100 100.0
Blood glucose measured
Yes 23 23.0
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Frequencies Percentages (%)
No 77 77.0
Total 100 100.0
Urine tests
Yes 32 32.0
No 0 0.0
Not recorded 68 68.0
Total 100 100.0
Eye test done or recorded
Yes 0 0.0
No 0 0.0
Not recorded 100 100.0
Total 100 100.0
Attributes of routine blood tests
eGFR
Yes 70 70.0
No 0 0.0
Not recorded 30 30.0
Total 100 100.0
Cholesterol
Yes 66 66.0
No 0 0
Not recorded 34 34.0
Total 100 100
Attributes of life-style modification
Smoking
Yes 2 2.0
No 8 8.0
Not recorded 90 90.0
Total 100 100.0
Alcohol use
Yes 1 1.0
No 8 8.0
Not recorded 91 91.0
Total 100 100.0
Exercise
Yes 1 1.0
No 0 0.0
Not recorded 99 99.0
Total 100 100.0
Salt reduction
Yes 0 0.0
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Frequencies Percentages (%)
No 0 0.0
Not recorded 100 100.0
Total 100 100.0
Fat reduction
Yes 0 0.0
No 0 0.0
Not recorded 100 100.0
Total 100 100.0
Non-adherent attributes
Attributes No (%) Yes (%)
Dyspnoea 99.0 1.0
Jugular venous pressure 99.0 1.0
Apex beat recorded 100.0 0.0
Crepitations 83.0 17.0
No. of pillows used 100.0 0.0
Cyanosis 72.0 28.0
Clubbing 72.0 28.0
Chest pain recorded 100.0 0.0
Walk/climb 100.0 0.0
Pulse rhythm 100.0 0.0
Pulse volume 100.0 0.0
BMI 82.0 18.0
Waist circumference recorded 100.0 0.0
Blood glucose measured 77.0 23.0
Urine tests 68.0 32.0
Eye test done or recorded 100.0 0.0
Smoking 98.0 2.0
Alcohol Use 99.0 1.0
Exercise 99.0 1.0
Salt reduction 100.0 0.0
Fat reduction 100.0 0.0
Adherence to medication recorded 100.0 0.0
Side effects of treatment 100.0 0.0
Heart sounds recorded 47.0 53.0

Table 1.
Attributes of physical examination, measurements, routine blood tests and non-adherent attributes.

2.10 Antihypertensive medications

Antihypertensive drugs are mainly prescribed to reduce blood pressure and the
complications associated with the disease. According to a study conducted among
South African adult residents of Mkhondo Municipality, clinical guidelines recom-
mend the use of multiple drugs to control blood pressure effectively and reduce
the possibility of hypertension related complications [17]. The authors of this
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study determined that a high prevalence of uncontrolled hypertension was noted
irrespective of the number of drugs and the combinations administered [17]. A
plausible explanation could be non-adherence to treatment by patients. Hence, it is
important for clinicians to follow evidence-based guidelines in prescribing antihy-
pertensive drugs for patients. According to a registry-based observational study in
two municipalities in Cuba on assessment of hypertension management and control
[18], it found that almost half of the patients receiving treatment were taking two
or more antihypertensive drugs. Figure 1 below indicates the commonly used
antihypertensive medications at PHC facilities in the Tshwane district of Gauteng
Province, South Africa as hydrochlorothiazide, enalapril and amlodipine.

2.11 Adherent and non-adherent attributes

In this study, the determination of adherence and non-adherence was done by
dichotomizing whether or not nurses complied with clinical guidelines in providing
healthcare services regarding hypertension follow-up care. Binary counts showing
whether or not nurses made records in compliance with clinical guidelines were done
using frequency statistics tables in SPSS. Based on clinical guidelines, adherence was
affirmed present if at least 60% of sample records showed that nurses made records
in line with guidelines. Conversely, non-adherence was affirmed if less than 60% of
sample records showed that nurses made records as per the guidelines. The at least
60% threshold affirming adherence was derived from clinical guidelines. This study’s
results on nurses’ adherence and non-adherence to guidelines are as follows:

Adherence: Percentages showing adherence by nurses regarding making records
are as follows: Blood pressure (100%), Pulse rate (96%), Estimated glomerular
filtration rate (eGFR) (70%), Cholesterol (66%) and Evaluation of oedema (64%).

Non-adherence: Percentages showing non-adherence by nurses regarding mak-
ing records are as follows: Dyspnea (99%), Raised Jugular venous pressure (99%),
Apex beat (100%) and Crepitations (83%). Number of pillows used to sleep at night
(100%), Cyanosis (72%), Clubbing (72%), Chest pains (100%), (BMI) (82%),
Waist circumference (100%), Blood glucose (77%), and Urine and eye tests in the
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Figure 1.
Commonly used antihypertensive medications.

236



Assessment of Follow-Up Care Received by Patients with Hypertension at Primary Health Care...
DOI: http://dx.doi.org/10.5772/intechopen.99623

past 12 months (68% and 100% not recorded respectively). Adherence and side
effects of prescribed medication were (100%) unrecorded. Smoking (90%), Alcohol
use (91%), Exercise (99%), Salt and fat reduction (100%) were unrecorded.

Moving onwards, the test for presence of significant association between compli-
ance by nurses to clinical guidelines (adherence and non-adherence) and categories
of attributes (physical examination, physical measurements, life-style modification,
routine blood tests, and history) was done using the chi-square test at 5 percent
level of significance. The Pearson chi-square value = 11.654 (p-value = 0.020) and
Cramer’sV score = 0.634 (p-value = 0.020) indicate presence of statistically signifi-
cant and strong association between compliance outcome (adherence and non-
adherence) and category of attributes. The results confirm existence of significant
difference between adherence and non-adherence proportions at 5 percent level.

The authors of the study conducted in Mkhondo Municipality [17] assert that
the high prevalence of uncontrolled hypertension can possibly be attributed to
obesity, lack of physical activity and dyslipidaemia. Moreover, the prevalence of
uncontrolled hypertension and its association with low HDL-C, inadequate physical
activity and obesity were reported [17].

Figure 2 below shows percentages of adherent and non-adherent attributes for
this study.
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Figure 2.
Adherent and non-adherent attributes.
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2.12 Discussion

The aim of the study was to evaluate the follow-up care received by patients
with hypertension at PHC facilities in the Tshwane district. The study found a
significant percentage (93.4%) of non-adherence to hypertension guidelines among
consulting nurses at selected PHC facilities. Based on the results of this study, some
professional nurses could not interpret the danger related to an elevated eGFR or
cholesterol. Where the BMI was measured, it was not interpreted so that interven-
tions could be implemented. In the follow-up visit, there was total misunderstand-
ing of lifestyle modification and how it must be implemented in the management
of hypertension. It was clear that PHC facilities require greater assistance and
support from the employer, the NDoH of South Africa, to enable PHC nurses
in the Tshwane district to adopt more follow-up care of hypertensive patients.
Furthermore, in order to assist, guide and motivate the nurses to become active
partners in their care, in-service trainings, resources and equipment are needed.
There should be a remediation programme for professional nurses who have been
trained but are found to be non-adherent to the guidelines. In a study conducted in
Kinshasa, Congo, in which knowledge of consulting nurse’s was assessed, 84% of
the nurses reported to have received training [19]. The results suggest that training
alone may not be enough, but continuous support and remedial actions may be
necessary [19].

In addition, nurses of PHC facilities need to be supported by policy and organ-
isational change. The results of the study [19] also supported the earlier observation
made by the researcher in the research problem that chronic services are regarded
as fast track and sometimes very incompetent nurses are allocated to these services
since they are regarded as predominantly treatment collection with no specialised
skills required. In accordance with other similar studies, most of the files of hyper-
tensive patients that were audited for this study were found to be demonstrating
positive and negative strengths regarding the follow-up care received by patients
with hypertension.

A study conducted in Brazil by [16] on the association between follow-up
care in health services and adherence to antihypertensive medication indicated
that the level of therapeutic adherence in different populations of hyperten-
sive patients is frequently investigated, given the severity of the problem. The
adherence identified in the population was high (63%), possibly influenced by
the characteristics of the participants, who had cardiovascular disease associ-
ated with arterial hypertension and, consequently, needed and sought health
care more frequently. The findings indicate that higher consultation attendance
has a statistically significant relationship with better medication adherence.
This reinforces the notion that accessibility and frequent use of health services
significantly affects the health conditions of hypertensive patients with associ-
ated cardiovascular disease [16].

Furthermore, the significance of follow-up care in clinics was analysed in relation to
the level of therapeutic adherence and the prevalence of acute events [20, 21]. Patients
who did not seek emergency services in the last two years had better adherence rates
(p = 0.04). Since acute episodes usually lead to the introduction of new drugs in the
treatment protocol of hypertensive patients, the lower adherence of the group that
sought emergency services may be related to the problem in adapting to combination
therapy, which demands post-discharge follow-up [20, 21].

In the study conducted in Brazil [16], the authors sought to advance knowledge
concerning the correlation between health services and medication adherence
when investigating attendance of hypertensive patients’ at nursing consultations,
since these are mainly focused on health education [16]. Regardless of the fact
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that the respondents had a greater number of medical appointments than nurs-
ing consultations, drug adherence was better among those who attended nursing
consultations more frequently (p = 0.022). In addition, the study indicated the
number of consultations necessary to improve the therapeutic adherence of
hypertension patients [16].

Repeated nursing follow-up does not necessarily result in increased therapeutic
adherence, and can increase health care costs [22]. The practice revealed by the
present chapter of 4 to 6 nursing consultations per annum is the preferred level
of nursing follow-ups, to attain better levels of antihypertensive treatment adher-
ence. It was also observed that hypertensive patients who attended medical and
nursing consultations or who had received health orientations in the last 6 months
presented greater therapeutic adherence, with a statistically significant correlation
(p = 0.013). PHC professionals have a high capability and meaningful opportunity
to impact the improvement of patients’ treatment adherence, through the support
of guidelines and care during visits, home visits, health talk actions and tracking of
non-adherent behaviours [23].

Regarding the view of impact of follow-ups in PHC services on therapeutic
adherence of hypertensive patients, directed public policies are necessary to
enhance this level of attention, and bring it closer to the population. Also merit-
ing consideration is the social capital of the Brazilian population, which assists
people overcome obstacles regarding the accessibility and utilisation of clinics by
giving information and treatment support. For hypertensive patients, involve-
ment into social health networks encourages them to look for specialised health
care, although the decision to take part in treatment follow-up must be from
the patients themselves [24]. However, treatment adherence will definitely be
influenced by participation in social health networks and presence of follow-up
visits in the clinics.

2.13 Limitations

The results of this chapter are valid in the specific context of the Tshwane district
and cannot be generalised to the entire Gauteng province or to the whole country.

3. Conclusions

The objectives of the study were to describe the follow-up care received by
patients with hypertension at PHC facilities in the Tshwane district and to deter-
mine nurses’ adherence or non-adherence to the guidelines regarding hypertension
follow-up care. The conclusion drawn is that follow-up care obtained by hyperten-
sive patients in PHC facilities in the Tshwane district was found to be insufficient,
and demonstrated by a trend of non-adherence to the guidelines. This showed a
considerable lack of knowledge and practice in the treatment of hypertension in

PHC clinics.
4. Recommendation
4.1 Nursing practice
* Itis recommended that unskilled professional nurses should not be allocated

to hypertension follow-up care or to a chronic section. Even if guidelines are
available, they will yield better results if they are used by professional nurses
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who understand consultation skills such as history taking, physical examination
and interpretation of investigations.
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Chapter 16

The Use of the Conceptual
Framework to Develop a Training
Programme for Home-Based
Carers Who Care for People with
Cardiovascular Diseases

Mamavre Adelaide Bopape

Abstract

Cardiovascular disease (CVD) is the complex disease associated with morbidity,
mortality and loss of quality of life. Furthermore, it is the most significant cause of
death in the diabetic population. South Africa is faced with an increasing number
of people diagnosed with diabetes mellitus which intensify the burden on the health
system. Home Based Carers (HBCs), also known as Community Health Workers
need to undergo training before taking — up health-related jobs at the community
level. HBCs who care for patients with cardiovascular diseases at the community level
need to be trained on how to care for their patients at care and management. The
systematic literature review method was used to review literature related to diabetes
mellitus, type 2 diabetes mellitus, Community Health Workers, CHWs diabetic
knowledge and diabetes mellitus, diabetic training of CHWSs. The following themes
and their subthemes have emerged: (1) The use of Practice orientated theory for
training development which include the agent, the recipient, the context, the dynam-
ics, procedure and terminus; (2) The use of the ADDIE model in the development
of a training programme for HBCs which include Analysis, Design, Development,
Implementation and Evaluation. Two conceptual frameworks to be used to guide the
development of the training programme for HBCs for people with diabetes. The ideas
of Dickoff and others can be used to formulate the conceptual framework that guides
the development of training for HBCs for cardiovascular patients. The six concepts of
the survey list include agent, recipient, context, dynamics, procedure and terminus.
Instructional design system following the ADDIE model provided practical steps
for organising training development project. According to Branch, ADDIE’s model
describes and prescribes what needs to happen during the process.

Keywords: cardiovascular disease, diabetes mellitus, type 2 diabetes mellitus,
home based carers, conceptual framework, training programme
1. Introduction

Cardiovascular disease (CVD) is the complex disease associated with morbidity,
mortality and loss of quality of life [1]. Furthermore, it is the most significant cause
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of death in the diabetic population. South Africa is faced with an increasing number

of people diagnosed with diabetes mellitus which intensify the burden on the health
system. The number of adults with diabetes in South Africa has increased to 4.5 million
[2]. This caused the country to expand its healthcare focus to include Diabetes Mellitus.
Home-Based Carers (HBCs), also known as Community Health Workers (CHWs)

are involved in caring for diabetes mellitus patients in collaboration with the Primary
Health Care. The previous study done in the Southern African context revealed that
patients lack respect to HBCs and the HBCs lack training on chronic conditions includ-
ing diabetes mellitus [3]. HBCs need to undergo training before taking — up health-
related jobs at the community level. HBCs who care for patients with cardiovascular
diseases including diabetes mellitus at the community level need to be trained on how
to care for their patients.

In this chapter, we present conceptual frameworks that can be followed to
develop training programmes for HBCs systemically. A conceptual framework is a
network of interlinked concepts that can provide a comprehensive understanding of
a phenomenon [4]. Furthermore, it provides an interpretative approach to reality,
to express and explain ideas and also to make inferences or draw conclusions [4, 5].
A framework is a layered structure indicating the kind of programs which should be
built and how they would interrelate. The conceptual framework aims to guide the
development of the training programme for HBCs necessary for empowering them
with knowledge and skills useful during care of People with Cardiovascular diseases
including Diabetes Mellitus.

2. Systematic literature review method

The systematic literature review method was used to review literature related
to diabetes mellitus, type 2 diabetes mellitus, Community Health Workers, CHWs
diabetic knowledge and diabetes mellitus, diabetic training of CHWs. The theories
where two themes with their subthemes that has emerged. Other related sources
were used to support the themes that has emerged from the theories. The follow-
ing themes and their subthemes have emerged: (1) The use of Practice orientated
theory for training development which include the agent, the recipient, the context,
the dynamics, procedure and terminus; (2) The use of the ADDIE model in the
development of a training programme for HBCs which include Analysis, Design,
Development, Implementation and Evaluation.

3. The use of practice orientated theory for training development

The issues that need to be addressed in the development of the conceptual
framework are goal content, the prescriptions of the activity to attain the desired
outcome, and the survey list to identify the gap between the intended activity and
the prescriptions of the activity [5]. The main aim of the framework is to identify
concepts that could be reflected in the training program. The concepts identified
are utilised to describe the conceptual framework that guided the development of
the training program for HBCs.

The ideas of Dickoff and others can be used to formulate the conceptual frame-
work that guides the development of training for HBCs for cardiovascular patients.
The six concepts of the survey list include agent, recipient, context, dynamics,
procedure and terminus. The following questions are used as the basis for the
formulation of the conceptual framework that informed the development training
programme in this study were:
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* Who is the agent? -The agent refers to the person who performs the activity
which is the development of the training programme to improve knowledge,
skills and attitude of the HBCs who cares for diabetes people.

* Who is the recipient? - The recipients of the activity who will benefit from
the training program in this study are the HBCs who care for diabetes
people.

* What is the context? - The context of the training programme is where the
HBCs provide care for PWD.

* What are the dynamics? - Dynamics in this study, are the challenges and
the training needs that motivated the development of the training
programme.

* What is the procedure? -The procedure included the processes followed during
the development of the training programme.

* What is the terminus? - Terminus refers to the end product of the activity
which in this study are competent HBCs, autonomy to provide care to diabetic
people and controlled blood glucose in diabetes people.

3.1The agent

The agent is the first aspect of the survey list and refers to a person who performs
the activity with the aim of Dickoff and others, which is the development and
implementation of the training programme for HBCs who care for diabetes mel-
litus people. The agent should be the researcher who conducts needs analysis and
facilitate the development of the training program for empowering HBCs who care
for PWD. The agent as the facilitator in this study should possess certain character-
istics. The agent is expected to develop a training programme and empower HBCs
with knowledge and skills necessary for the provision of care to PWD. Therefore,
the agent is expected to be competent and also required to possess personal qualities
and abilities necessary to perform these activities [6]. Furthermore, the agent needs
to possess the following characteristics knowledge, skills and attitude to be able to
capacitate HBCs with the necessary information to be able to execute their expected
tasks with ease. The following characteristics of the agent are described below:
knowledge, skills and attitude.

3.1.1 Knowledge

Knowledge” refers to a body of facts or ideas acquired through study, inves-
tigation, observation or experience [7]. The role of the agent as a facilitator was
to develop the training programme for the HBCs who care for PWD. The agent
was required to be aware of the training needs of the HBCs to develop an effec-
tive training programme, therefore training needs analysis was necessary for
the development of the training programme. The agent should possess scientific
knowledge and research skills that will make it possible to explore and describe
the knowledge and learning needs of the HBCs for people with diabetes. The
agent should detect the challenges that inhibit quality care and management of
PWD. The recipients will contribute towards the development of the training
programme by pointing out their challenges and learning needs during the care of
diabetes mellitus people.
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3.1.2 Skills

The agent should be able to build good interpersonal relationships with the
recipients and other stakeholders (dietician and the pharmacist) to relate and create
an environment conducive for implementation of the training programme. An
agent should be able to motivate and empower the participants to bring out the best
in them through management skills. An agent listens actively to hear the partici-
pants’ thoughts and messages and respond appropriately through listening skills.
Good communication skills enable the agent to create a healthy interaction among
the participants, communicate effectively so that he/she can understand problems,
elaborates the points of the team and his own, and effectively conveys ideas and
messages, clarity and confidence to the participants.

3.1.3 Attitude

The agent treats the participants equally during training and know-how to
consider the differences in each one’s personalities. The agent is friendly and
honest to the participants to create an admirable and pleasant environment good
for interaction. People love to be with a person who has a desirable attitude and
a pleasant manner of dealing with other people. The agent should be patient
and persevering to be able to appreciate and understand the difficulties of the
participants and determined to see objectives achieved. The agent also has a sense
of empathy for the participants who need to be understood. The agent should
competent and demonstrate a professional attitude in carrying out their function.
The agent should be respectable, reliable and committed to helping the partici-
pants learn for themselves and also confident to project a positive and purposeful
atmosphere in the workshop.

3.2 Recipient

The recipients refer to a person who receives the activity [5]. The recipients
were all the HBCs who care for the diabetes mellitus people and benefited from
the training programme design. The HBCs have the responsibility to provide
effective and efficient quality health care to people with diabetes. The agent
should be informed by the recipients’ experiences in the context they are provid-
ing service that the training programme is needed to address the training needs
identified during situational analysis. The recipients interact with the agent by
reacting during the implementation of the training programme to achieve their
desired goals.

3.2.1 Characteristics of vecipients

The recipients are expected to have certain characteristics that enable them to
benefit from the programme and to participate fruitfully during the training. They
are expected to be caring for people with diabetes to be able to participate in the
training programme to achieve the desired outcomes of providing quality care. The
HBCs as the recipients of the training programme in this context should be emo-
tionally intelligent to be able to change and cope during training [8]. Attending the
training programme would enhance knowledge, skills and attitudes to enable the
recipients to perform their expected activities.

The HBCs as the recipients are expected to have the following characteristics
of adult learners by Malcolm Knowles as outlined in Klopper (2009): self-concept,
adult learner experience, readiness to learn, orientation to learning and motivation
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to learn. These characteristics offer HBCs a wide range of benefits, including
improved comprehension of key concepts and a boost in knowledge retention.

3.2.1.1 Self-concept

HBCs as the recipients in this study and as adult learners are entitled to make
their own decisions and take control of their own lives. The HBCs as adults identify
the value of attending training because they want to learn what will be useful to
them. The researcher role as a facilitator during the implementation of the training
programme is to guide and direct them.

3.2.1.2 Adult learner experience

HBCs gain a lot of experience when working with diabetes mellitus patients on
treatment at, therefore the training programme should focus on their unique train-
ing needs. HBCs as adult learners employed their learned experiences during care of
diabetic people before they participated in the study to direct their learning because
and to be actively involved in their learning.

3.2.1.3 Readiness to learn

HBCs as the recipients of the training were ready to challenge themselves with
new learning experiences that offer some sort of social development benefit. They
are ready to challenge themselves with new learning opportunities that will help
them to fine-tune skills that pertain to their working environment.

3.2.1.4 Orientation to learning

As the recipients of the training, HBCs as adult learners are expected to change
their perspective from one of postponed application of knowledge to immediacy
of application. Their orientation towards learning was expected to shift from one
of subject-centeredness to one of problem centeredness so that they will be able to
solve problems related to their work problems.

3.2.1.5 Motivation to learn

HBCs need learning activities that will demonstrate how learning is going to
benefit their work area.

3.2.2 Roles of the vecipients in programme development

The roles of the recipients during programme development included participa-
tion during needs analysis to assess their knowledge and point out their practices,
sources of information, challenges and training needs. The HBCs knowledge gaps
and learning needs lead to the plan used to develop a collective training programme
including the nurse, dietician and a pharmacist.

3.2.2.1 Skills of the recipients

HBCs as recipients possess different skillsets which assist in the execution of
their daily tasks and to relate well with others to achieve the desired programme
development goals as planned including communication skills, interpersonal skills,
listening skills and patience.
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3.3 Context

Context according to Dickoff and others refers to the setting in which activity
took take place [5]. The context is also described as an environment where data were
collected about knowledge, experiences and the learning needs of HBCs who care
for PWD and also where the training programme was implemented. The functions
of the HBCs in this context are mandated by the Department of Health (DoH)
which operates under the legal framework of the South African government. For
the development of an effective training programme, the researcher needs to take
into consideration the Guidelines on the Implementation of the Three Streams of
Primary Healthcare Re-engineering [9], in line with the Policy Framework and
Strategy Ward Based Primary Healthcare Outreach Teams [9] which regulate the
functioning of the HBCs in this context.

The agent and the recipient need to understand the context concerning legal
and policy frameworks that govern the activities of the HBCs. It was necessary for
the agent and the recipient to understand the policies that regulate the day-to-day
activities of HBCs in this context. To support the HBCs to improve quality health
care provision, it is important to establish the relationship between legal frame-
works, health context policies/guidelines and procedures [10]. Context of the train-
ing programme provides learning opportunities for recipients who are the HBCs.
The context of the training can be influenced by the internal sources of the agent
that guides her activities including competence and communication competence
and the external resources available for maintaining and supporting the agent’s
capacities and power.

3.4 Dynamics

Dynamics refers to the energy source or motivation for the activity inside an
individual or the internal motivating factors for success [5]. Dickoff and others
further explain that dynamics explore the physical, biological, psychological and
chemical power sources of recipients and agents [5]. The training programme needs
the dynamics that serve as the motivating factors that can be utilised to accomplish
the activities of training programme development. The training programme needs
to address the motivating factors as outlined by the HBCs during needs analysis to
improve their knowledge, skills and attitude:

3.5 Procedure

This aspect of the survey list is the guiding procedure, technique or the protocol
of the activity [5]. This refers to the general rule that guides the activity and pro-
vides steps to be followed to achieve the set goals of the programme. Dickoff and
others indicate that the procedure highlights the path, steps or pattern followed
when performing an activity [5]. Furthermore, Dickoff and others indicate that
procedures are the guiding rules, protocols or techniques while an activity takes
place and do not prescribe particular features [5]. The procedure that provided steps
followed during the development of the training programme to achieve the train-
ing goals was described. The procedure that can be followed for the development
of a comprehensive training programme is the ADDIE Model of instruction [11].
The procedure for the development of the training programme described steps for
creation of the following: learning outcomes, subject content, assessment strategies,
instructional strategies, resources and trainers. Problem-based learning encourages
the recipients of the programme to solve work-related problems by completing the
given activities.
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3.6 Terminus

Terminus refers to the last stop, end-point of the activity [5]. Terminus is the
desired outcome an agent wishes to attain by implementing a particular procedure.
The terminus confirms whether the desired goals have been attained or not. The
participants have to express the need for diabetes mellitus training to enhance their
knowledge and skills relevant to the provision of quality care to diabetes people.
The training programme aims to empower HBCs with knowledge related to the
management of people with diabetes mellitus. The training-related needs of the
recipients should be accommodated in the training programme with the result of
having competent HBCs. The HBCs are expected to be competent when providing
care to diabetes people which can be achieved by attending diabetes mellitus train-
ing before commencing their duties.

Empowering HBCs may introduce the following benefits: enhancing the devel-
opment of HBCs knowledge and skills, ensuring the provision of quality care to
diabetes mellitus people, increase self-confidence in HBCs during provision of
care, prevent diabetes mellitus complication and control of blood glucose in PWD.
Training assists HBCs with relevant knowledge and proper information that will
assist in coping during the provision of service to PWD and the community may
develop trust in the services provided by HBCs.

4. The use of the ADDIE model in the development of a training
programme for HBCs

4.1 Definition of the ADDIE model

ADDIE model is a systematic instructional design and abbreviation of the follow-
ing logical steps: Analysis, Design, Development, Implementation and Evaluation
[11]. These steps are sequential meaning the output of one step becomes the input
for the next step [12]. It is also called an iterative feedback model because the results
of the last stage are returned to the point of origin for feedback, to close the loop-
holes and or to refine the learning product [12]. ADDIE model is pursued to ensure
that correct steps are followed to develop appropriate learning material optimally, to
meet the needs of the HBCs [13]. The model was helpful because it is process-based
and follows a systemic problem-solving approach that provides well defined basic
and easy to follow steps [14-17]. The benefit of using this model is that it permits to
refer and revisit previous steps during the process.

4.2 ADDIE steps

Instructional design system following the ADDIE model provided practical steps
for organising training development project. According to Branch, ADDIE’s model
describes and prescribes what needs to happen during the process [11].

4.2.1 Analysis

The analysis is the first step of ADDIE’s model which is used to identify training
needs to develop the training programme for the HBCs and formed the basis of all
other steps [18]. On this step, needs analysis should be conducted to identify gaps in
diabetes knowledge and practices of HBCs. Major knowledge gaps and training top-
ics suggested serve as the foundation for specifying the learning outcomes, content
and activities, instructional strategies and assessment strategies. Knowledge gaps
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are identified through the needs analysis to develop training [17, 19]. The analysis
provides an opportunity to complete a thorough analysis of HBCs’ training needs
that will guide the designing and the development of the training programme.

4.2.2 Design

The design step is the blueprint of how the training programme is created
[20]. The purpose of the designing step is to define the anticipated performance
and suitable evaluation methods [11]. In the design step, learning outcomes
are identified and formulated because the success of the training implementa-
tion depends on clearly formulated learning outcomes, to meet the needs of
HBCs. There are two types of the learning outcomes namely; critical cross-field
outcomes and specific learning outcomes which should be formulated. The
information gathered during the analysis step (situational analysis) should be
used to create a plan to bridge the learning gaps (training needs) identified
and developed the specific learning outcomes. Based on the learning outcomes,
the training content, teaching/learning methods, instructional strategies and
assessment criteria should be designed.

The format of the design should encompass the following elements: the name of
the training programme, NQF level, Credits, Purpose of the training programme,
duration of the programme, learning assumed to be in place, critical cross-field
outcomes, specific outcomes and assessment criteria, Unit standard and pro-
gramme assessment [21]. The HBCs have a job description that describes their
activities for caring for people with chronic conditions that are context-specific and
is developed by NGOs managers. The designing of the training is based on SAQA
because it was established to create a single, integrated, national education and
training framework for the whole nation, and to improve the quality of education
and training in South Africa. The adaptation of the SAQA standards format for
guiding the design of the training programme should be helpful in the planning.

The clear and precise learning outcomes are formulated using Bloom’s
Taxonomy to classify the following levels of learning: remember, understand,
apply, analyse, evaluate and create [22]. Critical cross-field outcomes to address the
participants’ needs and requirements and Specific Learning Outcomes for HBCs to
achieve should be included.

Content is the focal point for engaging the HBCs during the process of knowl-
edge construction. The content which is consistent with the learning outcomes
should also be established and designed at this step.

4.2.3 Development

The development step is where the researcher create and assemble the content
of the programme assets created in the design phase [23]. This step is aimed to
create the learning content that incorporates all the learning needs of the HBCs,
and also to develop learning materials with learning outcomes that are relevant,
legible and reader-friendly for the level of the HBCs. The structure and content of
the training programme including learning activities, instructional and assessment
strategies are aligned with developed learning outcomes.

Learning materials that covered all the SLO should be developed at this stage.
During the development of the learning materials, the researcher should consider
the competency level of the HBCs. The training materials should be drafted
first and then submitted for evaluation for representativeness, appropriateness,
completeness and importance to the research supervisors, psychologist, dietician
and pharmacist before a final version can be concluded. The professional nurse,
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psychologist, dietician and Pharmacist should be included because they formed
part of the implementation of this training programme.

4.2.3.1 Content development

The researcher should consider the following aspects during content develop-
ment: the relevancy of the content included in the specific learning outcomes and
objectives to achieve the SLO. The process of preparing the content should be based
on the gaps identified during needs analysis and it matches the learning outcomes
identified in the design step [24]. The content is divided in line with the SLO.

4.2.3.2 Instructional strategies

Learner-centred and problem-orientated strategies guide frameworks for
accomplishing the learning outcomes. The instructional strategies should accom-
modate individual learner’s rates of learning and learning style based on reviewed
literature. The following instructional strategies lecturer method, discussion, active
learning, and cooperative learning/group discussions, role-plays and case-based
exercises can be used [25].

4.2.3.3 Assessment criteria

The strategies for assessment should be developed at this stage to measure
success gained from the developed programme Assessment should be undertaken
regularly throughout the implementation of the training and there is an activity
interlinked with all activities. The formative assessment strategies such as open-
ended questions, group discussions, and peer assessment to assess the understand-
ing and achievement of the learning outcomes during the workshop should be
used. The assessment questions should be formulated at the end of every activity to
assess comprehension of the content done concerning the learning outcomes of the
specific unit.

4.2.3.4 Training materials

The training materials including hard copies of training manuals should be
printed for all the trainees and also the PowerPoint slides which covered all the SLO
should be created.

4.2.4 Implementation

A training program for HBCs who care for people with cardiovascular diseases
including diabetes mellitus is delivered at this step. The subject matter included
should be based on the previously developed material and the research articles.
Efforts should be made to use the most recent information about DM. All the
trainees should be provided with a hard copy of the training material to use before
the training commences.

4.2.4.1 Training delivery
Dates for training should be identified and arrangements made with the managers
of the HBC centres to release the HBCs for teaching. The training programme is at

Level 4 of the National Qualification Framework (NQF) with 11/2 credits. The con-
tact sessions for interactive facilitation with HBCs and different facilitators should be
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scheduled. Training should take place at a central venue away from the HBCs work-
place to avoid disturbances during training and to enhance learning.

4.2.5 Evaluation

The evaluation of the training programme was guided by Kirkpatrick four-level
evaluation model [26].

4.2.5.1 Reaction (level I)

Reaction refers to the way in HBCs measure their satisfaction with the training
[27]. Evaluation indicators should include training objectives, topic, content, venue,
time, environment, facilitator’s knowledge and preparedness, training manuals, the
benefits of training on the job and what HBCs think should have been included in
the training. HBCs have to be asked to rate these indicators on a 3-point Likert scale.
Additionally, HBCs should also be asked to write suggestions on the training in the
comment box. HBCs can be given 45 minutes to complete the evaluation tools at the
end of the session.

4.2.5.2 Learning (level II)

Learning in this study refers to the extent to which the attitudes of the HBCs
change, their knowledge increases and their skills broadened post-implementation
of training [27, 28]. The evaluation of learning measures what the participants have
learned and gained from the training programme [29]. The questionnaire can be
used to evaluate learning and it can be the major focus to evaluate knowledge of
HBCs post-training compared with pre-training analysis.

4.2.5.3 Behaviour (level I11)

The focus of the behaviour level was on the exploration of the extent to which the
knowledge and skills acquired in the training were applied back at work [29]. The
trainees should report on their changes in behaviour when they returned to work
after attending the training.

4.2.5.4 Results (level IV)

Results level focused on the realisation of aimed objectives and change in pro-
ductivity after training [29]. HBCs should be encouraged to report on the challenges
they experienced in the application of knowledge and skills learned during training.

5. Conclusion

The conceptual framework has a vital purpose in creating situations to achieve
the desired goals or outcomes [5]. Development of the training programme was
necessary because its availability and training of HBCs will increase disease-
specific knowledge. The suggested ideas of the survey list of Dickoff and others
used successfully as a reasoning map to describe the conceptual framework for
the development of the training programme for HBCs. The utilisation of ADDIE’s
model of instructional design in the development of the training programme will
benefit both the quality of the training content, teaching strategies, and assess-
ments methods. The utilisation of ADDIE’s model of instructional design in the
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development of the training programme can benefit both the quality of the train-
ing content, teaching strategies, and assessments methods. The six elements of the
survey list of Practice orientated theory form the base of the training programme
development. The training programme that would be developed based on the ele-
ments of Practice Orientated Theory to provide benefits for both the HBCs and the
people with cardiovascular diseases.
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Family-Centered Diabetes Care
for Better Glycemic Outcomes of
Outpatients in Rural Areas

Mabitsela Hezekiel Mphasha and Tebogo Maria Mothiba

Abstract

Most of diabetes care of outpatients takes place at their families. Family
members who may have inadequate or lack diabetes knowledge are expected to
offer home care, predisposing patients to poor outcomes and associated health
problems. To review and discuss literature related to family-centered diabetes care.
Comprehensive Literature Review was used to collect data by reviewing literature
related to family centered diabetes care. Literature review involved evaluating
discoveries of other researchers. The results of literature review showed that family-
centered care is essential for better diabetes outcomes and preventing new cases.
So far, family-centered care was successful in children’s diabetes care and may be
beneficial for older outpatients. Family-centered diabetes care improves knowledge
of both patients and families, minimize prevalence and improve diabetes outcomes
of outpatients.

Keywords: family centered diabetes care, diabetes, family, outpatients,
literature review

1. Introduction

The International Diabetes Federation (IDF) [1], pointed out that rising cases of
Diabetes Mellitus (DM) are a threat to the public health sector and seventh leading
cause of death in South Africa [2]. In Africa, South Africa (SA) is the fifth country
with the highest population of diabetes patients which is estimated at 2.6 million and
more than 1.5 million people with undiagnosed diabetes mellitus [3], specifically,
Type-2 Diabetes Mellitus (T2DM), remains more common where 2 million persons
have been diagnosed with T2DM in SA [4]. Diabetes has recently been found to be a
high risk Non-Communicable Diseases (NCDs) linked to COVID deaths worldwide.
Central to DM prevalence is obesity which is a leading predisposing factor to all NCDs.

Family members of diabetes patients are already at risk of developing the
disease due to family history. Physical and mental health of family members may be
negatively affected while taking care of diabetes patient, leading to compromised
patient care [5]. Hence the introduction of Family Centered Care (FCC) to lessen
the negative consequences of caregiving for individuals diagnosed with DM. Rural
areas such as Limpopo Province in SA, have been progressively urbanized, which
has led to adoption of unhealthy lifestyles such as physical inactivity and bad eating
habits, resulting in rising prevalence of obesity which contribute to poor diabetes
outcomes and complications [6].
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So far, family-centered diabetes care has been successful and produced better
diabetes outcomes in children, who are helped by family members to carry certain
relevant tasks related to self-care practices [7]. Less focus has been given to older
people who are mostly affected by diabetes [3]. Therefore, this book chapter is
intended on closing the gap by advocating for the family-centered diabetes care
among older outpatients at rural areas.

2. Diabetes burden

Approximately 9% of people worldwide have diabetes and that 90% of the diabetic
cases are Type 2 Diabetes Mellitus (T2DM) cases [8]. Over 80% of diabetes cases are
those living in developing countries [9]. Type-2 diabetes is rising in Africa and threat-
ening public health sector particularly because it is predisposing factor to various NCDs
including diabetes, and its prevalence is anticipated to increase by 110% over the next
two decades, from 19.8 million individuals in 2013 to 41.5 million by 2035 [1]. Inactive
lifestyle characterized by lack of exercise and poor eating habits are a problem in South
Africa leading obesity and subsequently increased diabetes prevalence and complica-
tions. Around 7% of South Africans aged 21 to 79 years have diabetes mellitus [1]. The
prevalence of DM among South Africans aged 30 years or more has expanded since
2009, and 11 million increase are anticipated in the year 2020 [10]. Statistics SA [2] fur-
ther points out that diabetes mellitus and different types of heart diseases are part of the
ten leading causes of death in all parts of SA. The StatsSA [2], reported that Limpopo
Province has DM prevalence rate of 5.2% and is the fourth province with highest DM
prevalence, while Western Cape Province leads with of 6.9% DM prevalence.

3. Provision of diabetes healthcare services to outpatients

Diabetes outpatients receive treatment at Primary Health Care (PHC) facilities,
which is nurse driven. The South African Department of Health, in an attempt
to manage chronic diseases including DM introduced Chronic Disease Outreach
Program (CDOP) to follow-up on patients, particularly those with NCDs [11]. In
line with CDOP, health professionals such as general practitioners, dietitians, phys-
iotherapists and psychologists regularly visit PHC facilities to see patients requiring
their services. Diabetes patients are required to consult these healthcare profes-
sionals 2-3 a years. The introduction of the outpatient’s services in SA helped in
reducing management costs which are imposed by mere presence of diabetes, and
more costly in the presence of complications. The outpatient services also helped in
improving family involvement in the care of loved ones.

4. Assembling diabetes team for the care of outpatients

The diabetes team for the treatment and care of outpatients at PHC facilities
with recognition of the outreach programs by other healthcare professionals who
may not be full time at the PHC facilities, and are as follows:

5. Family-centered diabetes care

The FCC is defined as “provision of healthcare in partnership or in recognition
that the family has a role to play in the treatment of persons living with chronic

260



Family-Centered Diabetes Care for Better Glycemic Outcomes of Outpatients in Rural Areas
DOI: http://dx.doi.org/10.5772/intechopen.96223

diseases and specifically diabetes” [12]. The FCC is an approach of responding to
the needs, values and cultural needs of the patient and FMs [13]. The FCC begins
from consultation at the healthcare facility involving healthcare professional,
patients and family members, being involved in decision making and shared
leadership [14]. Family Members are often asked to share responsibility in sup-
port of person living with diabetes, and such activities includes driving patients
to appointments, and social and emotional support among others. The FCC in
diabetes care has so far produced better outcomes in younger children who are
usually cared for by their parents or families, since younger children are unable to
perform certain tasks related to self-care [7]. However, the FCC have so far failed to
utilize same family support for better care of older people who are mostly affected
by diabetes [1].

The aim of the FCC is to maintain and strengthen family bond and roles so as
to provide healthy family functioning, and at the same time improving the Quality
of Life (QoL) of patients, as well as minimizing new cases involving family mem-
bers who are already at risk due to family history. Despite the benefits of adequate
diabetes knowledge, it is worrisome that international knowledge and awareness of
diabetes stays low [15]. In SA, diabetes knowledge among T2DM patients in most
affected areas is reportedly inadequate [16]. It is essential for healthcare providers
to assess knowledge of patients and family members so as to design appropriate
diabetes intervention and educate properly. Therefore, the FCC seeks to close the
knowledge gap through family-patient consulting healthcare provider together.

6. Principles of family-centred care

The FCC principles are frequently aligned with a vision of effective health care
delivery as described by Johnson and Abraham [17], and are as follows:

¢ Information Sharing: This principle acknowledges that healthcare
practitioners, patients and family members all must share information for
better care of patients. See Table 1 on responsibilities of diabetes team. The
process of sharing information should be open, objective and without bias
[17]. Patients and family members timely are empowered with complete and
accurate information for the care and decision-making [18].

* Respect and Dignity: Healthcare professionals need to understand that
patients are vulnerable and do their best to maintain patients’ dignity [19].
After healthcare professionals have discussed medical options with patients
and family, they should respect that patients have final decision [17].

* Participation: This principle acknowledges that patients and family members
have role to play in the care, after being empowered with diabetes care infor-
mation [18].

* Collaboration: This principle acknowledges that healthcare professionals must
primarily involve and engaging patients as the main consumer on the involve-
ment or adoption of family-centered care for its successful implementation.
Furthermore, once patients have been engaged and approved adoption of FCC,
in the provision of ongoing diabetes self-care education and support, patients,
families and healthcare professionals jointly make diabetes interventions
programs together that considers the needs, strengths, values, and abilities of
recipients [17].
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Diabetes team Responsibility

General Practitioners Clinically assess the patients

Provide required medical interventions

Nurses Assess and refer patients and their families to multi-disciplinary team

Establish diabetes support groups at the PHC facilities

Dietitians Provide dietary care services

Physiotherapists Provide exercise care services.

Psychologists Provide psychological and behavioral care services.

Social workers Provide services on how best to cope with the disease and also on social relief or

grants for the care of diabetes patients.

Patients Recipient of family-centred diabetes care and share experiences of living with
diabetes.
Family members Recipient of family-centred diabetes care and advocate for patients by expressing

additional health challenges which the patients has omitted.

Provides emotional support to the patient, and care at home.

Table 1.
Diabetes team and their responsibilities.

7. Diabetes self-care, self-care activities and its adherence

Diabetes self-care is explained as “evolutionary process of development of
knowledge or awareness by learning to survive with the complex nature of the
disease within social context” [20]. Diabetes education is critical and must be
practically translated into activities for the achievement of better diabetes out-
comes. The self-care activities includes adherence to dietary plan, avoidance of fatty
food, regular physical activity and self-glucose monitoring, and foot care, taking
of medication (insulin or an oral hypoglycaemic agent), and cessation of smoking
[21]. In addition, self-care activities includes good problem-solving skills, healthy
coping skills and risk-reduction practices [20]. Integrating self-care activities into
patients’ daily routine improves diabetes outcomes, minimizes chances of develop-
ing complications and diabetes related health problems. Compliance or adherence
to diabetes treatment remains a problem, in spite of the advantages of integrating
the self-care activities into patients’ daily routine.

Diabetes Self-Management Education and Support, and Family as provider of
home care to patients.

Diabetes Self-Management Education (DSME) is regarded as “the process of
facilitating knowledge, skill, and ability necessary for diabetes self-care” [18],
and is provided by healthcare providers. Multi-disciplinary team provides vari-
ous diabetes care services, therefore, a clear referral system should be developed
and implemented. The DSME is provided with the sole purpose of capacitating
both patients and family members with skills and knowledge required in self-care
practices. Adequate diabetes care knowledge may pursue both patients and their
family members to follow healthy lifestyle healthy lifestyle [15], so as to prevent
diabetes complications and also reduce new cases, respectively. Sufficient diabetes
knowledge also minimizes risk of comorbidity which impact significantly the QoL
of patients [22]. However, Ajzen et al. [23] argued that adequate knowledge alone
is not sufficient for the adoption of healthy lifestyle, it should be accompanied by
positive attitudes. There should be collaboration between the health sector and the
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family, since collaboration is one of the principles of FCC. Among the families of
patients, there should be dedicated person to represent the family in the interaction
and consultation with patients at the healthcare facilities [24]. Spouses and parents
can be in charge of both their partners and children; respectively, however, the
families may as well nominate a member to represent them. In ensuring the success
of the FCC, the healthcare professionals may assure the families that they will be
listened, supported and that their doors will forever be opened for any challenges
encountered to ease the home caregiving. The family receives home care through
consulting together with patients or DSME program. The outpatients receive their
diabetes treatment at PHC facility, which is inadequately resourced with other
healthcare workers such as dietitians and physiotherapists, who support the PHC
facilities. Therefore, there is a need for a well-organized and structured education
programme for people living with diabetes for the DSME to be fully functional at
PHC level.

Whereas, Diabetes Self-Management Support (DSMS) refers to the “support
that is required for implementing and sustaining coping skills and behaviours
needed to self-manage on an ongoing basis, and it is provided by family members
with recognition that most care happen at the families patients reside” [18]. Family
plays especially significant role in diabetes care for better glycaemic outcomes. A
study involving 5000 diabetes patients recognizes importance of family, relatives
and colleagues in improving well-being and self-management of diabetes [25].
Home care refers to “health or social service provided by formal and informal
caregivers to the recipient” [26]. Informal home caregivers are explained as
“individuals actively and directly involved in the patient care and support at home
without earning any salary for caring and supporting the patients” [27]. The FMs
maybe distressed by diabetes status of their loved ones, particularly when they
have poor knowledge of the condition or not knowing how best to provide support
[25]. Families sometimes have misconceptions, like believing that their loved ones
living diabetes know more about the management of the disease, than they actu-
ally report. The family as informal caregivers are usually not trained in the care of
patients; and as such families are underutilized resource. The success stories related
to home care for diabetes patients includes adherence to diabetes treatment and
improved quality of life and reduction of prevalence. However, failures of home
care which often occurs in the event of inadequate diabetes knowledge includes
poor diabetes outcomes and quality of life. Hence the need for family centered
diabetes care to improve knowledge of both family and patients.

8. Why adopt family-centred care in diabetes management

Lack of adequate knowledge about illness and inadequate social support contrib-
ute to poor control of diabetes [25]. The adoption of FCC is aimed at capacitating
both family members through the DSME together with patients at the healthcare
facility, which capacitate and empower them with knowledge on how to best
become healthcare providers at home, where most of the diabetes care takes place.
Adequate social support from knowledgeable family members helps in preventing,
delaying and minimizing the severity of diabetes complications, as well as reduc-
ing the chances of family members from developing diabetes. Family members
are informal healthcare providers at home as they primarily provide Diabetes
Self-Management Support. The QoL is regarded as “an estimation of well-being
as well as the measurement of health and the effects of health care” [28]. In order
to achieve better QoL, it is important to adhere to diabetes treatment and adopt
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a healthy lifestyle [3]. Adequate family support also helps in achieving good QoL
[29], particularly when the family are knowledgeable with regard to diabetes care.

9. The type of support a family can give to diabetes patients

Living alone is linked with increasing depression, poor diabetes outcomes and
increased mortality [30]. The family support and care for patients, with daily living
activities which includes meal preparation and consumption, physical activity,
collection of medication, bathing, distribution of household chores, bathing and
clothing, and honoring of medical appointments. Families also help patients cope
‘with the diabetes and also may be required to financially support the patients so
as to daily meet the activities of daily living. Quality of life and better glycaemic
outcomes have been associated with better income [31].

9.1 Supporting family

Family communication needs to be improved during DSME, and also empower
them with knowledge and skills essential in positively influence patient health
behaviors and subsequently diabetes outcomes. Lack of diabetes care knowledge
among family members, result in stress of not knowing how best to care for loved
one in need of support, hence adoption of family centred diabetes care empowers
family and minimizes the negative psychological impact. Exclusion of families
during consultations may lead to families having misconceptions that patients
know more about diabetes management than actually patients know, relying on the
patients to report to them on how to best care for them [24], leading to inappropriate
care. Educating families on diabetes care needs and why the changes are necessary
can aid in easing the stress brought along by inadequate knowledge. The family may
as well need to be educated on the coping skills. The effective family involvement in
diabetes care may help the family accept the lifestyle modifications for the patients
and family members’ health considering that they are already at risk due to family
history [29]. Additional information which should be provided to the family during
consultation includes information about the disease, possible treatment alternatives
and stress management skills, as well as helping them plan for the future [32].

10. The negative ways family can affect diabetes

Actions of family members in providing support to diabetes patients may be
harmful and lead to poor diabetes outcomes [33], particularly when family mem-
bers who are not trained about care, are not capacitated through DSME on self-care
activities. Family culture, way of living and problem-solving skills may addition-
ally contribute in harming the patients and resulting poor diabetes outcomes. The
required diabetes self-management activities may be in conflict with the traditional
family way of cooking and eating, which may prompt family to not accept the
lifestyle modification and new way of doing things [33].

Family members usually support the patients at home through food preparation
and may compromise and sabotage patients through cooking and serving unhealthy
meals, tempting patients to consume unhealthy food for the sake of peace at home
[30]. Additionally, the family members may also discourage patients from regularly
taking medications and its adherence, particularly when the patient relies on them
for getting and taking medications and meals. Hence the need for family centred
diabetes care to minimize the ways family can negatively impact on patients’
outcomes for better glycaemic outcomes.
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11. Barriers to family-centered Care

* Understanding Family-Centered Care: Lack of understanding of the
concept of family-centered diabetes care by both healthcare providers and
patients may negatively impact on its successful implementation. Hence,
there is a need for in-service training of healthcare providers on the family-
centered diabetes care for better outcomes [25]. Policy makers and legislatures
develops and introduces policies, whilst healthcare providers at any setting
are the drivers or implementers of the policies. The drivers of policies need to
be trained on the pros and cons of FCC in diabetes care and also given guide-
lines on family centered diabetes care to minimize confusion and for effective
implementation.

* Support for Practices: Loss of income and employment may affect provision
of support to patients as required by the FCC. Repeated visits and honoring
of medical appointments should be observed, and that the spirit of humanity
must at all times prevail so as to enable consistent support and care during
the loss of income [24]. The South African Government introduced Old-Aged
Grant, of which diabetes patients are among the beneficiaries considering that
diabetes affects mostly the elderly. The introduction of old-aged grants in SA
helped the elderly persons getting and needed support from the family mem-
bers. Also, the families must be empowered with diabetes care knowledge and
how it could also benefit their health, so as to minimize the presence or absence
of income being motivating factor for provision of support.

* Research: Research helps in informing policy developers, healthcare providers,
patients and family members on what should be done in the provision of health
formal and informally to the patients. Therefore, lack of adequate research on
family centered diabetes care for outpatients may negatively impact on the
adoption and implementation of the family centered diabetes care.

12. Advantages of family-centered diabetes care

* Reduces the diabetes treatment costs: Diabetes is costly disease to manage,
and more costly in the presence of complication. It has been reported that the
global diabetes management cost amount to $1.31 trillion, which accounts to
1.8% of 2015 global gross domestic product [34]. The FCC reduces diabetes
associated hospital admissions and readmissions costs [35], as well as esti-
mated lifetime health care costs.

* Improvement of Hemoglobin: Hemoglobin A;. (HbA; ) improves by 1% in
T2DM patients [36].

* Reduces/prevent complications: The FCC prevent, delays and minimizes the
severity of diabetes complications, improve quality of life and better glycaemic
control through lifestyle behaviors such as healthy eating habits, regular physi-
cal activity and adherence to intake of diabetes medication.

* Improves the clinical and psychosocial aspects of diabetes: The presence of
diabetes affect the quality of life of patients and also brings along emotional
and psychological burdens resulting in stress and depression, which worsens in
the presence of complications such as erectile dysfunction.
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13. Conclusion
Adoption and implementation of the family-centred diabetes care can assist in
improving better glycaemic outcomes in older diabetes outpatients It will also help

in improving knowledge of both patients and family members for improved quality
of life and reduction of new cases.
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The Importance of Health
Literacy Related to Medications
Instructions to Promote
Adherence in People Living with
Cardiovascular Diseases at Rural
Settings

Charity Ngoatle and Tebogo Maria Mothiba

Abstract

Health literacy related to prescribed medications instructions is the ability to
read, understand and carry out medication instructions as directed. Being generally
literate does not automatically make one to be health literate. In most cases, a per-
son’s health literacy is overlooked based on their good general literacy. A convergent
parallel mixed method design was used to explore and describe the practices of dia-
betes mellitus patients regarding prescribed medications instructions. The results
showed failure to interpret medications instructions which leads to non-adherence
unaware. On the other hand, non-adherence led to complications. Enhancing health
literacy includes explanation of the medication instructions in details including
the exact times for medication consumption. This could be achieved through peer
teaching, health talks with patients and workshops.

Keywords: health literacy, prescribed medications, instructions, non-adherence,
diabetes patients

1. Introduction

Health literacy regarding medications instructions is important to people with
cardiovascular diseases. Understanding medication instructions is of vital impor-
tance to people living with cardiovascular diseases for proper disease management.
Taking medication properly is one of the critical aspects in the control of diabetes
mellitus. Many people can read medication instructions simply because they are
literate; however, patients fail to interpret the medication instructions because they
are health illiterate. Even though basic general literacy plays a role in understanding
phenomena in general, health literacy regarding medications instructions could be
achieved even when an individual do not have general literacy. So, patients with low
health literacy have shown to suffer from low medication knowledge and under-
standing [1]. Health literacy regarding medication instructions basically means ‘an
understanding of the actual meaning of the instructions on how medication should
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be consumed’. This chapter will be based mainly on the study conducted among
diabetes mellitus patients on treatment at selected rural area in Capricorn District,
Limpopo province, South Africa.

The study employed a convergent parallel mixed method research design. The
total population was 144 patients; 18 participated in the semi-structured interviews
for qualitative study and 137 respondents for the quantitative study. The major
findings of the study were: misconceptions and misunderstanding, unclear instruc-
tions, poor explanation by medication dispensers, non-compliance, negligence,
experiencing complications, lack of knowledge and need assistance. The study also
outlined the demographic data of the participants as factors influencing adherence
and more insight will be shared in the chapter.

2. What is general literacy, health literacy, and literacy related to
medication instructions?

General literacy refers to the basic ability to read, write, and figuring things
out without considering the background in which reading, and writing occurs
[2]. Health literacy on the other hand refers to the “degree to which individuals
have the capacity to obtain, process, and understand basic health information and
services necessary to make proper health decisions” [3]. Although general literacy
has an impact on health literacy, being generally literate does not necessarily mean
one will understand the health language. However, [4] asserts that the degree of
health illiteracy related to medication instructions was linked to low education
level. Medication instructions refers to the detailed information on how medica-
tion should be taken [5]. These instructions are normally found on the medication
packages, bottles, inserts etc.

2.1 Types of health literacy

Health literacy is the junction between general literacy, health, and health
care, but also incorporate attributes of the other types of literacies to varying
degrees [6]. The concept of health literacy stemmed from the concern that
individuals need more than just having general literacy skills to be able to man-
age the complexities of health and health system issues. There is a considerable
intersection between general literacy and health literacy. Nonetheless, there are
strong health-specific demands involved in health literacy that differs from those
in general literacy [6]. Therefore, having general literacy alone is not adequate
if one has to live a healthy life and to be able to prevent, manage, and control
diseases and illnesses.

Therefore, health literacy is divided into three levels namely; basic health
literacy, communicative health literacy, and critical health literacy [3].

2.1.1 Basic/functional health literacy

Functional health literacy is characterised by adequate fundamental skills in
reading and writing to enable an individual to function efficiently in everyday
situations. Therefore, functional health literacy is important to access ser-
vices and information required to support individual’s health, such as reading
information about medication on medication labels [3]. Inadequate health
literacy can result in difficulty following instructions from a doctor, and taking
prescribed medication incorrectly, nonetheless, medical information is well
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understood when provided slowly, with the use of simple words and avoiding
more information at a time [7].

2.1.2 Communicative/interactive health literacy

Interactive health literacy refers to more advanced, cognitive, and literacy skills
which, together with social skills, that could be employed to actively participate in
everyday activities. These skills are used to excerpt information and derive meaning
from different forms of communication, and to apply new information to changing

circumstances [3]. The interactive health literacy approach improves individuals’
capability to act autonomously on knowledge. So, patients with inadequate health
literacy are less likely to understand and take part in disease prevention and health
promotion programs [7]. These patients are likely to be hospitalised more often
than those with adequate health literacy.
Patients who reported having confidence in the ability to take medications
confirmed a lack of comprehension in understanding medication instructions [8].
Patients further indicated numerous obstacles to effective medication management
embedded in poor communication. Hence, patients expressed favouritism for
more clearer medication instructions which could address some of the challenges

they face.

2.1.3 Critical health literacy

Critical health literacy includes advanced cognitive skills, which together with
social skills can be applied to critically analyse information and to use that informa-
tion to exercise greater control over life events and situations. Therefore, health
literacy moves beyond communication to the development of skills necessary to
effect social change to support health [3].

From these types of health literacy descriptions, [9] came up with a framework
for health literacy (Table 1) as follows:

Types of health literacy

Nutbeam’s (2000) definitions

Categories of analysis

1. Functional health
literacy

An individual capability to
seek and comprehend health
information.

The ability to recognise the formation of
physical activity patterns in daily life.

2.Interactive health
literacy

An individual capability to
put health information into
practice to achieve good health
outcomes in various daily
practices.

The ability to put to practice the
comprehension of how physical activity
patterns are made, and to employ, and
exercise a lively everyday lifestyle within
the prevailing. Conditions.

3. Critical health literacy

Possessing skills to critically
evaluate health information
and utilise information to
achieve maximum control,
including addressing structural
determinants of health
including empowerment skills;
capabilities to act to bring
change in conditions for ones’
health and others.

The capability to relate judgementally

to physical activity recommendations,

to comprehend the effect of social
determinants on physical activity ranks,
and to draw on these capabilities to bring
change to the prevailing conditions

in enhancing the acceptable everyday
lifestyle for self and others.

Table 1.
Health literacy framework.
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2.2 Characteristics of individuals with low health literacy

Poor overall health status.

Higher rates of hospitalisations, death, and longer hospital stay.

Higher rates of hospital readmissions within three days of discharge.

Decreased capacity to manage chronic diseases.

More likely to make errors with medications.

Seek medical care when they are more ill.

Have less knowledge on own illness management [6].

2.3 Factors influencing health literacy and medication adherence

Research has shown that there are several factors which influence health literacy

among individual groups.
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1. Poor labelling instructions on medication, packaging, lack of patient teach-
ing on medication use, and disease processes contribute to non-adherence
[10]. Patients therefore do not see the importance of following correct medica-
tion therapy because they do not understand.

2. Gender - Sixty-eight percent (68%) of the study participants were females.
This could be because most women tend to report a lot of health issues and
have greater utilisation of medical services than men [11]. Furthermore,
this can be due to the traditional role of caring for sick family members and
children. This traditional gender anticipation offers women with more interac-
tions with the healthcare system, providing them additional chances to build
their knowledge base, and consequently resulting in increased levels of health
literacy than those of men. Gender differences in health literacy among Korean
adults revealed that Korean women had a significantly higher level of health
literacy compared to men, in understanding instructions on medication bottles
[11]. The study explored gender differences in the level of health literacy and
appropriate factors linked with health literacy.

However, women reported more depressive symptoms of chronic diseases than
men [11]. A question could be raised as to why these women would suffer de-
pressive symptoms while we expect them to be healthy and in control of their
diseases since they report frequently to the health facilities. This could be that,
when women are sick, they lack proper care from their spouses or anyone to
care for them, or they could be inappropriately taking their medications.

3.Educational level - Most of the diabetes mellitus patients (47%) attended
school up to high school whereas only 11% did not attend school at all.

Observations from previous studies illustrate that individuals with higher
socioeconomic status or higher education levels had a better comprehension
of prescribed medications and medication labels hence leading to the minor
occurrence of adverse medication occasions [12]. Despite this, failure to com-
prehend and interpret medication prescriptions is still prevalent through all
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educational levels [12]. However, it is evident that a bit of general literacy plays
part in augmenting health literacy. This was observed in patients who used
many sources of medication information and found to be more informed than
those who relied on one information source, for instance, using medication
labels only while others used also some internet, books, and leaflets [12].

Having attained higher educational qualifications together with a family his-
tory of diabetes mellitus was significantly concomitant with a better under-
standing of health teaching and instructions [13]. It is evident that having
enough health literacy is not the only factor related to good glycaemic control,
rather the effect of adequate health literacy in attaining good glycaemic control
can be disguised by patients with a better understanding of health education
and instructions [13]. Therefore, patients can be health literate, but still, fail to
comprehend medication instructions.

4. Age — Eighty-two percent (82%) of the participants were 50 years and above.

It is well known that the risk of diabetes mellitus especially Type 2 is associated
with age. However, as people age, their memory also deteriorates which could
affect medication instructions comprehension. So, age has not been identi-
fied as a feature in the misapprehension and misinterpretation of prescription
medication and medication labels. Misunderstanding was common across all
age groups. Hence a more specific and clearer explanation is needed for the
diabetes mellitus patients to understand medication instructions. Conversely,
research affirms that health literacy is a durable predictor of health outcomes
than socio-economic status, age, or ethnic background [6].

5. Complexity of medication therapy - fifty percent (50%) of the respondents

were using four and more drugs for diabetes and other comorbidities. Diabetes
patients on complex regimen were three times non-adherent than those with a
simple regimen [14]. Therefore, simplifying diabetic medication therapy to at
least single or two medications could make it easier for patients to follow [14].

6.Poor health literacy - other contributory factors to non-adherence in diabetes

mellitus patients were identified as follow: firstly, poor health literacy coupled
with low health numeracy [15]. This is irrespective of whether an individual is
generally literate or not. Secondly, deficient or unclear teaching on medication,
particularly if the teaching is not personalised for the patient or on each medi-
cation. Some patients do not interpret medication labels and medication in-
formation correctly and this is common even when labelling requires minimal
reading skills. For example, instructions to take medicine twice daily (which is
vague since ‘daily’ means once per day), or every 12 hours means individuals
should make further decisions to understand the instructions. “Take medica-
tion as directed” is further, more difficult to interpret since the instructions
need to be further broken down. Patients are more likely to understand more
specific medication administration times such as 08 A.M., 06 P.M. but institut-
ing periods can be useful or suit some individuals better. Using multifaceted
medication regimens independently predicts the probability that patients
interpret medication instructions, advice, or education incorrectly.

Health professionals are the major role players in disseminating health infor-
mation and are the first and most precise sources of information in health-
related matters. Although they have restricted time with patients during
consultations, they fail to issue out information as expected and patients opt
for sources with questionable credibility, such as the internet, television, and
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newspapers, for health information [16]. These defective sources mostly lead
individuals into making erroneous verdicts about their health. The patients
should be taught how to seek credible information sources on the media. There
should be ever-ready more specific and detailed health information materials
to give out to the patients to reference at home (see appendix 1).

7.Inadequate patient education related to medication use - Research has also
shown that medication non-adherence and treatment ineffectiveness can be
negatively influenced by the inability to comprehend medication instructions.
The problem is not with patients using medications only but also dispens-
ing health practitioners and medication manufacturers. Most of the generally
used medication label instructions are unclear, and misunderstanding takes
place also in highly educated patients [17]. Poor understanding of medication
instructions or misinterpretations could be a cause for patients not using their
medications as prescribed. Misinterpretation of medication instructions leads
to subprime medication therapy resulting from consuming less than instructed,
getting insufficient medication concentrations, or increased risks of adverse
effects by overdosing and medication concentration increasing interactions.

It is evident that inadequate health literacy hinders patients’ understanding of
medication instructions [18]. The instructions also could be written in the clear-
est and specific manner, however, there is limited evidence supporting the best
practices for writing prescription medication instructions to enhance patients’
comprehension for proper use of the medication. Therefore, a more specific word-
ing should be used on prescription medication instructions to enhance patients’
comprehension [18].

3. Impacts of poor health literacy of medication adherence

Most of the time medication dispensers think that patients understand the
instructions given to them regarding their medications but that is not always the
case. Health literacy regarding medication instructions is a subject on its own,
which needs to be unpacked. Health literacy do not always need basic literacy skills,
if the individual understands the clock she or he is covered.

3.1 Misconception and misunderstanding

Misconception or misunderstanding could lead patients to non-adherence to
their medication. Diabetes mellitus patients had misconception and misunder-
standing regarding the prescribed medication instructions [19]. The instructions
did not have specific times at which medications should be consumed. The instruc-
tions on the medication packages are not adequate; for instance, the instructions
were written as morning, noon, night, or two times a day etc. [20]. This kind of
instructions may be dangerous because patients with poor health literacy would
interpret them wrongly [20]. Patients end up with drug toxicity or underdose.
Patients also had incorrect perception of the medication instructions where the
patients do not fully understand the instructions [21].

3.2 Non-compliance

One of the major problems responsible for non-adherence is the fact that
patients esteem themselves as understanding the instructions. Diabetes mellitus
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patients perceived themselves as understanding the medication instructions which
is however contrary to how they “actually” carried them out [19]. Understanding
medication instructions means taking medication correctly and that includes
taking the correct dose, at the right frequency, being persistent and consistent

[21]. Non-adherence is linked to increased health services utilisation and frequent
hospitalisation [22]. Many of the diabetes mellitus patients demonstrated a knowl-
edge discrepancy concerning medication use during disease treatment [23]. This
lack of knowledge can aggravate the health state of people with diabetes mellitus.
Subsequently, bring about a momentous increase in direct and indirect health costs.

Non-compliance is often coupled with patient’s negligence. Diabetes mellitus
patients often drink too much alcohol and when drunk, do not take their pre-
scribed medications. Similar situation is recorded in [24] where non-compliance
was linked to patients not giving attention to their health with double increase in
non-compliance due to alcohol use.

On the contrary, most patients were non-compliant because they had poor
health literacy either because of shallow explanations given by health professionals
or the unclear medication instructions on medication packages, leaflets or doctor’s
prescriptions.

3.2.1 Shallow explanations by professional nurses

Professional nurses as medication dispensers at primary health care level need to
give a full explanation of the medication instructions to the patients. (Refer to Table 3).
Diabetes mellitus patients do however indicate that they do not get such explanations as
expected. Participant ‘G’ when asked to shave how she was told to take their medications
said, “No. They have never explained well to me, but they said I should take the medication
in the morning, during the day, and when I go to sleep”. Participant ‘E’ also said, “They
said I should take the medication the way they ave; but for the times and hours no. They just
said in the morning, during the day, and at night”.

In other words, patients do adhere to what the professional nurses tell them
however, that information given to them is incomplete. This incomplete explanation
therefore contributes to patients not adhering to treatment.

3.2.2 Unclear medication instructions on medication packages, leaflets or doctor’s
prescriptions

The medication instructions on the leaflets, packaging, and doctors’ prescrip-
tions are not clear. There is a poor explanation of the time-frequency on the
documents’ medication instructions. One drug is written as, “Img once daily”.
Another one is written: “One 500mg tablet 2 to 3 times a day”. There is no time
interval reflected on the doctor’s prescription, medication leaflets, and packaging.
The drugs are written as follows: “One 850mg tablet twice a day”. Another drug is
written, “40 to 80mg daily”. Whereas another one is written, “Daily doses over
10mg in 2 divided doses”. there are no specific times for taking medication on diabetic
medication instruction documents. One drug is written as, “Doses of 160mg daily in 2
divided doses™. Another one is written: “Should be taken the same time every day”.

The medication instruction does not specify the exact times for taking the
medications. One drug is written as, “Doses of 160mg daily in 2 divided doses™.
Another one is written: “Should be taken the same time every day”.

Doctors should clarify medication instructions to patients and if they fail to
do so, the pharmacists and professional nurses should, when dispensing 11]. If
the health professionals fail, the last resort would be the medication packages and
accompanying print materials like container labels, package inserts, medication
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Symptoms experienced Agree Neutral Disagree
Changes in vision 59 8 70
Numbness 60 7 70
Tingling sensation 47 4 86
Burning/pain on the toes or fingers 54 3 80
Erectile dysfunction in men 17 6 34
Poor hearing 18 2 117
A wound that does not heal 7 2 128
Table 2.

The symptoms experienced by diabetes mellitus patients on treatment.

guides etc. however, the print materials have been found to be complex and written
in medical language which patients do not understand irrespective of their literacy
level [25]. Most the patients on diabetes medications are elderly. It will serve us
right as health professionals to write or tell the patients the exact times for taking
the medications. This should also include the rationale for doing so. That is, to avoid
over- or under-medicating themselves.

3.3 Complications

Non-compliance due to poor literacy result in some patients experiencing
complications. Most of the patients experiencing complications do not know
that they are linked to the disease process and non-adherence. Patients who were
not compliant experienced complications compared to those who are compliant
[26]. Some of the complications experienced by diabetes mellitus patients on
prescribed medications are listed on (Table 2). For erectile dysfunction, women
were excluded.

4, Need versus no need for assistance with adherence to medications

Most of the diabetes mellitus patients are not aware that they are not taking
medications correctly. This is because patients believe they are complying with how
professional nurses have told them. On the other hand, other patients think they
still need further assistance on how to adhere to medications. Misunderstanding
of medication instructions could be reduced through improving clarification and
understanding of labeling on prescribed medications by medication dispensers
[20]. That is the reason patients believe the information given to them by health
professionals as they trust that they are experts in their fields. It is, therefore,
health professionals’ duty to fully equip themselves with the knowledge needed
for patients to understand the medications instructions. This knowledge should be
made clearer to the level of patients understanding.

Participant ‘T’ indicated that they need assistance and said, “I feel I need assistance
on how I should eat and take medication corvectly. I do not have such knowledge, I need it”.
On the contrary, participant “V’ said, “According to me I do not need it because

every time when I collect medications here at the clinic, they teach us how we should
consume them”. Yet participant ‘U’ also said, “No, I do not need it. I see myself taking
the medications corrvectly, I am satisfied”.
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5. The importance of health literacy on disease management

Health literacy is essential for effective access to care, self-care of chronic
conditions, and maintenance of health and wellness. It is also essential to
healthcare, necessitating individuals to have a more active role in decision
making and disease management [27]. Health literacy enables patients to accu-
rately interpret the medication instructions to ensure proper and safe use. It is
therefore linked to medication adherence and consequently contribute towards

persevering life.

6. Interpretation of the medication instructions

Understanding medication instructions coupled with other treatment measures
like lifestyle modification, play a major part in controlling diabetes mellitus. The
instructions need to be clear such that patients will not take their medications
incorrectly as a result of misunderstanding. It is important for medication dispens-
ers to make sure that patients understand the correct meaning of these instructions
before they leave the facilities. Health literacy should therefore be imparted to
enhance medication instructions comprehension and medication compliance in
diabetes mellitus patients [1]. Table 3 give an outline of the prescribed medication
instructions’ explanation as a recommendation to assist people with cardiovascular
diseases on treatment.

Area If on your It means
medication it is
written
Before or Before food or meal Take your medication, then you can have your food immediately or
after 30 minutes before food
After food or meals Eat your food first then after that you can take your medication.
Daily Take 1 tablet daily Since a day has 24 hours; therefore, divide 24 hours by 1 = 24.
So, you are going to take your medication at the same time every day.
E.g., if you choose 07 h00 am, that should be your everyday time.
At night Take 1 tablet at It is the same as above, but you choose a night -time. E.g., 19 h00.
night
In the Take 1 tablet mane Same as the above but you choose a morning time. Any time before
morning or in the morning. 12 h00 noon. E.g., 07 h00 am.
2xaday Take 1 tablet two You divide 24 hours by 2 = 12 hours.
times a day (BD). For every 12 hours you should take your medication. E.g., if you
choose 07 h0O in the morning, the next 12 hours will be at 19 h00 in
the evening
3xaday Take 1 tablet three You divide 24 hours by 3 = 08 hours. For every 08 hours you need
times a day (TDS). to take your medication. E.g., if you take the first dose/pill at
06 h00 am, 14 h00, & 22 h00.
4x aday Take 1 tablet 4 You divide 24 hours by four = 06 hours. For every 06 hours you
times a day. need to take your medication. i.e., 06 h00, 12 h00 pm, 18 h00 &
00 h00 am.
Table 3.

An outline of the prescribed medication instructions’ explanation.
p P
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7. Conclusions
Health literacy regarding prescribed medication instructions if important to diabe-
tes mellitus and people with cardiovascular diseases at large. Understanding prescribed

medications instructions by diabetes mellitus patients could assist in alleviating some
of the complications experienced by some of the patients living with this disease.

Conflict of interest

The authors declare no conflict of interest.

A. Appendices

Appendix 1 provide take home information for diabetes mellitus patients as
reference guides.
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B. Appendix 1

Improving health litevacy on diabetes mellitus.
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Chapter 19

Self-Management Strategies to
Curb the Development of NCDs in
Rural Communities

Tebogo Maria Mothiba

Abstract

Prevalence of Non-Communicable Diseases (NCDs) in both Low- and
Middle-Income countries is viewed as problematic and could lead to side effects
when poorly managed. Therefore, serious intervention whereby People Living
With the NCDs (PLWNCDs) could take a lead in controlling the side effects and
managing the diseases themselves so that they maintain the QoL. To review and
discuss literature related to self-management strategies to curb the development
of NCDs in rural communities. Comprehensive Literature Review was used to
collect data by reviewing literature related to self-management strategies to curb
the development of NCDs in rural communities. The results of literature review
showed that Self-management of NCDs is viewed as the only way to improve
health outcomes and maintain QoL, by employing relevant strategies which
will assist in achieving healthier life despite the situations at rural communities.
Western World health systems have NCDs management centres at the community
level to empower patients with knowledge for improving their QoL, whilst such
centres do not exist in the Low-and Middle- Income countries poor communities.
The PLWNCDs and residing at rural communities in Low- and Middle- Income
countries can benefit from NCDs self-management strategies, despite the poor
conditions.

Keywords: non-communicable diseases, people living with NCDs (PLWNCDs),
low- and middle-income countries, rural communities, quality of life

1. Introduction

The prevalence of Non-Communicable Diseases (NCDs) in both Low Income
and Middle Income countries is viewed as problematic. Therefore, serious interven-
tion whereby people with the NCDs could take a lead in controlling the side effects
and managing the diseases themselves so that they maintain the quality of life [1].
Self-management of NCDs is viewed as the only way to improve health outcomes
and maintain quality of life. In maintaining the quality of life it is believed that the
People Living with NCDs (PLWNCDs) have to employ various relevant strategies
which will assist in achieving healthier life despite the situation they find them-
selves in especially in rural communities. In the Western World health systems there
are Non-Communicable Diseases (NCDs) management centres at the community
level to empower patients with knowledge on how to care for themselves to improve
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their quality of life [2], whilst such centres do not exist in the Low Income and
Middle Income countries poor communities. Therefore, this chapter is aimed at
explaining various self-management strategies that PLWNCDs could use in rural
communities to raise awareness and as a means of providing information about
management of the diseases.

2. Knowledge of PLWNCDs in managing the condition

It has been observed that mostly PLWNCDs in rural communities have limited
knowledge when it comes to self-management of the disease including NCDs. The
basic things which they understand and believe in is mostly the traditional herbs
which might be used to curb the diseases’ signs and symptoms. There is lack of
knowledge on the lifestyle that communities and PLWNCDs could adhere to in
order to minimize predisposing factors and also complications of NCDs. They lack
knowledge on the type of diet, exercises they must engage in and the fact that they
must avoid excessive alcohol intake and cigarette smoking. The identified lack of
knowledge in managing the diseases calls for provision of basic health education at
all levels of care especially at primary health care level in order to target rural com-
munities where the problems has been identified. The following has to be included
in the health education programme:

2.1 Motivational interview

The HCPs professionals have to use motivational counseling whenever they are
consulting or interviewing the PLWNCDs. They should not use directive questions
but make sure that the questions asked encourages the PLWNCDs to take part
in planning for the health care intervention so that they have that feeling which
indicates that they are fully participating in their care and are listened to by HCPs
who will be encouraging them to participate and make calculated decisions. This
interviewing style of asking the PLWNCDs provocative questions and discussing
their responses, often helps uncover important self-management issues and has
been proven that is effective in preventing relapse in patients as they will be part of
the decision-making process. Motivational interview interventions have been found
to be effective in enhancing adherence to intake of chronic diseases medication [3].

2.2 Identifying

The PLWNCDs will be assisted to be able to identify barriers that could be com-
mon to impede successful self-management of the disease. Mostly the barriers that
exist are co-morbidities which aggravates the existing condition which needs to be
self-managed. Therefore, it means that self-management strategies developed with
the assistance of the HCPs must include on how to also manage the co-morbidities.
A Mixed Method United States study investigating barriers to chronic disease
reporting in public schools reported that improving parental education will help in
improving chronic disease reporting [4].

2.3 Practice
HCPs are encouraged to support PLWNCDs in self-management of the condi-
tion by making changes in practice systems to accommodate these individuals.

Group visits or support groups sessions could be arranged on scheduled times
known to everyone who belongs to the group so that they can discuss on how they
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could self-manage their condition by getting advice from others who are in the
similar situations. The HCPs could explain to PLWNCDs the disease manage-
ment guidelines that could be used including patient reminders and to structure
planned visits for review to suits the patients’ time. A study about practice change
in chronic condition care, encourages the use of theories, which must be adapted
and supplemented [5].

Theory enables greater understanding of the relationships amongst factors that
influence behavior change [6]. Theories which could be used. Health educational
which contains behavior change are extra effective in the management of NCDs.
Some of the theories which could be used in practice change includes Health Belief
Model (HBF), Trans Theoretical Model (TTM) and Social Cognitive Theory (SCT).
The HBF emphasizes that perceived threat as a motivating force and perceived
benefits as offering desired course of action, while TTM views behavior change
as a process wherein individual’s progresses through a chain of awesome stages of
change and lastly the SCT describes gaining knowledge as a reciprocal interaction
between an individual’s cognitive processes, environment and behavior (reciprocal
determinism).

2.4 Community

The PLWNCDs could be assisted with improving and controlling pain and mood
through participation in programmes emphasizing four efficacy-enhancing strate-
gies: mastery of skills through learning and practice, modeling by inspirational role
leaders, encouraging participants to attempt more than they are currently doing and
re-interpretation of symptoms to distinguish pain caused by the disease from those
that caused by therapeutic interventions. NCDs require life-long self-management
with regular HCPs’ support and supervision [7-9].

2.5 Telephonic helpline

The Department of Health could assist the PLWNCDs by creating a telephonic
helpline where the calls could be answered and assist the PLWNCDs to manage the
challenges such as symptoms they are experiencing at that moment prior going to the
Primary Health Care Clinic. These telephonic helplines can also assist in clarifying
issues like how to take treatment when they have forgotten the medication instruc-
tions. It has been found that the use of telephone-based patient self-management of
chronic diseases is more cost-effective way to minimize healthcare expenditures [10].

3. Billboards, pamphlets, educational booklets, posters and radio talks

The Department of Health (DoH) and also HCPs have equal responsibilities in
making sure that health messages which include health advise reach to individu-
als in need including PLWNCDs. The DoH has a responsibility of making sure
that health messages are placed on billboards which are believed to be influential
platform to educate people on health issues. The HCPs professionals have to write
Pamphlets, Educational Booklets and Posters which can convey health messages
to PLWNCDs. The pamphlets and educational booklets could be distributed at the
Primary Health Care clinics and also at local shops and saloons whilst the post-
ers could be displayed on notice boards at the clinics and also on poles along the
streets. These will encourage everyone to read through as long as they are visible.
Old PLWNCDs who cannot read and write can also request the children whom
they are living with to read through for them. All these Billboards, Pampbhlets,
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Educational Booklets and Posters must also be written in local language. The DoH
has to approach local radio stations to provide slots where HCPs could be able to
reach out communities to provide Health Education on NCDs. These sessions must
also have questions and answers sessions where listeners could be provided with an
opportunity to ask questions where they could be provided with an opportunity to
be clarified on issues they do not understand as far as NCDs are concerned. It has
been found that the use of mass media campaigns can change health behaviors of
the people in line with the communicated message [11].

3.1 Other related roles executed by HCPs to assist PLWNCDs to manage NCDs

HCPs should advise PLWNCDs to visit clinics with their families or guardians, at
least quarterly, to receive health education together so as facilitate self-management.
Support groups for PLIWNCDs should be initiated by the facilities to promote accep-
tance of the condition and give health education when patients come to collect their
medication. Community structures must be developed, the Home-Based Carers
should be trained to facilitate the programmes to execute activities to assist the
PLWNCDs to manage their condition. A South African study reported limitations
and challenges to the roles of Community Health Workers (CHWs), which includes
not maximally using home visit for health education and further that CHWs are
most focused on the sick people and not preventing vulnerable family members [12].

4. Strategies by health care professionals (HCPS) in assisting PLWNCDS
to maintain quality of life

It is evident that for the PLWNCDs to adhere to self-management strategies
themselves, Health Care Professionals (HCPs) must work together with them to
design, develop and implement health plan which has to focus on short and long
term goals that could be sustainable, effective, efficient and could be manageable.

The following are the strategies that could be used by HCPs to assist the
PLWNCDs which has been found to be successful in countries in the European
Region such as Italy, Montenegro, Azerbaijan, and Tajikistan [13], and helped in
adherence of self-management strategies and to control the condition:

4.1 Self-management support

Families, friends, community members and different categories of Health Care
Providers (HCPs) must be educated on Self-Management Support so that they provide
relevant support to PLWNCDs and their family. The support should be developed
with the PLWNCDs so that he/she can own the decisions taken and focus on reducing
health risk thus maintaining quality of life [14]. The following are the support that is
relevant to the PLWNCDs so that they can be encouraged to take care of themselves:

Patient centred: Self-management programs should be initiated so that they
empower PLWNCDs to take a lead role in planning care and should support them
to work in partnership with their HCP to set goal and action plans [14]. The patients
will be able to adhere to what they have planned for with HCP because they were
involved from the beginning in planning their care. This will also encourage them
to implement all strategies advised with in controlling the disease. It has been found
that the management of chronic disease encourages patient-centered care such
legitimizing lived experiences with disease and acknowledging patient expertise [15].
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Psychological support: It may be necessary to provide psychological support so
that people can be able to cope with the disease and also accept their self-manage
which might have been changed by the disease [11]. The health care facilities in the
Primary Health Care environment must have psychologists to cater for psychologi-
cal problems. The advices that they give to PLWNCDs will make them to realize that
they can be able to avoid the stressors in the environment that they leave in so that
they cope with the disease and play a significant role in maintaining their quality
of life.

Cultural-relevance: Programmes that are offered for the PLWNCDs should be
context-specific because it will also be culturally sensitive and appropriate for dif-
ferent cultural groupings that might exists in the same community [14], provision
of care to communities must be relevant and appropriate so that it could accepted
by everyone. Thompson [16] recommended that medical interventions should
recognize and respect diversity of religious, spiritual and cultural beliefs in the
practice.

Systematic follow-up: HCP at primary health care level have to conduct clinical
assessments on the people in need at community level and follow-up care system
must be established [14]. Self-Management Support has been found to be the
most frequently used intervention in Chronic Care Model, which is associated
with improvements, particularly amongst people living with diabetes and/or
hypertension [17].

4.2 Self-management responsibility

The PLWNCDs have to take responsibility to maintain their own health by mak-
ing sure that they manage themselves remotely away from the HCPs.

* Itis advisable that those with smartphones could be able to set up reminders on
their cellphones to remind them on the time to take their medications, clinic
follow-up dates and also save short messages of when to eat and the type of diet
to take. These reminders have been proven to assist in adherence to medica-
tion instructions and also health advise. It is evident that all these methods
of reminding a person will assist them in adhering to medication and health
advise instructions.

* The PLWNCDs has to be provide with a small room at the Primary Health Care
clinic where they can be able to monitor their own vital signs with simple oper-
ated machine such as Blood Pressure, Temperature, Glucometer machine and
weighing scale as these will assist them with self-monitoring without calling
any HCP to assist.

* Initiating support groups at Primary Health Care level when visiting the clinics
will assist PLWNCDs in advising one another on how to adhere to all health
and medication advise and instructions so as to achieve health outcomes when
living with NCDs, share experiences and also share strategies they use to
adhere to health instructions.

* The PLWNCDs must commit themselves to behavioral change as this is key in
making sure that they eliminate what is harmful to their bodies and maintain
behaviors that will promote quality of life which include amongst other things
adherence to correct diet, engaging in physical activity, cessation of smoking
and drinking an acceptable amounts of alcohol.
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Disclosing the disease to family members who will in turn play a role in treat-
ment supporter and also encouraging to adhere to health advice such making sure
that the whole family control salt intake and engage in physical activity just to
support PLWNCDs that they are living with. The family members will also do more
in making sure that they support their loved ones [1].

5. Strategies that could be adhered to at community level to manage
NCDS

The following are the NCDs management strategies that could be used at com-
munity level to manage the disease:

5.1 Establishment of trust within community members

Interpersonal positive relationships amongst community is key for management
of NDCs because they can support and adhere to reasonable self-management
strategies in controlling and maintaining quality of life whilst living with the
disease. Establishment of mentors within the communities to promote maintenance
of healthy lifestyle and encourage PLWNCDs to adhere to health care and medica-
tion instructions. An American Study pointed out that the structural collaboration
between health system and community organizations helps in improving healthcare
access at community level and also promoting preventive culture [18].

5.2 Establishment of community forum

These types of forum will assist in bringing PLWNCDs together and support one
another by sharing their experiences and how people are managing challenges they
come across. Additionally, the forum sessions will assist in discussing which specific
strategy could be used to solve and adapt to what PLWNCDs are experiencing. More
knowledge will be acquired from these forums related to the disease. The health
professionals are expected to form part of this forum to provide medical advice
always through workshops and health education sessions. This forum could also
assist in reaching out for community members who are unable to travel to hospitals
due to lack of financial resources to cater for transport. The community members
could also be able to identify amongst themselves people who will be able to assist
with daily support to PLWNCD:s so that they are able to adhere to appropriate self-
management strategies. Furthermore, the community forums could engage with
the local businesses so that they paste posters and distribute pamphlets that have
self-management strategies for PLWNCDs. The health interventions programmes
to control risk factors at community levels requires trained NCDs nurses, functional
equipments and community forums [19].

5.3 Involve of partners in managing NCDs

Partners of PLWNCDs can play a significant role in management of NCDs
by making sure that resources needed are always to adhere to healthy life style,
supporting them to adhere to medication, assisting in household responsibili-
ties amongst other things raising children and others so as to alleviate them from
stressors that could aggravate the disease. Supporting their partners to adhere to
health education instructions and supporting them during medical consultations is
significant. Spousal support has been found to positively influence health outcomes
and improve quality of life of patients [20].
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5.4 Common transportation to hospital for follow up visits

The communities could be able to arrange common transport during the days
allocated by nearest clinics and or hospitals to manage chronic diseases. This
will assist in such a way that PLWNCDs will be able to budget for the transport
money which might be cheaper than arranging own transport or even using public
transport. This might also promote the sense of belonging to a group which might
even serve as a support of group of PLWNCDs. It has been found that the strong
and well-organized community involvement can positively influence provision of
healthcare at primary healthcare level [18].

5.5 Fighting stigma associated with NCDs

Stigmatization is regarded as public health issue faced by PLWNCDs lead-
ing to their discrimination, isolation and social rejection from the society [21].
Stigmatization may negatively impact on the health of PLWNCDs and further
increase the overall burden of the disease. The HCPs needs to take actions to help
PLWNCDs on ways to fight the stigma through hearing experiences of the patients
and further raising community awareness.

6. Strategies that could be used to support self-management for
PLWNCDS

The self-management strategies that could be used are inclusive of that the
PLWNCD:s have to realize that they have responsibility to take care of self in manag-
ing the chronic condition which has to go beyond identifying the challenges they are
experiencing but to solve problems they have. The perception is that if PLWNCDs
practice healthy lifestyle to mitigate predisposing factors therefore they will be able
to also manage the condition later in life [22]. Self-management of chronic condi-
tion calls for the PLWNCDs to work together with family, community and also the
HCP to manage the condition in facilitating care this will be focusing on promoting
wellness and lessening deterioration of health.

Self-management strategies must include the following:

6.1 The importance of knowledge acquisition related to the disease

The PLWNCDs must seek knowledge related to the condition, treatment they
are taking and lifestyle to maintain. This will enhance how they management the
condition because they will be able to know all aspects related to the disease condi-
tion including the complications, the type of treatment and its side effects. These
will assist them to adhere to health advise and medication instructions. The exis-
tence of knowledge about the condition and all related aspects will enable them to
take a lead in making lifestyle changes to promote quality of life.

6.2 Development of self-management plan

The PLWNCDs are expected to develop a self-management plan which is inclu-
sive of strategies which will assist in coping with psychological effects caused by the
condition. They need to request for the psychological assistance with problem solv-
ing and decision-making skills related to daily life experiences and or challenges.
Given the problem solving and decision-making skills they would have acquired
they will be assisted in adherence to health advise and medication instructions.
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The PLWNCDs must draw a self-management plan that include action plan of
enhancing health advise and medication adherence because if they draw the plan
themselves with short- and long-term goals, they will own that decision and make
sure that they achieve what was planned.

6.3 Cessation of smoking and alcohol intake

The PLWNCDs who are smoking have to stop and those who are drinking exces-
sively alcohol are encouraged to minimize. The reasons for the importance of the
changed behavior must be clear to PLWNCDs so that they do not return back to old
habits ever again. The importance of cessation of smoking that must be known to
PLWNCDs is that the risk of developing acute myocardial infarction drops immedi-
ately when one stops smoking and continues to decline each year until ones’ health
is the same as those who are not smoking within the period of 5 years. Smoking
cause the development of atherosclerotic disease, acute coronary disease and has
an effect on platelets and for PLWNCDs to smoking will save them from ill health
adding to already what they are experiencing [22].

The importance of not drinking alcohol for the PLWNCDs is that they will be
saving themselves from liver diseases such as alcoholic hepatitis and pancreatitis
[23]. Therefore, it will be valuable for PLWNCDs to quit than to continue smoking
and or drinking alcohol as there are more complications that may arise.

6.4 Monitoring of ones’ vital signs and symptoms

The PLWNCDs must be taught and know how to monitor vital signs and
symptoms of the condition so that they could seek for medical help and or control
them timeously to prevent severe complications. This will also assist them to adhere
to a lifestyle that bring about improvements in their daily living. Self-monitoring of
vital signs and symptoms is useful because it leads to reduction of hospitalization
and re-admissions to hospitals because PLWNCDs can be able to identify problems
and deal with them timeously [24]. Cardiovascular diseases, cancer, chronic respi-
ratory diseases and diabetes are amongst the leading cause of NCDs with specific
signs and symptoms [25], however, common signs and symptoms of NCDs includes
pain, fever, headaches, swelling, inflammations, and stiffness of joints.

6.5 Minimize salt, sugar sweetened and unhealthy food

Salt and sugar sweetened intake need to be controlled as it influences the
functioning of the cardiovascular systems resulting in worsening the condition for
PLWNCDs. The regular consumption of salt intake and sugar-sweetened food is
discouraged for PLWNCDs because they contribute to an increase in blood glucose
and blood pressure. Many guidelines recommend that patients with NCDs should
reduce both sugar-sweetened and sodium intake. PLWNCDs need to know the type
of drinks that should not be taken as they could raise blood sugar levels and also
high blood. The PLWNCDs need to know that they can improve their blood sugar
levels when their carbohydrates intake is between 5-35% of their calories. The key
to eating well when living with NCDs is to eat a variety of healthy food from each of
the food groups that is Proteins, Carbohydrates, Fruits and Vegetables. PLWNCDs
have to avoid food such as cakes, cookies, refined grains, muffins or anything made
of white flour [26]. Therefore, changes in diet involve PLWNCDs’ greater commit-
ment and introducing changes in lifestyle that are not necessarily happily accepted
but to give up consuming foods that they truly enjoy but which they are forced to
exclude in their diet [24]. A healthy eating includes intake of 400 g or five portions
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of fruits and vegetables, 30% of total energy intake of fats [27], less than 10% of
total energy intake from free sugars, which is equivalent to 50 g or about 12 tea-
spoons [28], less than 5 g of salt per day which is half a teaspoon [29] and consump-
tion of variety of food.

6.6 Engage in healthy habits

The PLWNCDs has to stop to engage in unhealthy activities and modify their
lifestyle in totality in order to promote quality of life [30]. The by PLWNCDs must
engage in physical activity, adhere to diet, medical and health advise which is good
for their condition [31]. It must also be clear to PLWNCDs that adherence to correct
diet, medical and health advise is important because what one eats and do influence
how the body reacts to a condition.

The PLWNCDs must engage in physical activity so that they can keep lower
blood pressure and cholesterol levels lower, improve blood flow and keep body
weight under control. Furthermore, they must know that physical activity boosts
energy level that will assist in getting work done without feeling exhaustion, it
promotes positive attitude in an individual that resulting in relieving someone stress
of not appreciating oneself and it promote sleep thus resulting in a good rest. The
PLWNCDs need to know that engaging in household chores does not not replace in
engaging in physical activity.

6.7 Management of own stress levels

Another self-management strategy that PLWNCDs must adhere to is to manage
own stress levels to avoid falling into depression that could worsen their condition
to an uncontrollable state. Stress is one of the main problems amongst PLWNCDs
and this led to development of chronicity which must be avoided by the people.

In other words, stress can be considered as a cause and as well as a consequence
of NCDs. On the other hand, stress increase glucose and glycosylated hemoglobin
which may increase stress levels amongst individuals with Type 2 diabetes, as
well as causing other physical, behavioral and mental disorders [32], this must be
avoided, and HCPs need to skill up by PLWNCDs.

NCDs management must be known to by PLWNCDs as a constant process; it
is an ongoing challenge that maybe complicated by the impact of stress. Excessive
stress is a major barrier to effective control of the condition and a danger to
PLWNCDs’ general health. Whether or not you have NCDs, stress is harmful
because it causes so much wear and tear on the body. The ability to think clearly
and to make good decisions is impaired when the mind is burdened therefore, it is
advisable to PLWNCDs to seek professional help when they feel stressed and be able
to know when they are stressed [33]. Stress management and avoidance of stressors
is key when leaving with NCDs to promote quality of life.

6.8 The importance of adherence to prescribed medication and Health advise to
maintain quality of life

The PLWNCDs are dependent on treatment they collect from the health facilities
therefore it is important that they are encouraged to collect their medications as
instructed so that they do not miss the treatment. However, in rural areas sometimes
medications are not always available when they arrived to collect in Primary Health
Care clinics therefore, the PLWNCDs are advised to go 3 days or prior finishing the
medications that they are having so that if they do not find them they will be having
enough to visit the nearest hospital to get the medications. They are also encouraged
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to have treatment buddies who ae relatives who will encourage and monitor them to
take treatment as prescribed. It is also important that PLWNCDs have knowledge

of the importance of adherence to treatment such as its efficacy, pharmacological
action and complications when it is not taken correctly. The fact NCDs management
is complex, requiring a life-long commitment and drastic changes to the patient’s
lifestyle the PLWNCDs has to make sacrifices and adhere to various lifestyle changes
which have been mentioned. Social support from family members is also key there-
fore, PLWNCDs have to disclose their diagnosis to family members so that they can
provide them with practical help and can reduce lack of adherence to health advise
and medication instructions [34]. Quality of life is about how good or bad a person
regards their life to be, and not what other people necessarily imagine it to be [35],
and it is maintained through adherence to treatment, exercise and healthy eating.

6.9 Self-care activities

Patients exhibit poor self-care behaviors. This is significantly associated with the
level of education and not having knowledge about the NCDs which emanated from
low levels of education of PLWNCDs. Therefore, PLWNCDs must be educated of
self-care activities which will assist them in maintaining quality of life that is taking
care of their selves to be clean, in the era of pandemic such as COVID-19 consistent
washing of hand with soap and water, wearing of face musk and staying in a well
ventilated space must be maintained. Taking acceptable portion of well-balanced
diet without must be an option always for PLWNCDs [36].

Adequate knowledge of foot care to those who have diabetes because if this is
not done, they need to know that it might contribute to ulceration that could result
in amputation that could increase stress levels in ones’ life and further increase
financial burden [37].

7. Other related important information for self-management that
PLWNCDS could adhere to

The information includes the following:
7.1 Existing knowledge related to medication taken for NCDs

A chronic disease, such as NCDs is taken as a burden for the person who lives
with it therefore to accomplish good self-care so that one can be able to accept deci-
sions and self-manage the disease in daily basis. The level of knowledge about the
disease empowers the patient to act as an equal partner in the management of the
disease [38]. Patient education for NCDs control was found to be the cornerstones
of their disease management.

7.2 Self-management programme

The establishment of the education workshops as part of NCDs medical man-
agement could assist the PLWNCDs and controlling the disease. The annual meet-
ing and health days whose purpose is to provide a regular forum of communication
on management of NCDs will be important to assist the PLWNCDs to manage their
condition. In order to accomplish good self-care, patients need to be qualified and
able to accept decisions and self-manage a disease on a daily basis and these work-
shops and meetings could achieve that. The level of knowledge about the disease
empowers the patient to act as an equal partner in the management of the disease.
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7.3 What need to be done to promote adherence

Low health literacy of PLWNCDs must be addressed through educating them
to understand the treatment and also health instructions. These teachings must
be personalized for each patient and for each medication. Teach them on how to
interpret medication labels and medication information correctly. This is common
even when labelling requires minimal reading skills. For example, instructions to
take medicine twice daily (which is vague since ‘daily’ means once per day) or every
12 hours means individuals must make further decisions about what the words
actually mean.

“Take medication as directed” is even more difficult to interpret and the instruc-
tions need to be broken down further. Patients are more likely to understand more
specific medication administration times such as 08 a.m., 06 p.m. but indicating
times may be useful to or suit some individuals better than others. These instruc-
tions, advice or education must be clear to PLWNCDs to promote adherence.

8. Conclusion
People Living With NCDs from low- and middle- income countries and residing
in rural communities can adopt and employ various relevant NCDs self-management

strategies for controlling side effects, improve health outcomes and general wellbe-
ing, including maintenance of quality of life.
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Chapter 20

Exploring Cardiovascular Diseases
Treatment in Africa

Masebata Ramathebane, Lineo Maja and Molungoa Sello

Abstract

This topic explores current treatments of cardiovascular diseases; what treatment
outcomes emanate from current drug treatment. It also covers the reasons why many
studies show poor treatment outcomes. It deals with adverse drug reaction and their
drug management where necessary. Current cost effective interventions includ-
ing prevention strategies including drug treatments are discussed. Issues relating
to patients’ knowledge about medication and benefits of adhering to treatment,
method of delivery of patient information, are dealt with in detail. It highlights the
issues of barriers to adherence to drug treatment and non-drug life style modifica-
tions. It also deals with dispensing models that encourage adherence to medication.
It explores reasons for late diagnosis and treatment. This chapter will be informed by
current studies published in Africa and elsewhere.

Keywords: treatment, adherence, knowledge, cost — effective analysis, dispensing
models, late diagnosis, treatment outcomes

1. Introduction

According to the World Health Organization (WHO), Non-Communicable
Diseases (NCDs) refers to the non-infectious and the non-transmissible medical
conditions or diseases. These diseases generally progress slowly and are of long dura-
tion. The prevalence of NCDs and risk factors varies considerably between coun-
tries, urban/rural location and other sub-populations [1]. The four main types of
NCDs are cardiovascular diseases, cancers, chronic respiratory diseases and diabetes.
Globally, NCDs are the leading causes of deaths; accounting for over 70% of world
deaths (56 million in 2015). Some of these deaths are regarded premature as 27% of
these deaths occur in people aged between 30 and 70 years. It has been found that
80% of these premature deaths occur in the low-and middle-income countries.

The World Health Organization estimates that mortality due to NCDs will rise by
17% globally in the next decade; while the African region only will experience 27%
increase by 2030. Some African countries such as Algeria (76%), Egypt (84%), Libya
(72%), Mauritius (89%), Morocco (80%), Sao Tome and Principe (55%), Seychelles
(81%), South Africa (51%), Sudan (52%) and Tunisia (86%) have already witnessed
over 50% deaths attributed to NCDs since 2018 [2]. Deaths solely attributed to
cardiovascular disease (CVD) are the leading almost globally of all other NCDs. The
implications to the increasing prevalence of NCDs are that NCDs will soon be the
leading causes of illness, disability and death (including premature deaths) in Africa.

There are eight behavioral and physiological risk factors associated with high
and continually increasing burden of NCDs, namely, tobacco use, harmful use
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of alcohol, consumption of unhealthy diet, physical inactivity, overweight and
obesity, high blood pressure, raised blood glucose and raised total cholesterol in
blood [3]. Since 2011, NCDs have been elevated onto global, regional and national
development agendas through a series of political commitments. These include the
2011 United Nations (UN) Political Declaration on NCD Prevention and Control,
2011 Brazzaville Declaration on NCD Prevention and Control in the WHO African
Region, WHO Global NCD Action Plan 2013-2020, 2025 Global NCD targets and
2015 Sustainable Development Goals [4, 5].

With the above global and regional background of NCDs and initiatives, the aim
of this chapter is to.

2. Cardiovascular diseases

Cardiovascular diseases (CVDs) refers to a group of disorders affecting the heart
and the blood vessels supplying the heart itself (coronary heart disease, rheumatic
heart disease, and congenital heart disease), the brain (cerebrovascular disease),
the arms and legs (peripheral artery disease, deep vein thrombosis and pulmonary
embolism) [6]. Cardiovascular diseases are usually associated with a build-up of
fatty deposits inside the arteries (atherosclerosis) and increasing the risk of blood
clotting and vessel damage; leading to heart attacks and strokes [7]. Depending on
the organ by which blood vessels are damaged, CVDs are also associated with eye,
brain, kidney and heart diseases.

More often, CVDs may not have symptoms relating to underlying disease to
blood vessels; but heart attack and stroke as usually the first warning of underlying
CVD. Heart attack, also known as myocardial infarction, occurs because of failure
to supply oxygen-rich blood to a certain part of the heart muscle due to blockade
of the blood vessels supplying that part; leading to muscle cell death in that oxygen
deprived area (infarct) [8]. Heart attack manifests as sharp chest pain and discom-
fort at the center of the chest; radiating to the arms, left shoulder, elbows, jaw and
back. During the attack episode, the person may also have trouble in breathing.
According to Centers for Disease Control, similar to heart attack, stroke occurs
because of failure to supply oxygen-rich blood to a certain part of the brain due to
blockade of the blood vessels supplying that part; and bursting of the blood vessel
in the brain; leading to death of that part of the brain that is deprived of oxygen-
rich blood [9]. Strokes are characterized by sudden symmetrical weakness of the
limbs, face. The person experiences confusion, difficulty in speaking, vision, walk-
ing and there is loss of balance, coordination and unconsciousness may happen.

According to Plotnikoff and Dusek, hypertension (HTN) is the most important
risk factor to getting ill and dying from a CVD [10]. The World Health Organization
defined hypertension, also known as high blood pressure (BP), as the condition
in which the blood vessels have persistently high pressure. The blood pressure is
increased by the sympathetic nervous system and the renin-aldosterone-angio-
tensin system (RAAS). A drop in blood pressure is detected by pressure-sensitive
receptors (baroceptors) which send signals to the cardiovascular centers in the
spinal cord. This prompts a reflex response of increased sympathetic nervous
system activity on the heart and blood vessels; resulting in increased cardiac output
and vasoconstriction. The baroceptors in the kidneys respond to a decrease in blood
pressure by releasing the enzyme hormone called renin. Renin converts angioten-
sinogen component of blood to angiotensin I; that ultimately gets converted to
angiotensin II by angiotensin converting enzyme (ACE). Angiotensin II is a potent
vasoconstrictor, constricting both arteries and veins. The activity of both sympa-
thetic nervous system and RAAS result in increase in blood pressure [11].
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The seventh report of the Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure (JNC 7) define a normal BP asless
than 120 mm Hg systolic and less than 80 mm Hg diastolic. If left uncontrolled and
untreated, high blood pressure can result in an enlargement of the heart, heart attack,
heart failure and eventually to death. Hypertension is also associated with loss of
vision, cognitive and erectile dysfunction. The higher the pressure above normal, the
greater is the risk of complications [12]. Hypertension is the culprit with end-organ
damage in terms of all CVDs (stroke, kidney failure and peripheral vascular disease).

3. Current treatments of CVDs

Despite advances made to the treatment and prevention, CVDs are still the leading
causes of death of all NCDs. Nevertheless, majority of CVDs are preventable with
just lifestyle changes alone. An integrative approach has been adopted to the preven-
tion and treatment of CVDs; as the approach address the root causes influenced by
lifestyle. The approach acknowledges that the great value and potential life-saving
benefits of modern pharmacology and procedures cannot use only one approach since
each has own limitation [13]. The combinatory approach allows for counteracting
limitations of one approach with the other approach. The goal of treating CVDs is to
improve cardiovascular health and reduce deaths from heart disease and stroke.

4. Therapeutic lifestyle changes (TLCs)

Therapeutic lifestyle changes are the foundation for non-drug management of
HTN and/or CVD. These include smoking cessation, reduced intake of sodium diet,
the Dietary Approach to Stop Hypertension (DASH), body weight management,
moderation of alcohol consumption and physical activity. The American Diabetes
Association (ADA) 2020 standards of medical care recommend that for patients with
blood pressure > 120/80 mmHg, lifestyle intervention consists of weight loss if over-
weight or obese, DASH-style eating pattern including reducing sodium and increasing
potassium intake, moderation of alcohol intake, and increased physical activity [14].

4.1 Smoking cessation

Smoking increases the risk of developing serious health problems and death. Itis
estimated that there are 1.1 billion people who smoke and 80% of them come from
the low-to-middle income countries (LMICs). Further estimates reveal that smok-
ers are likely to develop heart disease and stroke 2-4 times higher compared to non-
smokers. The Table 1 below is a summary of the health benefits of quitting smoking
from 20 minutes to 15 years adapted from the forefront UChicago Medicine [15].

4.2 Reduced intake of sodium diet

High sodium intake, estimated at >2 grams per day which is equivalent to 5
grams of table salt per day, contributes to high blood pressure and increases risk
of heart disease and stroke. If global salt intake could be reduced to recommended
levels, an estimated 2.5 million deaths could be prevented [16]. In a systematic
review and meta regression done on salt intake in sub-Saharan Africa, the results of
the study revealed high sodium intake in many adult population (and some popula-
tions of children) above the 2 g intake recommended as the upper limit established
by WHO [17].
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Time of quitting Extent of body recovery

smoking

20 minutes Heart rate and blood pressure drops

24 hours Chance of heart attack decreases

2-12 weeks Blood circulation improves and lung function improves

1-9 months Cough, difficulty in breathing and sinus congestion are lowered

1year Risk of heart disease drops to half compared to that of a smoker

5 years Risk of cancers of the mouth, throat, gullet and bladder are cut by half.

Stroke risk is reduced to that of a nonsmoker 5 to 15 years after quitting.

10 years Risk of lung cancer drops to half compared to that of a smoker and risk of cancer of
the mouth, throat, esophagus, bladder, cervix, and pancreas decreases.

15 years Risk of heart disease is equal to that of a non-smoker

Table 1.
Time of quitting smoking and extent of body recovery.

There is a strong content-dependent relationship between raised blood pressure
and consumption of high amounts of sodium. Dietary guidelines recommend a daily
intake of sodium at less than 2.3 grams in the general population and less than 1.5
grams in people with high blood pressure, diabetes, kidney disease and those aged
50 years old or more. Salt reduction initiates a decline in average blood pressure in a
week time. It also improves the body response blood pressure medicines. Lowering
blood pressure reduces risk of heart disease, stroke and death due to salt related CVDs.

4.3 The DASH eating plan

The pioneer trial that examined the role of diet in the management of hyperten-
sion was the DASH trial in 1997. The results of the trial revealed that after approxi-
mately 3 g sodium intake per day on both control and interventional group; within
2 weeks of the intervention, blood pressures reduced and the results sustained for
another 6 weeks. Systolic blood pressure (SBP) reduced by 5.5 mm Hg and diastolic
blood pressure (DBP) by 3.0 mm Hg more than the control diet [18].

The DASH eating plan entails a diet rich in fruits and vegetables (8-10 servings/
day); and low-fat dairy foods (2-3 servings/day), coupled with reduced saturated
and total fat [19]. DASH is a flexible and balanced eating plan that helps create a
heart-healthy eating style for life. The DASH eating plan requires no special foods
and instead provides daily and weekly nutritional goals. DASH eating plan recom-
mends that the choice of foods should also be based on food that are:

* Rich in potassium, calcium, magnesium, fiber (roughage) and protein
e Low in saturated fat (animal fat) and trans-fats (from snacks)

* Lower in sodium (table salt, flavourants, spices, processed foods including
water)

Globally, calories obtained from Proteins, Sugars and Fats have been increas-
ing and those from roughage-rich foods have been declining. Consumption of
processed foods continues to rise rapidly in low- and middle-income settings. This
nutrition transition affects dietary patterns and nutrient intake, which influence the
risk of developing NCDs.
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DASH diet is one among such healthy dietary patterns, which emphasizes on;
* Consumption of fruits, vegetables and low-fat dairy foods.

* Whole grains, poultry, fish, and small quantities of red meat, sweets and
drinks containing sugar.

* The increased risk of cardiovascular diseases associated with higher sodium
intake (5 g/day) is most prominent in those with high blood pressure.

4.4 Body weight management

Overweight and obesity are major risk factors for a number of chronic diseases,
including CVDs such as heart disease and stroke, which are the leading causes of
death worldwide. Globally, obesity is one side of the double burden of malnutrition,
and today more people are obese than underweight in most regions of the world. A
body mass index (BMI) over 25 kg/m™ is considered overweight, and over 30 kg/
m™* is obese. The issue has grown to epidemic proportions, with over 4 million
people dying each year as a result of being overweight or obese in 2017 according to
the global burden of disease [20]. Nevertheless, modest weight losses of 5 to <10%
were associated with significant improvements in CVD risk factors at one year, but
larger weight losses had greater benefits [21].

4.5 Moderation of alcohol consumption

The Centers for Disease Control and Prevention (CDC) define alcohol modera-
tion as having up to one drink per day for women and up to two drinks per day for
men. The definition refers to the amount consumed on any single day and is not
intended as an average over several days [22]. However, it is not recommended
that that people who do not drink alcohol start drinking for any reason. Excessive
alcohol intake includes binge drinking, heavy drinking and any alcohol use dur-
ing pregnancy. Binge drinking corresponds to five or more drinks in men and four
or more drinks in women on a single occasion, generally within two hours; while
heavy drinking is defined as consuming 15 drinks or more per week for men and
eight drinks or more per week in women. In 2019, top nine African countries with
high alcohol consumption in liters per capita were in the order of Nigeria, Eswatini,
South Africa, Lesotho, Zimbabwe, Zambia, Malawi, Ghana and Morocco [23].
Excessive alcohol consumption increases the risk of developing heart disease by
increasing BP and weakening heart muscles [24].

4.6 Physical activity

Globally, lack of sufficient physical activity is the fourth risk factor to develop-
ment of NCDs. While physical inactivity is attributed to prevalence of diabetes
at 27%, heart diseases caused by heart vessels blockage at 30% and breast and
colon cancer at 21-25%; 3.2-5 million deaths globally are associated with physical
inactivity [25]. The World Health Organization defines physical activity as a bodily
movement produced by muscular and skeletal body systems which require energy
expenditure. In other words, physical activity encompasses all activities undertaken
while working, playing, carrying out household chores, traveling, recreation; in
addition to exercise activities. Physical activity is further classified as moderate-
and vigorous-intensity physical activity. Also, physical activities are sub-classified
as aerobic (those that engage large muscles of the hands and legs; making the
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heartbeat and breathing rate to be faster than normal), muscle-strengthening
(those that improve the strength, power, and endurance of your muscles) and bone-
strengthening (those that strengthen feet, legs arm to support body weight) [26].

In order to gain health benefits of physical activity; it is recommended that
children and adolescents should do at least 60 minutes of moderate to vigorous-
intensity physical activity daily; while adults should do at least 150 minutes of
moderate-intensity physical activity throughout the week, or at least 75 minutes of
vigorous-intensity physical activity throughout the week. Those with poor mobility
should perform physical activity to enhance balance and prevent falls, three or more
days per week. The general rule is that two minutes of moderate-intensity activ-
ity counts the same as one minute of vigorous-intensity activity and the exercise
should continue up to sweating [27].

Regular and sufficient levels of physical activity are attributed to the following
cardiovascular benefits;

* Strengthened heart
* Reduced risk of heart attack

* Reduced risk of hypertension (high blood pressure), heart diseases, stroke,
diabetes, various types of cancer (including breast and colon) and depression.

* Maintained healthy body weight control

¢ Reduced blood cholesterol level

5. Pharmacological treatment of CVDs in Africa

According to Rizos and Elisaf [28] hypertensive patients with African ancestry
are a distinctive population of patients that presents with some unique characteris-
tics. These patients commonly have increased incidence and early onset of hyper-
tension and often-poor BP control. They often present at healthcare facilities with
additional concomitant CVD risk factors.

The ADA 2020 standards on pharmacological interventions to CVDs recom-
mend the following:

Patients with confirmed office based blood pressure > 140/90 mmHg should, in
addition to lifestyle therapy, have prompt initiation and timely titration of pharma-
cologic therapy to achieve blood pressure goals.

This is strongly emphasized in the African ancestry population that appropriate
TLCs and combination of diuretic and/or calcium channel blocker (CCB) should
be initiated promptly. In African black populations, patients receive aggressive
treatment at lower BPs compared to non-African, non-black counterparts who are
recommended initial combination therapy when they fit the requirement below.

Patients with confirmed office based blood pressure > 160/100 mmHg should,
in addition to lifestyle therapy, have prompt initiation and timely titration of two
drugs or a single-pill combination of drugs demonstrated to reduce cardiovascular
events in patients with diabetes.

Treatment for hypertension should include drug classes demonstrated to reduce
cardiovascular events in patients with diabetes (ACE inhibitors, angiotensin recep-
tor blockers, thiazide-like diuretics, or dihydropyridine calcium channel blockers).

Whites generally responded better to f-blockers and ACE inhibitors whereas
blacks generally responded better to diuretics and calcium channel blockers [29].
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Multiple-drug therapy is generally required to achieve blood pressure targets.
However, combinations of ACE inhibitors and angiotensin receptor blockers and
combinations of ACE inhibitors or angiotensin receptor blockers with direct renin
inhibitors should not be used.

Pharmacologically ACE inhibitors, angiotensin receptor blockers and renin
inhibitors act on the renin-aldosterone-angiotensin system to lower the cardiac pre-
and after-load. So giving one class will be sufficient; although black populations
generally respond poorly to ACE inhibitors [29].

An ACE inhibitor or angiotensin receptor blocker, at the maximum tolerated
dose indicated for blood pressure treatment, is the recommended first-line treat-
ment for hypertension in-patients with diabetes and urinary albumin-to-creatinine
ratio > 300 mg/g creatinine or 30-299 mg/g creatinine. If one class is not tolerated,
the other should be substituted.

For patients treated with an ACE inhibitor, angiotensin receptor blocker, or
diuretic, serum creatinine/estimated glomerular filtration rate and serum potas-
sium levels should be monitored at least annually [11].

The insufficiencies associated with availability of necessary resources to monitor
treatment of CVDs in Low-Middle Income Countries (LMICs) are major barriers
to having integrated healthcare system with an effective data flow. These resources
include technological infrastructure, financial and human resources [30].

6. Phamacovigilance of antihypertensive medications

According to the World Health Organization definition, an adverse drug reaction
(ADR) is ‘a response to a drug that is noxious and unintended and occurs at doses nor-
mally used in human for the prophylaxis, diagnosis, and treatment of disease, or for
modification of physiological function’ [26]. Also, pharmacovigilance (PV) defined by
WHO as “the science and activities relating to the detection, assessment, understand-
ing and prevention of adverse effects or any other drug-related problem [31].

In Africa, countries differ in terms of a having fully functional PV systems due
to differing capacities of national medicines regulatory authorities and performance
levels with respect to conducting various pharmacovigilance activities. Therefore, the
system for reporting adverse drugs reactions has significant gaps to be strengthened
from one country to another [32, 33]. However, in some settings within African coun-
tries, the following suspected ADRs were documented as indicated in Table 2 [34].

Adverse drug System organ classifications (Medical Drugs class(es)
reaction Dictionary for Regulatory Activities)
Frequent Renal and urinary disorders Diuretics, CCBs,

micturition

Dizziness Nervous system disorders Diuretics, CCBs, ACEISs, Centrally
acting, B-blockers, a- blockers
Headaches Nervous system disorders Diuretics, CCBs, Centrally acting,
Diarrhea Gastrointestinal disorders ACEIs
Weakness Musculoskeletal and connective tissue Diuretics, CCBs, Centrally acting
disorders
Dry cough Respiratory, thoracic and mediastinal ACEIs
disorders
Table 2.

ADRS, system organ classifications and suspected causal drug classes.
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7. Cost effectiveness of cardiovascular disease prevention and treatment

The highest age standardized death rate from non-communicable diseases
(NCDs) (779 per 100, 000) occur mostly in the African Region [35]. In sub Saharan
Africa, the probability of dying from NCDs between 30 and 70 years is very high.

It is also indicated that behavioral risk factors are estimated to be responsible for
about 80% of coronary heart disease and cerebrovascular disease and these include
tobacco use, physical inactivity, unhealthy diet and harmful use of alcohol. The
cost of implementing reduction measures for tobacco control (smoke-free poli-
cies, raise tobacco taxes, package warnings, advertising bans), harmful alcohol
consumption, and physical activity and diet modification is found to be low [36].
Usually these costs include media campaigns and overall program management. It is
feasible to deliver cardiovascular risk reduction interventions in primary care, even
in low-resource settings with non-physician health workers [37]. Currently, there
are major gaps in access to these essential primary care interventions in developing
countries including in those in sub-Saharan Africa [38].

There are other strategies that can be employed to prevent cardiovascular dis-
eases. This becomes attractive to providers and can lead to policy change. According
to recent surveys there is high prevalence of salt consumption [39] in South Africa.
The burden of cardiovascular disease (CVD) in the same country is rising, and to
address this, the government recently developed policies to reduce salt consump-
tion in the population [39]. Population-based salt reduction strategies have been
found to be a cost-effective approach to lowering the prevalence of hypertension
and preventing cardiovascular disease (CVD). The cost saving for both household
and providers was significantly different. The extended cost-effectiveness analysis
(ECEA), which models the health gains, financial risk protection and distributional
effects of public policies.

Mathers [40] states that cardiovascular diseases are responsible for about 30%
of all deaths worldwide, and total deaths occurring in developing countries amount
to about 80% [41]. Several authors have suggested that the combination of several
preventive treatments could cut more than half the occurrence of cardiovascular
disease [41-43]. The analyses have shown that two multidrug regimens of four
highly effective drugs could lead to cost-effective prevention and treatment for
patients with cardiovascular disease in all developing regions [44]. Wald and Law
[41] specifically proposed a polypill, consisting of a statin, aspirin, a p blocker,
an angiotensin-converting-enzyme inhibitor (ACEI), a thiazide, and folic acid.
Suggested primary preventive therapy consists of aspirin, ACEI, calcium-channel
blocker, and statin. While secondary preventive therapy consists of aspirin, ACEI, f
blocker, and statin [41]. If two polypills, consisting of the same drug combinations
as the primary and secondary prevention strategies, would also improve adherence,
the results would be even more favorable.

In conclusion, these lifestyle modification strategies such as tobacco use control,
reduction in harmful effects of alcohol, diet and physical activity and salt intake
reduction are perceived to be cost-effective. Primary and secondary preventive
treatments are also found to be cost-effective in preventing cardiovascular disease.
This can improve on patients quality of life with cost savings.

8. Patients knowledge about cardiovascular diseases and medicines
An individual must know at least 75% of the items used in the summary

variables to qualify as having acquired adequate knowledge [45]. For those
patients who can achieve adequate knowledge, this should be the target for having
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comprehensive knowledge. However, in cardiovascular diseases, this may be
affected by age, agility, and cognitive skills particularly in elderly patients.

According to Mugomeri and colleagues, nearly 36% had inadequate knowledge
about hypertension while 44% had inadequate knowledge about their medicines
[46]. In this study, in total, 52.4% of the patients did not turn up for appointment
dates while 64.6% failed to take their medications according to the prescription at
least once. It was also stated that inadequate knowledge of antihypertensive medi-
cines was significantly associated (P = .028) with having uncontrolled hypertension
[46]. Inadequate knowledge of antihypertensive medicines is an important determi-
nant of uncontrolled hypertension [46].

The study carried out on village health workers (VHW) in Lesotho, as health
workers, determining adequate knowledge and translation of knowledge to offered
services indicated that among household members aged 15 years and above, only a
third was advised by the VHW to go for HIV testing [47]. Communities served by
VHWs with adequate knowledge did not only demonstrate better knowledge com-
pared to their counterparts served by VHWs with inadequate knowledge, in utiliza-
tion VHWS’ services were high [47]. The finding confirmed what was suggested by
the literature of Hirsch-Moverman [48]. Community health workers (CHWs) form
part of the primary health care system [47]. The community health workers who
have adequate knowledge can play a very important role in their communities in
terms of education, monitoring adherence and referrals [47]. It is therefore, recom-
mended that training of CHW on cardiovascular diseases, treatment and preven-
tion of complication be taken as a priority in the African continent.

Information is crucial to promote patients’ knowledge which increases the sense of
control, decrease emotional distress, support effective self-management, and eliminate
disruptions of daily activities [49, 50]. Patients want to have control over their symp-
toms therefore, they need as much information as possible about their symptoms and
strategies to manage these symptoms. The patient knowledge about cardiovascular
diseases leads to good management of the diseases. Bandura [51] reiterates that a con-
tributing factor to the difference in symptom self-management is a person’s perceived
self-efficacy. Perceived self-efficacy forms the basis of any decision to act on and is
defined as the perception of one’s own ability to implement behavior(s) to achieve
designated types of outcomes such as symptom management. Bandura [52] further
explains that perceived self-efficacy beliefs are considered to be central and influential
factors in determining the course of action to be chosen, the degree of effort applied,
and the perseverance to continue in the face of problems and obstacles.

Intervention is required in order to improve the knowledge of patients regarding
cardiovascular diseases, hypertension, and associated medications [53, 54]. This
intervention comprises of the patient essential educational topics and method of
delivery of patient education. Patient education topics should include pathophysiology
and etiology, symptoms and signs, pharmacological treatment, risk factor modifica-
tion, diet and exercise, sexual activity, immunization, sleep and breathing disorders,
adherence, psychosocial aspects and prognosis associated with certain skills or
self-management behaviors [54-56]. However, patient education alone is not enough,
the delivery of patient education content should consider level literacy, age, and other
cognitive measures. Medium of delivery of patient education must be individualized
according to the needs of the patient. Some patients benefit from one-on-one sessions,
while others benefit from group sessions, some still can benefit from both sessions.

The guidelines recommend patient education and counseling targeting patient
skills and behavior [57]. For patient education to be effective Meng and colleagues [53]
recommend outcome and measurement strategies to enlighten on primary and sec-
ondary outcomes. The primary outcome entails self-management competencies which
are measured through self-monitoring and insight, skill and technique acquisition,
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and self-efficacy. While secondary outcomes are measured through self-management
health behavior (symptom control, physical activity, medication adherence), health-
related quality of life, and treatment satisfaction. Meng and colleagues [53] concluded
that a patient-centered self-management might be more effective regarding certain
self-management outcomes than a lecture-based usual care education.

Hinderlang [58] suggests that the material for patient education should be devel-
oped bearing in mind patients’ cultural and language barriers. Patients’ preferences
should also be considered before embarking on patient education that may not be
effective [59]. The content of patient education material should be broken down into
concise, manageable sessions that do not overwhelm with vast amounts of facts and
details and be free of medical jargon. The learning environment should be free of
stress, environmental distractions, cultural conflicts, and value judgments all should
be eliminated if possible. Timing should be based on the available time, attention
span, and readiness for learning without rushing or taking too much time. The
patients have to be actively involved in the process of learning and understand the
value of the information and procedures being taught for improving the quality of his
or her life [58]. Patients increasingly demand access to medical information, this has
improved the patient-physician relationship and consequently improved patient care.

The disease management education plan should also include practical skills for
patients and caregivers to participate in their own care. These may include:

a. Gargets to use and how to use them and what readings mean (BP machine etc.)
b. Assess patients understanding and their educational needs

c.Identify patients’ barrier to receive information

d.Need to involve a caregiver

e. How to take one’s own pulse;

f. How to take weight accurately (at the same time each day, with the same cloth-
ing on);

g.How to measure one’s blood pressure correctly (if appropriate);

h.How to manage one’s medications (which includes the name of drug; purpose it
is used for when to take it, what to avoid and how it is stored)

i. Return with the remaining medicines in each clinic visit
j. How to lift one’s feet to reduce swelling

k.How to manage food and fluids;

1. How to manage with stress and

m. How to keep a record of weight, blood pressure and any other information on
the diary or calendar and share with healthcare workers

n.Self-referral and preferred method of communication

In summary self-efficacy and self-management of cardiovascular diseases will
encourage patients to be in control of their diseases, and their treatment. This will
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improve their treatment outcome. The community health workers can provide
education, support and referral roles particularly in rural settings.

9. Adherence to medications

Non-communicable diseases (NCDs) are chronic diseases where adherence to
medication is essential to controlling these diseases. Patients with NCDs such as car-
diovascular diseases, diabetes mellitus and hypertension are put on long-term therapy
to manage their conditions. The health outcomes of these patients depend mainly on
how they adhere to medication as well as on lifestyle modification. The World Health
Organization (WHO) defined adherence as the extent to which the behavior of a per-
son, such as taking medication, following a diet or lifestyle modification, corresponds
with the agreed recommendations from a health care provider [60].

Although adherence is important to patients with NCDs who are on medication,
non-adherence to medications is a concern in Africa. In a study conducted among
patients with NCDs in Puducherry, South India, the prevalence of low adherence to
medication was 32.7% [61]. In contrast, prevalence of poor adherence to diabetes
mellitus medication in rural Kerala, South India was 74% [62]. A study conducted
in a health facility in a peri-urban district in the Ashanti region of Ghana found that
the overall prevalence of medication noncompliance among patients with chronic
diseases was 55.5% [63]. Inadequate medication possession ratios and thereby treat-
ment adherence was observed in hypertensive patients at two private outpatient
health clinics in Sierra Leone, with more than 80% of patients assessed not having
medication for more than 40% of the time period studied [64]. In a specialist clinic
and general outpatient clinic in Nigeria, the overall self-reported high medication
adherence was low among Nigerian hypertensive subjects [65]. Adherence level of
hypertensive patients at Jimma University specialized hospital, Ethiopia, to antihy-
pertensive medications was found to be sub-optimal due to daily alcohol intake, co-
morbidity, number of antihypertensive medications and availability of medications
without fee [66]. A study conducted in Kampala (Uganda) among hypertensive
stroke patients found that 17% of the patients were adherent to antihypertensive
medications, and the main cause of non-adherence was lack of knowledge [67].

Non-adherence is when patients do not take their medications at all, are taking
reduced amounts, or are taking doses at the prescribed frequencies but not taking
into consideration medication to food requirements [68]. Non-adherence can either
be intentional or unintentional. Intentional non-adherence is when a patient makes a
rational decision not to use treatment or follow treatment recommendations [69-72].
Intentional adherence includes patient-related, therapy-related, and condition-
related factors [69-72]. Unintentional non-adherence is unplanned patient behavior
and is less strongly associated with beliefs and the level of cognition as compared to
intentional non-adherence [69-72]. Unintentional non-adherence may be caused
by forgetfulness and not knowing when and how to take medicines [69-72]. Factors
affecting adherence of patients to their medicines such as therapy-related and
condition-related factors are associated with unintentional non-adherence [69-72].

Barriers of adherence to medication are discussed in the subsequent subsection and
mainly include categories of factors affecting patients’ adherence to their medicines.

10. Barriers of adherence to medication

There are barriers of adherence to medication that affect patients with
cardiovascular diseases, diabetes mellitus and hypertension thus, leading to
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non-adherence. These barriers are classified into different categories of factors
affecting adherence of patients to their medication. Categories of factors affecting
patients’ adherence to medication in Africa include sociodemographic, economic,
environmental, condition-related factors, therapy-related, health care team and
system-related factors, and patient-related factors [73-79]. Sociodemographic,
economic and environmental factors are composed of low-income, poverty,
minority race-ethnicity, social support, copayments, and health literacy [73, 77].
Health care team and system-related factors include patient-clinician relationship,
communication style, lack of team-based care, clinician burn out, lack of knowl-
edge, lack of policies, lack of ad hoc screening and proper referral systems, and
poor universal health insurance coverage [73, 74, 76, 77, 80, 81]. Complex regimen,
treatment changes, failure and duration, adverse effects, and refill frequency and
consolidation are therapy-related factors [73, 78]. Condition-related factors include
multiple chronic conditions, depression, psychoses, drug or alcohol abuse, demen-
tia, major disability, severity of symptoms, and quality of life [73]. Patient-related
factors include perception of illness and treatment efficacy, denial of diagnosis, fear
of dependence or adverse effects, lack of knowledge, forgetfulness, and low self-
efficacy [73, 80, 81].

Several interventions can be put in place to curb factors affecting patients’
adherence to medication. Therapy-related and condition-related factors could
be minimized by prescribing few medications which can be implemented using
once daily single-pill combinations [71]. Use of once daily single-pill combina-
tions is associated with better adherence and hypertension control [71, 82]. Also,
clinicians can prescribe a larger number of medications with each prescription to
reduce refill frequency [69, 71]. Patients with NCDs frequently have co-morbidities
requiring additional medication to their medicines for NCDs thus, refill consoli-
dation so that multiple medications are obtained at the same time can improve
adherence [69, 71].

To curb some of the health care team and system-related factors, patients should
trust and be confident that the clinician is competent and has their best interest
when making management decisions [73]. Patients, especially racial-ethnic minori-
ties, should actively participate in decisions about the management of their NCDs
and what medication to take [69, 73]. Policies addressing procurement process of
medication and control of NCDs should be developed and implemented in health
systems [74]. Also, the use of generic medicines for NCDs and improvement of
health insurance coverage will reduce the cost of care for patients with NCDs
therefore, solving some of the barriers to adherence [74].

Dispensing models can be implemented to assist with monitoring adherence to
medicines and the treatment outcome.

11. Dispensing models to assist with adherence and treatment outcome

Poor adherence to medication is a major contributor to uncontrolled cardio-
vascular diseases, diabetes mellitus and hypertension. Monitoring and detection
of adherence of patients to their medication using different dispensing models
assist with assessing the treatment outcome. Medication adherence can be
measured directly or indirectly using several measurements either separately or
together [83, 84]. Indirect measurements include pill count, patient interviews,
prescription refills data, electronic monitoring system, directly observed tech-
nique, and questionnaire [83, 84]. Direct measurements include measurement
of drug levels and digital medicine [83, 84]. Prescription refills data, pill count,
directly observed technique, and electronic monitoring system are objective
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measurement whereas, questionnaires and patient interviews are subjective
measurements [83, 84]. Biomedical measurements consist of measurement of
drug levels and digital medicine [83, 84].

12. Different dispensing models used to measure adherence

Dispensing models include interviewing patients, questionnaires, pill count,
prescription refills data, electronic monitoring system, measurement of drug levels,
digital medicine, and directly observed technique [73].

Patient’s interview is when a physician questions the patient about adherence
to medicines. The physician asks the patient questions related to medicine-taking
behavior thus, communication skills of the physician and the ability to conduct
nonjudgmental discussion is important [73]. The health care professional asks the
patient to estimate their own medication-taking behavior, such as which percentage
of dose that they may miss within a designated period or the frequency that they are
unable to follow the medication regime [83]. On the other hand, questions asked to
the patient by the health care professional can be based on the patient’s knowledge
on the prescribed regime, including drugs’ name, schedule, and indications [83].
Health care professionals then evaluate their response to determine the level of
adherence [83].

Questionnaires are forms which can be completed by patients, trained nurses
or healthcare professionals as a tool to monitor adherence [73]. Types of question-
naires used to measure adherence are the Brief Medication Questionnaire, Hill-
Bone Compliance Scale (Hill-Bone), Eight-Item Morisky Medication Adherence
Scale (MMAS-8), Medication Adherence Questionnaire (MAQ), Self-Efficacy for
Appropriate Medication Use Scale (SEAMS), and the Medication Adherence Report
Scale (MARS) [85, 86]. A well-known and mainly used questionnaire to measure
adherence is the Morisky questionnaire [69, 83].

Pill count is a frequently used dispensing model to monitor adherence where
counting returned pills by a patient gives an overview of what has been taken by the
patient [73]. The health care provider counts the number of dosage units that have
been taken by the patient between two scheduled appointments or clinic visits [83].
This number would then be compared with the total number of units received by
the patient to calculate the adherence ratio [83]. The equation for calculating pill
count is as follows: (Number of dosage units dispensed — Number of dosage units
remained) / (prescribed number of dosage unit per day x number of days between 2
visits) [83].

Prescription refill data requires availability of electronic monitoring of drug
prescriptions in pharmacies [73]. Prescription refill data assists with obtaining a
rough estimate of medicines adherence and persistence by calculating the percent-
age of days covered by the prescriptions [73]. When measuring adherence using
prescription refills, it is assumed that prescription-refilling patterns correspond to
the patient medication-taking behavior and that the medication is taken exactly as
prescribed [83].

Electronic monitoring system consists of a device in which a microcircuit is
incorporated into medication packages and any removal of a dose of the medicine is
detected in real time, time stamped, analyzed, stored, and communicated [73, 83].
Commonalities of different electronic monitoring devices include (i) recorded dos-
ing events and stored records of adherence, (ii) audiovisual reminders to signal time
for the next dose, (iii) digital displays, (iv) real-time monitoring, and (v) feed-back
on adherence performance [83]. The commonly used electronic monitoring device is
the Medication Event Monitoring System (MEMS) [73, 83].
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Measurement of drug levels involves the measurement of the medicine or its
metabolite concentration in body fluids, such as blood or urine, and evaluation of
the presence of a biological marker given with the medicine and direct observation
of patient’s medication-taking behavior [73, 83]. Complete absence of medicine in a
sample indicates that the medicine has not been taken by the patient for a duration
equivalent to half-lives of the medicine [73].

Directly observed technique is an approach when medicine is given and taken
by the patient under supervision of a member of the clinical staff every day for a
certain period of time [73].

Digital medicine consists of ingestible sensors incorporates in the pill during
manufacturing process, which will be ingested by the patient [73]. After ingestion,
an electrochemical reaction is triggered in the stomach leading to an activation of
the sensor and generating a unique message coded for the medication name and
dose to a wearable patch worn by the patient on the torso and recorded the date
and time of the sensor ingestion [73]. The information collected by the patch is
encrypted and transmitted wireless to a designated device using Bluetooth. The
sensors are then eliminated as solid waste within 72 hours [73].

There are other dispensing models used to monitor patient medication adher-
ence thus, treatment outcome. Modern technology can be used to monitor adher-
ence and includes the use of internet, real time medication monitoring (such as
electronic pill boxes), and mobile phones [69]. The use of electronic pill boxes
combined with Short Message Service (SMS) reminders are specifically designed
to improve unintentional adherence [69]. These interventions have resulted in an
increase in refill adherence in diabetic patients with suboptimal adherence [68].
Mobile phones can be used to send alerts to take medication to patients, track doses,
and provide appropriate medication instructions [86]. Automatic home medication
dispenser (AHMD) integrated with a smartphone application can be used to address
adherence issues especially for elderly patients [86]. The AHMD holds up to 90 day’s
supply of several medications, and addresses cognitive impairment and age-related
changes using components such as counter, clock dispensing mechanism, power
source, input/output interface, locking system, transceiver and antenna, and physi-
cal indicators for alarms [86]. The AHMD also notifies the patient of due dosage
per set dosage time or due refills through audio/visual reminders, and notifies the
caregiver of missing dosages through calls or text messages [86-88].

In conclusion, it is important to monitor adherence of patients with chronic
diseases to their medicines using appropriate dispensing models (either alone or
in combination) as uninterrupted life-long consumption of medicines will prove
patients’ health outcome. In instances where non-adherence has been identified,
it is essential to note factors affecting adherence of patients to their medicines and
address those factors.
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