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Abstract

Abstract
In Nigeria, the prevalence and incidence of prediabetes and metabolic syndrome are
constantly on the rise. There are inadequate efforts underway to address the trend,
such as by screening the ‘at risk’ population. Part of this inadequacy arises from the
use of sub-optimal risk screening approaches which have not been validated for use
at the local population. Thus, it has become imperative to project the national
prevalence of metabolic syndrome as well as to recommend approaches to risk
screening for prediabetes and metabolic syndrome in Nigeria.

A systematic review of the literature was carried out to summarise the public health
and clinical research carried out over the last 12 years in Nigeria. The WHO STEPS
approach for non-communicable disease risk factor surveillance was then applied in
rural and urban populations through the application of a two-stage cluster sampling
technique. The WHO, Third Adult Treatment Panel (ATP-III) and International
Diabetes Federation definitions were the main criteria used for defining metabolic
syndrome. The average prevalence of metabolic syndrome was found to be 28%, and
the prevalence of prediabetes was found to range from 4.9% to 5.7%. Access to risk
screening was found to be higher among participants with higher educational
qualifications, while those who were yet to seek medical attention cited affordability
as the reason for not seeking healthcare. Half of the study population were physically
inactive, while there was poor agreement between the use of metabolic syndrome and
cardiovascular disease risk scores (based on the Framingham/ATP-III model) for
screening the ‘at risk’ individuals. Moreover, the optimal waist circumferences for
classifying metabolic syndrome and diabetes found in this study differed from the
waist circumference thresholds currently in use.

xvi
__________________________________________________________________________________

Abstract

Further research to assess the prevalence and risk factors that cause metabolic
syndrome among the rural populations where lifestyles are not yet Westernised is
highly anticipated. The results of the present study indicate that there is an urgent
need for access to diagnosis of modifiable risk factors at all levels of Nigerian
society since income levels and educational qualifications do not mitigate the
prevalence of these risk factors. The complementary use of cardiovascular disease
risk scores and metabolic syndrome is important in order to enhance risk
identification. Finally, the sub-optimal use of the obesity cut-off points defined by
the WHO, ATP-III and IDF in the Nigerian population must be addressed.
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Chapter 1. Introduction

Chapter One: Introduction
1.1 Background of Study
Prediabetes and metabolic syndrome (MetS) are important cardiovascular disease
risk factors.1 Evidence shows that people with prediabetes and MetS are at 5 to 7fold increased risk of progressing to type 2 diabetes mellitus (T2DM) and developing
cardiovascular disease (CVD).2,3 Prediabetes is a hyperglycaemic condition which an
individual may already be experiencing (albeit asymptomatic) before the overt
diagnosis of diabetes. It is classified into impaired fasting glucose (IFG), impaired
glucose tolerance (IGT), or both.4 T2DM is a chronic metabolic disorder and often a
deadly disease, with rising prevalence around the world. T2DM can easily lead to
death due to its predisposition to kidney disease/failure, hypertension, stroke, heart
disease and several complications of the skin, eye, foot and pregnancy. It is
characterised by chronic hyperglycaemia with disturbances of fat, carbohydrate and
protein metabolism resulting from defects in insulin secretion, insulin action or
both.5,6

MetS is defined as a cluster of different CVD factors, which include hyperglycaemia,
obesity,

hypertension,

low

high-density

lipoprotein

cholesterol

and

hypertriglyceridaemia.7 Classification of MetS varies, depending on the obesity
index/cut-off points and the clinical definition used. The presence of two or more of
these risk factors projects the likelihood of CVD. Cardiovascular diseases are well
established as a leading contributor to the burden of disease in the developing
countries,8,9 as well as the developed world. An estimated 16.7 million, or 29.2%, of
total global deaths result from the various forms of CVD, many of which are
preventable by action on the major primary risk factors, namely, unhealthy diet,
physical inactivity and smoking.10 Hence, identifying the actual prevalence and
1
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improving the early detection and intervention of prediabetes and MetS could reduce
its human and economic cost, especially in low-middle-income countries (LMICs)
with already fragile health systems.

1.2 Overview of Diabetes
T2DM is a progressive chronic metabolic disorder with increasing prevalence in
developing and developed countries. According to global estimates by the
International Diabetes Federation (IDF), 415 million adults worldwide have T2DM
of whom 14.2 million are from sub-Saharan Africa.11 Diabetes is characterised by
chronic hyperglycaemia resulting from defects in insulin secretion, insulin action or
both.5,6 Several factors have been associated with increasing prevalence of T2DM,
especially in LMICs. Excess body weight resulting from physical inactivity and poor
nutrition is suggested to be driving the epidemics of T2DM in sub-Saharan Africa.11
Evidence shows that environmental and genetic risk factors are key players in the
development and distribution of diabetes across populations. 12 Behavioural factors
(influenced by the environment), such as unhealthy eating habits, physical inactivity,
smoking, heavy alcohol consumption and environmental endocrine disruptors, 13-17
play a crucial role in the process.18

1.3 Environmental Factors Contributing to the Diabetes Epidemic

1.3.1 Endocrine disruptors
Endocrine disruptors are chemicals that have the tendency to interfere with the
endocrine system of the body, resulting in adverse effects to the human reproductive,
developmental, neurological and immune systems. 19 According to Ershow

20

endocrine disrupters are diverse and include estrogen receptor agonists (such as
diethylstilbestrol, bisphenol A [BPA], and the phytoestrogen, genistein), androgen
2
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receptor antagonists (such as phthalates), and aryl hydrocarbon receptor agonists
(such as dioxins). The World Health Organisation (WHO) asserts that endocrine
disruptive chemicals are present in packaging materials, goods such as electronics,
furniture, household cleaners, personal care products (i.e. cosmetics, lotions, soaps,
shampoos) and pharmaceuticals (active ingredients) and, in many instances, are
released in the environment during the production, use and disposal of goods.21

Exposure to a single low dose of BPA decreases blood glycaemia, which correlates
with a rise in plasma insulin.17 However, longer exposure leads to an increase in
pancreatic beta-cell insulin and, subsequently, chronic hyperinsulinaemia with an
alteration of glucose and insulin tolerance.17 The impacts of endocrine disrupting
chemicals are of public health importance. The inadequate regulatory services
surrounding the production and use of materials and goods with a substantial deposit
of these chemicals in LMIC is of significant concern.

In Nigeria, research has highlighted the possible endocrine-disrupting activity of the
Bonny Light crude oil produced in the Niger Delta basin.22 Several food sources
widely consumed in the population have also been found to be mutagenic, while a
significant number of packaged water (water sachets) were found to be estrogenic
with estradiol (0.79–44.0 ng/L) and BPA (124.2–1000.8 ng/L).23 If the regular
monitoring of these chemicals within and around the environment is not adequately
enforced, their contribution to an unprecedented increase in prevalence of diabetes
and other related metabolic disorders cannot be overruled.

3
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1.3.2 Physical inactivity
Physical activity involving aerobic and resistance exercise helps individuals with
diabetes achieve better outcomes.24 The health benefits of physical activity have long
been established. These include higher cardio-respiratory fitness, increased vigour,
improved glycaemic control, decreased insulin resistance, improved lipid profiles
and healthy blood pressure and weight.25-27 Aerobic physical activity involves
activities that induce the rhythmic movements of a substantial number of muscles,
such as continuous walking, jogging, bicycling or swimming for at least 10 minutes.
Resistance exercise requires brief but repetitive exercise using weights, weight
machines and resistance bands to increase muscle strength and endurance. 24
Information regarding the contribution of physical inactivity to the increased
prevalence of diabetes and other CVD risk factors in Nigeria remains limited.

Previous studies have reported the prevalence of physical inactivity among 25% to
80% of adult Nigerians.28-30 The research seems to indicate a disparity in the physical
activity levels across sub-populations in Nigeria.28,29 For example, it was reported
that the lifestyles of individuals in urban areas were more sedentary as compared to
the rural populations.31 Inadequate physical activity is not only an issue among
laypersons: physical inactivity has also been reported among healthcare providers32
who are expected to champion the public health awareness and education regarding
the health benefits of physical activity. It is important to understand the trends in the
relationship between occupational or leisure-time physical activities with T2DM and
other risk factors of CVD, because the insights drawn from such associations would
create evidence-based health information that would help prepare health systems to
challenge the increasing prevalence of CVD risk factors in the population.

4
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1.3.3 Unhealthy eating behaviours
The consumption of healthier food is key to reducing the public health crisis of an
increasing prevalence of diabetes and obesity.33 Fruit and vegetable intake has been
shown to be inversely associated with diabetes incidence. 34 The importance of diet in
the control of diabetes and other CVD risk factors has been recognised in several
diabetes prevention studies. In the Finnish Diabetes Prevention Study35 and
Prevention of Diabetes with Mediterranean Diet (PREDIMED) study,36 the risk
reduction of diabetes based on dietary intervention was found to be 58% and 40%,
respectively. The intake of higher quantities of sugar-sweetened beverages is
associated with a greater magnitude of obesity and diabetes. 37 Moreover, research
has shown that the consumption of food high in dietary fibre plays an important role
in diabetes management by improving insulin sensitivity, decreasing body weight
gain and decreasing CVD risk factors.38-41 However, despite the increasing evidence
that morbidity and consequential mortality are attributable to unhealthy diets, the
general public’s knowledge of these consequences in sub-Saharan African nations is
still limited. The nutritional transition from traditional ways of living in sub-Saharan
Africa is connected to uncontrolled hypertension in individuals with diabetes.42

1.3.4 Smoking and alcohol consumption
Smoking and alcohol consumption are important risk factors for T2DM and CVD.
Smokers exhibit different presentations of insulin resistance and are at high risk of
T2DM.43 Other reports show that smoking is associated with the incidence of
CVD/coronary heart disease and mortality among people with and without T2DM.44
The 20-year follow-up of the Finnish Twin Study suggested that moderate alcohol
consumption may reduce the risk of T2DM, while binge drinking and high alcohol
consumption increase the risk of T2DM.45
5
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The trend in the usage and prevalence of smoking differs distinctively across
populations of the world. In economically developed countries, about 3 million
people die each year from smoking, and 50% of them die before the age of 70.46 In
1995, a substantial majority of the 1.1 billion smokers in the world lived in LMICs,47
with sub-Saharan Africa contributing 38.4% to this number. 48 However, over the last
two decades, the rate of cigarette smoking has increased significantly in developing
countries, in contrast to the decline in overall consumption in high income countries.

In Nigeria, excessive alcohol consumption is relatively common among elderly
males.49 A cross-sectional study found that hazardous drinking of alcohol existed
among tertiary hospital doctors and that excessive alcohol consumption was
predominantly a problem for men, especially among those older than 40.50 These
habits of excessive smoking and alcohol consumption—a sign of rapid globalisation
and socio-economic development in Nigeria—are creating a huge impact in terms of
psychological distress and negative influence on the social structure. Therefore, the
gaining of insights into how these practices influence the distribution of health
consequences, especially T2DM and the clustering of other risk factors for CVD, is
essential for the Nigerian population and sub-Saharan Africa at large.

1.4 Overview of Prediabetes
Prediabetes is a state of abnormal glucose metabolism that can be documented years
before the onset of overt T2DM. Prediabetes can be grouped into impaired fasting
glucose (IFG) or impaired glucose tolerance (IGT). The American Diabetes
Association (ADA) defines prediabetes as a fasting glucose of 100 to <126 mg/dL
(IFG) or a 2 hour (2h) plasma glucose of 140 to <200 mg/dL after a 75 g oral glucose
tolerance test (IGT) or HbA1c 5.7% (39 mmol/mol) to <6.5% (48 mmol/mol).51
6
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However, a substantial number of subjects with either IFG or IGT will progress to
overt T2DM within some years52 if undiagnosed due to the continuous action of
defects in insulin secretion or action. 5 As a consequence, when overt T2DM is
diagnosed, clinical damage is commonly already established.53 This implies that
prediabetes bears an increased risk of cardiovascular complications. According to
estimates in the United States, 40–50% of individuals with IGT will develop T2DM
within 10 years,54 while in the United Kingdom it is estimated that up to 12% of
adults with impaired glucose regulation will develop T2DM each year.55
Epidemiologic evidence also suggests that the relationship between T2DM and CVD
begins earlier in the progression from normal glucose tolerance (NGT) to IGT and
IFG to T2DM, and is associated with resistance to the biologic activity of insulin.56,57
However, many individuals who have unknown diabetic or prediabetic metabolic
abnormalities live with high plasma glucose levels (either fasting or postprandial) for
many years.58 Such levels may lead to the establishment of tissue damage even
before the classical signs and symptoms of the condition have become clinically
established (e.g. polyuria, polydipsia, weight loss with or without polyphagia, and
blurred vision).59 It has been recognised that this increases the risk of developing
renal, cardiac, neurological, ophthalmological, macrovascular and microvascular
complications, as well as infectious diseases.51,60
The Whitehall II study investigated the social determinants of health, specifically
CVD prevalence and mortality rates among British male civil servants, with the
results of the study showing that the risk for CVD was almost doubled in patients
with IGT compared with those with NGT.52,61 A dose–response relation of IGT and
the incidence of coronary artery disease and cardiovascular mortality was also found
7
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during the 23 years of follow-up of 8,006 Japanese–American men in the Honolulu
Heart Program.62 In addition, the Paris Prospective Study and the Helsinki Policemen
Study showed that men in the highest quintile of 2h post-prandial blood glucose had
an almost doubled mortality risk than controls.52,63 The early detection of abnormal
glucose metabolism is crucial in order to prevent the progression of prediabetes to
overt T2DM and to initiate measures to delay the occurrence of micro- and macrovascular complications causing impaired quality of life and reduced survival.64,65

Diagnosis for IFG and IGT is based on fasting plasma glucose (FPG) and the oral
glucose tolerance test (OGTT), respectively (Figure 1.1). Although HbA1c is
recommended for the diagnosis of diabetes and prediabetes, there are reports that it is
not suitable for screening prediabetes in some populations. 66

Figure 1.1: Detection of categories of abnormal glucose tolerance with reference
to IFG and IGT67
8
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In FPG, the subject is required to fast overnight for a minimum of 8 hours before
blood is collected for testing blood glucose imbalance. The FPG level is useful in
identifying apparently healthy persons with early metabolic abnormalities who are at
increased risk of CVD.68 This underscores the usefulness of FPG testing as a public
health screening exercise. It is recommended that any case of IFG or IGT should be
aggressively followed-up with lifestyle interventions involving weight reduction and
maintenance, increased physical activity, smoking ceasation, appropriate dietary
intake and blood glucose monitoring.67

1.5 Overview of Metabolic Syndrome
The initial pronouncement of MetS came from Gerald Reaven who called it
“Syndrome X” or the Insulin Resistance Syndrome.69 This cluster of metabolic
abnormalities which leads to increased risk for CVD and diabetes is referred to as the
metabolic syndrome.70 Over the last decade, MetS was largely implicated by several
authors as predisposing individuals of different age groups to a wide range of
complications in the heart.1,57,71-79 However, the actual definition of MetS has been
the subject of controversy due to debate regarding its usefulness in routine clinical
practice and the fact that it has not been widely adopted in national guidelines for the
prediction of CVD or diabetes.80 The WHO was the first to develop a diagnostic
category for MetS in 1999.81 Other organisations such as the European Group for
Study of Insulin Resistance,7 the National Cholesterol Education Program Third
Adult Treatment Panel (NCEP ATP-III),82 the American Heart Association/National
Heart, Lung and Blood Institute (AHA/NHLBI),83 the American Association of
Clinical Endocrinologists (AACE)84 and the International Diabetes Federation
(IDF)85 came up with other forms of classifications.

9
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According to the WHO, the mandatory criteria were the presence of impared glucose
regulation or diabetes and/or insulin resistance along with two of the other four risk
factors: hypertension, dyslipidaemia, central obesity and microalbuminuria.86

The EGIR definition applies only to individuals without T2DM but with prediabetes1
and the major criterion is focused on the presence of hyperinsulinemia with two of
four other risk conditions, namely, hyperglycaemia, hypertension, dyslipidaemia and
central obesity. The NCEP ATP-III prescribed the presence of three of five risk
factors (increased waist circumference, low high density lipoprotein cholesterol,
elevated blood triglycerides, elevated blood pressure and impared fasting glucose);
the AHA/NHLBI made minor modifications to the ATP-III prescription (including
the addition of triglyceride, high density lipoprotein and hypertension-related
therapies,

and

an

update

of

IFG

to

≥100

mg/dL)

(Table

1.1).
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IGT (2h>140)

IGT (2h>140)
in

Necessary:
hyperinsulinaemia +
2 of other 4 factors

IFG (fast>110)

IFG (fast>110)

Necessary: low insulin
sensitivity or IGF/IGT
or T2DM + 2 of other 4
factors

Hyperinsulinaemia

Low insulin sensitivity

Used
on
nondiabetics

-

-

Microalbuminuria

≥140/90

≥140/90

3 of 5 factors required
for diagnosis

T2DM

IFG (fast>110)

-

-

≥130/85

-

≤50 (1.29 mmol/L)

≤40 (1.03 mmol/L)

-

≥150 (1.7 mmol/L)

WC>102 cm men, >88
cm women

Other conditions used
only in nondiabetics
Based on clinical
judgement
irrespective
of
number of risk
factors present

IGT (2h>140)

IFG (fast>110)

-

-

≥130/85

-

≤50 (1.29 mmol/L)

≤40 (1.03 mmol/L)

-

≥150 (1.7 mmol/L)

BMI ≥25 kg/m2

AACE 2003

Necessary:
central
obesity + 2 of other 4
factors

Ethnic-specific WC

3 of 5
required
diagnosis

factors
for

Update of ATP-III
MetS

T2DM

IFG (fast≥110)

IFG (fast≥100)
T2DM

-




-

≥130/≥85



≤50 (1.29 mmol/L)

≥130/≥85



≤50 (1.29 mmol/L)

≤40(1.03 mmol/L)





≤40 (1.03 mmol/L)

≥150 (1.7 mmol/L)

WC >102 cm men,
>88 cm women

AHA/NHLBI 2005

≥150 (1.7 mmol/L)

WC ethnic-specific#

IDF 2005
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#Europeans: ≥94 cm for men and ≥80 cm for women; South Asians (Chinese, Malay, and Asian-Indian population): ≥90 cm in men and 80 cm for women, Japanese: ≥85 cm
in men and ≥90 cm for women; South/Central Americans: use S. Asian recommendations until more specific data is available; sub-Saharan Africa: use European data until
more specific data is available; Africans East of the Mediterranean and Middle East (Arab): use European data until more specific data is available.1

MetS, criteria for
diagnosis

Other
features

-

-

≤39 (1.0 mmol/L)

≤39 (1.0 mmol/L)

Women

Or
on
HDL
therapy
Blood pressure
(mmHg)
Or
on
HTN
therapy
Marker of insulin
resistance
Plasma glucose
(mg/dL)

≤39 (1.0 mmol/L)

-

-

≤35 (0.9 mmol/L)

≥150 (1.7 mmol/L)

WC>80 cm

≥150 (1.7 mmol/L)

W/H ratio (0.9 in men,
>0.85 in women) BMI
>30 kg/m2

EGIR 1999 for the Metabolic
ATP-III 2001
different definitions
Syndrome

Men

HDL (mg/dL)

Triglycerides
(mg/dL)
Or
on
TG
therapy

Obesity

Components
WHO of
1999
Table 1: Comparison
the

Table 1.1: Comparison of the different definitions of metabolic syndrome
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The classification made by the AACE was based on clinical judgement of the risk
factors, irrespective of their number. The AACE definition is also applicable to those
without overt diagnosis of T2DM.1 The WHO and EGIR classification emphasised
insulin resistance as the primary determinant of MetS, while the NCEP ATP-III and
IDF definitions emphasised central obesity with or without insulin resistance.70
Although there seems to be controversy in choosing an appropriate definition for
MetS, it is noteworthy that all the definitions agree on the core components of MetS,
which are obesity, abnormal glucose levels, dyslipidaemia and hypertension.
However, differences among the definitions rest on the concept of the driving force
of the metabolic disorder.1 MetS has been emphasised as a precondition for the
development of CVD and T2DM. Therefore, as the fight to beat the surge of diabetes
and cardiovascular complications continues, the careful definition of MetS will lead
to more effective preventive and treatment strategies.87

In order to harmonise the clinical definition of MetS, a joint scientific statement was
issued in 2009 regarding the need for a unified definition. Based on a consensus, a
‘Joint Interim Statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention’ was issued by the National Heart, Lung, and Blood
Institute, American Heart Association, World Heart Federation, International
Atherosclerosis Society and the International Association for the Study of Obesity. 88
The consensus recommended the worldwide diagnosis of obesity via waist
circumference, the use of ethnic-specific cut-off points (Table 1.2) and the use of any
three of five risk factors for the diagnosis of MetS.

12
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Table 1.2: Recommended waist circumference thresholds for abdominal obesity
by organisation
Population

Organisation
(Reference)

Recommended Waist Circumference
Threshold for Abdominal Obesity
Men

Women

Europid
Caucasian

IDF
WHO

≥94 cm
≥94 cm (increased
risk)
≥102 cm (still higher
risk)

≥80 cm
≥80 cm (increased
risk)
≥88 cm (still higher
risk)

United States

AHA/NHLBI (ATPIII)*
Health Canada
European
Cardiovascular
Societies
IDF
WHO
Japanese Obesity
Society
Cooperative Task Force
IDF

≥102 cm

≥88 cm

≥102 cm
≥102 cm

≥88 cm
≥88 cm

≥90 cm
≥90 cm
≥85 cm

≥80 cm
≥80 cm
≥90 cm

≥85 cm
≥94 cm

≥80 cm
≥80 cm

IDF
IDF

≥94 cm
≥90 cm

≥80 cm
≥80 cm

Canada
European

Asian (including Japan)
Asian
Japanese
China
Middle East,
Mediterranean
Sub-Saharan Africa
Ethnic Central and
South American

*Recent AHA/NHLBI guidelines for MetS recognise an increased risk of CVD and diabetes
at waist circumference thresholds of ≥94 cm in men and ≥80 cm in women and identify these
as optional cut-off points for individuals or populations with increased insulin resistance.

The consensus document further stressed how critical it is that a commonly agreedupon set of criteria be used worldwide, with agreed-upon cut-off points for different
ethnic groups and sexes.88 The process is evolutionary pending the availability of
appropriate data to classify the waist circumference cut-off points for sub-Saharan
Africa where indequate data on the use of waist circumference as a diagnostic
parameter exist.
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A WHO Expert Consultation Group in 201089 re-emphasised that the definition of
MetS could be provisional and not definitive and stressed the need for more research
in order to gain clarity, especially in sub-Saharan Africa. To this end, the concept of
MetS is still evolving. Despite all that is known in the available literature, there are
limited reports on the prevalence, diagnosis and management of MetS in the subSaharan African region. Therefore, it is imperative to enhance the understanding of
the concept of MetS in Nigeria.

1.6 Criteria for a Good Screening Test
Screening is the application of a test to the asymptomatic population of the disease in
question, in a bid to detect the disease at a time and stage where intervention can be
effective. The WHO developed criteria for a good screening test. 90 A broad range of
evidence suggests that early screening of individual at risk of diabetes and CVD is
crucial for effective management of the condition. An assessment of the different
criteria for screening prediabetes and MetS in Nigeria is required in order to provide
evidence that can assist the application of appropriate screening criteria for the
identification and management of diabetes and MetS in the population. The
following sub-sections provide an overview of the WHO criteria for a good
screening test.

1.6.1 The condition being screened for should be an important one
Diabetes and MetS are important risk factors for CVD. Evidence shows that diabetes
is a CVD equivalent, while MetS is associated with a two-fold increase in CVD and
about a five-fold increase in T2DM.91 Not only is diabetes associated with CVD, it
has been implicated as one of the leading causes of retinopathy, nephropathy,
foot/hand ulcer and amputation, and general disability,92,93 with significant economic

14
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consequences. For example, in the US, the median annual direct medical costs for
subjects with diet-controlled diabetes, BMI of 30 kg/m2 and no microvascular,
neuropathic or cardiovascular complications were US$1,700 and US$2,100 for males
and females, respectively.94 With the growing raft of evidence regarding the health
consequences of diabetes and MetS, a good screening test is essential for effective
diagnosis and intervention. This is imperative since the INTERHEART study (a
global case-control study of risk factors for acute myocardial infarction) showed that
these risk factors, which are part of the underlying risk factors for CVD, are similar
worldwide, accounting for more than 89.2% of the risk of incident myocardial
infarction.95

1.6.2 There should be an acceptable treatment for patients with the
disease
Treatment options for patients with diabetes or MetS risk factors are accepted
universally. These treatment options centre on lifestyle modifications and the use of
drugs to lower the glycaemic levels, lipids and systolic/diastolic blood pressure
levels.96 According to the ADA guidelines on the medical management of diabetes in
primary care,97 newly diagnosed individuals who are overweight/obese are to begin
with lifestyle modifications. Several diabetes prevention studies have found that the
combination of diet adjustment and exercise yields better outcomes.35,36,98 The
guidelines further posit that, in the case of inability of lifestyle efforts to maintain or
achieve the required glycaemic targets, monotherapy (e.g. metformin) or a
combination therapy of metformin and any of sulfonylureas, thiazolidinediones,
dipeptidyl peptidase-4 inhibitors,99 sodium–glucose cotransporter 2 (SGLT2)
inhibitors, glucagon-like peptide-1 (GLP-1) agonists, or basal insulin should be
considered.97 Dyslipidaemic or hypertensive individuals are also required to first
15
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initiate intensive lifestyle changes and subsequently are subject to the administration
of statin and anti-hypertensive medications, respectively, if uncontrolled. These are
facts, and to date, no evidence exists in sub-Saharan Africa to counter these treatment
options.

1.6.3 Facilities for diagnosis and treatment should be available
When questions are asked regarding availability of facilities for diagnosis and
treatment of individuals with diabetes and MetS in sub-Saharan Africa, there is
always an issue with equitable distribution. The 10/90 gap, whereby 90% of the
world’s investment in health research addresses only 10% of the global health
problems in sub-Saharan Africa,100 still exists coupled with the lack of political will
in funding for health research and refurbishing of the health systems. Inequitable
access to diagnosis and treatment options for diabetes and MetS remains a problem
of the rural populations. However, recent technological advances, which have
resulted to high influx of portable point of care diagnostic analysers is to a great
extent alleviating the negative impact of inequalities in access to reliable diagnostics
at tertiary health institutions in Nigeria and many sub-Saharan African countries.

1.6.4 There should be a recognised early symptomatic stage
Early symptoms of diabetes have long been recognised. These include unusual
frequent urinating, particularly at night; thirsty feelings and feelings of tiredness;
blurred vision; sudden and unexplained weight loss; genital itching or thrush and cuts
or wounds that take longer time to heal.101 The progressive nature of hyperglycaemia
cum other MetS risk factors, and the tendency of the population to lack the required
knowledge/awareness of these symptoms, led to calls on community-based screening
of the ‘at risk’ population using biochemical tests. 102,103 Symptoms of other risk
16
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factors for MetS like dyslipidaemia and hypertension could easily be confounded
with other common symptoms exacerbated by infectious diseases, especially in subSaharan Africa. Therefore, the convergence of infectious and non-communicable
diseases in sub-Saharan Africa provides an opportunity whereby the already
established screening centres for infectious malaria, tuberculosis and HIV/AID could
as well be used for opportunistic screening for diabetes and MetS.104

1.6.5 There should be a suitable test with few false positives (specificity)
and few false negatives (sensitivity)
There is substantial evidence suggesting that all screening guidelines and protocols
used in Nigeria and many sub-Saharan African nations were drawn from and
validated in Western populations.93,105,106 However, from the perspective of risk
assessment tools, none of the prospective population that were used to design the
Framingham risk assessment tool, Finnish diabetes risk score (FINDRISK),
systematic coronary risk evaluation (SCORE) risk charts, UKPDS risk engine,
Australian absolute CVD risk calculator and New Zealand CVD risk calculator, for
example, was drawn from the populations resident in sub-Saharan Africa. Even the
WHO charts (WHO/ISH) were not derived from population-based cohort data, rather
through modelling.107,108 In Nigeria, there are neither national guidelines on risk
assessment nor prospective population-based cohort studies to define screening tests
that provide the required specificity and sensitivity applicable to the population.

A cut-off point for a screening test is based on a threshold that reflects the maximum
sum of sensitivity and specificity.109 The WHO set the cut-off point for IFG at 110–
126 mg/dL and IGT at 140–200 mg/dL.81 However, based on the recommendation of
the ADA, which reflects in the IDF guidelines, IFG was lowered to 100–126 mg/dL.
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The latter is accepted and used widely in both clinical and public health practices in
Nigeria and other countries in sub-Saharan Africa. The ADA also recommended the
use of glycated haemoglobin (HbA1c) values of 5.7–6.5% (39–48 mmol/mol) and
>6.5% (>48 mmol/mol) as an alternative marker for screening prediabetes and
diabetes, respectively.51 Interestingly, the cut-off point and discrimination ability of
HbA1c in screening for prediabetes have been questioned by several populationbased studies in several ethnicities, but none from sub-Saharan Africa. A study
among the Palestinian Arab population showed that HbA1c was not useful for
screening prediabetes and that the optimal cut-off point (>6.3%; 45 mmol/mol),
which gave higher discrimination ability (80%) for diabetes, differed compared to
the ADA recommendation (> 6.5%; 48 mmol/mol and 77.3% discriminant ability). 110
In an Irish population, Millar, Perry 66 posited that HbA1c alone was a poor indicator
of cardiometabolic risk in middle-aged subjects with prediabetes but is suitable for
diabetes diagnosis. Again, in a Chinese population, HbA1c was found not suitable as
a single screening test to detect newly diagnosed diabetes, and also not able to
identify prediabetes among the obese population. 111 Based on these findings, the
combined employment of HbA1c and fasting blood glucose has been encouraged to
enhance identification of the population with prediabetes.112,113

Discrepancies with the threshold to define obese individuals as evident in the clinical
definitions of MetS put forward by the WHO, EGIR, ATP-III, AACE, IDF and
AHA/NHLBI have created an opportunity for major breakthroughs in the
understanding of how the different anthropometric indices compare across
ethnicities. Over the last 8 years, studies in Asian continent showed that ethnic
specific cut-off points were ideal as against the ‘generalisation’ put forward by the
ATP-III criteria (WC>102 cm for men and WC>88 cm for women). In 2007, Mohan,
18
__________________________________________________________________________________

Chapter 1. Introduction

Deepa

114

while validating the WHO Asia Pacific guidelines of BMI ≥23 kg/m 2 for

overweight people found that a WC of 87 cm for men and 82 cm for women appear
to be appropriate cut-off points to identify cardiometabolic risk factors in urban
Asian Indians. Other recent studies also indicated the need for ethnic-specific
thresholds for diabetes and MetS among the Asian population.115-117 Tillin, Sattar

118

found that British South Asians and African-Caribbeans had equivalent diabetes
incidence rates at substantially lower obesity levels than the conventional European
cut-points (WC>102 cm for men and WC>88 cm for women). Given this evidence,
especially in sub-Saharan Africa where little or no evidence exists based on
utilisation of data from indigent African population, the implication of continuous
use of these conventional cut-off points would lead to misdiagnosis due to
presentation and application of false sensitivities and specificities in clinical and
public health practice.

1.6.6 The test should be acceptable to the population
The benefit of use of anthropometric indices in screening for obesity and MetS is
based on its non-invasive nature. They can be used routinely as against other
methods for measuring body fat such as bioelectrical impedance, dual-energy x-ray
absorptiometry and total body water.119 In addition, the utilisation of anthropometric
indices in screening of obesity and classifying risk of diabetes and MetS is not
expensive and this makes it an acceptable screening tool to implement in the
population.
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1.7 Public Health Implications of Metabolic Syndrome and
Prediabetes associated with CVD Risk
Different clinical definitions of MetS exist. This has affected choices in both the
clinical practice and most scientific research investigations across the globe, thereby
giving rise to varying outcomes and opinion about the concept of MetS, prediabetes
and cardiovascular events. How these definitions contribute to preventing incidence
and prevalence of these chronic diseases, prolonging life and promoting health
should be given preference, rather than the hypothetical value. Reports have shown
that overweight and obesity are reaching pandemic proportions and the speculated
increase for the coming decades will occur predominantly in the densely populated
developing parts of the world.120 In sub-Saharan Africa, the incidence and prevalence
of stroke is still unclear. Dyslipidaemia is a well-recognised and modifiable risk
factor for CVD, which is currently a leading cause of morbidity and mortality worldwide.121-123 Classically, hypertension and HDL-C are considered to impose a higher
risk in the development of cardiovascular events, while T2DM is projected to be one
of the five leading causes of death in high-income countries by 2030 and one of the
ten leading causes of death worldwide.124 This evidence emphasises the public health
importance of reducing diabetes risk and the future cardiovascular complications at
the population level.

Prediabetes is not only related to an increased risk of T2DM and CVD
complications, but may also cause damage to kidney and nerves, leading to leg and
arm amputations. Therefore, identification and treatment of prediabetic individuals is
crucial. An attractive alternative might be to begin treatment in individuals who
exhibit IFG, IGT, or both before diagnosis of overt diabetes.57 While significant
evidence exists that individuals with IFG, IGT, or both are at high risk of diabetes
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and cardiovascular morbidity and mortality, IGT is yet to be considered a disease
where aggressive treatment are required. The implication still remains that young
adults who progress through unidentified IFG/IGT to overt T2DM will probably
have an irreversible disease condition. Once overt T2DM has developed, it continues
to progress irrespective of efforts to maintain the blood glucose levels back to near
normal.125 Therefore, it would be rational to incorporate screening for prediabetes
and MetS before the establishment of overt conditions (irreversible state), because it
is said that “the risk factors of today, are the diseases of tomorrow”.126

1.8 Knowledge, Attitude and Practice Gaps
Data on the knowledge, attitude and practice (KAP) of the rural communities on the
morbidity and mortality of MetS and its associated diabetes and CVD risk is not well
represented in the literature in comparison with the increasing prevalence and
incidence of metabolic disorders. Firstly, KAP studies can be used for diagnostic
purposes since they describe the population’s current knowledge, attitude and
practice by exploring what people know about their behaviours that predispose them
to the morbidity and mortality of diabetes and cardiovascular disease, how they feel
about such behaviours and what they do, either in response to such behaviours or
management procedures towards the chronic health condition.127 Secondly, they can
be implemented to increase insights in a current situation and help design appropriate
specific interventions.128 Thirdly, they can be used as an evaluation tool to evaluate
the effectiveness of certain interventions or programmes.

Health beliefs, knowledge, lay perceptions and health behaviours have a strong
interaction in most rural and some urban settings in sub-Sahara Africa.129 Based on
misconceptions around popular health beliefs, the majority of people do not take
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appropriate measures to prevent and control T2D and its risk factors.77,129,130 As
reported by Kiawi, Edwards 129 overweight and early stages of obesity was perceived
as a sign of good living because it confers respect and influence. Such lay
perceptions, which still exist especially among rural populations, are borne out of a
contextual environment where most people are living under US$2 per day and are
deprived and, therefore, view obesity as an obvious social marker for affluence.77,129
Existence of poverty and deprivation in much of sub-Saharan Africa means that
traditional perceptions about lifestyle risk factors of T2D are unlikely to change
significantly, unless socio-culturally appropriate health promotion campaigns are
implemented.77 Kiawi, Edwards

129

further suggested the need for health education

about diabetes and its main risk factors in these communities and also suggested that
health education should be informed by lay perspectives in order to maximise the
appropriateness

of the

messages

and

their

effect

on knowledge, attitudes

and behaviours.

The subject of knowledge and perception as it relates to prediabetes and
cardiovascular risk factors is relative, not only to the patients but also to the
clinicians. Despite the relevance of this topic, clinical awareness is still
unsatisfactory.64 Wylie, Hungin

131

investigated the knowledge and attitudes of 34

general practitioners towards impaired glucose tolerance. The results indicated that
awareness of the existence of impaired glucose tolerance was satisfactory but that
consciousness of the prevalence and clinical significance of impaired glucose
tolerance was poor: 16 (47%) of the health practitioners were unaware of the risk of
impaired glucose tolerance progressing to T2DM and 21 (62%) were unaware of the
increased risk of CVD. In addition, 17 (50%) of the participants were unable to
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estimate how many patients with impaired glucose tolerance might be known to their
practice, and 13 (38%) approximated prevalence to less than 1%.

1.9 Conclusion
MetS has been justified as a risk factor for the development of T2DM and
cardiovascular complications. The development to overt T2DM passes through a
series of subclinical pathological processes, which is often referred to as a
prediabetic state – most times co-existing with one or more metabolic disorders
(hypertension, dyslipidaemia, and or obesity). How these factors co-exist in young
adults has remained unknown and a subject of varying controversies, and thus calls
for more investigation into the pathophysiology, clinical classification, screening
protocols, prevention and management guidelines of MetS, prediabetes and
associated cardiovascular outcomes have remained firm. One of the areas yet to be
understood is how these chronic disorders affect young adult populations in remote
and rural areas with limited health services, especially the sub-Saharan African
communities. Health disparity issues between the poor and the rich, the urban and
rural dwellers, ethnic/racial minority and majority groups are all issues enhancing the
prevalence of chronic diseases. The knowledge gaps, attitude and practice of
individuals in these communities also predispose them to the risk of developing
diabetes and cardiovascular disease. Education of vulnerable communities can
become a cost-effective public health strategy. Reports indicate that self-care among
individuals with T2D improve glycaemic control132 and reduce complications.133
Therefore, health education and counselling are an indispensable component of the
management strategies of diabetes and cardiovascular disease risk factors. However,
assessment of prediabetes and MetS is a useful tenet to determine the level of
prevalence of these risk factors – through screening, and identifying the knowledge
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and perception gaps to advise the desirable management protocols. The global call to
harmonise the MetS put forward in 2009 by the International Diabetes Federation
Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood
Institute; American Heart Association; World Heart Federation; International
Atherosclerosis Society; and International Association for the Study of Obesity,
encourages further studies exploring the relation of waist circumference thresholds to
metabolic risk and cardiovascular outcomes in different populations,88 especially
sub-Saharan Africa where there is dearth of evidence regarding the classification
accuracy of different obesity indices.

1.10 Research Questions
The primary objective of the research presented in this thesis was to:
1. Assess the prevalence of prediabetes and MetS and risk factor screening
approaches in Nigerian adults from 18 years and older, so as to provide
evidence on risk factor prevalence and to enhance understanding of
appropriate screening criteria that would improve preventative and
intervention strategies.
2. Contribute data towards the parent research project (Prediabetes and
Cardiovascular Complications Study – PACCS), which seeks to establish a
framework for early identification and intervention of prediabetes, including
strategies for holistic management and monitoring of progression.134

This thesis compilation is the outcome of research carried out between 2013 and
2016 specifically to address the following questions:
1. What is the prevalence of MetS in Nigeria, the clinical definitions widely
utilised?
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2. What are the baseline knowledge, attitude and practice of the rural Nigerian
community towards CVD and behaviour towards risk management?
3. What is the prevalence of prediabetes and other CVD risk factors? How does
the difference in prevalence and accessibility to CVD risk factors screening
and socio-economic status contribute to disease diagnosis in rural and urban
areas?
4. What is the association between physical activity and MetS in the Nigerian
sample population?
5. What is the prevalence of the 10-year risk of developing CVD and how does
the 10-year CVD risk relate with different indices of MetS in Nigeria?
6. What are the cut-off points of obesity indices (waist circumference and waistto-height ratio) that maximise screening of MetS, prediabetes and other CVD
risk factors in Nigeria?

1.11 Significance of this Research
Understanding the national prevalence of MetS in Nigeria based on analysis of all
population-based and health institutionalised cross-sectional studies can provide an
insight into the relative burden of MetS and a cornerstone for policy makers to make
enactments that can facilitate preventative and management practices. In addition,
the understanding of knowledge, attitudes and practice gaps toward CVD risk
factors, especially CVD risks screening, and the appropriate thresholds for obesity
indices used for screening prediabetes/diabetes and MetS can help improve health
outcomes of the population.

1.12 Outline of Thesis
Chapter 2 of this thesis was published as an article in May 2015 in Public Health, a
journal of the Royal Society for Public Health. The chapter investigates the overall
25
__________________________________________________________________________________

Chapter 1. Introduction

distribution of MetS in Nigeria, the clinical definitions commonly used both in
clinical and public health research, and the age group of the population covered in
the extant studies. The chapter gives a partial overview of available clinical
definitions of MetS and the organisations that proposed each definition. It discusses
the clinical definitions widely used in Nigeria for the 12 years of clinical and public
health research on MetS, the age group of populations studied, types of studies and
sub-populations. In conclusion, the chapter advocates for a consensus on the
definition of MetS for the African population, and early identification and
intervention.

Chapter 3 was published as an article in North American Journal of Medical
Sciences in September 2014. The chapter looks at the baseline KAP of a rural
Nigerian population towards CVD risk prevention. The introduction gives a synopsis
of KAP as a useful diagnostic tool in a population. The chapter also discusses the
importance of health awareness, which enhances self-management of chronic
diseases. In conclusion, the chapter emphasises the need for appropriate health
education and measures in order to improve affordability and accessibility to health
interventions.

Chapter 4 was published in BMC Public Health in April 2015 as a research article
discussing the prevalence of CVD risk factors among a Nigerian adult population, its
relationship with income level and accessibility to CVD risk screening. This chapter
while assessing the prevalence of risk factors like prediabetes, diabetes,
hypertension, obesity and dyslipidaemia, also look at how difference in prevalence
and accessibility to CVD risk screening across income levels and educational
backgrounds contributes to disease diagnosis in rural and urban Nigerian adults. The
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chapter concludes that a significant prevalence of risk factors exists in both rural
versus urban populations, and there is early onset, thereby pointing to the need for
early screening and interventions. It also highlights that educational achievements
did not change the severity of risk factor prevalence, while income level affected
accessibility to CVD risk screening.

Chapter 5 was published in Diabetes & Metabolic Syndrome: Clinical Research &
Reviews in March 2016. It is an article that assesses the association of physical
activity with MetS in a predominantly rural Nigerian population. Chapter 5
articulates the possible influence of prevalent dyslipidaemia on the association of
physical activity with MetS, suggesting that interventions targeted at physical
activity alone may not be optimal in morbidity and mortality reduction.

Chapter 6 was published in International Health in September 2016. It is a research
article that investigates the association between MetS and 10-year risk of developing
CVD in a Nigerian population. The chapter investigates the prevalence of 10-year
risk of developing CVD based on the Framingham/ATP-III risk assessment model
and compares the risk scores with MetS outcomes. Evidence from the report
indicates the need for lifestyle intervention in a significant proportion of the
apparently healthy subjects. It concludes that the complementary use of MetS and
CVD risk scores is imperative as there is a poor agreement between both useful CVD
risk screening methods.

Chapter 7 was published in African Journal of Medicine and Medical Sciences in
June 2016. It discusses how the anthropometric indices compare in screening cardiometabolic risks in a Nigerian sub-population. It assesses the sensitivity and
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specificity of different cut-off points of obesity indices by the WHO, IDF and the
NCEP_ATP-III used in Nigeria.

Chapter 8 was published in Diabetes & Metabolic Syndrome: Clinical Research &
Reviews in July 2016. It employs a large amount of population data to investigate the
optimal cut-off point and classification accuracy of waist circumference, waist-toheight ratio and BMI in screening for MetS and diabetes. This chapter highlights
some of the consequences of using cut-off values not validated within the local
setting; it is expected to increase the awareness of clinical and public health
researchers to improve the health outcome of the local population.

Chapter 9 was published in BMC Public Health in January 2017. It assesses the
prevalence of IFG co-morbidity with MetS indices. It also seeks to compare the age
of IFG and diabetes co-morbidity with MetS indices to see whether there would be
differences in mean age of co-morbidity with these risk factors. Finally, this chapter
applies Hierarchical Optimal Classification Tree Analysis (HO-CTA) to predict the
most important co-morbid risk factors in subjects with IFG and their chain of events.

Chapter 10, which is the final chapter, is the conclusion of works embodied in this
thesis. In addition, the chapter presents recommendations for future research.

In this thesis by publication, all references in Chapters 2 to 9 are reformatted to
conform to the Charles Darwin University Vancouver Superscript Style, which may
not be same as the referencing style of the original publication in the respective
journals. Otherwise, Chapters 2 to 9 are an exact replica as earlier published or
submitted for peer-review (as the case may be) except the referencing style.
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Abstract
Objective: This is a systematic review of the distribution of cardiometabolic
syndrome (CMS) in Nigeria, the clinical definitions widely used and how it affects
the proposition of a national prevalence of CMS that will advise management
interventions.
Study design: Systematic review of literature.
Methods: To present a comprehensive report of the distribution of CMS in Nigeria,
extensive searches was carried out on PubMed, African Journals Online (AJOL),
SCOPUS, EBSCOhost (CINAHL Plus), Google Scholar and Science Direct using
terms: Nigeria, metabolic syndrome, cardio-metabolic syndrome, syndrome X,
World Health Organization, International Diabetic Federation, National Cholesterol
Education Program Adult Treatment Panel III, European Group for study on Insulin
Resistance, American Association of Clinical Endocrinologist, American Heart
Association/National Heart, Lung and Blood Institute. All published data between
January 2002 and December 2013 were collated into a database. Information
gathered and recorded for each source were the population sampled, age and number
of population, locality, clinical definition used, longitude and latitude, and period of
the study.
Results: Out of 32 studies, 9 (28.1%) adopted the WHO classification, 19 (59.4%)
used the ATP-III definition, while the remaining 10 (31.3%) studies used the IDF
definitions. Twenty (62.5%) were hospital-based studies on diabetic, hypertensive,
HIV, asthmatic and thyroid disorder patients. The remaining 12 (37.5%) studies were
population-based studies in urban, suburb and rural settings. The mean overall
prevalence of CMS in Nigeria is 31.7%, 27.9% and 28.1% according to the WHO,
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ATP-III and IDF definitions, respectively. Most of the studies were from the
Southern region. Age groups mostly studied were those from ≥35 years.
Conclusion: The report of this review provides an essential overview on the current
distribution of CMS in Nigeria. It provides an insight to direct future studies such as
the need to (1) study rural communities where lifestyles are not Westernised as in the
urban areas, and (2) young adults, as well as (3) develop a consensus on the
definition of CMS among the Sub-Saharan African populations.
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2.1 Introduction
Cardiometabolic syndrome (CMS) is a complex cluster of risk factors for
cardiovascular disease (CVD) and diabetes.88 Independent risk factors implicated in
both clinical and public health perspectives include hyperglycaemia, dyslipidaemia,
hypertension and obesity. Individuals with the CMS are at increased risk of
developing diabetes mellitus and cardiovascular disease as well as increased
mortality from cardiovascular disease and all causes.135 The CMS is believed to
affect at least one in five adults worldwide and carries a high risk of CVD.136
However, the actual prevalence in rural communities of Nigeria, as an example of a
low-mid income country (LIMC), needs to be reviewed for the purpose of public
health planning.

The mechanism underlying the relationship between CMS and CVD lies between the
concept of endothelial injury and dysfunction; the deposition of low density
lipoprotein cholesterol; and the recruitment, migration and proliferation of
monocytes in smooth muscle cells in the artery wall. These are central to the
initiation and progression of artherosclerosis.137,138

CMS was first mentioned by Gerald Reaven as Syndrome X or the Insulin Resistance
Syndrome.139 Following Reaven in 1988, several clinical definitions have been
proposed: the World Health Organisation definition,140 the European Group for
Study of Insulin Resistance, the National Cholesterol Education program – Third
Adult Treatment Panel (NCEP ATP-III),82 the American Association of Clinical
Endocrinologists (AACE), the International Diabetes Federation (IDF),141 and the
American

Heart

Association/National
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(AHA/NHLBI) definitions.1 This has led to some confusion on the part of clinicians
regarding how to identify patients with the syndrome.88 In order to salvage the
situation, IDF and AHA/NHLBI representatives held discussions to attempt to
resolve the remaining differences between definitions of CMS, which led to the
recent consensus on harmonising the definition of CMS.88 It would be interesting to
know how this is utilised in the developing parts of sub-Saharan Africa and other
LIMC health systems.

These individual risk factors have been reported in Nigeria.142-146 However, despite
the increase in reporting, the prevalence of CMS has not been clearly defined partly
due to unresolved clinical definitions and resource constraints. Nigeria is currently
undergoing rapid epidemiological transition to increasing number of metabolic
disorders,147 and some authors have implicated demographic changes such as ageing,
and the undesirable risk factors such as obesity and sedentary life as the cause.79,148150

Based on the rising reporting of the prevalence of CMS in Nigeria over the last

decade, the objective of this study is to assess the overall distribution of CMS in
Nigeria and the clinical definitions employed; as well as age group of the population
covered in studies.

2.2 Methods

2.2.1 Study design
This is a systematic review of prevalence studies of CMS in Nigeria following the
PRISMA guideline. Two reviewers, VMO and EUN, extracted data independently
using standardised data extraction forms. Consensus was reached between the
reviewers in case of initial disagreement. Characteristics of studies extracted were
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the study location, type of population, number of population, age, and clinical
definition of CMS used.

2.2.2 Study area
Nigeria is a federation made up of 36 States and a Federal Capital Territory (FCT),
Abuja; with 774 Local Government Areas. The states are grouped into six geopolitical zones; namely, the North Central, North East, North West, South East,
South-South and South West.151 The main latitude and longitude of Nigeria is 10 0
North and 80 East respectively.152 Nigeria is approximately 923,768 square
kilometres, located in West Africa with a population of 175.6 million people. An
estimated 50.4% of this population live in the rural areas, while the remaining 49.6%
live in the urban areas.153

2.2.3 Data Sources and searches
A systematic collation of published data over the period of January 2002 to
December 2013 on CMS was retrieved between August and December 2013 to
develop a comprehensive distribution of CMS in Nigeria. The final search was done
in January 2015. The search was carried out using electronic searches in online
bibliographic archives: PubMed, African Journals Online (AJOL), SCOPUS,
EBSCOhost (CINAHL Plus), Google Scholar and Science Direct. Search terms
include: Nigeria, metabolic syndrome, cardio-metabolic syndrome, syndrome X,
World Health Organisation, International Diabetic Federation, National Cholesterol
Education Program Adult Treatment Panel III, European Group for study on Insulin
Resistance, American Association of Clinical Endocrinologist, American Heart
Association/National Heart, Lung and Blood Institute were used. Many articles were
identified through this method. Articles that could not be obtained online were
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sourced from the Library of Charles Darwin University. Suggested academics,
experts and researchers that have published widely in the subject area in Nigeria
were also contacted with a request for other publications not indexed in any of the
search database as well as other grey literature.

2.2.4 Validation of search results and study selection
All search results from different search engines/databases were combined in Endnote
and duplicates removed. In order to avoid publication bias, quality-related criteria for
these articles were not performed. This was to avoid further restriction of the number
of articles selected using the inclusion criteria. However, comments about
limitations/weaknesses in selected studies are highlighted where appropriate.

A total of 3,758 potential articles were indicated in the initial literature search
(Figure 2.1). Out of these, 89 studies were done in Nigeria; which were retrieved and
assessed for eligibility. Of the studies retrieved, 31 plus one additional article
retrieved through a hand search of references from published studies met the
inclusion criteria and were included in the review. The remaining 58 were excluded
because they did not identify a known clinical definition of CMS or were studies on
one of the components of the CMS.
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Figure 2.1: Flow diagram of studies included in the systematic review
Eligible studies were prospective or cross-sectional studies published in the English
language (official language of the nation) on CMS and/or the independent
components carried out in Nigeria; studies that identified the use of known
definitions of CMS based on any or combination of the WHO, ATP-III, AACE, IDF,
or AHA/NHLBI definitions; and subjects of age range of ≥15 years. The purpose of
using known definitions of CMS as inclusion criteria is to assess how these
definitions were used in Nigerian studies over the last 12 years, though the joint
scientific statement currently recommends the IDF for sub-Saharan settings. More

36

Chapter 2. Systematic review: prevalence of CMS

Public Health, 129(5):413-23

so, the inclusion of studies on subjects of ≥15 years old is to understand how CMS
occurs in younger adults since most risk assessment models target subjects of ≥40
years.

Ineligible studies were those looking at CMS in individuals of ≤ 15 years of age and
studies without a universally accepted definition of CMS. Studies on individual CVD
risk factors and those done outside Nigeria but probably within the sub-Saharan
African region were excluded from the review.

2.2.5 Data extraction and analysis
Each study location was geo-referenced using the latitude and longitude coordinates
obtained by crosschecking the names of the study location with the Distance
Calculator Database.154 Degree/minutes/seconds were converted into decimal
degrees. All the relevant information was entered into an Excel spreadsheet and data
analysis was performed using SPSS (Version17 for Windows, SPSS Inc., Chicago,
IL). The mean prevalence of CMS based on all eligible hospital-based and
population-based studies in urban, suburban and rural settings was calculated for
each definition of CMS used. All data were mapped using the Epi-Info geographical
mapping software (Version 7.1 CDC, Atlanta).

2.3 Results
All studies that met the final selection were only cross-sectional studies published
from 2002 to 2013 and had sample sizes ranging from 93 to 1,458 subjects, as there
was no longitudinal study identified. The prevalence of CMS in these studies ranged
from 6.3% among apparently healthy population,155 to 86% in a study of patients
with T2DM mellitus.156 In Nigeria, three clinical definitions are widely used (Table
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2.1). Of the 32 studies (n=10,854) included in our review,147,155-185 nine studies
employed the WHO model; nineteen used the ATP-III and ten IDF definitions. Two
studies used all three models; one study used both ATP-III and IDF definitions;
another study used WHO and ATP-III.

Table 2.1: Three definitions of cardiometabolic syndrome based on different
criteria
Clinical
components

WHO (1999)

ATP-III (2001)

IDF (2005)

Criteria for IGT, IFG, T2DM, or low Any 3 of the 5 Central obesity plus
insulin sensitivity, plus any features listed any 2 of the below
diagnosis
2 of the below listed below
listed features
features
WC≥102 cm in Increased WC (ethic
specific)
Women: WHR>0.85 and or men
BMI>30 kg/m2
WC≥88 cm in
women

Obesity

Men: WHR>0.90

Triglyceride

≥150 (1.7 mmol/L)

≥150
mmol/L)

HDL-C

Men: ≤35 (0.9 mmol/L)

Men: ≤40 (1.03 Men: ≤40
mmol/L)
mmol/L)

Women: ≤39 (1.0 mmol/L)

(1.7 ≥150 (1.7 mmol/L)
or on TG therapy
(1.03

Women:
≤50 Women: ≤50 (1.29
(1.29 mmol/L)
mmol/L)
or
on
HDL-C therapy
Blood
Pressure

≥140/90 mmHg

≥140/90 mmHg

≥130/≥85 mmHg

Blood
Glucose

IFG (fast >110)

IFG (fast >110)

IFG (fast ≥100)

IGT (2h >140)

T2DM

T2DM

Others

Microalbuminuria

In a dichotomous categorisation of the 32 selected reports,147,155-185 20 (62.5%) were
hospital-based studies on diabetic, hypertensive, HIV, asthmatic and thyroid disorder
patients. The remaining 12 (37.5%) studies are population-based studies from urban,
suburban or rural settings. All of the hospital-based studies were located in urban
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health institutions. Amongst the hospital-based sub-population studies, 12 (60%)
were carried out on diabetic patients, 4 (20%) on hypertensive patients, 1 (5%) each
were carried out on HIV, asthmatic, thyroid disorder and undisclosed ill-health
patients, respectively (Table 2.2).
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12

11

10

9

8

7

6

5

4

3

Ogbera and
Azenabor, 2010174

Ogbera et al.,
2011187
Unadike et al.,
2009
Ogbera, 2011173

Osuji et al., 2012170

Alebiosu and
Odusan, 2004165
Adediran et al.,
2007166
Akande et al.,
2007167
Isezue and Ezunu,
2005186
Udenze et al.,
2013156
Puepet et al.,
2009169

Ogbera, 2010164

1

2

Author, Year

s/n

Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients
Diabetic
patients

Population

601

203

30-86
34-91

240

201

93

634

100

254

121

408

218

963

N

50.8±11

40-85

24-84

54.2±9.1

57±10.8

35-80

37-78

30-70

52±5.8

35-85

Age

LASUTH, Lagos, Lagos State

GH Gbagada, Lagos State

b

UUTH, Uyo, Akwa Ibom State

b

b

40

GH Gbagada & LASUTH, Lagos

b

JUTH, Jos, Plateau State

b

LASUTH, Lagos, Lagos State

UDUTH, Sokoto State

b

NAUTH, Nnewi, Anambra State

b

b

LUTH, Lagos State

UITH, Ilorin, Kwara State

b

b

OOUTH, Sagamu, Ogun State

b

GH Gbagada & LASUTH, Lagos

b

Location

-

-

-

-

86.0

59.1

23.9

51.0

25.2

-

WHO
(%)

62.5

69.0

66.7

-

-

-

-

-

-

86

ATP-III
(%)

60

44

-

-

-

63.6

-

-

-

-

-

-

IDF
(%)

Table 2.2: Studies on CMS reporting prevalence rates using three clinical definitions with respect to age, population and location over
the last 12 years
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23

22

21

20

19

18

17

16

15

14

13

Siminialayi &
Emem-chioma,
2008155
Adedoyin et al.,
2013188
Adegoke et al.,
2010163

Siminialayi et al.,
2009182

Ayodele et al.,
2012179
Ogbera et al.,
2012180
Adeyeye et al.,
2012181

Akintunde et al.,
2010178

Ojji et al., 2012177

Akintunde, et al.,
2011175
Osuji and Omejua,
2012176

Rural

Rural

Rural

Hypertensiv
e patients
Hypertensiv
e patients
Hypertensiv
e patients
Hypertensiv
e vs nonhypertensiv
e patients
HIV
patients
Thyroid
disorders
Asthma
patients
Patients
(undisclose
d)

58.6±16.9

30-70

40.55±0.99

132

100

300

250*

158

14-78
≥18

112

291

140 vs 70

14-76

≥18

55.14±10.83
vs
54.67±10.89

362

250

≥24
51.80±11.63

210

55.14±10.83

b

LASUTH, Lagos State

LASUTH, Lagos, Lagos State

-

a

Ife North LGA, Osun State

-

-

-

-

-

13.0

-

34.5

Ilora community, Oyo State

a

Odufor, Etche LGA, Rivers State

41

a

Okrika General Hosp. Rivers State

b

b

LAUTECH, Ogbomosho, Osun
State

LAUTECH, Osogbo, Osun State

b

b

UATH, Gwagwalada, Abuja FCT

b

LAUTECH, Osogbo, Osun State
NAUTH, Nnewi, Anambra State

b

b

12.1

-

6.3

31.6*

28.0

12.7

31.4 vs 15.7

-

31.2

35.0

-

25.0

-

-

17.7

-

17.2

-

-

42.5

Table 2.2: Studies on CMS reporting prevalence rates using three clinical definitions with respect to age, population and location over
the last 12 years (Continued)
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Ulasi et al., 2010162

Chukwukelu et al.,
2013185

Adediran et al.,
2012147

25

26

27

Rural vs
urban

Semi-urban
vs rural
Urban vs
rural

Rural

342vs325

103vs102

≥35
42.3±14.4
vs
44.1±13.2
22-84

972vs486

534

25-64

18-105

a

a,b

FCT, Abuja

Enugu, Enugu State

Ujo Nike, Enugu State

a,b

a

Badija, Ibadan, Oyo State

0 vs 0.9

-

-

3.7 vs 13.7

20.4 vs 12.7

-

-

7.7 vs
14.9

18.0 vs
10.0*

16.3

28

42

b
Ijeh et al., 2010161
Urban
199
Umuahia, Abia State
30.8
Ogbu and
b
29
Chukwukelu,
Urban
35-85
342
Nsukka Urban, Enugu State
23.4
160
2013
b
30 Sani et al., 2010159
Urban
18-75
300
Katsina city, Katsina State
22.0
b
Ghazali and Sanusi,
Urban
25-73
338
UI and UCHI, Ibadan, Oyo State
23.7
36.7
31
2010158
b
Odenigbo et al.,
Urban
29-58
400
Asaba, Delta State
20
32
157
2009
Key: LAUTECH: Ladoke Akintola University of Technology Teaching Hospital, GH: General Hospital, LASUTH: Lagos State University
Teaching Hospital, OOUTH: Olabisi Onabanjo University Teaching Hospital, LGA: Local Government Area, LUTH: Lagos University
Teaching Hospital, FCT: Federal Capital Territory, UITH: University of Ilorin Teaching Hospital, UDUTH: Usmanu Danfodiyo University
Teaching Hospital, NAUTH: Nnamdi Azikiwe University Teaching Hospital, UATH: University of Abuja Teaching Hospital, JUTH: Jos
University Teaching Hospital, UUTH: University of Uyo Teaching Hospital, UI: University of Ibadan, UCHI: University College Hospital
Ibadan, a: indicate studies that were carried out in rural settings, b: indicate studies in urban settings

Charles-Davis et
al., 2012184
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Mean prevalence of CMS over the 12 year period for hospital-based studies was
41.8% (WHO), 38.4% (ATP-III) and 40.8% (IDF). In population-based studies
carried out in urban, suburban and rural settings, mean prevalence of CMS was 8.2%
(WHO), 18.3% (ATP-III) and 15.3% (IDF). The mean overall prevalence of CMS in
Nigeria was 31.7%, 27.9% and 28.1% according to the WHO, ATP-III and IDF
definitions, respectively (Table 2.3).

Table 2.3: Mean prevalence of CMS among hospital-based studies and
population-based studies in rural/urban settings based on three clinical
definitions
Population
Hospital

Description
Mean prevalence
Standard error
Urban/suburban/rural Mean prevalence
Standard error
Overall
Mean prevalence
Standard error

WHO
41.81429
9.532237
8.2
7.754354
31.73
8.530912

ATP-III
38.38
6.46412
18.34545
2.99986
27.88571
4.039397

IDF
40.83333
8.148974
15.31667
2.505915
28.075
5.596172

Figures 2.2A and B show the geographical distribution of the CMS, and the
distribution of the use of the three diagnostic criteria over the 12 year period in
Nigeria. Figures 3A and B show the prevalence of CMS in Nigeria according to each
clinical definition. It reveals that CMS is predominant in Nigeria irrespective of the
scarce data available in the literature.
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Figure 2.2A: Geo-distribution of CMS in Nigeria

Figure 2.2B: Distribution of CMS and use of the three clinical definitions in
Nigeria
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Figure 2.3A: Prevalence of CMS in hospital-based studies
hh

F

Figure 2.3B: Prevalence of CMS in population-based studies in urban, semiurban and rural settings
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Of the 36 states plus FCT, only 15 states were found to be represented in all the
eligible studies. Lagos state had the highest with eight studies retrieved on CMS,
followed by Oyo State with four studies. Osun and Enugu State had three studies
each. FCT, Anambra and Rivers State had two studies each, while the remaining 8
States had one study each on CMS (Table 2.2, Figure 2.2B).

The age group of subjects in the 32 studies ranged from 14 years in patients with
thyroid disorders180 and asthma181 to 105 years apparently healthy individuals in the
rural community (Table 2.2). The age groups sampled were predominantly from >30
years. Only one study sampled apparently healthy subjects from ≥18 years. 184

Three definitions of CMS were identified in all of the qualified studies for the
systematic review: the WHO, ATP-III and IDF definitions. Of the 32 studies, 9
(28.1%) adopted use of the WHO classification, 19 (59.4%) used the ATP-III
definition, while the remaining 10 (31.3%) studies used the IDF definitions (Table
2.3). There was an overlap in 4 studies, where 2 (n=877) assessed the three
definitions, and 1 (n=291) study assessed the ATP-III and IDF definitions, the
remaining 1 (n=338) study assessed the WHO and ATP-III definitions (Table 2.2).

2.4 Discussion
This systematic review was designed to estimate the overall distribution of CMS in
Nigeria based on three themes, which are the (1) clinical definitions being explored,
(2) age group of populations studied, and (3) type of population studied. Three
definitions of CMS were identified in all of the qualified studies for the systematic
review: WHO,140 ATP-III82 and IDF141 definitions. Although these three definitions
emerged in 1999, 2001 and 2005, respectively, in addition to the 2009 consensus
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statement,88 there is current disagreement and debate regarding their use in clinical
practice occasioned by the disparities of results as evidenced from this review.

According to the WHO, ATP-III and IDF definitions, the overall prevalence of CMS
in Nigeria is 31.7%, 27.9% and 28.1%, respectively. These are higher than the
reported prevalence of 19.1% using ATP-III criteria in Canada189, and comparable to
prevalence of 33.5% in Australia according to the IDF definition190 and unadjusted
prevalence of 34.1% in the USA based on the ATP-III criteria.

Over the 12 year period, hospital-based studies recorded a mean prevalence of
41.8%, 38.4% and 40.8% for the three different definitions. In addition, the
prevalence of CMS is highly distributed among diabetic and hypertensive
patients.156,165-167,169,170,172,175-177,186,187,191 Within the sub-population of hospital-based
studies, greater attention has been concentrated on diabetic patients where 12 (60%)
of the studies assessed the prevalence of CMS in T2DM patients.156,165167,169,170,186,187,191

One of the studies indicated that the prevalence of CMS in non-

diabetic patients was as high as 35%.175 This indeed has huge implications for
increased morbidity and mortality resulting from cardiovascular complications,
especially in populations in low-mid income countries such as Nigeria.

In population-based studies carried out in urban, suburban and rural settings, this
review recorded a mean CMS prevalence of 8.2% (WHO), 18.3% (ATP-III) and
15.3% (IDF). Moreover, individual studies that assessed the prevalence of CMS in
semi-urban and rural communities found a prevalence of 18% vs 10%, 6.3%, 7.7%,
12.1%, 23.4%, 16.3% and 25%,147,155,160,162,163,184,188 which shows a sizeable
prevalence of these cardiovascular risk factors in the rural settings. However, an
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increase in the prevalence rate is anticipated with an increase in reporting, and such
increase in reporting is envisaged to compensate for the unaccounted CMS morbidity
and mortality in these rural settings that is popularly attributed to malaria - which is
one of the most accessible health interventions alongside tuberculosis and HIV/AIDS
in rural communities in Nigeria as a result of huge funding from the Global Fund and
other multilateral agencies.

2.4.1 Clinical definitions being explored
The ATP-III definition appears to be the most widely used in Nigerian studies. How
these definitions contribute to the management of CMS in sub-Saharan Africa has
not been understood considering the fragile health systems in this part of the world.
The two studies that assessed all the three definitions opined that there seemed to be
no marked significant difference in the prevalence projections by each of the
definitions.147,175 However, one study found that the IDF definition resulted in a
higher frequency because of the lower cut-off for WC used for identification of
visceral obesity,175 while in the other study, the IDF criteria were opined to be more
relevant because of its ethnic-specific definition for visceral obesity.147 In a different
report that compared the prevalence of CMS using the ATP-III and the IDF
guidelines in two American samples and one German population sample, the
prevalence of CMS was higher when the IDF criteria were used in the German
sample, but the IDF criteria had lower predictive power for coronary events.72
However, such CVD predictive power of any of the clinical definitions of CMS was
not found in any of the studies in this review.
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The diagnostic efficacy of these definitions has not been studied extensively in
Nigeria and other sub-Saharan nations, thus the reason why there is no precision in
the use of the diagnostic definitions even though a joint scientific statement
recommended the IDF for the sub-Saharans.88 Longitudinal studies exploring the
diagnostic efficacies of these definitions and their CVD predictive power should be
envisaged in Nigeria, especially studies evaluating the reliability of the Europid WC
cut-off points, which the consensus statement has recommended for sub-Saharans.

The mechanism in which the CMS interrelates has yet to be clearly elucidated,88 but
there is suggestion that CMS is a prediabetic state.1 Interestingly, epidemiological
evidence suggests that the relationship between diabetes and cardiovascular disease
begins earlier in progression from prediabetes to diabetes.57 This should refocus
attention on assessment of these cardiovascular risk factors, including an agreed
definition of CMS for the sub-Saharan population, for early identification and
intervention at the stage where the morbid conditions can be modified.

2.4.2 Age group of populations studied
A greater number of studies in our review assessed the CMS in subjects of 35 years
of age and above. It is pertinent to note that this is a stage where thresholds for
prehypertension and prediabetes (subclinical hypertension and diabetes) may have
been passed.192 Whether the indices of CMS is a predictive tool for future occurrence
of diabetes and CVD is still an issue for debate. In the San Anthonio Study,193
receiver operating characteristics (ROC) analyses data showed that the Framingham
risk score is a better screening tool for cardiovascular disease than the CMS, while in
the Artherosclerosis risk in communities (ARIC) cohort, the CMS was found to be
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predictive of cardiovascular events but did not improve the coronary risk prediction
beyond that achieved by the Framingham risk score. 138
However, in resource constrained settings, the CMS might be a better predictive tool
for cardiovascular events than the available risk scores owing to the fact that most
risk scores target subjects of ≥40 years of age – a stage where overt conditions may
have been established. In young asymptomatic individuals and women, these
traditional CVD risk tools seem to underestimate the CVD risk. 194 With the growing
opinion that CMS is a prediabetic state, authors have hypothesised a risk assessment
chart for prediabetes.195 Moreover, there is a call to assess the potential of the
possible screening of individuals less than 40 years old. 196

2.4.3 Type of studies and subpopulations studied
Each of the 32 studies assessed revealed significant prevalence of CMS in Nigeria.
However, no longitudinal study was found on the CMS studies done in Nigeria. It is
noteworthy that long-term prospective studies are needed in the sub-Saharan ethnic
group in order to reach more reliable waist circumference cut-off points. Based on
the recent consensus statement, the waist circumference cut-off point of the ATP-III
definition is strictly prescribed for the Americans, while the cut-off point currently
recommended for the sub-Saharan ethnic group is that for Europid ethnicity.88 This
infers that the real representation of results from studies in this review may not be the
true morbid state of these CVD risk factors in these proportions of the Nigerian
population studied over the last 12 years. It is glaring that studies among the
apparently healthy individuals within the sub-urban and rural communities are below
average. Most of the studies were done in urban settings. All of the hospital-based
study settings were tertiary health institutions located in the urban areas of major
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cities. In addition to the study on apparently healthy individuals in urban areas, this
indicates that the health status of those in the rural and remote areas are not well
taken care of, thereby predisposing them to a very high rate of morbidity and
mortality resulting from CMS most of which is undetected. This study corroborates
with the fact that there is inadequate prevalence research on CMS in sub-Saharan
Africa, however, evidence shows that Nigeria has the highest frequency of CMS
among the sub-Saharans as a result of the growing economic strength and the degree
of Western influence on both communities.147 This reflects the impact of increasing
urbanisation and reduced physical activity. The review has also shown that studies
are lacking in the northern region of the country as compared to the southern part.
This is in relation to the wealth and economic stability which are indicators of
urbanisation. The southern region outweighs the northern counterpart in terms of the
level of Westernisation.

2.4.4 Limitation of studies in the review
The review could not determine the variability of prevalence rates in relation to the
age group studied since the studies employed different clinical diagnostic criteria for
CMS. Studies, especially those carried out in hospitals/health facilities, did not
describe appropriate methods of sample size and power determination to justify the
reliability of the prevalence projections. None of the studies tried to ascertain the
cardiovascular disease predictive power of the different clinical definitions of CMS
in the Nigerian subjects.

2.5 Conclusion
A significant prevalence of CMS exists in Nigeria, although available studies are
inadequate. More studies, especially longitudinal studies exploring the association
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between WC thresholds, prediabetes and CMS to risk of CVD and T2DM are
envisaged. Rural communities and young adults are yet to be studied. There should
be a rekindled focus on the assessment of these cardiovascular risk factors for at least
two reasons, namely, (1) a consensus on the definition of CMS for the African
population, and (2) for early identification and intervention at the stage where the
morbid conditions can be modified.
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Abstract
Background: Knowledge and attitude are significant factors impinging on whether
individuals seek healthcare service. This flows on to impact public health knowledge
of prevalence of diseases, and in turn, the practice of preventive medicine. As part of
the international research collaboration agenda for Prediabetes and Cardiovascular
Complications Study, a preliminary survey of one of the Ndokwa communities of
Nigeria has been carried out.

Aim: This study was to understand the baseline knowledge, attitudes and practices of
a rural community in regards to cardiovascular diseases, and behaviour toward risk
management.

Materials and Methods: Seventy-four volunteer participants were recruited, after
public lectures, through secondary school and churches in the community. The
survey was done using questionnaire. The knowledge component comprised
questions about educational and personal health opinion. The attitude and practice
components comprised questions about exercises and visiting healthcare facilities.
Occupational backgrounds were also asked.

Results: It is observed that the majority of the community dwellers had (1)
completed at least secondary education, (2) never attended a health check-up, and (3)
did not engage in physical activity in the context of exercise. Twenty of the
participants indicated not being in good health, of whom only 35% had attended
medical check-ups for their ailment. Many of those who were yet to seek healthcare
services cited affordability as their reason. With specific regard to diabetes and
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cardiovascular risk, over 71% of the survey participants were yet to undergo any
blood sugar and/or lipid profile tests.

Conclusion: This preliminary survey indicated that although the majority of
respondents had secondary education and therefore were relatively literate, there was
a gap between their knowledge of ill-health versus attitude and practice toward
prevention, especially in relation to cardiovascular and diabetes diseases.
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3.1 Introduction

3.1.1 CVD risk factors, a burden to developing countries
Cardiovascular diseases are well established as leading contributors to the burden of
diseases in the developing countries,8,9 as well as the developed world. An estimated
16.7 million, or 29.2%, of total global deaths result from the various forms of CVDs,
many of which are preventable by action on the major primary risk factors such as
unhealthy diet, physical inactivity and smoking.10

Eight risk factors of CVDs account for 61% of cardiovascular deaths and they
include alcohol use, tobacco use, high blood pressure, high body mass
index/adiposity, high blood cholesterol and glucose, low fruit and vegetable intake,
and physical inactivity.10 However, the burden of these CVD risk factors together
with the long prevalence of infectious diseases strangulates the health systems. The
convergence of non-communicable and infectious diseases puts new challenges and
opportunities to enact responsive changes in policy and research.104 According to the
WHO, despite the fact that these major CVD risk factors are associated with highincome countries, more than 84% of the total global burden of the disease they cause
occurs in low and middle income countries.10 Low impact of the anti-smoking lobby,
lack of facilities for screening at early stages and lack of awareness of CVD risk
factors in the developing countries may be the contributory factors to the high
disease burden.

In sub-Saharan Africa, there is a significant burden of CVD risks coupled with the
burden of infectious diseases. One of the worrisome scenarios is the substantial
economic burden in the population at large and in households.197 Some settings have
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reported prevalence rates of 86% for diabetes,156 and 42.5% for hypertension175 in
sub-populations of Nigeria. Diabetes and hypertension have been described as the
leading CVD risk factors responsible for the growing CVD burden,198 but the
epidemiology and the burden they inflict on the sub-Saharan nations have not been
clearly elucidated, leading to several deaths from CVD being unaccounted for.

3.1.2 Knowledge, attitude and practice gaps
Data on the knowledge, attitudes and practices (KAP) of the rural communities on
the morbidity and mortality of the metabolic syndrome and its associated diabetes
and CVD risk is lacking in the literature. KAP seeks to identify what people know
about their behaviours that predisposes them to the morbidity and mortality of
diabetes and CVD, how they feel about such behaviours and what they do, either in
response to such behaviours or management procedures towards the chronic health
condition. According to Paul Zimmet and his group, KAP studies can firstly be used
for diagnostic purposes since they describe the population’s current knowledge,
attitude and practice.127 Secondly, they can be implemented to increase insights in a
current situation and help design appropriate specific interventions.128 Thirdly, they
can be used as an evaluation tool to evaluate the effectiveness of certain interventions
or programmes. In these regards, electronic media is emerging as a useful tool in
health interventions,199,200 including diabetes and other chronic diseases.201,202

3.1.3 Objective of the survey
It has been reported that 75% of patients do not know the symptoms of heart
diseases, while 91% have never been told about CVD prevention by their doctors.9
Given the remoteness of Ndokwa communities from the state and federal capital
cities, combined with the level of available health campaigns and facilities, it is
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presumed in this survey that the majority of the population may yet to learn about
their CVD risk or attend any CVD risk screening. Therefore, the KAP regarding
CVD risk factors is worth identifying in the adult population of Ndokwa community.
The objective of this preliminary survey is to understand the baseline knowledge,
attitudes and practices of the rural community in regards to CVD and diabetes,
including their behaviour towards risk management. It shall lead into phase one of
Prediabetes and Cardiovascular Complications Study (PACCS), to identify the KAP
of the people of Ndokwa West Local Government Area of Nigeria.

The research overview or protocol of PACCS has been described 134 and the
overreaching study aim is to develop a screening protocol for the risk of future CVD
and diabetes mellitus in people with prediabetes and undiagnosed diabetes, as well as
to establish a framework for the early identification and intervention of prediabetes
including strategies for holistic management and monitoring of progression.

3.2 Methods
Ahead of commencement of Phase One of the longitudinal study, a preliminary
assessment was conducted in June 2013 to identify needs and gaps in the study area,
in order to tailor the research activities appropriately. Ethics approval was obtained
from the Human Research Ethics Committee of Novena University and the Local
Government Ministry of Health at Kwale, Delta State Nigeria.

3.2.1 Study setting
The study setting is based on PACCS. Abbi community housing a Primary
Healthcare centre within the local council was selected for the study. The mixed
secondary/high (Abbi Grammar School) institution was contacted through the
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principal for a public lecture and recruitment of participants among the staff and
students. Churches in the community were also contacted through their respective
pastors. In all cases, public lectures were followed by the provision of information
sheets as well as consent forms and questionnaires. Seventy-four volunteers, of equal
number (37) of each gender, responded and were included in the pilot screening. The
exclusion criteria were aged less than 18 years or greater than 60 years, if the subject
had previous diagnosis of diabetes, and the inability to provide contacts for future
follow-up should screening for MetS and prediabetes be positive.
A questionnaire from Stanford Patient Education Research Centre was modified to
target the general population and gather vital information. The questionnaire was
grouped into seven sections that encompassed:

 Knowledge questions (Set 1): Educational and occupational background of
participants
 Knowledge questions (Set 2): Opinion on their general health condition
 Attitude and practice questions (Set 3): Monitoring for CVD risk factors they
have performed or that have been done on them
 Attitude and practice questions (Set 4): Exercise activities that they do.

The other information collected included daily activities, dietary habits and existing
symptoms of disease. This information was subjected to later analysis. The data was
keyed into an Excel sheet and analysed using IBM SPSS Statistics 22. Crosstabulations were generated and evaluated. In addition, their knowledge of having a
disease condition in relation to gender difference was assessed.
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KAP was evaluated by determining the percentage of those whose health status
require healthcare, but failed to seek for such service. This was achieved by
stratifying participants’ opinions on their general health condition, and then crosschecking with responses on the questionnaire regarding visiting clinic and/or
monitoring for CVD risk factors they had performed or undergone.

3.3 Results
The study had 74 participants of 120 shared questionnaires, out of which 37 (50%)
were males and 37 (50%) were females. The age of participants ranged between 18
and 74 years. The 45–54 age group had the highest number of respondents (Table
3.1). Educational and occupational status is given in Table 3.2.

Table 3.1: Age and sex distribution of respondents
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Table 3.2: Educational and occupational distribution of respondents

A summary of the responses to questions used to assess knowledge, and attitude
about CVD/health risk factors is presented in Table 3.3. Four major physical
activities were identified among participants. The percentage of physical activities
they engaged during the last four weeks is shown in Figure 3.1.
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Table 3.3: Summary of selected responses to questions on knowledge and
attitude about CVD risk factors

Figure 3.1: Percentage of physical activities engaged in by participants during
the last four weeks
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Twenty participants indicated that their health condition was not good, but only
seven have visited a clinic for check-up. Further, only 39.2% of the population can
remember having attended a health facility for check-up; less have performed test for
blood glucose level (BGL) or lipid profile (Figure 3.2). The participants’ responses
to reasons for not seeking medical attention were “There is no reason”, “There is no
ill-health”, “I hardly fall sick”, “I am healthy”, ”My health is good”, “It’s
expensive”, “No money to attend regular check-up”, “Due to financial problem”

Figure 3.2: Percentage of study population who had never visited health facility

The proportion of participants who reported having knowledge of suffering a disease
condition is presented in Figure 3.3. Among the 41.9% respondents who confirmed
having a disease condition, 9.5% had high blood pressure and 1.4% were affirmed to
be suffering from diabetes (Figure 3.3).
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Figure 3.3: Prevalence of diseases according to participants’ knowledge

3.4 Discussion
This survey included participants considered to be adult age from 18 years old (Table
3.1 above). Reviewing the volunteers as a representation of the study population, it is
observed that over 71% had achieved secondary school education or higher. In the
context of physical activity, it is observed that only about 16.3% were in a physically
demanding occupation (Table 3.2 above).

Assessment of the participants’ responses to questions regarding physical activity
indicates that most people did not engage in exercise. For instance, it is observed that
64.9% did not do swimming exercise, while only 1.4% did it for >3hrs/week. The
exercise activity most frequently done was bicycling and walking, with 16.2%
engaging in either of the two for over 3 hrs/week (Figure 3.1).
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In evaluation of KAP, 20 participants indicated that their health condition was poor
or below good, of which only seven had visited a clinic for a check-up. The other
thirteen translates to 65% of those who had knowledge of ill-health, but with a KAP
gap. This study shows that only 39.2% of the population can ever remember having
attended a health facility for check-up (Figure 3.2), though only 28.4% do so
regularly (Table 3.3). With such KAP deficiency the people may not have relevant
information that can inform their health condition and enhance the attitude of healthseeking behaviour. Among those who had never visited a clinic, 10.4% of the subpopulation did not have any reason for not visiting clinic or doctor (Table 3.3). This
can be viewed as nonchalant attitude to health. Eight (16.7%) of our respondents
believed that not falling ill or being apparently healthy is good enough reason not to
seek health checks. This is the context where CVD risk assessment tools are
important especially for prediabetes and pre-hypertension. Health literacy impacts on
the effectiveness of chronic disease management of which patient self-management
is a central pillar.203,204 Self-management, which is a pillar of chronic disease
management, is unachievable if patients are unaware of their condition.205 Poor
health literacy is also associated with socio-demographic factors such as age,
socioeconomic status and education levels.204,206 This could be seen in 10 (13.5%)
respondents in our study who claimed that their poor financial status was a reason for
not seeking health checks with a doctor or clinic. Further observation from the
survey revealed that about three-quarters of the population have never done a blood
glucose check or lipid profile (Figure 3.2). While in Nigeria there is no formal
country-specific guideline for CVD prevention and management, this high
proportion of the population represents the KAP gap regarding CVD risk within the
community. In other words, if any existing risk in this population progresses to overt
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CVD, there could be an epidemic that the public healthcare providers may be
unprepared for.

We assessed the population in regard to their knowledge of disease condition. It
seems that females have a greater number of diseases. For instance, seven women
indicated having suffered hypertension, whereas only one male participant indicated
so. Among the top 6 diseases prevalent in the community, females are shown to have
25.8% of CVD conditions, while males demonstrate relatively low knowledge of
these disease conditions (Figure 3.3). According to Uchenna and colleagues,9 83.5%
had not checked their blood cholesterol in the last 18 months. While their result
corroborates with our finding, their study setting differed in that they sampled
patients attending a specialist clinic. The KAP gap on CVD risk factors is not relative
only to patients but also to clinicians. Despite the relevance of this topic, clinical
awareness is still unsatisfactory.64 A report in the UK investigated 34 general
practitioners’ knowledge and attitudes to impaired glucose tolerance and the results
indicated that awareness of the existence of impaired glucose tolerance was
satisfactory but that consciousness of the prevalence and clinical significance of
impaired glucose tolerance was poor: 16 (47%) participants were unaware of the risk
of impaired glucose tolerance progressing to T2DM mellitus, and 21 (62%) were
unaware of the increased risk of CVD.131 There is, therefore, the need for concerted
effort for health education about CVD risk factors in these communities and such
health education should be informed using lay perceptions in order to maximise the
appropriateness of the message and their effect on knowledge, attitude and
behaviour.129
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3.5 Conclusion
This preliminary survey indicates a high proportion of the population not seeking
medical attention for various reasons. The scenario was borne out of perceived
knowledge, attitude and practice of the people towards CVD risk factors. The
research indicates that appropriate health education and measures to improve
affordability and accessibility to health interventions would be an important step to
increase KAP gaps and enhance CVD prevention and management.
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Abstract
Background: In Nigeria, reports on the prevalence of modifiable cardiovascular
disease (CVD) risk factors are scarce. In addition, socio-economic status (SES), an
important component of the socioeconomic gradient in CVD and its risk factors, has
not been clearly elucidated. This study sought to assess the prevalence of CVD risk
factors and how the difference in prevalence and accessibility to CVD risk screening
across income levels and educational backgrounds contributes to disease diagnosis in
rural and urban Nigerian adults.

Methods: A cross-sectional study was carried out on a sociocultural ethnic group of
persons living in rural and urban settings. All participants were aged ≥ 18 years. The
WHO STEPS questionnaire was used to document the demographics, history of
previous medical check-up or screening, anthropometric and biochemical
measurements of the participants. Average income level and educational status were
indicators used to assess the impact of SES. Multivariate analyses were performed to
assess any difference between the geographical locations and SES indicators, and
prevalence of CVD risk factors and access to CVD risk screening.

Results: The 422 participants (273 females and 149 males) had a mean age (±
standard deviation) of 38.3 ± 20.5 and 42.9 ± 20.7 years, respectively. Only total
cholesterol (p = 0.001), triglyceride (p = 0.005), high density lipoprotein cholesterol
(HDL) (p < 0.0001), body mass index (BMI) (p = 0.03) and average income rate
(p = 0.01) showed significant difference between gender groups. Overall prevalence
of prediabetes (4.9%), diabetes (5.4%), hypertension (35.7%), low HDL (17.8%),
hypertriglyceridemia (23.2%), hypercholesterolemia (38.1%) and central obesity of
52.2% was recorded. Except between total cholesterol (p = 0.042) and HDL
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(p = 0.017), other CVD risk factors did not show statistical significance across
income levels. Participants with ‘university and postgraduate education’ had higher
access to blood pressure and blood glucose screening compared to other educational
groups; and this showed a statistical significance.

Conclusion: This study has shown that a significant number of modifiable CVD risk
factors exist in the rural and urban migrants of an adult Nigerian population. While
income level did not affect the CVD risk factor prevalence, it did affect accessibility
to CVD risk screening. There is a need for access to diagnosis of modifiable risk
factors at all levels of society.
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4.1 Introduction
The prevalence of risk factors for cardiovascular disease (CVD) is on the increase in
the developing nations of the world. Worldwide, CVD accounts for the majority of
deaths due to chronic diseases,207 and more than 80% of the global burden of CVD
will occur in low and middle income countries.208

Socio-economic status (SES) is a predictor of CVD and its risk factors. However, the
nature of this relationship varies depending on the economic development of the
country.209-212 In high income countries, the evidence points to an inverse
relationship between SES and CVD risk factors in the adult population, regardless of
indicators of SES used.213,214 This trend differs in low-middle income countries and
among those of lower SES in the developed countries where lower SES is a potential
marker of poor health outcomes.215

In Nigeria, few reports on the association between SES and cardio-metabolic
syndrome varies. High prevalence of cardiometabolic risk factors was found in high
SES groups than in low SES groups,183,216,217 while Mbada et al.

218

noted a higher

prevalence of obesity in the lower SES of a semi-urban Nigerian population. These
few reports studied SES as an entity; however, the component of the SES driving the
trend of the relationship in prevalence is worth exploring in relation to how it affects
risk factor screening.

The objective of this study is to assess the prevalence of CVD risk factors and how
the difference in prevalence and accessibility to CVD risk screening across income
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levels and educational backgrounds contributes to disease diagnosis in rural and
urban Nigerian adults.

4.2 Methods

4.2.1 Ethical considerations
In addition to ethical approval from the Human Research Ethics Committee of
Novena University and the Local Government Ministry of Health at Kwale, Delta
State Nigeria, clearance for this study was approved by the Human Research Ethics
Committee of Charles Darwin University, Australia (HREC Reference: H14003).
Prior to each day’s sample collection, a public lecture was delivered to the
participants describing all information regarding the study. Information sheets and
consent forms were dispatched to the participants. All participants provided written
informed consent, either by signing or thumb printing on the consent form before
they were enrolled for the study.

4.2.2 Study design and participants
This study was a population-based cross-sectional study conducted between May and
July 2014. It was part of Phase One of the Prediabetes and Cardiovascular
Complication Study (PACCS), which has been previously described.134,219 One of the
intentions was to recruit participants to be followed up for the second and third
phases of the ‘bigger’ research. The target population was adult residents from ≥ 18
years of age. A two-stage cluster sampling technique was employed on a
sociocultural ethnic group of persons living in rural and urban settings. For each
cluster, all 18 year old students in selected secondary schools were sampled. Other
participants within each cluster were enrolled through school premises, primary
healthcare centres and town halls. Information about the study and days for screening
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was conveyed to the respective communities through town criers, churches,
community leaders and school principals. The rural populations were drawn from
Abbi (representative of remote cluster) and Kwale (representing government
headquarter cluster of the rural area) communities in Ndokwa West Local
Government Area (LGA) Delta State, while the urban population were indigenes of
Ndokwa West LGA living in Lagos State Nigeria. Scheduled screening exercises
were carried out at designated school premises, primary healthcare centres and town
halls in Abbi and Kwale, Nigeria. Onyx Hospital and Maternity was the screening
centre for Lagos State participants. Those meeting the inclusion criteria: ≥18 years of
age, apparently healthy, verifiable contact address and residents/indigene of the study
area were included in the study.

4.2.3 Anthropometric measurements
For assessment of obesity, waist circumference was measured midway between iliac
crest and coastal margin. Height and weight were measured using a wall mounted
stadiometer (Seca®, USA) and human weighing scale (Precision Hana®, India),
respectively. The height and weight measurement readings were used to determine
the BMI.140 This was further grouped into underweight (<18.5 kg/m2), normal weight
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and obese (>30 kg/m2). The waist
circumference (WC) threshold for sub-Saharan ethnicity by Joint Scientific
Statement on Harmonizing the Metabolic Syndrome

88

was also used to describe

obesity status (Yes or No). In males, WC>94 cm was classified as obesity status
‘Yes’ while in females WC>80 cm is obesity status Yes. For hypertension, systolic
and diastolic blood pressure readings were taken three times with a digital blood
pressure machine (Omron®, Australia). The first blood pressure reading was
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discarded, taking average of the second and third readings. Guidelines established by
the International Diabetes Federation (IDF)

88,220

were used to define hypertension in

this study groups, because the recent consensus statement on harmonising the
metabolic syndrome recommended the cut-points used in the study for sub-Saharan
ethnicity corresponds to the IDF criteria.88 Hypertension was classified as systolic
blood pressure reading ≥130 mmHg and/or diastolic blood pressure of ≥85 mmHg.

4.2.4 Blood tests
All participants were instructed to fast overnight for at least 8 hours prior to
collection of the fasting blood sample. Those who reported fasting below the given
timeline were grouped to be tested using random blood sample as described by the
American Diabetes Association.221 The cut-offs were 100–125 mg/dL (prediabetes)
and ≥126 mg/dL (diabetes) for impaired fasting glucose. 140–199mg/dL
(prediabetes) and ≥200 mg/dL for random blood sample. Classification of the lipid
profile parameters (total cholesterol, triglyceride and high density lipoprotein
cholesterol) followed the IDF criteria.220 Boundary values ≥200 mg/dL indicates
hypercholesterolemia, ≥150 mg/dL (hypertriglyceridemia), ≤40 mg/dL (low HDL in
men) and ≤50 mg/dL (low HDL in women). Specimens for biochemical analysis
were fresh capillary whole blood collected by finger prick. CardioChek®
Professional Analyser was used to measure blood glucose level and lipid profile
according to the manufacturer’s instructions.

4.2.5 Demographics and other questionnaire-based variables
The WHO STEPS questionnaire for non-communicable diseases surveillance was
adopted to document the demographics, behavioural characteristics (tobacco and
alcohol use, diet, level of physical activity and history of diseases), anthropometric
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and biochemical measurements of the participants.222 Demographic characteristics,
including gender, age in years, highest level of education completed, main work
status, average income earnings and number of people >18 years in same household
were self-reported and recorded on the questionnaire during a face-to-face interview.
Average income earnings were reported in Nigerian Naira, but were converted to the
International US dollar using the Google Finance currency converter database on 23 rd
October 2014 (₦1 = US$0.0061) and categorised into five groups: low income
(<$109/month), low-mid income ($110–$310/month); upper-mid income ($311–
$640/month) and high income (>$645/month).

4.2.6 History of previous medical check-up or screening
Participants’ accessibility to CVD risk screening was reported during the face-to-face
interview. Participants were asked whether or not they have ever had their blood
pressure, blood sugar, and cholesterol measured by a doctor or other health workers.
Dichotomous no/yes responses were recorded in the questionnaire.

4.2.7 Statistical analysis
Sample size was calculated using the StatCalc application from the Epi-Info
sowftware (version 7.1, CDC Atlanta USA). Assuming 25% response distribution at
5% confidence limits (margin of error), the study sample size would be
approximately 203 at 90% confidence level or 68 at 90% confidence level for each
cluster. These were below our actual study sample size. Frequency table for the
demographic information were determined. Prevalence of CVD risk factors and
history of CVD risk screening were compared between gender and stratified age
groups. The Chi-square test was used to test for significance.
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Multivariate analyses were performed in two phases. Firstly, dichotomous ‘yes/no’
response variables including history of blood sugar, blood pressure, and lipid profile
check-ups were analysed to find if there exist any difference between the various
groups (educational status, income level and location). Secondly, continuous
variables including BMI, WC, diastolic and systolic blood pressure, as well as blood
glucose (BG), high density lipoprotein cholesterol (HDL), total cholesterol (CHOL)
and triglycerides (TG) were analysed. Each of the two phases of data analyses were
performed thrice to evaluate the relationship with three factors, which included:
1. Income status categorised in 4 groups, namely, low income (<$109/month),
low-mid income ($110 – $310/month); upper-mid income ($311–
$640/month) and high income (>$645/month). Excluded ‘unknown group’
were majorly participants who have no form of employment/income and
those who declined to indicate.
2. Educational status categorised in 4 groups – ‘no formal school’ and ‘less than
primary education’ were grouped together to form a group, ‘university’ and
‘postgraduate education’ were also regrouped together, while primary and
secondary education stood alone.
3. Geographical location categorised into 3 groups (urban and two rural
communities).
Fisher’s Least Significant Difference (LSD) post hoc analysis was employed to
determine mean difference of subgroups of educational status, income level and
geographical location with CVD risk factors and history of blood sugar, blood
pressure and lipid profile check-ups. Level of significance was set at 0.05.
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4.3 Results

4.3.1 Baseline characteristics of participants
Study participants included 149 men and 273 women. The distribution and
characteristics of demographic variables among the three cluster groups are
summarised in Tables 4.1 and 4.2. In all the three study locations, the number of
female participants was higher than the male counterparts. The mean age amongst
participants was 42.9±20.7 and 38.3±20.5 for males and females, respectively, with
females accounting for 64.7% of the total participants. Participants in the urban
location (Lagos) had the highest average daily income of 21.33±4.758 US$. There
was a statistically significant difference between gender subgroups in terms of
average daily income (p<0.05). The Abbi community (rural) recorded 29.7% of
participants without any form of formal education and this was the highest among the
three studied geographical locations. The urban participants were more educated and
received higher incomes than the rural counterparts. Among gender, total cholesterol
(p = 0.001), triglyceride (p = 0.005), HDL (p < 0.0001), BMI (p = 0.03) and average
income rate (p = 0.01) showed a statistically significant difference.
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Table 4.1: Demographic information
Characteristics
Gender
Male
Female
Total
Age group
18-24
25-34
35-44
45-54
55-64
65-74
≥75
Missing variables
Education completed
No formal school
Less than primary school
Primary school
Secondary school
University
Postgraduate
Refused
Missing variables
Work status
Government employee
Non-government employee
Self-employed
Non-paid
Student
Homemaker
Retired
Unemployed (able to work)
Unemployed (unable to work)
Refused
Missing variables
Average daily income (US$)
Low income
Low-middle income
Upper-middle income
High income
Unknown

Abbi [n (%)] Kwale [n (%)] Lagos[n (%)]
56 (38.6)
89 (61.4)
145 (34.4)

51 (28.2)
130 (71.8)
181 (42.9)

42 (43.8)
54 (56.3)
96 (22.7)

34 (23.8)
10 (7.0)
17 (11.9)
15 (10.5)
11 (7.7)
17 (11.9)
39 (27.3)
2

106 (58.6)
21 (11.6)
19 (10.5)
27 (14.9)
8 (4.4)
0 (0.0)
0 (0.0)
0

11 (11.7)
8 (8.5)
25 (26.6)
27 (28.7)
17 (18.1)
4 (4.3)
2 (2.1)
2

43 (29.7)
4 (2.8)
68 (46.9)
19 (13.1)
10 (6.9)
0 (0.0)
1 (0.7)
0

6 (3.4)
2 (1.1)
95 (53.1)
46 (25.7)
24 (13.4)
6 (3.4)
0 (0)
2

1 (1.0)
4 (4.2)
35 (36.5)
36 (37.5)
17 (17.7)
3 (3.1)
0 (0.0)
0

7 (4.8)
3 (2.1)
23 (15.9)
58 (40.0)
31 (21.4)
2 (1.4)
6 (4.1)
6 (4.1)
8 (5.5)
1 (0.7)
0

28 (15.6)
1 (0.6)
24 (13.3)
14 (7.8)
106 (58.9)
0 (0.0)
0 (0.0)
6 (3.3)
1 (0.6)
0 (0.0)
1

2 (2.1)
17 (17.7)
58 (60.4)
0 (0.0)
7 (7.3)
2 (2.1)
5 (5.2)
4 (4.2)
1 (1.0)
0 (0.0)
0

41 (28.3)
15 (10.3)
3 (2.1)
1 (0.7)
85 (58.6)

21 (11.6)
15 (8.3)
5 (2.8)
4 (2.2)
136 (75.1)

20 (20.8)
25 (26.0)
10 (10.4)
14 (14.6)
27 (28.1)
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Table 4.2: Average (Mean±SD) levels of demographic, anthropometric and
biochemical parameters
Cluster subgroups*
Age (years)†

Gender subgroups

Abbi

Kwale

Lagos

Male

Female

51.27±2.03

28.24±1.0

45.1±13.4

42.9±20.7

38.3±20.5

3.79±0.61

8.80±1.58

21.33±4.758 19.47±4.78 7.39±1.33

87.31±0.93

83.11±0.99

94.1±16.3

Average
daily
income†
WC (cm)
TCHOL
(mg/dL)†
TG
(mg/dL)†
HDL
(mg/dL)†
BMI
(kg/m2)†
Systolic
(mmHg)
Diastolic
(mmHg)
FBG
(mg/dL)
RBG
(mg/dL)

86.7±11.5

87.2±15.1

208.16±8.70 191.05±6.52 173.0±16.3

174.4±76.6 202.0±82.5

137.42±5.54 120.71±4.18 117.5±56.2

136.1±61.6 118.5±53.2

73.04±2.29

75.29±1.86

63.4±20.4

64.4±24.5

75.8±22.5

23.41±0.43

24.05±0.49

25.2±5.0

23.3±4.6

24.5±6.3

120.94±2.25 119.20±2.76 133±19.8

124.0±21.9 122.4±34.7

72.76±2.44

69.93±0.90

80.0±12.4

72.7±12.7

73.5±23.1

101.76±5.99 80.95±2.12

88.2±26.6

95.6±48.1

88.3±45.8

116±0.0

103.4±29.6

102.9±29.7 94.8±26.4

92.34±2.92

Significant level α=0.05; FBG = Fasting blood glucose, RBG = Random blood
glucose, TCHOL = total cholesterol, TG = Triglycerides, WC = waist circumference,
HDL = high density lipoprotein cholesterol, BMI = body mass index
*Statistical significance levels between subgroups presented in Table 4
†
statistically significant difference between gender subgroups;
All missing data variables were excluded from the analysis
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4.3.2 Prevalence of CVD risk factors and CVD risk screening/checkups across gender and age-groups
Prevalence of prediabetes in the entire study population was 4.9% (95%CI: 2.7–
7.0%) based on the cut-off standards adopted in the study. Overall prevalence of
diabetes in our study is 5.4% (95%CI: 3.2–7.6%). Among females, prevalence of
prediabetes and diabetes was 5.2% (95%CI: 2.6–8.2%) and 2.6% (95%CI: 0.9–
5.2%), respectively. Prevalence of diabetes was higher in males (10.9%; 95%CI:
6.5–16.7%) than in females (p=0.003). Also, the results show that obesity (based on
BMI and/or WC cut-off points) appears to be more prevalent in females than males;
while hypertension and dyslipidaemia were more in males than females (Figure 4.1).
More males have had their blood pressure, blood glucose and cholesterol levels
checked than females, but statistically significant difference only exist between
males and females in blood pressure (X2;p = 0.002) and blood sugar checks (X2;p =
0.028) (Figure 4.2).
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Figure 4.1: Prevalence of CVD risk factors across gender and general
population
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Figure 4.2: Percentage of participants who have had CVD risk checks/screening
among gender

Further, the lower age groups 18–24 and 25–34 years had the highest prevalence of
low HDL of 19.7% (95%CI: 13.2–27.0%) and 34.3% (95%CI: 20.0–51.4%),
respectively. A sizeable prevalence of prediabetes was found to exist at the lower age
groups, with the highest prevalence seen to occur among the 34–45 years old
participants. The prevalence of hypertension and central obesity increased with
increase in age, peaking at 54–64 year age group (Table 4.3A). Across all age
groups, the mostly accessed CVD risk screening was blood pressure checks (X2; p<
0.0001) while the least accessed was cholesterol (lipid profile) checks (X2; p = 0.094)
(Table 4.3B).
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16.8 (10.222.6)

Hypertension

Obesity (WC)

3.4 (0.7-6.7)

1.3 (0.0-3.4)

Have had BG measured

Have had CHOL measured

0.0

43.6 (28.261.5)
7.7 (0.0-15.4)

28.6 (14.342.9)
51.4 (34.368.6)

25-34
11.4 (2.920.0)
22.9 (11.435.5)
17.1 (5.728.6)
34.3 (20.051.4)
2.9 (0.0-11.4)
0.0

70.5 (59.082.0)
26.2 (14.837.7)
4.9 (0.0-11.5)

86.4 (78.893.9)
36.4 (24.247.0)
4.5 (0.0-10.6)

83.3 (69.494.4)
55.6 (38.969.4)
11.1 (2.822.2)

Age group in years (95% confidence interval)
35-44
45-54
55-64
22.4 (10.232.3 (21.046.9 (28.132.7)
43.5)
63.8)
32.7 (21.648.4 (33.959.4 (40.646.9)
61.3)
75.0)
16.3 (6.132.3 (21.015.6 (6.328.6)
43.5)
28.1)
20.4 (10.214.5 (6.512.5 (3.134.7)
24.2)
25.0)
8.2 (2.0-16.3) 6.5 (1.6-12.9)
0.0
4.1 (0.0-10.2) 8.1 (1.6-14.5)
18.8 (6.331.3)
40.8 (26.554.8 (38.768.8 (50.055.1)
66.1)
84.4)
77.6 (64.579.0 (67.787.5 (75.088.6)
88.7)
96.9)
65.0 (45.085.0)
35.0 (15.055.0)
5.0 (0.0-15.0)

0.0
25.0 (6.350.0)
56.3 (37.581.3)
68.8 (43.887.5)

65-74
37.5 (16.262.5)
62.5 (37.581.3)
12.5 (0.031.3)
6.3 (0.0-25.0)

51.2 (36.665.9)
19.5 (7.331.7)
7.3 (0.0-17.1)

71.0 (54.885.2)
64.5 (48.480.6)

6.5 (0.0-16.1)
6.5 (0.0-16.1)

≥75
48.4 (29.067.7)
74.2 (56.790.3)
12.9 (3.225.8)
6.5 (0.0-17.5)

0.094

<0.0001

<0.0001

<0.0001

<0.0001

0.398
<0.0001

0.053

<0.0001

<0.0001

pvalues
<0.0001
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diabetes, HYP = hypertension, WC = waist circumference, ↑ = hyper, ↓ = low

TG = triglycerides, CHOL = total cholesterol, BMI = body mass index, HDL = high density lipoprotein cholesterol, PD = prediabetes, DB =

6.7 (3.4-11.4)

Have had BP measured

B. CVD risk screening

7.3 (2.9-11.7)

Prediabetes
Diabetes

18-24
10.2 (5.115.6)
23.4 (16.130.7)
2.2 (0.0-4.4)

19.7 (13.127.0)
3.6 (0.7-7.3)
0.7 (0.0-2.9)

↓HDL

Obesity (BMI)

↑CHOL

↑TG

A. CVD risk factors

Table 4.3: Prevalence of CVD risk factors and accessibility to CVD risk screening across age groups
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4.3.3 Prevalence of CVD risk factors and CVD risk screening/checkups across subgroups of geographical location, average daily income
and level of education
Prevalence of hypercholesterolemia was higher in the two rural populations 51.8%
(95%CI: 41.4–61.3) and 34.8% (95%CI: 27.4–42.9) than the urban area 29.3%
(95%CI: 19.7–40.2), while the urban participants had higher prevalence of central
and overall obesity and hypertension. Overall, the highest prevalence of prediabetes,
diabetes, low HDL and hypertriglyceridemia was recorded in Abbi community,
which is the most remote of the study locations. Apart from blood glucose, other
assessed CVD risk variables showed significant difference between the urban
population and rural populations. In addition, a statistical significance exists between
the rural subjects and the urban subjects in terms of having had access to CVD risk
screening (Tables 4.4 and 4.5).
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Education
completed

Average Daily
income (US$)

Geographical
location

A: CVD risk factors

University and
Postgraduate

Secondary education

Primary education

No formal education and
Less than primary
education

High income

Upper-middle income

Low-middle income

Low income

Lagos

Kwale

Abbi

69.4 (57.182.5)
29.7 (22.636.6)
31.8 (22.342.0)
50.9 (37.763.0)

16.0 (11.221.7)
19.3 (10.927.3)
39.6 (26.452.8)

51.8 (41.461.3)
34.8 (27.442.9)
29.3 (19.740.2)
45.9 (33.858.1)
44.7 (31.957.4)
35.3 (11.852.9)
38.9 (16.761.1)

32.7 (22.742.2)
19.5 (13.825.9)
19.6 (12.028.7)
28.4 (18.939.2)
29.8 (17.044.7)
17.6 (0.035.3)
44.4 (19.966.7)
40.8 (26.555.9)

↑CHOL
(95%CI)

↑TG
(95%CI)
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24.5 (13.235.8)

10.3 (6.315.4)
12.5 (5.719.3)

10.2 (2.020.4)

8.2 (2.712.7)
14.0 (9.119.2)
17.4 (9.826.1)
17.6 (8.927.0)
21.3 (10.634.0)
11.8 (0.029.4)
16.7 (0.033.3)

Obese
(BMI)
(95%CI)

18.9 (8.730.2)

16.6 (10.922.3)
21.6 (12.531.2)

12.2 (4.121.3)

19.1 (12.726.4)
17.1 (11.023.2)
17.4 (9.826.1)
14.9 (8.123.0)
19.1 (8.531.9)
11.8 (0.029.4)
33.3 (11.155.6)

↓HDL
(95%CI)

5.7 (0.0-13.2)

6.8 (2.3-12.5)

4.0 (1.7-7.1)

5.7 (0.012.1)

4.6 (1.78.2)
6.8 (2.312.5)

6.1 (0.014.3)

22.2 (5.638.9)
0.0

2.0 (0.0-6.1)

0.0

10.9 (5.516.4)
1.8 (0.04.3)
5.4 (1.19.8)
4.1 (0.08.1)
6.4 (0.014.9)

Diabetes
(95%CI)

11.8 (0.0-29.4)

2.1 (0.0-6.4)

8.1 (2.7-14.9)

4.3 (1.1-8.7)

3.7 (1.2-6.7)

6.4 (2.3-10.9)

Prediabetes
(95%CI)

47.2 (33.260.4)

24.6 (17.531.4)
34.1 (23.944.3)

59.2 (46.973.5)

37.3 (28.247.3)
23.2 (16.829.9)
53.3 (43.064.1)
54.1 (41.966.2)
46.8 (31.959.6)
52.9 (29.476.5)
33.3 (11.155.6)

Hypertension
(95%CI)

66.0 (52.879.2)

41.1 (34.348.6)
53.4 (43.263.6)

71.4 (57.183.7)

51.8 (41.861.8)
40.2 (32.348.2)
72.8 (63.081.5)
81.1 971.689.8)
66.0 (51.178.7)
47.1 (23.567.1)
83.3 (64.4100)

Obese (WC)
(95%CI)

Table 4.4: Percentage prevalence of CVD risk factors and accessibility of CVD risks screening across subgroups of geographical
location, average daily income and level of education among study population
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27.1 (18.8-35.4)
38.8 (29.5-50.0)
27.3 (16.4-40.0)
16.7 (0.0-33.3)
0.0

51.7 (37.9-64.5)

69.9 (63.3-76.5)
43.6 (33.7-54.5)

72.9 (64.6-81.3)
61.3 (50.0-70.5)
72.7 (60.0-83.6)
83.3 (66.7-100)
100.0

48.3 (35.5-62.1)

30.1 (23.5-36.7)
56.4 (45.5-66.3)
79.7 (69.5-89.8)

Lagos

Low income

Low-middle income

Upper-middle income

High income

No formal education and
Less than primary education

Primary education

Secondary education

University and
Postgraduate

86

20.3 (10.2-30.5)

67.6 (60.8-74.7)

32.4 (25.3-39.2)

Kwale

54.2 (46.9-62.5)

45.5 (37.5-53.1)

35.6 (23.7-48.2)

22.8 (14.9-32.7)

13.8 (8.7-18.4)

20.7 (10.3-31.0)

57.9 (34.7-78.9)

33.3 (16.7-55.6)

30.9 (18.2-42.6)

27.5 (18.8-37.5)

36.5 (27.1-44.8)

11.9 (7.4-17.0)

18.9 (12.6-24.8)

Yes (95%CI)

No (95%CI)

Yes (95%CI)

64.4 (51.8-76.3)

77.2 (67.3-85.1)

86.2 (81.6-91.3)

79.3 (69.0-89.7)

42.1 (21.1-65.2)

66.7 (44.4-83.3)

69.1 (57.4-81.8)

72.5 (62.5-81.3)

63.5 (55.2-72.9)

88.1 (83.0-92.6)

81.1 (75.2-87.4)

No (95%CI)

Ever had BG measured?

Ever had BP measured?

BP = blood pressure, BG = blood glucose, CHOL = cholesterol

Education
completed

Average Daily
income (US$)

Geographical
location

Abbi

B: History of CVD risk Screening

8.5 (1.7-16.0)

5.0 (1.0-9.9)

1.5 (0.0-3.6)

5.2 (0.0-12.1)

5.3 (0.0-15.8)

5.6 (0.0-16.7)

9.1 (1.8-18.2)

5.0 (1.3-10.0)

8.3 (3.1-14.6)

1.7 (0.0-3.6)

3.5 (0.7-6.3)

Yes (95%CI)

91.5 (84.0-98.3)

95.0 (90.1-99.0)

98.5 (96.4-100)

94.8 (87.9-100)

94.7 (84.2-100)

94.4 (83.3-100)

90.9 (81.8-98.2)

95.0 (90.0-100)

91.7 (85.4-96.9)

98.3 (96.4-100)

96.5 (93.7-99.3)

No (95%CI)

Ever had CHOL measured?

Table 4.4: Percentage prevalence of CVD risk factors and accessibility of CVD risks screening across subgroups of geographical
location, average daily income and level of education among study population (Continued)
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Highest prevalence of central obesity, hypertriglyceridemia, diabetes and low HDL
was found in the high income group. Except between ‘low-middle income and low
income’ groups for CHOL (p = 0.042), and ‘high income and low income’ groups for
HDL-C (p = 0.017), other CVD risk factors did not show a statistical significance
across income levels. Among individuals who have had access to blood pressure and
blood glucose screening, statistical significance only exists between the high income
group and ‘low-middle income and low income’ groups.

There was a significant difference between individuals with ‘university and post
graduate education’ and ‘no formal education and less than primary education’ and
those with primary education and secondary education, respectively, in regards to
prevalence of hypertriglyceridemia and hypercholesterolemia. Significant difference
also exists between the ‘university and postgraduate education’ group and other
groups in prevalence of obesity. Having had access to blood pressure and blood
glucose screening was significantly different between the ‘university and
postgraduate education’ and other educational groups (Tables 4.4 and 4.5).
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Abbi

Kwale
Abbi

Kwale
Abbi

Kwale
Abbi

Kwale
Abbi

Kwale
Abbi

Kwale
Abbi

Kwale
Abbi

Kwale
Low income

Waist circumference

Total cholesterol

Triglycerides

HDL cholesterol

Body Mass Index

Systolic blood pressure

Diastolic blood pressure

Blood glucose

Waist circumference

Low-mid income

Independent variables

A. CVD risk factors
Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Low-mid income
Upper-mid income
High income
Upper-mid income
High income
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4.02*
-6.65*
-10.67*
20.86*
37.89*
17.02
18.39*
20.56*
2.17
-1.34
9.55*
10.88*
-0.80
-1.91*
-1.11
0.72
-11.45*
-12.17*
2.88
-6.32*
-9.20*
16.12*
6.76
-9.37
1.20
1.51
-3.61
0.31
-4.81

Mean difference
1.675
1.919
1.765
9.963
11.415
10.496
6.981
7.999
7.355
2.890
3.311
3.044
0.705
0.808
0.743
3.763
4.312
3.965
2.481
2.843
2.614
5.088
5.830
5.360
2.479
3.575
3.493
3.762
3.684

Standard error
.017
.001
.000
.037
.001
.106
.009
.011
.768
.644
.004
.000
.260
.019
.135
.849
.008
.002
.246
.027
.000
.002
.247
.081
.629
.673
.302
.935
.193

p-value

95% confidence interval
Lower bound
Upper bound
.73
7.31
-10.42
-2.87
-14.14
-7.20
1.27
40.46
15.44
60.34
-3.62
37.66
4.66
32.12
4.83
36.28
-12.30
16.63
-7.02
4.35
3.03
16.06
4.90
16.87
-2.18
0.59
-3.50
-0.32
-2.57
0.35
-6.69
8.12
-19.93
-2.97
-19.97
-4.37
-1.99
7.76
-11.91
-0.73
-14.34
-4.06
6.12
26.13
-4.71
18.22
-19.91
1.17
-3.68
6.08
-5.52
8.54
-10.48
3.26
-7.09
7.71
-12.05
2.44

Table 4.5: Fisher's Least Significant Difference (LSD) post hoc multivariate analysis within subgroups of geographical location, average
daily income and education: in association with CVD risk factors and history of disease screening
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Diastolic blood pressure

Systolic blood pressure

Body Mass Index

HDL cholesterol

Triglycerides

Total cholesterol

Upper-mid income
Low income

Low-mid income

Upper-mid income
Low income

Low-mid income

Upper-mid income
Low income

Low-mid income

Upper-mid income
Low income

Low-mid income

Upper-mid income
Low income

Low-mid income

Upper-mid income
Low income

High income
Low-mid income
Upper-mid income
High income
Upper-mid income
High income
High income
Low-mid income
Upper-mid income
High income
Upper-mid income
High income
High income
Low-mid income
Upper-mid income
High income
Upper-mid income
High income
High income
Low-mid income
Upper-mid income
High income
Upper-mid income
High income
High income
Low-mid income
Upper-mid income
High income
Upper-mid income
High income
High income
Low-mid income
Upper-mid income
High income
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-5.12
31.05*
28.06
22.20
-2.99
-8.85
-5.86
4.78
9.49
-11.45
4.71
-16.23
-20.94
6.44
1.56
14.92*
-4.88
8.48
13.36
0.05
1.00
-0.23
0.95
-0.28
-1.23
8.47
8.99
10.97
0.51
2.50
1.99
-0.99
-3.42
-3.39
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4.495
15.248
21.987
21.485
23.137
22.660
27.648
10.628
15.325
14.974
16.126
15.794
19.270
4.429
6.387
6.241
6.721
6.582
8.031
1.035
1.493
1.459
1.571
1.539
1.878
5.609
8.088
7.903
8.511
8.336
10.170
3.783
5.455
5.330

.256
.042
.203
.302
.897
.696
.832
.653
.536
.445
.770
.305
.278
.147
.807
.017
.468
.199
.097
.963
.505
.874
.546
.856
.513
.132
.267
.166
.952
.765
.845
.795
.531
.526

-13.96
1.07
-15.18
-20.05
-48.49
-53.41
-60.23
-16.12
-20.65
-40.89
-27.00
-47.28
-58.83
-2.27
-11.00
2.64
-18.10
-4.47
-2.44
-1.99
-1.94
-3.10
-2.14
-3.31
-4.92
-2.56
-6.92
-4.57
-16.22
-13.89
-18.01
-8.43
-14.14
-13.87

3.72
61.04
71.30
64.45
42.51
35.71
48.51
25.68
39.63
18.00
36.42
14.83
16.96
15.15
14.12
27.19
8.34
21.42
29.15
2.08
3.93
2.64
4.04
2.75
2.46
19.50
24.89
26.51
17.25
18.89
21.99
6.45
7.31
7.10
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Body Mass Index

HDL cholesterol

Triglycerides

Total cholesterol

Waist circumference

Blood glucose

SE
NLE

PE

SE
NLE

PE

SE
NLE

PE

SE
NLE

PE

Upper-mid income
NLE

Low-mid income

Upper-mid income
Low income

Low-mid income

Upper-mid income
High income
High income
Low-mid income
Upper-mid income
High income
Upper-mid income
High income
High income
PE
SE
UPE
SE
UPE
UPE
PE
SE
UPE
SE
UPE
UPE
PE
SE
UPE
SE
UPE
UPE
PE
SE
UPE
SE
UPE
UPE
PE
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-2.43
-2.40
0.03
-10.24
4.63
-21.25
14.87
-11.00
-25.88
6.08*
2.90
-5.69*
-3.18
-11.77*
-8.59*
59.68*
60.55*
17.28
.87
-42.40*
-43.27*
33.61*
22.14*
-5.11
-11.47
-38.72*
-27.25*
8.07*
11.42*
8.07
3.35
.00
-3.35
0.17
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5.740
5.621
6.859
7.782
11.221
10.965
11.808
11.565
14.110
2.207
2.437
2.698
1.784
2.126
2.364
12.767
14.097
15.604
10.316
12.295
13.672
8.961
9.895
10.953
7.241
8.630
9.596
3.832
4.231
4.684
3.096
3.691
4.104
0.895

.672
.670
.996
.189
.680
.053
.209
.342
.067
.006
.235
.035
.075
.000
.000
.000
.000
.269
.933
.001
.002
.000
.026
.641
.114
.000
.005
.036
.007
.086
.280
.999
.414
.851

-13.72
-13.45
-13.46
-25.54
-17.44
-42.81
-8.35
-33.75
-53.62
1.74
-1.90
-11.00
-6.69
-15.95
-13.24
34.57
32.83
-13.40
-19.41
-66.58
-70.16
15.99
2.68
-26.64
-25.71
-55.69
-46.12
.53
3.10
-1.14
-2.74
-7.26
-11.42
-1.59

8.86
8.66
13.52
5.06
26.70
.32
38.09
11.74
1.87
10.42
7.69
-0.39
0.33
-7.59
-3.94
84.78
88.28
47.97
21.16
-18.22
-16.39
51.24
41.60
16.43
2.77
-21.75
-8.38
15.61
19.74
17.28
9.44
7.25
4.72
1.93
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SE

PE

SE
NLE

PE

SE
NLE

PE

SE
NLE

-1.68
-4.49*
-1.85*
-4.66*
-2.81*
14.96*
9.57
7.06
-5.39
-7.90
-2.51
3.15
-1.42
-5.05
-4.57
-8.19*
-3.63
-3.35
-4.07
-3.19
-0.72
0.16
0.88

0.988
1.093
0.723
0.862
0.958
4.949
5.465
6.049
3.999
4.766
5.300
3.281
3.623
4.010
2.651
3.160
3.514
6.782
7.489
8.289
5.480
6.531
7.263

.090
.000
.011
.000
.004
.003
.081
.244
.179
.098
.636
.338
.696
.209
.086
.010
.302
.621
.587
.701
.895
.980
.903

-3.62
-6.64
-3.27
-6.35
-4.69
5.22
-1.18
-4.84
-13.25
-17.27
-12.93
-3.31
-8.54
-12.93
-9.78
-14.41
-10.54
-16.69
-18.80
-19.49
-11.50
-12.68
-13.40

.2633
-2.34
-0.43
-2.96
-0.92
24.69
20.31
18.95
2.47
1.47
7.91
9.60
5.71
2.83
0.65
-1.98
3.28
9.98
10.65
13.11
10.06
13.01
15.17
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TG = triglycerides, CHOL = total cholesterol, BMI = body mass index, HDL = high density lipoprotein cholesterol, PD = prediabetes, DB =
diabetes, HYP = hypertension, WC = waist circumference, *The mean difference is significant at 0.05 level, NLE = No formal education and
Less than primary education, PE = Primary education, SE = secondary education, UPE = University and Postgraduate

Blood glucose

Diastolic blood pressure

Systolic blood pressure

PE

SE
UPE
SE
UPE
UPE
PE
SE
UPE
SE
UPE
UPE
PE
SE
UPE
SE
UPE
UPE
PE
SE
UPE
SE
UPE
UPE
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Ever had CHOL
measured?

Ever had BG measured?

Ever had BP measured?

Ever had CHOL
measured?

Low-mid income

Upper-mid
income
Low income

Low-mid income

Upper-mid
income
Low income

Low-mid income

Kwale
Low income

Kwale
Abbi

Low-mid income
Upper-mid
income
High income
Upper-mid

Low-mid income
Upper-mid
income
High income
Upper-mid
income
High income
High income

0.613
0.561
0.002
0.816
0.009
0.053

0.067
0.100
0.098
0.104
0.102
0.126
0.034
0.050
0.049
0.052

0.03
0.06
0.30*
0.02
0.27*
0.25
0.04
0.01
0.00
-0.04
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0.022
0.258

0.119
0.147

0.27*
0.17

0.957
0.499

0.225
0.912

0.001
0.383

0.114
0.121

0.39*
0.11

Kwale
Abbi

0.017
<0.0001
<0.0001
0.119
0.001
<0.0001
0.410
0.057
0.007
0.143
0.059

0.054
0.063
0.060
0.044
0.052
0.050
0.022
0.025
0.024
0.078
0.117

-0.13*
0.27*
0.40*
-0.07
0.18*
0.24*
-0.02
0.05
0.07*
0.11
0.22

Ever had BG measured?

Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Kwale
Lagos
Lagos
Low-mid income
Upper-mid
income
High income
Upper-mid
income
High income
High income

Abbi

p-value

Standard error

Mean difference

Independent variables

B. History of CVD risk
screening
Ever had BP measured?
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-0.09
-0.14

-0.03
-0.09

0.07
0.00

0.11
-0.18

-0.10
-0.14

0.04
-0.12

0.16
-0.13

0.10
0.07

0.11
0.10

0.47
0.49

0.50
0.23

0.17
0.26

0.51
0.46

0.61
0.34

95% confidence interval
Lower bound
Upper bound
-0.23
-0.02
0.15
0.40
0.28
0.52
-0.16
0.02
0.07
0.28
0.15
0.34
-0.06
0.02
0.00
0.10
0.02
0.11
-0.04
0.27
-0.01
0.45
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SE

PE

SE
NLE

PE

SE
NLE

PE

PE
SE
UPE
SE
UPE
UPE
PE
SE
UPE
SE
UPE
UPE
PE
SE
UPE
SE
UPE
UPE

-0.18*
0.08
0.31*
0.26*
0.49*
0.23*
-0.07
0.02
0.15*
0.09
0.22*
0.13*
-0.04
0.00
0.03
0.03
0.07*
0.04

-0.04
0.00

0.455
0.963
0.011
0.292
<0.0001
<0.0001
<0.0001
0.003
0.248
0.750
0.042
0.067
<0.0001
0.049
0.207
0.944
0.354
0.149
0.016
0.264

0.051
0.063
0.070
0.077
0.087
0.058
0.070
0.077
0.059
0.065
0.073
0.049
0.059
0.065
0.029
0.032
0.036
0.024
0.029
0.032

-0.32
-0.07
0.14
0.15
0.36
0.08
-0.18
-0.11
0.01
-0.01
0.10
0.00
-0.09
-0.06
-0.04
-0.01
0.01
-0.03

-0.14
-0.13
-0.04
0.23
0.48
0.37
0.63
0.38
0.05
0.15
0.29
0.18
0.33
0.26
0.02
0.06
0.10
0.08
0.13
0.10

0.06
0.12
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secondary education, UPE = University and Postgraduate

93

*The mean difference is significant at 0.05 level, NLE = No formal education and Less than primary education, PE = Primary education, SE =

Ever had CHOL
measured?

Ever had BG measured?

Ever had BP measured?

Upper-mid
income
NLE

income
High income
High income
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4.4 Discussion
The results from this study indicate that the adult Nigeria population bears a
substantial burden of modifiable CVD risk factors. In the 1960s, diabetes was
considered to be rare among Nigerians and reported prevalence rates were <1%.223,224
A few studies in different geopolitical zones of Nigeria identified sizeable prevalence
rates of diabetes and prediabetes in study patients. The first reported prediabetes
condition in Nigeria was reported in 1998.225 That study found a prevalence of 2.2%
in a group of urban adults in Nigeria. In another study carried out in an urban area of
South-western Nigeria, the incidence of prediabetes in the whole study participants
was 3.3% as compared to confirmed diabetic prevalence of 4.7%.226 Another study in
a rural Nigerian community identified 4.8% prevalence of diabetes.227 There is
indication that increased urban migration and urbanisation over time encouraging
lifestyle changes is contributory to increase in prevalence of these modifiable risk
factors. It is also envisaged that with increase in reporting, the true prevalence of
prediabetes and diabetes in Nigeria will be uncovered, especially in apparently
healthy subjects in the rural communities.

More females were obese than males when measured either by assessing the overall
obesity or central obesity. This agrees with the findings of Ogunmola et al.227 and
Adegoke et al.163 in rural Nigerian communities. In contrast to diabetes and
prediabetes, the urban participants were more obese than the rural population. Early
data in Nigeria during the middle and later part of last century suggested low
prevalence of obesity.228,229 The reverse is the case in present time, where more areas
are becoming urbanised encouraging a sedentary lifestyle and unhealthy eating.
Subjects in rural communities have farming and trading as the primary occupation,
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which provides substantial physical activity. This is contributory to their low
prevalence of obesity as compared to the urban migrant counterparts.

Our study also found that the 18–24 age group had a sizeable prevalence of
prediabetes, hypercholesterolemia, central obesity and low HDL. In a ten-year
incidence of risk of cardiovascular disease study, it was found that the increased risk
in individuals with impaired fasting glucose was largely driven by the coexistence of
multiple CVD risk factors.75 This becomes alarming for a setting where algorithms
for early screening and detection of disease risk factors are under assessed. It is
argued that the effect of glucose lowering drugs can delay conversion of prediabetes
to diabetes,230 but this can only be the case in societies with effective health systems,
where individuals have adequate health awareness and health-seeking behaviour that
will enhance the opportunities for detection and intervention.

A higher prevalence of hypertension has been reported elsewhere in Nigeria.
227,231,232

Our finding on gender difference in prevalence of hypertension is also

corroborated by other studies done in Nigeria.231,233 Another study in South-eastern
Nigeria supports this finding, with that study noting a high prevalence of
hypertension and obesity among the middle age groups.234 The strong association
between obesity and hypertension highlights the central role of endothelial
dysfunction, which is contributory to the initiation and progression of
atherosclerosis.137,138 It points to the importance of early diagnosis and intervention
against prediabetes, hypertension and associated CVD risks and complications,
especially in low-middle income countries.
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A higher percentage of males have had their blood pressure, blood glucose and
cholesterol checked than females. The reason for this occurrence was not clearly
known. Ahaneku et al.231 found that more females in their study have had their blood
pressure checked than males. Females more often participate in health screening
exercises than males as observed in both our rural and urban populations. This trend
has been reported in several studies in Nigeria.163,227,231,233 This could be explained
by the characteristics of the traditional African society where males are the major
breadwinners for their entire family and live in the cities while their wives and
children live in the village.235

Socio-economic factors across the study population show that rural populations are
more disadvantaged in terms of high income earnings and post primary education. A
greater percentage of participants in the rural setting are living in poverty, which the
WHO defined in absolute terms as income less than US$2 per day. The minimum
wage in Nigeria is ₦18,000 per month, which is approximately US$109.80 per
month. However, income status was not associated with high prevalence of
hypertension and dyslipidaemia (triglycerides, total cholesterol and HDL) in our
study population. The high income group were more diabetic and obese; these
differences were not statistically significant from the lower and middle income
groups. Some studies carried out in Western countries showed that individuals with
lower income were more likely to be obese and diabetic.236,237 Our finding is
corroborated with a study carried out in South-western Chinese rural adults which
found no evidence to support any association between income level and CVD risk
factor prevalence.213
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Again, this study shows that educational level is not a protective factor against CVD
risk factors. The trend shows that individuals with no primary education and those
with at least a university education had higher prevalence of CVD risk factors than
those with primary and secondary education. Studies elsewhere which found a low
prevalence of CVD risk factors in individuals with higher educational achievement,
suggests that this may be due to the fact that increased knowledge enables an
individual to make healthy choices regarding dietary habits and physical
activity.213,238 The findings on factors which may have contributed to the inability of
higher educational attainment to shield against CVD risk factors in our study relate
well to the fragile health systems embattling this part of the world. Inadequate health
awareness programmes and public health education campaigns across all levels is a
contributory factor. It is imperative to lobby companies, educational institutions,
government and non-governmental organisations to engage in periodic health
education programmes to enhance employees’ health awareness and seeking
behaviour.

Across the study geographical locations, more individuals in the urban setting have
had their blood pressure measurements checked than those in the rural settings. This
highlights the consequences of health disparity, whereby the more affluent in society
have better access to healthcare.239 Income level did not affect accessibility to blood
pressure checks indicating that the cost of having a blood pressure measurement in
our study settings is quite affordable to all income levels. However, in all, blood
sugar and cholesterol checks were the least frequently accessed checks. Inability to
have blood sugar and cholesterol checks was not associated with rural or urban
setting, income level and level of education. In our preliminary study, we found that
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about 64% of study participants do not have a clinic or hospital doctor they visit for
health checks,219 and this impacts on the health literacy irrespective of the level of
education attained. We also noted that participants cited various reasons for not
seeking a health check,219 including cost. Although this study statistically shows that
income level did not influence people’s inability to access blood sugar and
cholesterol checks, income level does have this influence in the sense that people
have formed a perpetual habit where they do not often seek health checks when they
are apparently healthy coupled with the fact that the cost of a lipid profile test equals
the minimum wage per month. Therefore, attitudinal change which impacts
positively on health outcome remains one of the public health messages that cannot
be ignored.

4.5 Limitations
The poor health-seeking behaviour and nonchalant attitude amongst the study
population is an impediment to covering a more robust sample size. This was further
impacted upon by the limited time allocated for sample collection. The attitude of not
seeking health checks when not ill or when apparently healthy was one of the issues
identified during the preliminary survey that is impacting negatively on the
effectiveness of chronic disease management in this population.219 Although our
sample population was far above the minimum estimated sample size, it was not in
par with the WHO STEPS recommendation where the minimum estimated sample
size is expected to be multiplied by 2 (for gender) and by 5 (for each 10 year
interval). The main interest in this reported sub-study is the association of income
level and accessibility to CVD risks screening on prevalence of the risk factors of
CVD. We acknowledge the high percentage of the young adults as a potential
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limitation in future analyses where age would be considered; an indication of our
knowledge that ‘age is a factor in the financial ability to access medical check-ups
because students and unemployed young adults would hardly be able to afford such
checks’.

4.6 Conclusion
This study has shown that a significant prevalence of modifiable CVD risk factors
exists in the rural and urban migrants of an adult Nigerian population. The early
onset of these CVD risk factors among the youngest adult population clearly
underlines the need for early screening and interventions. Since the level of
education attained did not change the severity in prevalence rate of the risk factors,
improved public health awareness across all educational levels will play a pivotal
role in improving the health literacy levels in and around this population group.
While income level did not affect the CVD risk factor prevalence, it did affect
accessibility to CVD risk screening. There is a need for access to diagnosis of
modifiable risk factors at all levels of society.
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Abstract
Aims: Physical activity is an essential determinant of health. However, there is a
dearth of evidence regarding prevalence of physical activity in developing countries,
especially its association with metabolic syndrome risk factors. This study assessed
the association of physical activity with metabolic syndrome in a Nigerian
population.

Materials and methods: A cross-sectional study was carried out on apparently
healthy persons who were ≥18 years old. The World Health Organisation (WHO)
Global Physical Activity Questionnaire (GPAQ) was used to collect five domains of
physical activity. Participants were classified as physically active or inactive based
on meeting the cut-off value of 600 MET-min/week. Metabolic syndrome was
diagnosed using the Joint Scientific Statement on Harmonizing the Metabolic
Syndrome criteria.

Results: Overall prevalence of physically active individuals was 50.1% (CI: 45.6–
54.7%). Physical inactivity is significantly more in females (p < 0.01) and among
participants >40 years old (p < 0.0001). Whereas individuals with metabolic
syndrome appeared more likely to be physically active (OR = 1.48, CI: 0.71–3.09);
physical inactivity showed to exist more among participants who were living in
urban area (OR = 6.61, CI: 3.40–12.85, p < 0.001). Participants with prediabetes
(OR = 1.69, CI: 0.62–4.61) and diabetes (OR = 1.91, CI: 0.65–5.63) were more
likely to be physically inactive as compared to other metabolic syndrome risk factors.
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Conclusion: The high prevalence of physical inactivity in this study population is a
clear indication that concerted efforts to improve physical activity may be required.
However, it seems that metabolic syndrome is not improved by being physically
active. This suggests that interventions directed at physical activity alone may not
produce optimal efficacy in this study population.
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5.1 Introduction
Metabolic syndrome and its risk factors like hyperglycaemia, dyslipidaemia,
hypertension and obesity are a leading cause of mortality and morbidity in low-mid
income countries.207 It is associated with a 2-fold increase in risk for cardiovascular
diseases (CVD) and associated mortality as well as a 1.5-fold increase in risk for allcause mortality.240 Ongoing lifestyle changes of urbanisation are enhancing the rate
of physical inactivity and unhealthy diets have been implicated as a contributory
factor to the epidemiological transition of metabolic syndrome and related risks in
low-middle income countries.147,241

Insufficient physical activity has been identified as the fourth leading risk factor
responsible for about 3.2 million deaths globally, where an estimated 31% of adults
above 15 years of age were insufficiently active (men 28% and women 34%).242 It is
estimated that one out of five adults globally is physically inactive.243 In sub-Saharan
Africa the prevalence of metabolic syndrome and its risk factors is considered to
have attained an epidemic level,244-246 which in part is orchestrated by high
prevalence of physical inactivity among urban area dwellers.28,29,247,248 The metabolic
syndrome can be prevented by action on the modifiable risk factors. Interventions
that modify diet and physical activity, and weight control are very effective.249

The critical need for low cost, reliable and standardised tools to quantify and classify
health enhancing physical activity in the developing nations of the world, informed
the efforts of the World Health Organisation (WHO) in developing the Global
Physical Activity Questionnaire (GPAQ).250 However, in Nigeria, the prevalence of
physical activity and its association with risk factors for metabolic syndrome is
scarcely reported, especially among rural populations. The decline in physical
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activity, as well as prevalence of metabolic syndrome is widely reported as an urban
problem.28-30,244,245,247,248,251 Therefore, the objective of this study is to assess the
prevalence of physical activity and its association with metabolic syndrome and risk
factors in a predominantly rural population in Nigeria.

5.2 Methods

5.2.1 Study design, population and ethical consideration
This study is a cross-sectional study in a predominantly rural population. Participants
were recruited following a two-stage cluster sampling technique as described in a
previous study.252 Of the 422 participants enrolled in the study, 77.3% were recruited
from the rural population, while the remaining 22.7% was from the urban setting.
Farming and trading were the predominant occupation, especially among the rural
population. The study was part of Prediabetes and Cardiovascular Complications
Study (PACCS). It was approved by the Human Research Ethics Committee of
Charles Darwin University, Australia (HREC Reference: H14003), Human Research
Ethics Committee of Novena University and the Local Government Ministry of
Health at Kwale, Delta State Nigeria.

5.2.2 Physical activity
The WHO GPAQ was used to collect five domains of physical activity (vigorousintensity work, moderate-intensity work, travel from place to place, vigorousintensity recreation or moderate-intensity recreation).253 The GPAQ has been shown
to have a good-excellent test-retest reliability in developing countries with an added
advantage of capturing information on patterns of physical activity in key areas of
life relevant to people in developing countries.250 Trained research personnel
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engaged each study participant in a face-to-face interview to document their physical
activity status.

The frequencies of five different categories of activity ((1) vigorous–intensity work,
(2) moderate–intensity work, (3) vigorous- intensity recreation/sports, (4) moderate–
intensity recreation/sports, and (5) travel from place to place) were recorded in days
per week and the duration each session were also recorded in minutes per day. A
continuous indicator, namely, metabolic equivalent (MET) in minutes per week, was
used to estimate the population’s physical activity. The frequency (days/week) and
duration (min/day) for physical activity per domain was multiplied by its
corresponding MET value and summed up to derive the overall physical activity in a
week

253

. Participants were classified into dichotomous groups of either physically

active or physically inactive:
 Group 1 – Physically inactive: those who did not meet the total physical
activity cut-off value of 600 MET mins/week
 Group 2 – Physically active: those who met the total physical activity cut-off
value of 600 MET mins/week.

5.2.3 Anthropometric measurements
The protocol and measuring instrument used to assess obesity and hypertension in
this study was as previously published.252 Body weight divided by the square of
height (kg/m2) was used to calculate the body mass index (BMI). The BMI of
participants were grouped into underweight (<18.5 kg/m2), normal weight (18.5–24.9
kg/m2), overweight (25.0–29.9 kg/m2) and obese (>30 kg/m2). For central obesity,
WC>94cm was classified as obesity status ‘Yes’ in males and WC>80cm was
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classified as obesity status ‘Yes’ in females.88 Hypertension was classified as systolic
blood pressure reading ≥130 mmHg and/or diastolic blood pressure of ≥85 mmHg.

5.2.4 Biochemical parameters
CardioChek® Professional Analyser was used to measure blood glucose level and
lipid profile according to the manufacturer’s instructions. Participants fasted for at
least 8 hours to qualify for fasting blood sample collection. The cut-off values of
100–125 mg/dL (prediabetes) and ≥126 mg/dL (diabetes) for impaired fasting
glucose, 140–199 mg/dL (prediabetes) and ≥200 mg/dL for random blood sample
were applied. For lipid profile, the cut-off values were

≥200 mg/dL

(hypercholesterolaemia), ≥150 mg/dL (hypertriglyceridaemia), ≤40 mg/dL (low
HDL in men) and ≤50 mg/dL (low HDL in women). Metabolic syndrome was
defined as central obesity plus any two of hypertriglyceridaemia, low HDL,
hypertension or hyperglycaemia. This is according to the Joint Scientific Statement
on Harmonizing the Metabolic Syndrome definition for sub-Saharan ethnicity.88

5.2.5 Demographic variables
Characteristics of variables collected were gender, age, highest level of education
completed, main work status, and average income earnings. Average income
grouping was as previously described:252 Low income (<$109/month), low-mid
income ($110–$310/month); upper-mid income ($311–$640/month) and high income
(>$645/month).
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5.2.6 Statistical analysis
Descriptive data were performed to determine mean and standard deviation for
continuous variables. Gender difference between metabolic syndrome risk factors
and each domain of physical activity was assessed using the Mann–Whitney U Test.

Cross-tabulation between dichotomous variables of total physical activity and
metabolic syndrome risk factors, education, work status and income status were
generated to assess the prevalence of physical activity/inactivity across the different
socio-demographic/economic variables and metabolic syndrome risk factors. The
level of significance was tested using Pearson chi-square and 95% confidence
interval (CI) derived through bootstrapping.

Correlation coefficients were calculated to investigate the relationship between
sedentary time, total physical activity and each of WC, BMI, Systolic and diastolic
blood pressure. Logistic regression analysis was applied using physical inactivity and
activity (as independent variables) to predict occurrence of metabolic syndrome and
risk factors (outcome variables). However, age, gender and location (rural/urban) of
participants were fitted into the regression model as independent covariates, in order
to adjust for confounders and generate adjusted odds ratio. Level of significance was
set at 0.05, except where otherwise indicated.

5.3 Results
Table 5.1 shows the descriptive statistics of the metabolic syndrome risk factors and
the domains of physical activity and sedentary time across the general population and
gender. Among the study population, there are significant differences between the
gender group in age, height, weight, random blood glucose levels, total cholesterol,

107

Chapter 5. Association of physical activity with MetS

Diabetes Metab Syndr 10(1): 13-18

and triglycerides. Overall, 86 of 422 participants engaged in vigorous – intensity
work physical activity and moderate – intensity recreation/sports activities. A higher
proportion of the participants (n=220) engaged in travel activities to and from place
for at least 10mins continuously. Importantly, there is also significant difference
between the female and male group in total physical activity, but not in the five
different domains of physical activity and sedentary time.
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411 161.1±10.3

415 62.3±14.3

411 24.0±5.3

412 87.1±13.9

417 123.0±30.8

417 73.2±20.1

382 191.8±81.4

382 125.0±57.0

382 63.3±20.3

120 96.7±27.3

266 91.4±46.9

Height

Weight

BMI

WC

SBP

DBP

TC

TG

HDL

RBG

FBG

103.2±29.5

220 247.5±261.7

Travela

80

165 2644.4±3982.4 54

MWa

8649.2±9253.8 46

86

257

152

92

234

240

240

271

271

267

264

267

264

270

N

222.5±180.2

140

3448.9±4589.1 111

0.847

0.181

0.027

0.698

0.004

0.001

0.774

0.219

0.913

0.118

<0.0001

<0.0001

0.006

p-value
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261.7±298.2

0.137

2253.1±3609.1 0.253

9247.8±9316.5 0.351

237.8±324.7

88.3±45.8

94.7±26.4

71.4±23.0

118.5±53.2

202.0±82.5

73.5±23.1

122.5±34.7

87.2±15.1

24.3±5.5

60.6±13.8

157.6±9.4

38.3±20.5

Mean±SD

Female

8128.7±9269.9 40

135 204.4±252.3

114 95.6±48.1

28

148 72.0±25.3

142 136.1±61.6

142 174.4±76.6

146 72.6±12.7

146 123.8±21.9

145 86.7±11.5

147 23.3±4.6

148 65.4±14.8

147 167.4±5.6

VWa

Sedentary 392 226.3±301.8

418 39.9±20.7

Mean±SD

148 42.9±20.7

N

N

Mean±SD

Male

Overall population

Age

Category

Table 5.1: Characteristics of metabolic syndrome risk factors and domains of physical activity and sedentary time across gender
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603.5±853.6

53

1616.0±1638.9 70
0.704

2975.3±6326.9 0.003

825.4±1377.1

1555.4±1917.5 0.185
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a Metabolic equivalent (MET) in minutes per week
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BMI = Body mass index, WC = waist circumference, SBP = systolic blood pressure, DBP = diastolic blood pressure, TC = total cholesterol, TG
= triglycerides, HDL = high density lipoprotein cholesterol, RBG = random blood glucose, FBG = fasting blood glucose, VW = vigorousintensity work, MW = moderate-intensity work, VR = vigorous-intensity recreation, MR = moderate-intensity recreation, PA = physical activity

Total PAa 417 3537.2±7038.1 145 4591.4±8127.3 272

33

86

MRa

740.3±1202.6

112 1578.1±1810.7 42

VRa
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Based on the cross-tabulation statistics, the observed comparative prevalence of
physical activity and inactivity of the study participants are presented – in relation to
socio-demographic characteristics (Figure 5.1); as well as metabolic syndrome risk
factors (Figure 5.2). With recourse to confidence intervals (95% CI), prevalence of
physical activity in the study population was 50.1% (CI: 45.6–54.7%), and
approximately half of the study participants (49.9%, CI: 45.3–54.4%) were
physically inactive. The rural population was more physically active (58.9%, CI:
53.6–64.8%) than the urban population (20.8%, CI: 13.5–29.1%), and there was
statistical significance (p<0.0001). Physical inactivity was higher in females (p<0.01)
and in the age-group above 40 years. Further, farmers 54.3% (CI: 42.9–65.7%) and
students 65.5% (CI: 57.7–73.2%) were significantly more physically active than
other occupational groups (p<0.0001).

Figure 5.1: Prevalence of physical activity/inactivity in relation to sociodemographic characteristics
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NLE = no formal and less than primary education, PE = primary education, SE =
secondary education, UPE = university and postgraduate education, Gov =
government, NGO = non-governmental organisation

Figure 5.2: Prevalence of physical activity/inactivity in relation to metabolic
syndrome
BMI = body mass index, WC = waist circumference, TC = total cholesterol, TG =
triglycerides, HDL = high density lipoprotein, BP = blood pressure, cholesterol, BGL
= blood glucose level, MetS = metabolic syndrome

Among the metabolic syndrome risk factors, only participants with central obesity,
high level of cholesterol, low HDL and hypertensive showed significant difference
between physical activity vs. inactivity. The prevalence of physical inactivity was
highest in participants with metabolic syndrome (60.7%, CI: 48.2–73.2%),
hypertension (66.0%, CI: 58.5–74.1%), pre-diabetes (60.0%, CI: 40.0–80.0%) and
diabetes (66.7%, 47.6–85.7%), high level of total cholesterolaemia (58.4%, CI: 49.7–
66.4%), obese (central [59.1%, CI: 52.1–66.0%] and overall [56.0%, CI: 42.0–
70.0%]) and overweight (52.3%, CI: 42.0–62.5).
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The observation from the correlation analysis exploring the relationships between
metabolic syndrome risk factors and the sedentary time (sitting time) and
standardised total intensity of physical activity (MET) is shown in Table 5.2. The
sedentary time, which is the time spent in a typical day sitting or reclining
predominantly showed positive correlation with risk factors for metabolic syndrome,
whilst the total intensity of physical activity predominantly showed an inverse
correlation with metabolic syndrome risk factors. In males, age (r=0.257, p=0.003),
total cholesterol (r=0.190, p=0.031), HDL (r=0.212, p=0.014), systolic (r=0.277,
p=0.001) and diastolic (r=0.176, p=0.043) blood pressure, and blood glucose
(r=0.184, p=0.036) showed statistical significant modest correlation with sedentary
time; while age (r=0.279, p<0.0001), WC (r=0.141, p=0.025), BMI (r=0.128,
p=0.043), TG (r=0.134, p=0.044) and systolic blood pressure (r=0.260, p<0.0001)
was slightly correlated with sedentary time in females. On the other hand, age,
systolic and diastolic blood pressure was inversely correlated (significantly) with
total intensity of physical activity (MET) in both males and females.
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Table 5.2: Correlation coefficient between metabolic syndrome risk factors,
total physical activity and sedentary time
Gender group Sedentary time
Total PA MET-mins/week
Correlation coefficient (p-value)
Male
Age
0.257** (0.003)
-0.303** (<0.0001)
WC
0.149 (0.088)
-0.115 (0.175)
BMI
0.027 (0.760)
-0.002 (0.985)
TC
0.190* (0.031)
-0.166 (0.050)
TG
0.093 (0.292)
0.021 (0.806)
HDL
0.212* (0.014)
0.082 (0.331)
SBP
0.277** (0.001)
-0.257** (0.002)
DBP
0.176* (0.043)
-0.173* (0.039)
BG
0.184* (0.036)
-0.224** (0.008)
Female
Age
0.279** (<0.0001) -0.257** (<0.0001)
WC
0.141* (0.025)
-0.181** (0.003)
BMI
0.128* (0.043)
-0.118 (.056)
TC
0.032 (0.627)
-0.084 (0.196)
TG
0.134* (0.044)
-0.121 (0.063)
HDL
-0.069 (0.306)
0.045 (0.491)
SBP
0.260** (<0.0001) -0.254** (<0.0001)
DBP
0.083 (0.185)
-0.222** (<0.0001)
BG
0.039 (0.560)
-0.038 (0.556)
PA = physical activity, MET = Metabolic equivalent, * = correlation is significant at
0.01 level, ** = correlation is significant at 0.05 level, BMI = Body mass index, WC
= waist circumference, SBP = systolic blood pressure, DBP = diastolic blood
pressure, TC = total cholesterol, TG = triglycerides, HDL = high density lipoprotein
cholesterol, BG = fasting blood glucose,
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Table 5.3: Logistic regression model for the relationship between physical
activity/inactivity and metabolic syndrome and risk factors
SE

Physically inactive

Physically active

p-

Adjusted

Adjusted

value

95% CI

OR

95% CI

OR

MetS

0.38

0.68

Diabetes

0.55

1.91

Prediabetes

0.51

1.69

Hypertension

0.26

1.54

↓HDL

0.31

0.68

↑TG

0.30

0.62

↑TC

0.26

1.27

Obesity (WC)

0.28

0.66

Obesity (BMI)

0.36

0.75

Overweight

0.28

0.74

0.32 1.41
0.65 5.63
0.62 4.61
0.92 2.59
0.37 1.24
0.35 1.12
0.77 2.11
0.38 1.13
0.37 1.52
0.42 1.28

1.48
0.52
0.59
0.65
1.47
1.61
0.79
1.53
1.33
1.36

0.71 3.09
0.18 1.55
0.22 1.62
0.39 1.09
0.81 2.68
0.90 2.90
0.47 1.30
0.89 2.62
0.66 2.69

0.294
0.241
0.307
0.101
0.209
0.110
0.350
0.126
0.426

0.78 2.36

0.279
(BMI)
SE = standard error, OR = odds ratio, CI = confidence interval, MetS = metabolic
syndrome, TC = total cholesterol, TG = triglycerides, HDL = high density
lipoprotein cholesterol, BMI = body mass index, ↑=high level, ↓=low level
Logistic regression analysis indicates that participants were highly likely to be
physically inactive if they were living in urban area (OR=6.61, CI=3.40–12.85,
p<0.001). Individuals with prediabetes (OR=1.69, CI=0.62–4.61) and diabetes
(OR=1.91, CI=0.65–5.63) were highly likely to be physically inactive as compared
to other metabolic syndrome risk factors (table 5.3). Our results also found that
individuals with metabolic syndrome are highly likely to be physically active
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(OR=1.48, CI=0.71–3.09), than inactive (OR=0.68, CI=0.32–1.41. However, there
was no statistical significant difference in the interaction.

5.4 Discussion
Studies of prevalence of physical activity in Nigeria are scarcely reported and the
few reports were all carried out in urban and metropolitan areas.28-30,247,248,251,254,255
This study includes predominantly (77.3%) rural community dwellers and shows that
half (49.9%) of the study population are physically inactive, achieving less than 600
MET-mins/week of physical activity as recommended by WHO. This percentage
prevalence is higher than those reported by other studies carried out in solely
urban/metropolitan cities in Nigeria.29,248,255

Evidence from this study indicates that females spent more time in work related
vigorous-intensity activities than males, even though the proportion that participated
in this type of work related physical activity is lower than that seen in other domains
of physical activity. This is as a result of the fact that a higher number of females
were engaged in some trading and farming work activities that require lifting of
heavy objects and digging. The physical activity level exhibited in walking (to and
fro places, e.g. work) related physical activity is consistent in both sexes and location
(rural vs urban). This corroborates with early findings by Forrest et al.,30 who pointed
out that walking to and fro work is the most frequent physical activity. A study in an
urban area attributed this trend to proper neighbourhood planning that facilitated
walking in the study population.28 Therefore, we infer that the difference in the
domains of physical activity observed between gender groups and location of
participants is an indication of the type of occupational and recreational activity
pattern predominant in the study population.
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It is pertinent to note that a relatively lower mean BMI and WC values were found in
males compared to females (Table 5.1). Whether this is a factor of the males being
more physically active (thereby losing adipose) or a factor of ethno-gender
endowment is confounding. Our findings also showed that physical activity in both
males and females decreased with increase in age. In a study carried out in a
metropolitan northern Nigerian population, a decrease in physical activity with
increasing age predominated in males. Though, our report differs in overall
prevalence of physical activity in that the authors reported 68.6%, but our
observation is 49.9%. Also, the authors reported no significant difference between
gender, but we observed differences between gender (P < 0.01).29
The lower age group in our study population were more physically active,
corresponding to other findings, which suggested that older people have lower
tendency to engage in physically active demanding work or recreational activities.242
However, this trend may have been contributed by the higher number of students in
our study population, who participated more in vigorous–intensity and moderate–
intensity recreational/sports activity. Adolescence and young adulthood is a crucial
period during which physical activity levels might contribute to a physically active
lifestyle lasting into adulthood.256,257 Therefore, the need to scale up awareness of
health enhancing physical activity in this study population is apparent, especially as
all activity status were carried out without the prior clear knowledge of its
usefulness.
Prevalence of physical activity has been shown to be linked with socio-economic
status.258 Among our study participants, a statistical significant difference existed
across socio-economic factors including income level, educational level and
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occupation (figure 5.1). Among income groups, the low income earners were more
physically active. This was because they dominate the farming and self-employed
occupational groups. For instance, the self-employed groups were mainly comprised
of traders who were found to participate in more than one domain of physical activity
parameters assessed, such as walking from place to place – hawking, loading and offloading their goods.

Among the metabolic syndrome risk factors, all risk level of the risks factors,
excluding hypertriglyceridaemia and low HDL, were associated with low prevalence
of physical activity. This confirms the health consequences of being physically
inactive.259 However, another interesting finding of our study is that people with
abnormal level of triglyceride and HDL were seen to have high physical active level.
In order words, normal levels of triglycerides and HDL were favoured by high
prevalent physical inactivity. This finding differs from that of Dancy et al.260 While
the reason for this trend could not be clearly understood, we hypothesise that the
dietary habit

may play a

significant

contribution, and/or dyslipidaemia

(hypertriglyceridaemia and low HDL) may be genetic and confounding in the study
population. Also given that the risk of having metabolic syndrome was highly
associated with the presence of physical activity than inactivity, it could be inferred
that the casual influence of hypertriglycaemia, low HDL and obesity (which showed
higher odds of occurrence in physically active participants than inactive ones) may
have contributed to this observation. This observation further indicates that education
to improve physical activity level alone may not be effective and applicable to this
study population.
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5.5 Limitations
The method for physical activity measurement in this study was based on the use of
self-reported physical activity during a one-on-one interview. Therefore, the known
issues with recall bias, which has the potential to under– or over–estimate the
frequency of physical activity is a potential limitation. It would have been worth
looking at either equal sample sizes of rural and urban populations, or performing
cluster analysis, but the urban population comprised only 22.7% of the entire study
population. Hence, we acknowledge sample size a limitation.

5.6 Conclusion
The high prevalence of physical inactivity in this study population is a clear
indication that concerted efforts to improve physical activity will play a pivotal role
in reducing risk of prediabetes, diabetes, hypertension and obesity. However, the
observation

where

individuals

with

risk

of

metabolic

syndrome,

hypertriglyceridaemia and low HDL appeared more physically active suggests that
critical assessment of genetics and other lifestyle factors among this population is
pertinent to determine applicable options for intervention.
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Abstract
Background: Prevalence of metabolic syndrome (MetS) and consequential
cardiovascular disease (CVD) events is on the increase in Nigeria. The aim of the
study is to identify the prevalence of 10-year CVD risk in a Nigerian population; and
assess its relationship with different indices of MetS.

Method: A cross-sectional study was carried out on apparently healthy persons aged
≥ 18 years. Ten years risk was calculated using the ATP-III/Framingham criteria.
Subjects with risk score <10% were considered as having low risk, 10–20%
(moderate risk) and >20% would be at high risk of developing CVD in 10 years.
MetS was defined based on the Joint Scientific Statement on harmonising the MetS.

Result: Of the 211 subjects, mean age was 51.3±17.3 years. Average risk of
developing CVD in next 10 years was 3.7±5.3%. Prevalence of low, moderate and
high risk of developing CVD among study participants was 86.3% (CI: 82.0–91.3%),
11.8% (CI: 6.9–16.1%), and 1.9% (CI: 0.0–3.8%), respectively. Prevalence of MetS
was 26.7% (CI: 21.0–33.3%). There was poor agreement between MetS and the
CVD risk scores (kappa = 0.209, p = 0.001)

Discussion: The study has shown that complementary use of MetS and CVD risk
score is imperative, as there is indication of risk in individuals without MetS. Also, a
large proportion of the study population requires lifestyle intervention. This finding
provides the evidence necessary to tailor public health intervention in this
population, especially towards the younger age groups.
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6.1 Introduction
Metabolic syndrome (MetS) is a constellation of independent risk factors for
cardiovascular disease (CVD).88 The importance of identifying individuals with the
MetS, who are at increased risk of CVD, is recognised by several guidelines.261-263
This supports the evidence that the presence of four or five features of MetS is
associated with a 3.7 increase in coronary heart disease risk and a huge 24.5 increase
for incident diabetes.264,265 In sub-Saharan Africa, more premature acute myocardial
infarction or heart failure occurs,95 most of which are undiagnosed.

The concept of risk assessment and reduction forms the foundation of
preventive/therapeutic strategies for cardiovascular events.266 According to Klug,
Raal

262

risk scoring using well documented key risk factors is appropriate to

estimate the total cardiovascular risk in asymptomatic adults. The Framingham risk
score, which was validated in black populations, was shown to be a better screening
tool than the metabolic syndrome.267-269

In Nigeria, the incidence and prevalence of CVD is still unclear; and some reports on
stroke show a higher mortality rate and a younger age of onset, with hypertension
implicated as the main risk factor.270,271 Prevalence of MetS is estimated above
28%,245 with increasing unhealthy lifestyle changes driving the distribution of risk
factors such as obesity, hyperglycaemia, hypertension and dyslipidaemia. Reports on
CVD prevalence are those from hospitalised patients and archived death records
resulting from CVD.272-274 Even though a large body of evidence suggests that early
screening and detection of CVD risk factors enhances intervention at the stage where
the disease can be reversed, reports in rural populations with limited access to quality
healthcare is still lacking.
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The objective of this study is to assess the association of MetS and risk factors with
10 year risk of developing CVD. It also sought to investigate the proportion of the
study population that would require intervention using the low lipoprotein
cholesterol levels as a function of the risk scores.

6.2 Methods

6.2.1 Study design
This study is a population-based cross-sectional study in a Nigerian sub-population.
Participants were recruited following a two stage cluster sampling technique as
described in an earlier paper.252 The study was part of Prediabetes and
Cardiovascular Complications Study (PACCS).

6.2.2 Anthropometric measurements
Procedure and measuring instrument used to assess obesity and hypertension in this
study was as published in an earlier article.252 Body mass index (BMI) was
calculated using body weight divided by the square of height (kg/m 2). The BMI of
participants were further categorised into underweight (<18.5 kg/m2), normal weight
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and obese (>30 kg/m2). Central
obesity was classified as obesity status ‘Yes’ in males if WC>94 cm and obesity
status ‘Yes’ in females if WC>80 cm. Hypertension was classified as systolic blood
pressure reading ≥130 mmHg and/or diastolic blood pressure of ≥85 mmHg.88

6.2.3 Biochemical parameters
CardioChek® Professional Analyser (Polymer Technology Systems, Inc, IN, USA)
was used to screen for blood glucose level and lipid profile according to the
manufacturer’s instructions. The cut-off values of 100–125 mg/dL (prediabetes) and
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≥126 mg/dL (diabetes) for impaired fasting glucose was used to classify participants
who fasted for at least 8 hours. Participants who did not meet the required fasting
hours were assessed using 140–199 mg/dL (prediabetes) and ≥200 mg/dL for random
blood sample. For lipid profile, the cut-off values were ≥200 mg/dL
(hypercholesterolaemia), ≥150 mg/dL (hypertriglyceridaemia), ≤40 mg/dL (low
HDL in men) and ≤50 mg/dL (low HDL in women). MetS was defined as central
obesity plus any two of hypertriglyceridaemia, low HDL, hypertension or
hyperglycaemia. This is according to the Joint Scientific Statement on Harmonizing
the Metabolic Syndrome definition for sub-Saharan ethnicity.88 Total cholesterol,
triglyceride and HDL values were used to derive LDL using the Friedewald
equation.275

6.2.4 Adult Treatment Panel (ATP III) Framingham 10-year-risk of
CVD
After collection of body measurements, systolic and diastolic blood pressure
parameters and biochemical components (including blood sugar, total cholesterol,
triglyceride, high and low density lipoprotein cholesterols); the 10-year-risk of CVD
was calculated using the updated Framingham risk assessment tool. Variables
including age, gender, total cholesterol, high density lipoprotein cholesterol, smoking
status, systolic blood pressure and hypertension treatment status were used to
calculate the 10-year CVD risk. A total of 422 individuals participated in the
study.252 The initial data collected for age and other independent risk variables were
of different ranges. However data was cleaned-up to select variables within the
following ranges:
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Age: 20–99 years



Total cholesterol: 130–320 mg/dL



HDL: 20–100 mg/dL



Systolic blood pressure: 90–200 mmHg
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This was to enable calculation using the Framingham risk assessment tool. 276 Any
participant that had a value lower than the minimum range was not used in the
calculation. Participants having values higher than the maximum range were
truncated to enable computation of the risk levels, since the risk assessment tool does
not accept calculation of values above or below the ranges of age, total cholesterol,
HDL and systolic blood pressure outlined above. After these procedures, 211
participants were excluded. The number of participant after the exclusions was 211
(81 males and 130 females). Subjects with risk score <10% were considered as
having low risk, 10–20% (moderate risk) and >20% would be at high risk of
developing CVD in 10 years.

6.2.5 Statistical analysis
Descriptive statistics were used to determine mean and standard deviation of age and
10-year CVD risk score. Frequency distribution of the 10-year CVD risk scores was
also investigated. Bootstrapping was applied to generate 95% confidence interval of
the prevalence of each risk score.

Cross-tabulation between MetS and its risk factors with 10-year CVD risk score was
created to assess their association with each other. Chi-square statistics was used to
test for statistical significance, except otherwise stated. Association coefficients
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between MetS and 10-year CVD risk score categories were tested using Cohen’s
Kappa and Cramer’s V.

The 10-year CVD risk was recalibrated and dichotomised. Moderate risk and high
risk were merged to form moderate-to-high risk (≥10%) since very few participants
had high risk (>20%), and then low risk (<10%) remained the same. 2 x 2
contingency table was generated and the odds of having a moderate-high risk (≥10%)
of CVD were calculated for participants with MetS and each of the risk factors.

The proportion of participants that would require intervention based on the
Framingham total CVD risk score,262 and LDL-C levels277 was also assessed. For
this, subjects with low risk (<10%), moderate risk (10–20%) and high risk (>20%)
was cross-tabulated/rated with four different levels of LDL-C targets: < 69.48
mg/dL, 69.48–96.5 mg/dL, 96.5–189.14 mg/dL, and > 189.14 mg/dL.

Data analysis was carried out using IBM SPSS (Version 22 for Windows, IL, USA)
and XLSTAT (Version 2015.2 for Windows, Addinsoft, NY, USA).

6.3 Results
A total of 211 participants qualified for assessment using the ATP-III/Framingham
risk assessment tool. Mean age and 10 year CVD risk of participants was 51.3±17.3
years and 3.7±5.3%, respectively. Prevalence of low, moderate and high risk of
developing CVD among study participants was 182/211; 86.3% (CI: 82.0–91.3%),
25/211; 11.8% (CI: 6.9–16.1%), and 4/211; 1.9% (CI: 0.0–3.8%), respectively. The
highest distribution of moderate and high risk categories in the study population was
recorded in male participants. Risk distribution between male and female participants
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were statistically significant (p<0.0001). Risk was higher in males than in females.
Also, the result indicates that risk level increased with an increase in the age of the
participants.

Table 6.1: Frequency of 10-year risk of developing CVD in the study population
10 Year CVD risk score %
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
19
20
21
22
30
Total

Frequency
75
33
23
9
10
6
9
7
6
4
4
7
7
1
2
1
2
1
1
1
2
211

Prevalence (95%CI)
35.5 (29.7-42.2)
15.6 (9.8-20.7)
10.9 (6.6-16.1)
4.3 (1.9-7.6)
4.7 (1.9-7.9)
2.8 (0.9-5.2)
4.3 (1.4-7.1)
3.3 (0.9-6.2)
2.8 (0.9-5.2)
1.9 (0.5-3.8)
1.9 (0.5-4.3)
3.3 (0.9-6.0)
3.3 (1.1-5.7)
0.5 (0.0-1.4)
0.9 (0.0-2.4)
0.5 (0.0-1.4)
0.9 (0.0-2.4)
0.5 (0.0-1.4)
0.5 (0.0-1.4)
0.5 (0.0-1.4)
0.9 (0.0-2.4)
100.0

Std. Error
3.2
2.5
2.3
1.4
1.6
1.2
1.4
1.3
1.2
0.9
1.0
1.3
1.3
0.4
0.6
0.4
0.7
0.4
0.5
0.5
0.7
0.0

The frequency of 10-year risk of CVD in the study population indicates that
individuals with 0% risk had the highest distribution of 75/211; 35.5% (CI: 29.7–
42.2%). There was a considerable decrease in distribution with an increase in risk
score (Table 6.1).
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Figure 6.1: Comparison between independent risk factors with risk of
developing CVD using ATP-III/Framingham risk score

Risk factors distribution across 10 year CVD risk categories is presented in Figure
6.1. The result shows that the highest high risk levels were found in participants with
hypertension (100%; 4/4), followed by high level of triglyceride (75%; 3/4), and then
low HDL (50%, 2/4) and. Moderate risk level was highest in participants with high
level of cholesterol (64%; 16/25), ex-smokers (33.3%; 7/21) and overall obesity
(24%; 6/25), compared to other risk categories; while the low risk category was
highest in participants with central obesity (75.3%; 134/178). Generally, central
obesity was associated with higher risk than overall obesity.
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Table 6.2: Association between metabolic syndrome and 10-year CVD risk score
A.
No MetS
MetS
Total
Cohen’s Kappa
Cramer’s V

Low risk
140 (77.3)
41 (22.7)
181
0.193
0.227

Moderate risk
12 (48.0)
13 (52.0)
25

High risk
2 (50.0)
2 (50.0)
4

Total p-value
154
56
0.004†
210*
0.001
0.004

Low risk
Moderate to high risk
Total
B.
No MetS
140
14
154
MetS
41
15
56
0.003
Total
181
29
210*
Cohen’s Kappa
0.209
0.001
Cramer’s V
0.227
0.001
Prevalence of MetS 56/210 (26.7%, CI: 21.0% - 33.3%)
*There was one missing variable for MetS, otherwise the total sum of participants
was 211; †Based on Fisher’s exact test
Table 6.2 (A and B) shows the association between MetS, and 10-year CVD risk
score. Overall prevalence of MetS was 56/210; 26.7% (CI: 21.0-33.3%). MetS was
found at each risk category. Prevalence of MetS at low risk category was 41/56
(22.7%), moderate risk 13/25 (52.0%) and at high risk 2/4 (50%). The association
and agreement between MetS and the risk score categories were poor (K = 0.209, V
= 0.227, p = 0.001). However, there was significant prevalence of 10 year CVD risk
in participants without MetS.

Presence of MetS (OR=3.7, CI=1.7-8.1, p<0.0001) and high triglyceride level
(OR=3.8, CI=1.7-84, p<0.002) also increased the 10-year CVD risk (Table 6.3).
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Table 6.3: Distribution and odd ratio of moderate to high (≥10%) risk of CVD
CVD risk factors
Gender

No. (%)
Male
26 (89.7)
Female
3 (10.3)
Triglyceride level Normal
11 (37.9)
High
18 (62.1)
BMI
Non-Obese 23 (79.3)
Obese
6 (20.7)
WC
Normal
8 (29.6)
Obesity
19 (70.4)
Prediabetes
No
28 (96.6)
Yes
1 (3.4)
MetS IDF
No
14 (48.3)
Yes
15 (51.7)
NS = not significant

Odd ratio (95% CI)
20.0 (6.3-63.7)
0.05 (0.0-0.2)
0.3 (0.1-0.6)
3.8 (1.7–8.4)
1.0 (0.4-2.5)
1.0 (0.4-2.7)
1.3 (0.5-3.1)
0.8 (0.3-1.9)
1.8 (0.3-10.3)
0.6 (0.1-3.2)
0.3 (0.1-0.6)
3.7 (1.7-8.1)

p-value
< 0.0001
0.002
NS
NS
NS
< 0.0001

The distribution of intervention strategies based on the Framingham total CVD risk
score and LDL-C levels shows that a significant number of the study population
requires at least a life style intervention (Table 6.3). Apart from 41/182 (22.5%) and
35/182 (19.2%) of participants who did not require lipid intervention, the remaining
135 of the total 211 study population required lifestyle and drug intervention. 3/4
(75.0%) participants were considered to require immediate drug intervention based
on their CVD risk score and the corresponding LDL-C levels (Table 6.4).
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Table 6.4: Percentage of study population requiring intervention strategies
based on the Framingham total CVD risk score and the LDL-C levels
Total CVD
risk score
<10% Low
risk
10-20%
Moderate
risk
>20% High
risk
Total

< 69.48
mg/dL
41
(22.5%)a
4
(16.0%)b
0 (0.0%)d

LDL-C Levels
69.48–96.5
96.5–189.14
mg/dL
mg/dL
35
82 (45.1%)b
a
(19.2%)
4 (16.0%)b 15 (60.0%)c
1 (25.0%)d

3 (75.0%)e

Total
> 189.14
mg/dL
24
(13.2%)c
2 (8.0%)c
0 (0.0%)e

182
(100%)
25
(100%)
4
(100%)
211
(100%)

45
40 (19.0%)
100
26
(21.3%)
(47.4%)
(12.3%)
a = No lipid intervention; b = lifestyle intervention; c = lifestyle intervention,
consider drug if uncontrolled; d = lifestyle intervention, consider drug; e = lifestyle
intervention, and immediate drug intervention

6.4 Discussion
Our study has shown that a sizeable prevalence of 10 year CVD risk exists in the
study population, as 86.3%, 11.8%, and 1.9% were found to have low, moderate and
high risk of CVD, respectively. The decrease in prevalence of 10-year risk of CVD
with increase in risk score is an affirmation that the study population is still at an
early stage of epidemiological transition. Hence, efforts to mitigate morbidity and
mortality from CVD events through early screening are pertinent.

Gender distribution of the 10 year CVD risk in our study indicates that males were at
higher risk than females. This is in agreement with the study of Hoang, Ghandehari
278

who showed that men were associated with higher risk of CVD than women.

However, it has been established that when multiple risk factors are present, women
younger than 75 years may not be able to exceed 10% predicted risk for coronary
heart disease.262,273 The life time risk of CVD in almost all women is high, especially
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as a single risk factor is capable of increasing the risk. 279 Therefore, programs aimed
at prevention of CVD risk factors would improve life expectancy.

High level of triglyceride, low HDL, total cholesterol, obesity, hypertension and excigarette smoking contributed to at least moderate (≥10%) risk of 10 year risk of
CVD. These risk factors are considered to becoming increasingly widespread in
Nigeria as a result of unhealthy lifestyle changes from increasing urbanization and
Westernisation.147,245 More so, the presence of these risk factors in our study
population is consistent with the findings of the INTERHEART African study which
shows that smoking history, diabetes history, hypertension history, abdominal
obesity, and ratio of apolipoprotein B to apolipoprotein A-1 provided a population
attributable risk of 89.2% for acute myocardial infarction.95

Whether or not the MetS is a better screening tool than the CVD risk assessment
tools is still an issue on debate. Our study noted that MetS was prevalent at each
CVD risk level, with the highest proportion of MetS recorded at the low risk level.
However, evidence suggests that the presence of MetS is associated with 2- to 3-fold
increase in CVD event.264,265,280. Also the high proportion of 10 year CVD risk in
participants without MetS highlights on the poor agreement between both methods in
screening individuals at risk of CVD. Again, for the fact that the Framingham risk
tables may underestimate total CVD risk in middle-aged and older women,262 the
MetS may serve as a complementary tool especially in resource constrained lowmiddle income countries. This is particularly of value as our study shows that the
presence of MetS yielded significant odds of ≥10% risk of CVD in 10 years (Table
6.2). It must be noted MetS and CVD risk are overlapping; and the interest of this
study was not the significance of factors already incorporated in available risk tools.
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However, while the statistical significance may have been expected, due to the
overlap of some independent risk factors used in classifying MetS and the
Framingham risk tool, the assessment of different risk factors used in classifying
each method (age, gender and smokers – not captured in MetS; and
hypertriglyceridaemia, hyperglycaemia and obesity – not captured by the ATPIII/Framingham risk tool) is essential.

The study found that a significant number of the study population, who were
apparently healthy, qualified for aggressive lifestyle and drug intervention based on
their CVD risk scores and corresponding LDL-C values. As reported in another
paper on this study population, over 71% of participants were unaware of their blood
glucose and lipids level; and have poor health seeking behaviour, even though the
majority of participants had secondary education and are considered relatively
literate.219 However, the importance of screening, as to how effective it is in
identifying individuals that may benefit from preventive lifestyle interventions and
pharmacological treatment is highlighted.281 Therefore, the need to have a paradigm
shift to preventive medicine rather than ‘corrective’ medicine in Nigeria is
advocated.

6.5 Limitations of this Study
These results are from a sub-population study and cannot be considered to represent
the entire Nigerian population. Given that it is a cross-sectional study, only a
‘snapshot’ of the associations between metabolic syndrome and risk factors
associated with 10-year CVD risk could be assessed. Unfortunately, we did not
assess family history of CVD. This could be considered a limitation of the study.
One of the reasons that such assessment in our sample population was not practical is
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the fact that there is a knowledge gap regarding what CVD entails. Most CVD cases
are undetected and when such deaths occur, people mythicise it. According to the
South African Dyslipidaemia Guideline Consensus Statement,262 individuals with
established atherosclerotic disease, such as coronary artery disease, cerebrovascular
disease, peripheral arterial disease; type 2 diabetes and genetic dyslipidaemia are not
required to undergo CVD risk scoring due to possibility of risk underestimation.
However, in a population with inadequate health awareness, literacy and low health
seeking behaviour like ours,219 this could be problematic.

6.6 Conclusion
The study has shown that complementary use of MetS and CVD risk score is
imperative, as there is indication of risk in individuals without MetS. A large
proportion of the study population requires lifestyle intervention. These findings
provide the evidence necessary to tailor public health intervention in this population,
especially towards the younger age groups.
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Abstract:
Background: The current anthropometric indices used for diagnosis of cardiometabolic syndrome (CMS) in sub-Saharan Africa are those widely validated in the
Western World. We hereby aim to compare the sensitivity and specificity of these
tools in identifying risk factors for CMS.
Method: The study assessed body mass index (BMI), waist circumference (WC) and
waist-to-height ratio (WHtR). Statistical analyses were performed to determine the
sensitivity and specificity of WHtR in comparison with WC cut-off points
recommended by the International Diabetes Federation (IDF) and the Third Adult
Treatment Panel (ATP-III) as well as BMI cut-offs prescribed by the World Health
Organisation (WHO).

Result: WHtR had the highest area under the receiver operating characteristic (ROC)
curve in screening CMS. WHtR≥0.5 also showed highest sensitivity in both genders
in identifying CMS and clusters of ≥2 CMS risk factors, but with lowest specificity
and positive likelihood ratio (LR+). ATP-III WC cut-off revealed lowest sensitivity
and highest specificity in screening CMS and ≥2 CMS risk factors in males
(p<0.0001). IDF WC threshold had the more stable sensitivity and specificity in
males (p<0.0001) but not in females.

Conclusion: WHtR>0.5 is more sensitive than WC and BMI recommended values in
screening for CMS, but with the least positive likelihood ratio. However, more
studies in other nations of sub-Saharan Africa are needed to assure evaluation of
different cut-off points that will yield optimal specificity and sensitivity. This will
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help curb the problem of over-diagnosis of CMS risk factors and increase better
health outcome of the population.
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7.1 Introduction
Cardio-metabolic syndrome (CMS) has emerged as a major clinical and public health
challenge in sub-Saharan Africa and is now common in younger adults.282 About 40–
50% of adults in many African countries are estimated to have hypertension, and
most of these people remain undiagnosed.283-285 In Nigeria, the prevalence rate of
hypertension is as high as 28%.245 The rise in obesity, especially in developing
countries, has led to general calls for frequent monitoring of changes in overweight
and obesity prevalence in all populations.286

Over the last decade, the International Diabetes Federation (IDF),141 the National
Cholesterol Education Programme – Third Adult Treatment Panel (NCEP-ATPIII),82 European Group for Study of Insulin Resistance (EGIR) and the American
Heart Association/National Heart, Lung and Blood Institute (AHA/NHLBI)83
emphasised the potential of central obesity measured by the waist circumference
(WC), a predictor to the occurrence or clustering of other cardio-metabolic risks.
Waist-to-height ratio (WHtR) has also been widely presented as a better measure of
CMS and its independent risk factors suitable globally.287-290 The major debate has
been how the different diagnostic thresholds set out by these bodies accurately
diagnose subjects of sub-Saharan ethnicity for central obesity and corresponding
CMS risk factors.

In sub-Saharan Africa, a few studies have been carried out particularly in South
Africa and Cameroon to assess the ability of different anthropometric indices to
measure occurrence of metabolic syndrome and diabetes.290-293 Yet, it is still unclear
(due to varying results) which of these indices perform best in this part of the world.
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Parameters for WC widely used in diagnosing excessive fat deposition in Nigeria are
those validated for Western cohorts, and may not be appropriate for defining CMS.

The objective of this study is to provide an indication of the sensitivity/specificity of
cut-off points of anthropometric indices used in screening cardio-metabolic
syndrome in Nigeria. The approach is to compare the discriminatory ability,
sensitivity and specificity of cut-off points of WHtR and other measures of obesity
and CMS widely used in sub-Saharan Africa as described by the WHO (BMI),
NCEP-ATP-III (WC) and IDF (WC) in screening CMS in a Nigerian sub-population.

7.2 Method

7.2.1 Study subjects and ethical clearance
This study is a cross-sectional study and the sampling techniques have been
previously described.252 Participants were aged ≥ 18 years. Study participants
included 149 men and 273 women. Ethical clearance for this study was approved by
the Human Research Ethics Committee of Charles Darwin University, Darwin,
Northern Territory, Australia (HREC Reference: H14003); Human Research Ethics
Committee of Novena University, Ogume, Delta State, Nigeria; and the Health
Department of Ndokwa West Local Government Area, Delta State, Nigeria.

7.2.2 Anthropometric and biochemical measurements
Measurement protocols and instrument for assessment of obesity, hypertension and
other biochemical parameters in this study were as previously described.252 Height
and weight measurement readings were used to determine the BMI140 and grouped
into underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight
(25.0–29.9 kg/m2) and obese (>30 kg/m2). Central obesity was classified using WC
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cut-off points according to ATP-III and IDF criteria. The overall obesity was
classified using BMI and WHtR thresholds according to WHO

140

and recent

recommendations,289 respectively. Anthropometric independent (predictor) variables
were as follows:



WHtR of ≥0.5289



WC of >94 cm for men and >80 cm for women (IDF)141



WC of >102 cm for men and >88 cm for women (ATP-III)82



BMI of 25 kg/m2 (WHO).140

7.2.3 Definition of cardio-metabolic risk factors
The sum of the following cardio-metabolic risk factors, where present, was used in
the study: hyperglycaemia, hypertension, hypertriglyceridaemia, and low high
density lipoprotein (L-HDL) cholesterol. Dyslipidaemia was defined when an
individual

is

presenting

with

at

least

one

blood

lipids

disorder

(hypertriglyceridaemia, L-HDL cholesterol, and elevated blood total cholesterol).
The cut-off points for defining the cardio-metabolic risk factors were as
recommended by the Joint Interim Statement (JIS) on Harmonizing the Metabolic
Syndrome:88



Hyperglycaemia: Fasting blood glucose: ≥100 mg/dL or random blood
glucose of ≥140 mg/dL and or receiving current medication for this
condition.



Hypertension: Systolic blood pressure ≥130 mmHg and/or diastolic blood
pressure ≥85 mmHg and/or receiving treatment for such condition.
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Hypertriglyceridaemia: Serum triglyceride of ≥150 mg/dL and/or receiving
current medication for the condition.



Low High Density Lipoprotein (L-HDL) cholesterol: Serum HDL cholesterol
of ≤40 mg/dL in males and ≤50 mg/dL in females.

The dependent (outcome) variables for the sensitivity/specificity assessment of the
anthropometric variables were two:



CMS, which is also known as metabolic syndrome or syndrome X. The
operational definition of CMS is when an individual has multi-morbidity of
≥3 risk factors, as defined by the JIS.88

≥2 CMS risk factors: The assessment of individuals with ≥2 risk factors as a
dependent (outcome) variable was to assess the sensitivity/specificity cut-off points
of the anthropometric indices in screening individuals with at least two of the CMS
risk factors.

7.2.4 Statistical analysis
Continuous variables are shown as median and interquartile range. Gender variations
between anthropometric variables and age were assessed using Mann–Whitney U
test. The ability of WHtR, WC and BMI cut-off points to discriminate CMS and ≥2
CMS risk factors were further assessed using the receiver operating characteristic
curve (ROC) analysis. The area under the curve (AUC) provides a scale from 0.5 to
1.0 by which to compare the ability of an anthropometric index to detect a positive
result.294 The sensitivity and specificity of WHtR,289 WC (IDF and ATP-III)82,141 and
BMI140 cut-off points used for identifying CMS and ≥2 CMS risk factors were
investigated. Sensitivity in this context is the ability of a test (anthropometric indices)
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to correctly classify an individual with CMS, and specificity is the ability of these
parameters to correctly classify an individual as free.295 Data analysis was carried out
using SPSS (Version 22 for Windows, SPSS Inc., Chicago, IL) and XLSTAT
(Version 2015.2 for Windows, Addinsoft, NY, USA) statistical packages.

7.3 Results
The descriptive statistics show that there is significant difference in age (p=0.006),
height (p<0.0001), weight (p<0.0001), WHtR (p=0.001), triglyceride (p=0.004) and
HDL (p<0.0001) concentrations, as well as systolic blood pressure (p=0.0326) across
gender (Table 7.1). Male participants were older than female counterparts.
Statistically significant difference was found in these risk factor variables, showing
that males were consistently having higher values than females, except in WHtR
value where it was higher in females. Participants in the study seem to be relatively
young and tall with BMI values moderately within the optimal range based on the
WHO criteria.

Table 7.1: Descriptive statisticsa
Male
N
Median (Q1-Q3)
Age (years)†
148 43 (20-59)
Height (m)†
147 1.66 (1.60-1.71)
Weight (kg) †
148 62 (55-73)
BMI (kg/m2)
147 22.11 (20.51-25.85
WC (cm)
145 85 (77.25-95)
WHtR†
144 0.51 (0.47-0.57)
FBG (mg/dL)
114 86 (75-92)
RBG (mg/dL) †
28 95 (89-110)
TG (mg/dL) †
142 117 (92.5 – 172.5)
HDL (mg/dL) †
142 61 (44-85)
Systolic (mmHg) † 139 120 (110-134)
Diastolic (mmHg) 139 70 (62-80)
n (%)
Dyslipidaemia
142 87 (61.3)
Variable

142

Female
N
Median (Q1-Q3)
270 36 (18-51)
264 1.59 (1.55-1.64)
267 58 (50-68)
264 22.96 (20.44-26.95)
267 85.50 (76-97)
264 0.54 (0.48-0.61)
152 83 (73-92)
92 90 (80-97)
240 107 (83-140)
240 78 (57-100)
243 120 (107-130)
243 70.5 (61.75-80)
n (%)
240 146 (60.8)

P value
0.006
<0.0001
<0.0001
0.108
0.913
0.001
0.182
0.035
0.004
<0.0001
0.0326
0.786
0.933
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Significant level α = 0.05; BMI = body mass index, WC = waist circumference,
WHtR = waist-to-height ratio, FBG = fasting blood glucose, RBG = random blood
glucose, TG = triglyceride
†Statistically significant difference between genders
All missing data variables were excluded from analysis
a
The prevalence of other risk factors of CMS are presented in Fig 1 of previous
publication.252

The study also shows that prevalence of ≥2 CMS risk factors was higher in males
38(28%) than in females 37(16%). The trend was similar with CMS [Male 12 (9%);
Female 6 (3%)] (Table 7.2).

Table 7.2: Prevalence of CMS and ≥2 CMS risk factors across gender
Sum of CMS risk factors
≥2 CMS

CMS

No
Yes
Prevalence
No
Yes
Prevalence

Male (N=138)
Frequency (%)
100 (72%)
38 (28%)
0.275 (28%)
126 (91%)
12 (9%)
0.087 (9%)

Female (N=237)
Frequency (%)
200 (84%)
37 (16%)
0.156 (16%)
231 (97%)
6 (3%)
0.025 (3%)

Receiver operating characteristic (ROC) curve analysis indicates WHtR having the
highest area under the curve (AUC) in both genders in screening CMS. For ≥2 CMS
risk factors, WHtR had the highest AUC (0.701, p<0.0001) in females, while in
males, BMI had the highest AUC (0.792, p<0.0001) (Table 7.3, Figures 7.1A&B).
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Table 7.3: Area under the ROC curve
Obesity index
BMI
≥2 CMS
risk

WC
WHtR
BMI

CMS

WC
WHtR

Male
AUC (95%CI)
SE
0.792
(0.711- 0.041
0.873
0.751
(0.656- 0.048
0.845)
0.753
(0.655- 0.050
0.851)
0.865
(0.769- 0.049
0.962)
0.886
(0.814- 0.037
0.958)
0.911
(0.856- 0.028
0.965)

p-value
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Female
AUC (95%CI)
SE
0.596
(0.499- 0.049
0.692)
0.696
(0.617- 0.040
0.774)
0.701
(0.622- 0.040
0.780)
0.769
(0.628- 0.072
0.910)
0.753
(0.608- 0.074
0.898)
0.785
(0.669- 0.059
0.900)

p-value
0.065
<0.0001
<0.0001
0.024
0.032
0.017

WHtR ≥0.5 showed the highest sensitivity and lowest specificity in identifying ≥2
CMS risk factors (p = 0.001) and CMS in both males and females (p = 0.003 and
0.088), but with the lowest positive likelihood ratio in both males and females. In
females, BMI ≥25 kg/m2 had better positive likelihood ratio in screening CMS (p =
0.018) than WC values. However, WC cut-off by ATP-III had highest positive
likelihood ratio for ≥2 CMS risk factors in both gender and CMS in males. Also,
ATP-III WC cut-off showed lowest sensitivity and highest specificity in screening
CMS and ≥2 CMS risk factors in males (p<0.0001), while IDF WC threshold had
more stable sensitivity and specificity in males (p<0.0001), but not in females (Table
7.4).
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≥2 risk factors
Male
WHtR ≥0.5
WC >94cm
WC >102
BMI ≥25kg/m2
Female
WHtR ≥0.5
WC >80cm
WC >88cm
BMI ≥25kg/m2
CMS
Male
WHtR ≥0.5
WC >94cm
WC >102
BMI ≥25kg/m2
Female
WHtR ≥0.5
WC >80cm
WC >88cm
BMI ≥25kg/m2
32.9 (27.2-39.2)
38.9 (32.9-45.3)
58.5 (52.1-64.7)
64.1 (57.7-70.0)

100 (55.2-100)
100 (55.2-100)
66.7 (29.6-90.4)
83.3 (41.6-98.4)

147

1.490 (1.362-1.631)
1.636 (1.477-1.812)
1.608 (0.895-2.889)
2.319 (1.559-3.450)

1.800 (1.540-2.104)
4.312 (2.961-6.278)
6.350 (2.794-14.432)
3.610 (2.445-5.330)

0.00
0.00
0.569 (0.183-1.774)
0.260 (0.043-1.561)

0.00
0.106 (0.016-0.693)
0.543 (0.308-0.958)
0.201 (0.056-0.722)

44.4 (36.1-53.2)
78.7 (70.8-85.0)
92.1 (85.9-95.8)
76.6 (68.4-83.1)

100 (71.3-100)
91.7 (62.1-100)
50.0 (25.5-74.5)
84.6 (56.3-96.6)

0.088
0.064
0.264
0.018

0.003
<0.0001
<0.0001
<0.0001

0.001
0.000
0.001
0.227

0.222 (0.074-0.667)
0.176 (0.059-0.527)
0.532 (0.337-0.839)
0.838 (0.612-1.148)

36.5 (30.1-43.4)
43.8 (37.1-50.7)
62.7 (55.8-69.1)
64.5 (57.6-70.8)

91.9 (77.8-97.8)
92.3 (78.8-98.0)
66.7 (50.9-79.4)
45.9 (31.1-61.6)

1.447 (1.255-1.668)
1.642 (1.410-1.911)
1.787 (1.343-2.376)
1.294 (0.871-1.924)

X2test
Negative likelihood ratio p-values
0.316 (0.148-0.675)
0.000
0.576 (0.407-0.816)
<0.0001
0.748 (0.607-0.920)
<0.0001
0.481 (0.326-0.710)
<0.0001

Value (95% Confidence Interval)
Sensitivity in % Specificity in % Positive likelihood ratio
84.2 (69.1-92.8) 50.0 (40.4-59.6) 1.684 (1.325-2.140)
52.6 (37.3-67.5) 82.2 (73.4-88.5) 2.953 (1.763-4.948)
28.9 (17.0-44.9) 95.0 (88.6-98.1) 5.847 (2.175-15.723)
60.0 (44.6-73.6) 83.2 (74.45-89.3) 3.565 (2.158-5.889)

Table 7.4: Sensitivity and specificity of various anthropometric indices for identification of constellation of CMS risk factors
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7.4 Discussion
This study shows that a significant proportion of the study population have comorbidity of multiple CMS risk factors. High prevalence of multiple CMS risk
factors has also been reported in other parts of the country.163,227 The high prevalence
of CMS risk factors in male and female participants is a predisposing factor to
coronary heart disease and stroke, respectively. Therefore, efforts to enhance risk
factors identification are of great necessity.

The study has also shown the relationships that exist between several anthropometric
indices with the sum of CMS risk factors in this Nigerian sub-population. WHtR
demonstrated the highest ability to discriminate CMS than the WC and BMI and to
some sizeable extent ≥2 CMS risk factors. This finding corroborates with study
carried out in South Africa290 and outside the shores of Africa.287,296 It has been
pointed out that height may influence the observation of fat accumulation and or
distribution, and therefore, should be considered before adopting an obesity index.297
Furthermore, the choice of weight as a co-index with height in the classification of
BMI contributes to the incrimination of BMI as an inadequate obesity index, since it
lacks the precision of discriminating between muscle composition and different
distribution of fat in the body.298 This is, therefore, one of the reasons WC was
recommended as a better index than the BMI. Also to note is the tendency of WC to
over- and under-evaluate CVD risks in tall and short individuals with similar WC.289
This is why the correction of WC for height offers the WHtR a huge advantage.299

WHtR of ≥0.5 had the highest sensitivity in identifying clustering of CMS risk
factors in both sexes than the WC and BMI boundary values recommended for subSaharan Africa, but its specificity is low. Other studies have proposed varying
148
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optimal WHtR cut-off points for individual CMS risk factors, including WHtR
≥0.47300 and WHtR ≥0.51,301 but the use of cost-based (utility-based) approach
which leads to a decision threshold that reflects the ratio of harm (over diagnosis)
and benefit (gain for correct diagnosis) is yet to be employed.

The WC cut-off points proposed by the IDF and ATP-III have higher positive
likelihood ratios than the WHtR in males and females, respectively; especially in
identification of CMS and ≥2 CMS risk factors in males. As regards the fact that
WHtR had the highest area under the ROC curve with sum of CMS risk factors, there
is an expectation that it would have had better positive and negative likelihood ratios
than other anthropometric indices. However, whether the ≥0.5 cut-off point, which
has been proposed as a suitable global value 289 applies effectively to the sub-Saharan
region must be subject to more extensive investigation. It is also imperative to
emphasise that the different environmental and cultural factors, which influence the
level of physical activity, choice of diet/eating habit, rate of alcohol consumption and
smoking across different sub-Saharan African nations, may have a significant
influence on the growth and body composition of its populace.

7.4.1 Implications of findings for practicing clinicians
In our study population, 61% of participants had at least one lipid disorders and
35.7% were hypertensive.252 Looking at the descriptive statistics (Table 7.1), it is
evident that the population is predominantly at the healthy weight BMI threshold.
The core implication is that recommendations on obesity criteria need to be
population-specific for the sub-Saharan countries. Anthropometric indices may be
appropriate for screening an apparently healthy individual for subclinical CMS
indices. However, whether these cut-off points are appropriate for a population with
149
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high prevalent dyslipidaemia is subject to more extensive investigation, using a large
population sample.

7.5 Conclusion
WHtR>0.5 is more sensitive than WC cut-off points by IDF and ATP-III, and BMI
(WHO) in screening for sum of CMS risk factors. Its low specificity suggests that the
proposed 0.5 boundary value to assess risk may not be applicable to the Nigerian
population. More studies in other nations of sub-Saharan Africa are needed to assure
evaluation of different cut-off points that will yield optimal specificity and
sensitivity. This will help curb the problem of over-diagnosis of CMS risk factors
and increase better health outcomes of the population.
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Abstract
Background: In sub-Saharan Africa, there is no precise use of metabolic syndrome
(MetS) definitions and risk factors screening indices in many clinical and public
health services. Methods proposed and used in Western populations are adopted
without validation within the local settings. The aim of the study is to assess obesity
indices and cut-off values that maximise screening of MetS and risk factors in the
Nigerian population.

Method: A consolidated analysis of 2809 samples from four population-based crosssectional study of apparently healthy persons ≥18 years was carried out. Optimal
waist circumference (WC) and waist-to-height ratio (WHtR) cut-off points for
diagnosing MetS and risk factors were determined using Optimal Data Analysis
(ODA) model. The stability of the predictions of the models was also assessed.

Results: Overall mean values of BMI, WC and WHtR were 24.8±6.0 kgm-2,
84.0±11.3 cm and 0.52±0.1, respectively. Optimal WC cut-off for discriminating
MetS and diabetes was 83 cm in females and 85 cm in males, and 82 cm in females
and 89 cm in males, respectively. WC was more stable in discriminating diabetes
than WHtR and BMI, while WHtR showed better stability in predicting MetS than
WC and BMI.
Conclusion: The study shows that the optimal WC that maximises the classification
accuracy of MetS differs from that currently used for sub-Saharan ethnicity. The
proposed global WHtR of 0.50 may misclassify MetS, diabetes and hypertension.
Finally, the WC is a better predictor of diabetes, while WHtR is a better predictor of
MetS in this sample population.
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8.1 Introduction
Metabolic syndrome (MetS) is the cluster of modifiable risk factors for CVD and
diabetes.88,91 Hyperglycaemia, dyslipidaemia, obesity and hypertension are
implicated as the leading risk factors predisposing individuals to this complex
cluster. Although central obesity302 and insulin resistance139 have been proposed to
be instrumental to the initiation and development of MetS, especially as they are
recognised by several clinical definitions of MetS, there is still debate regarding what
constitutes the central underlying mechanism 89.

Over the last decade, MetS has evolved as a major clinical and public health issue
amid several opponents to its diagnostic utility. Evidence suggests that the presence
of MetS is associated with 2 fold increase in CVD and about 5 fold increase in type 2
diabetes.91 In Europe, 24–65% and 43–78% prevalence of obese individuals with
MetS among females and males respectively has been reported.303 In Canada,
Australia and the United States of America, 19.1% 189, 33.5%190 and 34.7%304
prevalence of MetS has been projected, respectively. The epidemiological transition
of components of MetS currently being witnessed in sub-Saharan Africa is
considered to have reached epidemic levels, even in younger adults.282 A systematic
review of prevalence of MetS in Nigeria delineated a mean prevalence of 28%.245
However, the surge in prevalence of obesity in low-middle income countries (LMIC)
warranted a call for regular screening of changes in overweight and obesity
prevalence in all populations.286

Since the first proposition of a clinical definition of MetS by the WHO,93 about six
additional clinical definitions have been proposed.7,82-84,88,106 This has led to
confusion among clinicians and researchers, especially those from LMIC as to which
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method to employ. A recent report by Oguoma, Nwose

245

shows that for over 12

years of clinical and public research on MetS in Nigeria, 9 studies (28.1%) utilised
the WHO criteria, 19 (59.4%) used the ATP-III, while 10 (31.3%) studies employed
the IDF criteria. Most of these studies were carried out after the Joint Interim
Statement (JIS) on harmonizing the definition of MetS was proposed.245 While the
JIS in 200988 agreed on four of the central components of MetS and uniformity in the
measure to define them, there is still disagreement regarding the WC to be used and
how it should be adjusted for use in different ethnic groups.89

The WC threshold currently used for assessing obesity and resulting MetS in subSahara Africa are those of Europid origin.88,106 While factors such as genetics,
environmental,305 and socio-economic known to influence distribution of MetS may
not be similar with the Europid population, it is therefore arguable in regards to the
efficacy of the proposed WC threshold for the sub-Saharan ethnicity. However, a few
studies have assessed different anthropometric indices to measure occurrence of
metabolic syndrome and diabetes.290-293 While these studies generated different
results, it may be misleading to assume they account for the whole sub-Saharan
region. The fact that Africa is a large continent occupied by several ethnic groups
means that known cultural differences, socio-economic and possibly genetic factors
would potentially influence pattern of diseases,282 thus requiring different criteria for
different groups.

To address the issue of identifying the appropriate criteria for Nigeria, we report here
on the consolidated analysis of four population-based cross-sectional studies in
Nigeria. The objective of this study was to determine the optimal WC and waist-to
height ratio (WHtR) cut-off points for screening MetS and independent risk factors
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in Nigeria, the most populated country in the African continent. This is imperative as
there is the need for evidence regarding whether cut-off points of obesity indices
should be based on sub-Saharan African region or country specific.

8.2 Methods

8.2.1 Study area
Nigeria is made up of 36 States and a Federal Capital Territory (FCT), Abuja. The
States are grouped into 6 geopolitical zones, comprising the North Central, North
East, North West, South East, South South and South West. The main latitude and
longitude of Nigeria is 10° North and 8° East, respectively306 and an estimated 50.4%
of this population live in the rural areas, while the remaining 49.6% live in the urban
areas. The sites for this study were from 4 of the 6 geopolitical zones (South East,
South South, South West and North Central).

8.2.2 Study population and ethics clearance
This is a consolidated study from 4 population-based cross-sectional studies in 4
geopolitical zones of Nigeria.147,162,185,252,307 Each of these studies was carried out on
apparently healthy subjects from rural and urban Nigerian populations. Participants
included were apparently healthy from the age of 18 years and above, and resident of
the study area. The total sample population was 2809 participants (1197 rural and
1612 urban).
For each study population, informed consent was sought. Appropriate Ethics
Committees for each study group approved the study. These included the Human
Research Ethics Committee (HREC) of Charles Darwin University Australia
(H140003); HREC of Novena University Nigeria; and Local Government Ministry
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of Health at Kwale, Delta State Nigeria;252,307 the Ethics Review Committee (ERC)
of the University of Nigeria Teaching Hospital,162 and ERC of Enugu State Ministry
of Health;185 the ERC of Benue State University Nigeria; Abuja Municipal and Kuje
Area Councils Ethical Committees.147

8.2.3 Anthropometric and blood pressure measurements
The procedures for measurement of waist circumference, weight and height were as
earlier reported.147,162,185,252,307 These followed a uniform pattern across study
sites/populations. The ratio of weight to height square was employed to calculate the
body mass index (BMI), while the ratio of waist circumference to height was used to
generate waist-to-height ratio values.
At each study location, three readings of the systolic and diastolic blood pressures
was taken using Omron® digital and Accoson® mercury sphygmomanometer.
Average of second and third readings was used.

8.2.4 Biochemical parameters
Participants fasted for at least 8 hours before blood samples were collected for
glucose (FBG) and lipids analyses. CardioChek® Professional Point of Care
Diagnostic Analyser (Polymer Technology Systems, Inc, IN, USA) was used to
screen individuals for blood glucose and lipids profile; total cholesterol (TC), high
density lipoprotein-cholesterol (HDL-C) and triglycerides (TG) at one site.252,307 At
the second site, fasting blood glucose was measured using Accuchek® Point of Care
Diagnostic Analyzer (Roche Diagnostics, UK) while TC and TGs were measured by
enzymatic colorimetric method and HDL-C and low density lipoprotein-cholesterol
(LDL-C) by differential precipitation enzymatic colorimetric using semi-
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autoanalyser Mitra Photometer (Linear Chemicals S.L., Barcelona, Spain) 162. Other
two sites employed the glucose oxidase method for glucose measurement,
phosphotungstic acid precipitation and cholesterol oxidase method for HDL-C,
cholesterol oxidase method for TC and lipase method for TG.147,185

8.2.5 Classification of metabolic syndrome and risk factors
The range of 100–125mg/dL was used to define prediabetes and values ≥126mg/dL
for diabetes when participants fasted for at least 8 hours. Participants who did not
meet the required fasting hours were assessed using 140–199 mg/dL (prediabetes)
and ≥200 mg/dL (diabetes) for random blood sample. Following the recent JIS on
harmonising the definitions of MetS in 2009, any 3 of the 5 risk factors constitutes
diagnosis of MetS.88 Therefore, we defined MetS (the outcome variable) as the
presence of any three of hyperglycaemia, hypertension, hypertriglyceridaemia, and
low HDL-C level. Obesity either via WC or WHtR was not included since they serve
as predictor variables. The cut-off values for the MetS components are as proposed:88


Hyperglycaemia: FBG of ≥100 mg/dL or random blood glucose of ≥140
mg/dL and or receiving current medication for this condition



Hypertension: Systolic blood pressure ≥130 mmHg and/or diastolic blood
pressure ≥85 mmHg and/or receiving treatment for such condition



Hypertriglyceridaemia: Serum triglyceride of ≥150 mg/dL and/or receiving
current medication for the condition



Low HDL-C: Serum HDL-C of ≤40 mg/dL in males and ≤50 mg/dL in
females.
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Dyslipidaemia was defined when at least one lipid disorder is identified, while mixed
dyslipidaemia was defined when at least 2 of lipid disorders (hypertriglyceridaemia,
hypercholesterolaemia and or low HDL-C) were identified.

8.2.6 Statistical analysis
The mean and standard deviation were used to show continuous variables. Variations
in the mean values of the anthropometric and biochemical variables between gender
groups, rural and urban populations were assessed using the Mann–Whitney U test to
see if a statistical significant difference exists. Pearson’s chi-square was used to test
for significant difference (2-sided) in the prevalence projections across gender and
populations.
The ability of WHtR, WC and BMI to discriminate individual risk factors, two or
more risk factors and MetS were assessed using the receiver operating characteristic
curve (ROC) analysis. The area under the curve (AUC) provides a scale from 0.5 to
1.0 that is used to compare the ability of an anthropometric index to detect a positive
result.294
The optimal data analysis (ODA) model was also used to determine classification
accuracy of the WHtR, WC and BMI since it maximizes accuracy of a model than
other traditional statistics.308 The Effect Strength for Sensitivity (ESS) classification
accuracy of each obesity index was also assessed. The ESS is a normed index of
effect strength where 0 represents the classification accuracy expected by chance and
100 represents errorless classification.308 The rule of thumb asserts that values <25%
are of weak effect strength (ES), values between 25%–50% (moderate ES), values
>50% (relatively strong ES), values >75% (strong ES) and >90% (very strong
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ES).308,309 To compute ESS, the ODA uses mean percentage accuracy in
classification (PAC) as follows:
ESS (%) = [(mean PAC) – C]/ (100 – C) x 100%
where C = 100 / number of categories in the dependent categorical variable. For this
study, number of categories in dependent categorical variables is 2 (Yes or No MetS,
diabetes, hypertension, etc.)
Mean PAC = [(sensitivity + specificity) / C] x 100%
The ODA uses Monte Carlo procedures to examine the level of significance of
explanatory variables. Leave-one-out (LOO) cross-validation was used to assess
stability of the ODA model across gender groups.308 ESS values showing stability
after LOO procedures were compared for each ODA model. The obesity indices
(BMI, WC and WHtR) are considered LOO stable if ESS does not vary after crossvalidation.310
Data analysis was carried out using XLSTAT (Version 2015.2 for Windows,
Addinsoft, NY, USA) and UniODA (American Psychological Association, USA)
statistical packages.

8.3 Results

8.3.1 Baseline characteristics of participants
A total of 2809 participants were analysed and this included 1476 females and 1333
males, as well as 1197 participants in rural and 1612 in urban populations. In the
overall population, the mean values for BMI, WC, and WHtR are 24.8±6.0 kgm-2,
84.0±11.3 cm and 0.52±0.1, respectively. There was a significant difference between
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mean values of BMI, WC and WHtR across genders and populations (p<0.0001).
These were higher in females than in males, and also higher in urban than rural
populations. The ages of participants were relatively the same across gender and
populations, and did not show statistical significant difference (Table 8.1).
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Prediabetes
Diabetes
Hyperglycaemia a
Hypertension b
↑TC a,b
↑TG a,b
↓HDL a
Dyslipidaemia a,b
Mixed dyslipidaemia a,b
≥2 CVD RF b
MetS b
Smoking a
Alcohol a,b

Age (yrs)
Weight (kg) a,b
Height (m) a,b
WC (cm) a,b
HipC a,b
BMI (kg/m2) a,b
WHtR a,b
SBP (mmHg) a,b
DBP (mmHg) a,b
TC (mg/dL) a,b
HDL (mg/dL) a,b
TG (mg/dL) a,b
FBG (mg/dL) b
RBG (mg/dL) a,b

Category

Female
N (M±SD)
1471 (42.5±15.4)
1469 (64.1±21.1)
1466 (1.6±0.1)
1469 (85.0±12.3)
1068 (99.0±12.0)
1466 (25.4±7.4)
1466 (0.54±0.1)
1474 (121.5±24.3)
1474 (77.0±15.6)
1426 (175.3±57.7)
1425 (54.3±18.8)
1426 (117.0±46.6)
1315 (79.8±28.8)
92 (94.7±26.4)
n (%)
72 (5.1)
35 (2.5)
107 (7.6)
482 (32.7)
446 (31.3)
311 (21.8)
717 (50.3)
1175 (82.4)
277 (19.4)
436 (30.4)
70 (4.9)
84 (6.6)
464 (40.4)

Male
N (M±SD)
1329 (43.4±15.0)
1329 (66.2±12.6)
1328 (1.66±0.1)
1326 (82.8±9.9)
892 (93.9±8.9)
1328 (24.1±4.0)
1325 (0.50±0.1)
1327 (124.0±19.5)
1327 (79.0±12.3)
1305 (162.8±48.0)
1288 (49.0±16.1)
1303 (123.6±53.5)
1179 (80.2±31.0)
28 (103.2±29.5)
n (%)
76 (6.3)
45 (3.7)
121 (10.0)
480 (36.2)
281 (21.5)
335 (25.7)
425 (33.0)
836 (64.0)
197 (15.1)
356 (27.2)
82 (6.3)
279 (27.5)
649 (65.5)
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Rural
N (M±SD)
1190 (43.3±17.2)
1187 (60.7±11.7)
1183 (1.6±0.1)
1185 (82.2±10.3)
769 (93.3±9.9)
1183 (23.7±4.2)
1181 (0.51±0.1)
1192 (120.0±23.8)
1192 (74.7±15.3)
1152 (166.0±62.6)
1150 (54.6±20.8)
1154 (116.1±49.4)
1062 (79.0±31.1)
75 (92.7±25.1)
n (%)
64 (5.6)
32 (2.8)
96 (8.4)
326 (27.3)
280 (24.3)
240 (20.8)
474 (41.2)
805 (69.7)
179 (15.5)
282 (24.3)
49 (4.2)
141 (14.8)
427 (48.5)

Table 8.1: Baseline characteristics of the study population
Urban
N (M±SD)
1610 (42.7±13.6)
1611 (68.4±20.3)
1611 (1.6±0.1)
1610 (85.4±11.8)
1191 (98.8±11.1)
1611 (25.6±7.0)
1610 (0.52±0.1)
1609 (124.8±20.7)
1609 (80.4±12.8)
1577 (171.7±45.8)
1563 (49.8±14.8)
1575 (123.1±50.4)
1432 (80.8±28.9)
45 (103.4±29.6)
n (%)
84 (5.7)
48 (3.2)
132 (8.9)
636 (39.5)
447 (28.3)
406 (25.8)
668 (42.7)
1206 (76.5)
295 (18.7)
510 (32.2)
103 (6.5)
222 (16.6)
686 (54.5)

Total population
N (M±SD)
2800 (43.0±15.2)
2798 (65.1±17.6)
2794 (1.6±0.1)
2795 (84.0±11.3)
1960 (96.6±11.0)
2794 (24.8±6.0)
2791 (0.52±0.1)
2801 (122.7±22.2)
2801 (78.0±14.2)
2731 (169.3±53.6)
2713 (51.8±17.7)
2729 (120.1±50.1)
2494 (80.0±29.9)
120 (96.7±27.3)
n (%)
148 (5.7)
80 (3.1)
228 (8.7)
962 (34.3)
727 (26.6)
646 (23.7)
1142 (42.1)
2011 (73.6)
474 (17.3)
792 (28.9)
152 (5.5)
363 (15.8)
1113 (52.0)
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Significant level α = 0.05; WC = waist circumference; HipC = hip circumference;
BMI = body mass index; WHtR = waist to height ratio; SBP = systolic blood
pressure; DBP = diastolic blood pressure; TC = total cholesterol; HDL = high
density lipoprotein cholesterol; TG = triglycerides; FBG = fasting blood glucose;
RBG = random blood glucose; ↑ = high level; ↓ = low level; CVD RF =
cardiovascular disease risk factor; MetS = metabolic syndrome; n = number with
risk condition; % = percentage of number with risk condition; N = number of valid
population
aStatistical significant difference between genders
bStatistical significant difference between populations (rural vs urban)

Overall prevalence of prediabetes, diabetes and hyperglycaemia was 5.7%, 3.0%, and
8.7% respectively. These prevalence values were higher in males than in females,
and higher among the urban population as compared to the rural counterpart.
Prediabetes and diabetes did not show any statistical significant difference across
gender and populations. Prevalence of hypertension in the entire population was
34.3%. It was higher in males and among urban population. However, significant
difference in prevalence of hypertension was only recorded between urban and rural
population (p<0.0001). High level of TC (p<0.0001), low level of HDL-C
(p<0.0001), dyslipidaemia (p<0.0001) and mixed dyslipidaemia (p=0.003) were
higher in females and these differences were significant. Generally, the prevalence of
single and combined lipid disorders was higher among the urban populations. MetS
was higher in males and in urban population (p=0.010), with overall prevalence of
5.5% (Table 8.1).

8.3.2 Classification accuracy based on ODA model
Based on the ODA model, different ESS of the classification accuracy of the obesity
indices was generated and tabulated (Table 8.2). Apart from classification of
diabetes, MetS and hypertension, the obesity indices yielded weak effect strength in
discrimination

of

other

risk

factors
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hypercholesterolaemia,
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hypertriglyceridaemia, low HDL-C, ≥2CVD risk factor, dyslipidaemia, mixed
dyslipidaemia). The cluster of two or more lipid disorders in an individual did not
yield better classification using the obesity indices; rather weak effect strength was
identified with low HDL having the weakest effect strength across gender and
population. In females and risk conditions (MetS, diabetes, hypertension) where
better classification accuracy was noted, WHtR had better classification than WC
and BMI when assessed either using the ODA model or AUC. However, the opposite
was seen in males where WC had better discrimination than WHtR and BMI. Again,
when considering the overall population as an entity, highest classification accuracy
was found using WHtR (ESS=32.2%) than WC (ESS=31.8%) and BMI
(ESS=26.2%) for diabetes. In hypertensive subjects WHtR (ESS=30.9%), WC
(ESS=29.4%) and BMI (24.9%); while in MetS classification WHtR (ESS=38.4%),
WC (ESS=37.5%) and BMI (ESS=33.5%) (Table 8.2).
Table 8.2: Area under the ROC curve (AUC) and Effect Strength for Sensitivity
(ESS) of classification potentials of the obesity indices with MetS, diabetes and
risk factors
Female
Prediabetes
BMI
WC
WHtR

Male

AUC
(95%CI)
0.601 (0.5290.672)
0.613 (0.5410.684)
0.625 (0.5530.696)

ESS
(%)
22.9

0.588 (0.4880.688)
0.663 (0.5630.762)
0.689 (0.5900.788)

19.1

0.631 (0.5980.663)
0.614 (0.582-

21.3

23.8
21.1

Total population

AUC
(95%CI)
0.591 (0.5220.660)
0.605 (0.5350.674)
0.614 (0.5440.683)

ESS
(%)
22.0

0.700 (0.6110.789)
0.726 (0.6390.814)
0.726 (0.6390.813)

38.3

0.612 (0.5730.650)
0.622 (0.583-

20.5

24.9
21.9

AUC
(95%CI)
0.592 (0.5430.642)
0.607 (0.5570.656)
0.607 (0.5570.657)

ESS
(%)
20.9

0.643 (0.5750.710)
0.695 (0.6290.761)
0.699 (0.6330.765)

26.2

0.629 (0.6040.653)
0.622 (0.597-

21.7

21.4
18.3

Diabetes
BMI
WC
WHtR

33.0
33.9

41.3
39.4

31.8
32.2

Total
Cholesterolaemia
BMI
WC

20.0
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19.8

20.7
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0.661)
0.596 (0.5570.635)

16.1

0.647)
0.625 (0.6000.649)

20.5

Hypertension
BMI
WC
WHtR

0.653 (0.6220.684)
0.709 (0.6790.738)
0.712 (0.6830.742)

27.8

0.558 (0.5210.595)
0.603 (0.5660.640)
0.600 (0.5630.637)

11.6

0.478 (0.4480.508)
0.455 (0.4250.485)
0.449 (0.4190.479)

6.3

0.600 (0.5670.632)
0.647 (0.6150.679)
0.647 (0.6150.679)

18.0

0.687 (0.6170.757)
0.727 (0.6590.796)
0.736 (0.6680.804)

30.9

0.601 (0.5640.638)
0.572 (0.5340.609)
0.575 (0.5370.613)

16.4

0.588 (0.5490.627)
0.599 (0.5610.638)
0.603 (0.5650.642)

14.1

32.7
35.6

0.647 (0.6160.679)
0.673 (0.6420.704)
0.673 (0.6420.704)

23.8

0.628 (0.5920.664)
0.661 (0.6250.696)
0.651 (0.6150.686)

20.9

0.506 (0.4720.539)
0.495 (0.4610.528)
0.510 (0.4760.543)

4.3

0.653 (0.6190.688)
0.689 (0.6550.723)
0.689 (0.6550.723)

23.6

0.728 (0.6640.792)
0.737 (0.6740.801)
0.747 (0.6840.810)

37.9

0.602 (0.5710.633)
0.604 (0.5720.635)
0.599 (0.5680.631)

18.1

0.644 (0.5990.689)
0.686 (0.6420.730)
0.672 (0.6280.716)

21.1

28.5
28.1

0.646 (0.6240.668)
0.689 (0.6680.711)
0.683 (0.6620.705)

24.9

0.588 (0.5620.613)
0.628 (0.6030.654)
0.615 (0.5900.641)

13.4

0.501 (0.4790.523)
0.480 (0.4580.502)
0.503 (0.4810.525)

2.7

0.623 (0.6000.647)
0.667 (0.6440.690)
0.668 (0.6450.692)

19.9

0.702 (0.6540.749)
0.729 (0.6820.776)
0.729 (0.6830.776)

33.7

0.610 (0.5870.633)
0.596 (0.5730.620)
0.618 (0.5950.641)

18.7

0.615 (0.5850.644)
0.639 (0.6100.668)
0.639 (0.6100.668)

16.0

29.4
30.9

Triglyceridaemia
BMI
WC
WHtR

17.0
15.4

25.7
22.9

20.9
18.2

Low HDL
BMI
WC
WHtR

8.9
9.4

2.5
2.6

4.6
2.3

≥2 CVD risk
BMI
WC
WHtR

23.6
25.2

31.3
29.7

27.3
27.8

MetS
BMI
WC
WHtR

34.9
38.3

42.0
40.8

37.5
38.4

Dyslipidaemia
BMI
WC
WHtR

14.7
16.8

17.8
16.5

17.3
20.0

Mixed
dyslipidaemia
BMI
WC
WHtR

18.7
19.8
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8.3.3 Optimal cut-off points, sensitivities and specificities that maximise
ESS
Table 8.3 shows the optimal cut-off points, sensitivities and specificities of obesity
indices that accurately maximise the classification of individuals with MetS, diabetes
and hypertension. Other independent risk factors that gave a weak ES are not
presented, since interest was risk factors that yielded at least moderate ES. The
optimal BMI cut-off point of 25 kgm-2 for classifying MetS was found in both males
and females. In classification of diabetes, the same cut-off point was also consistent,
especially in males and the general population. The WC cut-off that maximised
accuracy of discrimination of MetS was 83 cm in females and 85 cm in males, giving
a sensitivity/specificity of 84/51% in females and 78/64% in males. In diabetes, the
WC cut-off was 82 cm in females and 89 cm in males, with sensitivities/specificities
of 88/45% and 65/76%, respectively. Based on WHtR cut-off points, 0.53 was the
same in maximising discrimination of MetS in females, males and across the whole
population with sensitivity/specificity of 87/51%, 70/70% and 78/61%, respectively.
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24.50 78.6 (67.4-86.6) 52.4 (49.7-55.0)

MetS

85 67.8 (63.5-71.8) 64.9 (61.8-67.8)

83 84.3 (73.8-91.1) 50.7 (48.1-53.4)

Hypertension

MetS

0.51 94.3 (80.2-99.3) 39.6 (37.0-42.2)

0.52 79.1 (75.2-82.5) 56.5 (53.4-59.5)

0.53 87.1 (77.0-93.2) 51.1 (48.4-53.8)

Diabetes

Hypertension

MetS

WHtR

82 88.6 (73.3-95.9) 44.5 (41.9-47.2)

Diabetes

WC (cm)

27.48 47.3 (42.8-51.8) 80.5 (77.9-82.8)

Specificity

Hypertension

Sensitivity

27.34 48.6 (33.0-64.4) 70.5 (68.1-72.9)

Cut-off

Diabetes

BMI (kgm-2)

Female
Sensitivity

Specificity
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0.53 70.4 (59.6-79.2) 70.4 (67.8-72.9)

0.53 50.2 (45.7-54.7) 77.8 (74.9-80.5)

0.56 55.8 (41.1-69.5) 83.6 (81.3-85.6)

85 77.8 (67.5-85.5) 64.2 (61.5-66.8)

88 46.2 (41.8-50.7) 82.3 (79.6-84.8)

89 65.1 (50.1-77.6) 76.1 (73.6-78.5)

24.74 53.5 (48.3-58.7) 69.8 (66.8-72.7)

25.69 43.7 (39.3-48.2) 80.1 (77.3-82.6)

25.33 69.8 (54.8-81.4) 70.1 (67.4-72.7)

Cut-off

Male

0.53

0.52

0.57

86

88

89

24.44

26.62

25.07

Cut-off

Specificity

78.1 (70.8-84.0) 60.7 (58.8-62.6)

66.3 (63.3-69.2) 65.2 (63.0-67.4)

55.1 (44.1-65.6) 78.0 (76.3-79.6)

74.8 (67.3-81.1) 62.7 (60.8-64.5)

52.0 (48.8-55.1) 77.4 (75.4-79.3)

60.3 (49.1-70.4) 71.6 (69.8-73.3)

77.5 (70.1-83.4) 56.0 (54.1-57.9)

45.0 (41.9-48.1) 79.6 (77.7-81.4)

65.4 (54.3-75.0) 61.6 (59.7-63.5)

Sensitivity

Total population

Table 8.3: Optimal cut-off points, sensitivity and specificity of obesity indices (BMI, WC and WHtR) for accurate classification of MetS,
diabetes and hypertension
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8.3.4 Stability of predictive ability of the obesity indices
In males and females, WC was stable in predicting/discriminating diabetes, while
WHtR and BMI were unstable. Classification of hypertension by WC and WHtR
showed significant stability (p<0.0001). However, in classification of MetS, only
WHtR and BMI showed stability in males while in females all the obesity indices
were unstable in predicting MetS (Table 8.4).
Table 8.4: Validity of the ODA models in predicting MetS, diabetes and
hypertension across gender
Gender Outcome
variable
Male
Risk classification
of diabetes

Risk classification
of hypertension

Risk classification
of MetS

ODA model
If WC ≤ 89 then
predict no diabetes
If WC > 89 then
predict diabetes
If BMI ≤ 25.33 then
predict no diabetes
If BMI > 25.33 then
predict diabetes
If WHtR ≤ 0.56 then
predict no diabetes
If WHtR > 0.56 then
predict diabetes
If WC ≤ 88 then
predict normotensive
If WC > 88 then
predict hypertension
If BMI ≤ 25.69 then
predict normotensive
If BMI > 25.69 then
predict hypertension
If WHtR ≤ 0.53 then
predict normotensive
If WHtR > 0.53 then
predict hypertension
If WC ≤ 85 then
predict no MetS
If WC > 85 then
predict MetS
If BMI ≤ 24.74 then
predict no MetS
If BMI > 24.74 then
predict MetS
If WHtR ≤ 0.53 then
predict no MetS
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N
897

%
satisfied
1.67

p

ESS

<0.0001

41.28

304

9.21

827

1.69

0.0002

38.24

376

7.98

<0.0001

986

1.93

<0.0001

214

11.21

<0.0001† 34.74†

953

27.07

<0.0001

28.48

370

59.73

947

28.51

<0.0001

23.75

377

55.44

<0.0001† 23.42†

895

26.59

<0.0001

28.05

427

56.21

804

2.24

<0.0001

41.99

501

12.57

<0.0001† 38.29†

863

2.90

<0.0001

37.92

444

12.84

885

2.71

<0.0001

40.77

39.39
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If WHtR > 0.53 then 419 13.60
predict MetS
Female Risk classification If WC ≤ 82 then
611 0.65
0.0004
32.98
of diabetes
predict no diabetes
If WC > 82 then
791 3.92
predict diabetes
If BMI ≤ 27.34 then
980 1.84
0.135
19.10
predict no diabetes
If BMI > 27.34 then 419 4.06
0.068†
13.31†
predict diabetes
If WHtR ≤ 0.51 then 542 0.37
0.0002
33.88
predict no diabetes
If WHtR > 0.51 then 857 3.85
0.031†
16.73†
predict diabetes
Risk classification If WC ≤ 85 then
769 19.47
<0.0001 32.65
of hypertension
predict normotensive
If WC > 85 then
673 48.44
predict hypertension
If BMI ≤ 27.48 then
1047 24.07
<0.0001 27.75
predict normotensive
If BMI > 27.48 then 419 53.94
predict hypertension
If WHtR ≤ 0.52 then 658 15.2
<0.0001 35.56
predict normotensive
If WHtR > 0.52 then 808 46.78
predict hypertension
Risk classification If WC ≤ 83 then
699 1.57
<0.0001 34.91
of MetS
predict no MetS
If WC > 83 then
730 8.08
0.126†
7.77†
predict MetS
If BMI ≤ 24.50 then
725 2.07
<0.0001 30.93
predict no MetS
If BMI > 24.50 then 701 7.85
0.118†
8.00†
predict MetS
If WHtR ≤ 0.53 then 702 1.28
<0.0001 38.25
predict no MetS
If WHtR > 0.53 then 724 8.43
<0.0001† 26.82†
predict MetS
N = number of observations in a given predicted class category; % satisfied = percentage of
observations in a given class category; † = LOO of p and ESS values reported due to
instability (that is if LOO ESS is lower than training ESS, then the results are not LOO
stable)
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8.4 Discussion
To our knowledge, this is the first study that assessed the optimal cut-off points and
classification accuracy of anthropometric indices of obesity used in screening for
cardio-metabolic risks in Nigeria based on a large consolidated sample of four
population-based cross-sectional studies. The ODA paradigm, which optimises
classification accuracy, delineated improved discrimination of MetS, diabetes and
hypertension. While each obesity index showed appreciable level in discriminating
the risk factors, WC and WHtR at all times proved superior to the BMI. This finding
agrees with studies elsewhere which have questioned the ability of BMI to accurately
predict CVD risk factors.310-314
A competing superiority in classification of risk factors of CVD was found between
WC and WHtR across gender groups and in the overall population. However, weak
effect strength in classification of prediabetes, and lipid disorders either as single or
combination of lipid disorders was also observed. This suggests that, in our
population, the use of either WC or WHtR thresholds to screen an individual with a
cluster of lipid disorders such as low HDL-C, high levels of triglyceride and/or total
cholesterol in blood may lead to high level of misclassification. This also applies to
prediabetes. Given that the prevalence of dyslipidaemia (defined by having at least
one lipid disorders) in this study population is as high as 73.6%, the use of obesity
cut-off points to screen individuals with a cluster of low HDL-C and high
triglycerides levels in blood for example may not give optimal results in this sample
population. However, low HDL-C having the weakest effect strength is an
affirmation of an earlier report by Isezuo

315

that it may not be a reliable diagnostic

tool of MetS among native Africans with type 2 diabetes.
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Metabolic syndrome, diabetes and hypertension yielded at least moderate effect
strength of classification using WC and WHtR. The optimal WC cut-off points
identified in this Nigerian population for screening MetS differ from those proposed
by the National Cholesterol Education Programme – Adult Treatment Panel III
(ATP-III)82

and

International

Diabetes

Federation/Joint

Interim

Statement

(IDF/JIS).88,106 It also differs from that projected by a study in South Africa, which
found the optimal WC cut-off for females to be 92 cm.291 Our findings also suggest
that a WHtR value of at least 0.53 is required to classify individuals with MetS,
while a cut-off point of 0.57 is required to screen for type 2 diabetes. These findings
differ from studies carried out in Western and Asian populations which proposed a
cut-off point of 0.50 across all ethnicities and gender.289,316 However, before attempts
to adopt such proposition are made, the issues relating to varying socio-economic,
environmental and cultural factors that influence disease distribution need to be taken
into account. Although the independent ability of BMI to predict MetS and diabetes
was poor when compared to other indices, its optimal cut-off point of 25 kgm-2 found
in this study was consistent with the threshold for overweight defined by the WHO 93
and currently in use in this sample population.
Although the differences between predictions obtained using either WC or WHtR
were marginal, WC was stable and better in its classification accuracy of diabetes in
both gender groups than WHtR and BMI after cross-validating with the LOO ODA
model, but not in screening of MetS. This indicates that WHtR and BMI have the
ability of over-fitting their predictive potentials of diabetes, which may lead to
misclassification. These findings agree with a study in Cameroon that studied
discriminatory ability of diabetes detected by screening, which noted that the relative
integrated discrimination improvement (RIDI) statistics showed significant favour of
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models with WC than those with WHtR.293 Again, this is contrary to what has been
reported in the Asian and Western populations where WHtR correctly classified
individuals with diabetes than did WC.312,314 However, our results show that WHtR
was stable and superior in classifying individuals with MetS than WC and BMI in
males. Albeit, instability was noted in classifying MetS by all the indices in females,
the effect strength achieved with the unstable WHtR was higher than those of WC
and BMI. The shared stability in discriminating hypertension with WC benefiting in
males and WHtR in females is an indication that both obesity indices are useful in
screening individual with CVD risks in this part of the world.
MetS and other modifiable independent risks of CVD are constantly increasing in
Nigeria and other sub-Saharan African nations. However, the incessant use of
different clinical definitions of MetS in Nigeria incorporating differing obesity
indices and cut-off points as reported by Oguoma, Nwose

245

potentially leads to

misclassification of these risk factors thus negating management of these patients.
Therefore, it is pertinent to enhance screening protocols, in order to give in an
opportunity for early and accurate diagnosis of these modifiable risk conditions, and
improve the health outcomes of the entire population.
One of the limitations of this study is the use of only one fasting blood glucose assay
to classify diabetes. Also it would have been ideal to explore the predictive
thresholds of the obesity indices among gender groups at the sub-population level
(within rural and urban populations). This would have underpowered the predictive
projections. Irrespective of the limitations, this study’s strengths centre on the use a
relatively large sample and the fact that the sample population cuts across four of six
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geopolitical zones of Nigeria. Furthermore, the statistical analysis employed in this
study added more strength.

8.5 Conclusion
This study has shown that the optimal WC which maximises classification accuracy
of MetS in Nigeria differs from that currently used for sub-Saharan region. The
proposed global WHtR of 0.50 may misclassify individuals with MetS, diabetes and
hypertension. Finally, the report highlights that WC is a better predictor of diabetes,
while WHtR is a better predictor of MetS in this sample population.
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Abstract
Background
Diabetes is a risk factor for cardiovascular diseases (CVDs) and there are reports of
increasing prevalence of prediabetes in Nigeria. This study therefore characterised CVDs risk
factors in subjects with impaired fasting glucose (IFG) and diabetes.
Methods
Data from 4 population-based cross-sectional studies on 2447 apparently healthy individuals
from 18 - 89 years were analysed. Anthropometric, blood pressure and biochemical
parameters were collected and classified. Individuals with IFG (prediabetes) and diabetes
were merged each for positive cases of dyslipidaemia, high blood pressure (HBP) or obesity.
Optimal Discriminant and Hierarchical Optimal Classification Tree Analysis (HO-CTA)
were employed.
Results
Overall prevalence of IFG and diabetes were 5.8% (CI: 4.9 – 6.7%) and 3.1% (CI: 2.4 –
3.8%), respectively. IFG co-morbidity with dyslipidaemia (5.0%; CI: 4.1 – 5.8%) was the
highest followed by overweight/obese (3.1%; CI: 2.5 – 3.8%) and HBP (1.8%; CI: 1.3 –
2.4%). The predicted age of IFG or diabetes and their co-morbidity with other CVD risk
factors were between 40 – 45 years. Elevated blood level of total cholesterol was the most
predictive co-morbid risk factor among IFG and diabetes subjects. Hypertriglyceridaemia
was an important

risk

factor among

IFG-normocholesterolaemic-overweight/obese

individuals.
Conclusion
The higher prevalence of co-morbidity of CVD risk factors with IFG than in diabetes plus the
similar age of co-morbidity between IFG and diabetes highlights the need for risk assessment
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models for prediabetes and education of individuals at risk about factors that mitigate
development of diabetes and CVDs.
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9.1 Introduction
Impaired fasting glucose (IFG) is a hyperglycaemic condition that predisposes individuals to
high risk of developing type II diabetes (T2D) and cardiovascular disease (CVD). 317 It is
characterised by insulin resistance, beta cell dysfunction, increased lipolysis, inflammation,
sub-optimal incretin effect and hepatic glucose overproduction. 318 There have been debates
on whether IFG, a component of prediabetes, should be considered in the same manner with
T2D since in both conditions there is hyperglycaemic-induced toxicity.6,319 It is noted that
progression from IFG to T2D can occur due to worsening oxidative stress,319 insulin
resistance or beta cell dysfunction,6 and in the long term predisposes to increased risk of
CVD. This is where routine screening can be beneficial in aiding early identification and
application of management practices, since the process of progression is not abrupt.

In Africa, more than two thirds of people with diabetes are undiagnosed, 11 giving room for
complete transition of the early stages of impaired glucose regulation to overt disease
condition. About 14.2 and 34.9 million adults of age 20 – 79 years have diabetes and
prediabetes with estimated prevalence of 3.2% (2.1 – 6.7%) and 7.9% (4.8 – 21.9%),
respectively. However, the most glaring part is the indication that the prevalence of
prediabetes will double by the year 2040 and this is more than that projected for T2D. 11
Based on the 2013 Global Burden of Disease study,320 about 90.5% of stroke burden was
attributable to lifestyle-related risk factors, cluster of metabolic risk factors (high blood
pressure, IFG, elevated total cholesterol and low glomerular infiltration) and environmental
factors. Lifestyle-related risk factors and metabolic risk factors contributed to 74.2% and
72.4% stoke burden, respectively and the population attributable fraction of risk factors in
low-middle-income countries increased from 1990 to 2013.320 Such observations therefore

176

Chapter 9. CVD risk in Nigerians with IFG & diabetes

BMC Public Health, 17:36

call for periodic screening, monitoring and appraisal of data on risk factors for metabolic
diseases.

CVD risk screening in Nigeria is sub-optimal, even though evidence indicates early onset of
disease burden,270,321 which in part contributes to the low life expectancy and quality of life of
Nigerians.322 One of the effective approaches to early identification of CVD risk is the
utilisation of risk assessment models and these have been shown to be better than clinical
judgement.323 Although the assessment of co-occurrence of risk factors for CVD is largely
studied in diabetic patients,324-327 the extent that these trends affect the seemingly healthy
populations with IFG in Nigeria needs to be documented.

The use of risk assessment models, which provide the bedrock for early identification of
diabetes and consequential CVD within a resource constraint population are unclear within
African population.328 Therefore, this study seeks to characterise CVD risk factors in subjects
with impaired fasting glucose (IFG) and diabetes by specifically predicting the age of IFG
and diabetes co-morbidity with CVD risk factors and to classify the risk factors in IFG in a
large apparently healthy Nigerian population.

9.2 Methods

9.2.1 Study population, setting and ethics clearance
This was a consolidation of data from 4 population-based cross-sectional studies on
apparently healthy individuals from 18 to 89 years in 4 geopolitical zones of Nigeria as
reported.329 Participants were drawn from a representative sample populations in Ndokwa
West Local Government Area (LGA) of Delta State and indigenes of Ndokwa residing in
Lagos State; Enugu North LGA and Enugu Municipality of Enugu State; and FCT Abuja.
Participants gave informed consent and were recruited if they confirmed that they had no case
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or history of chronic kidney disease and diabetes and, were not pregnant or under treatment
for high blood pressure.

In each of the study location, participants were drawn from both rural and urban settings. The
main occupation of participants from rural populations is farming, while those in the urban
setting are majorly employed as artisans, traders and in white-collar jobs. Yearly average
temperature of study areas is 24 oC (19 - 33oC). Participants were mobilised to attend
designated study sites located at churches, town halls, school premises and primary health
centres. Sample size was calculated based on two estimates since several CVD risk factors
with different prevalence were involved. Firstly, estimated 5% prevalence of diabetes 330 at
5% confidence interval and at 95% confidence level gave a minimum sample size of 73. In
regards to other CVD risk factors, minimum estimate of 384 sample size was also required
given a projected 50% prevalence of hypertension and dyslipidaemia331,332 at 5% confidence
interval and at 95% confidence level. However, the total sample size of 2447 in this study
was above the minimum estimates for the various CVD risk factors assessed. The Human
Research Ethics Committee of Charles Darwin University, Australia (HREC Ref: H14003);
HREC of Novena University Nigeria. Ethics Review Committee (ERC) of the University of
Nigeria Teaching Hospital, and ERC of Enugu State Ministry of Health. ERC of Benue State
University Nigeria; Abuja Municipal and Kuje Area Councils Ethical Committees, approved
the study.

9.2.2 Anthropometric and blood pressure measurements
The standard techniques and procedures for measurement of waist circumference, weight and
height were as reported.147,162,185,252,307 The body mass index (BMI) was calculated by
dividing the weight with height square (Kg/m 2). BMI values were grouped into underweight
(<18.5 Kg/m2), normal weight (18.5 – 24.9 Kg/m2), overweight (25.0 – 29.9 Kg/m2) and
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obese (>30 Kg/m2). Three readings of the systolic (SBP) and diastolic blood pressures (DBP)
were taken using Omron® (Australia) digital and Accoson® mercury sphygmomanometer
then the average of 2nd and 3rd readings was used to ascertain the blood pressure for all the
study sites.

9.2.3 Biochemical parameters
Participants fasted for at least 8 hours before blood samples were collected for fasting blood
glucose (FBG) and lipids analyses. Blood sample collections were carried out in different
locations, such as town halls, health centres and churches, based on convenience of
participants. EasyLog EL-USB-1® (Lascar Electronics, Australia) temperature data logger
was used to monitor and ensure optimal operational temperature and humidity for point of
care blood analysis. The temperature data logger was set 19.5 oC low alarm and 30.5oC high
alarm. For analysis using clinical laboratory techniques, blood sample were collected in
fluoride oxalate bottles. Based on manufacturers’ guideline, the following screening
techniques were used based on study location as earlier described.329

Fasting blood glucose: CardioChek® Professional Point of Care Diagnostic Analyser
(Polymer Technology Systems, Inc, IN, USA) [site 1] and Accuchek® Point of Care
Diagnostic Analyser (Roche Diagnostics, UK) [site 2] were employed. At sites 3 and 4, FBG
was assessed by the glucose oxidase method in the reference laboratories in Abuja and
Enugu, Nigeria, respectively.

Lipids profile: Clinical laboratory techniques were used for screening total cholesterol (TC),
triglycerides (TG) and high density lipoprotein cholesterol (HDL-C) at reference laboratories
in sites 2, 3 and 4. TC and TG were measured by enzymatic colorimetric method and HDL-C
by differential precipitation followed by enzymatic colorimetry using semi-autoanalyser
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Mitra Photometer (Linear Chemicals S.L., Barcelona, Spain [site 2], Randox Laboratories,
UK [site 3] and Teco Diagnostics, USA [site 3]).
The point of care analytical systems (Polymer Technology Systems and Roche Diagnostics)
are certified by the Centre for Disease Control and Prevention (CDC) to meet clinical
laboratory reference standards.333 In addition, CardioChek® Professional Point of Care
Diagnostic Analyser has been shown to demonstrate good clinical agreement with clinical
laboratory reference methods for TC (97%), TG (92.4%) and HDL-C (92.9%).334

9.2.4 Classification of CVD risk factors
The blood glucose level range of 100 – 125 mg/dL (5.6 – 6.9 mmol/L) was used to define
impaired fasting glucose (IFG) and values ≥126 mg/dL (7 mmol/L) for diabetes when
participants fasted for at least 8 hours. The cut-off values employed for the other CVD risk
components are as proposed:106


High blood pressure: Systolic blood pressure ≥140 mmHg and/or diastolic blood
pressure ≥90 mmHg.335



Hypertriglyceridaemia: Serum triglyceride level of ≥150 mg/dL (1.7 mmol/L) and/or
receiving current medication for the condition.336



Low HDL-C: Serum HDL-C level of ≤40 mg/dL (1 mmol/L) in males and ≤50 mg/dL
(1.3 mmol/L) in females.336



Hypercholesterolaemia: Serum total cholesterol level of ≥200 mg/dL (5.2 mmol/L)
and/or receiving current medication for the condition.336

Dyslipidaemia was defined when at least one lipid disorder (hypertriglyceridaemia,
hypercholesterolaemia and or low HDL-C) was identified.
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9.2.5 Statistical analysis
A total of 2809 individuals were pooled from the 4 population-based cross-sectional studies.
Study participants missing values of key study variables such as FBG, TG, TC, HDL-C,
BMI, and SBP/DBP were excluded. After the exclusion (n=362), 2447 participants were
used. Descriptive analysis of the study population was performed showing the mean and
standard deviation of all CVD risk variables across gender. In order to determine number of
participants with IFG/diabetes co-morbid CVD risk factors, participants with positive tests
for IFG or diabetes were merged with positive cases of dyslipidaemia, HBP,
overweight/obese (based on BMI).

Frequency distribution of IFG and diabetes with their co-morbid states were calculated and
plotted. Bootstrapping was applied based on 1000 bootstrap samples and 95% confidence
interval generated.

Optimal Discriminant Analysis (ODA) was carried out to predict the age at which IFG or
diabetes co-morbidity with CVD risk factors occur across the entire study population. In this
analysis, IFG and diabetes with their co-morbid risk factors were treated as class variables,
with age of participants as the attribute variable (See Supplement 9.1).

Finally, Hierarchical Optimal Classification Tree Analysis (HO-CTA) using Optimal
Discriminant Analysis (ODA) methods

308

was applied to predict the risk factors that are

associated with IFG as well as to generate a decision model. HO-CTA has been shown to be
better than linear models that are based on legacy general linear model and maximumlikelihood paradigms.337 It is a nonlinear multivariate classification method and has an
advantage of not requiring any assumptions of multicolinearity, multivariate normality,
equality of group sizes, or number of variables.338
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For the HO-CTA, IFG was the dependent (class) variable, while hypercholesterolaemia,
hypertriglyceridaemia, HBP, low serum HDL-C level, age, overweight/obese (based on
BMI), smoking and alcohol status, and population (rural vs. urban) were fitted as independent
covariates or attribute variables. Leave-one-out re-sampling was used to identify the most
stable predictor (attribute) variables that maximise generalisability of the HO-CTA model.
The Effect Strength for Sensitivity (ESS) was used to assess predictor performance in
classification of IFG. ESS is an index of effect strength normed against chance, where 0
represents classification accuracy expected by chance and 100 represents errorless
classification.308 Analysis was carried out using IBM SPSS (Version 22 for Windows, IL,
USA), UniODA (American Psychological Association, USA) and CTA (Optimal Data
Analysis LLC, USA) statistical packages. Level of significance was set at 0.05.

9.3 Results

9.3.1 Baseline characteristics of study population
Table 9.1 on characteristics of the study population shows that 2447 participants were
selected consisting of 1151 males and 1296 females. The age (p=0.700) and fasting blood
glucose levels (p=0.377) of participants were relatively the same across gender.
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Table 9.1: Baseline characteristics of study population
All population Female

Male

N=2447

N=1296

N=1151

Age (years)

43.4±14.8

43.3±14.6

43.4±15.1

0.700

Weight (Kg)

65.3±18.1

64.6±21.8

66.0±12.5

<0.0001

Height (m)

1.6±0.08

1.6±0.07

1.7±0.08

<0.0001

WC (cm)

84.0±10.9

85.1±11.9

82.9±9.7

<0.0001

BMI (Kg/m2)

24.8±6.2

25.6±7.6

24.1±4.0

<0.0001

WHtR

0.52±0.07

0.54±0.07

0.50±0.06

<0.0001

SBP (mmHg)

122.2±20.4

121.1±21.3 123.5±19.3 <0.0001

DBP (mmHg) 78.1±14.2

77.4±15.6

TC (mg/dL)

173.5±56.1 160.7±48.1 <0.0001

167.5±52.9

78.8±12.3

p-values

48.7±15.8

<0.0001

HDL (mg/dL) 50.9±16.8

52.7±17.5

TG (mg/dL)

120.0±49.4

117.1±45.5 123.2±53.3 0.042

FBG (mg/dL)

79.9±30.0

79.7±28.9

80.0±31.3

<0.0001

0.377

WC = waist circumference; BMI = body mass index; WHtR = waist to height; SBP = systolic
blood pressure; DBP = diastolic blood pressure; TC = total cholesterol; HDL = high density
lipoprotein cholesterol; TG = triglycerides; FBG = fasting blood glucose

9.3.2 Prevalence of co-morbid states of IFG and diabetes
The overall prevalence of IFG (5.8%; CI: 4.9 – 6.7%) was higher than that of diabetes (3.1%;
CI: 2.4 – 3.8%). The highest co-morbid risk factor with IFG was dyslipidaemia (5.0%; CI:
4.1 – 5.8%), followed by overweight/obese (3.1%; CI: 2.5 – 3.8%), then HBP (1.8%; CI: 1.3
– 2.4%). In diabetes, the prevalence of co-morbid conditions followed the same trend as in
IFG, where co-morbidity with dyslipidaemia (2.7%; CI: 2.0 – 3.3%) was the highest and
HBP, the lowest prevalent (1.3%; CI: 0.9 – 1.8%) (Table 9.2).
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Table 9.2: Prevalence of IFG and diabetes co-morbidity with CVD risk factors
CVD risk factors

Proportion

Prevalence 95% confidence interval SE

(N = 2447) (%)

Lower

upper

HBP

566

23.1

21.5

24.8

0.8

Hypercholesterolaemia

634

25.9

24.2

27.7

0.9

Hypertriglyceridaemia

572

23.4

21.6

25.1

0.9

Low HDL-C

1073

43.8

41.8

45.7

1.0

Overweight/obese

979

40.0

38.0

42.1

1.0

IFG

141

5.8

4.9

6.7

0.5

IFG + dyslipidaemia

122

5.0

4.2

5.9

0.4

IFG + HBP

64

2.6

2.0

3.3

0.3

IFG + overweight/obese

76

3.1

2.5

3.8

0.4

76

3.1

2.4

3.8

0.4

Diabetes + dyslipidaemia

65

2.7

2.0

3.4

0.3

Diabetes + HBP

47

1.9

1.4

2.5

0.3

Diabetes + overweight/obese 48

2.0

1.4

2.6

0.3

Diabetes

IFG = impaired fasting glucose; + = with; HDL = high density lipoprotein cholesterol; HBP =
high blood pressure; SE = standard error

9.3.3 Co-morbidity of IFG and diabetes with CVD risk factors across age
groups
Across the different age groups, the results show that co-morbidity of IFG and dyslipidaemia
was dominant more than the other risk conditions (Table 9.3). The lowest age group, (18 – 29
years) also had a sizeable prevalence of IFG and its co-morbid risk factors. The age group, 40
– 49 years had the highest proportion of individuals with risk conditions both in IFG and
diabetes.
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21 (4.2)

35 (6.9)

25 (5.8)

28 (8.0)

2 (2.1)

141
(5.8)

30-39

40-49

50-59

60-69

70-89

Total

122 (5.0)

2 (2.1)

25 (7.2)

23 (5.3)

29 (5.8)

19 (3.8)

45 (1.8)

1 (1.1)

7 (2.0)

11 (2.6)

13 (2.6)

4 (0.8)
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76 (3.1)

1 (1.1)

15 (4.3)

17 (4.0)

19 (3.8)

13 (2.6)

IFG co-morbidity with CVD risks
IFG with
IFG with
IFG with
dyslipidaemia
HBP
overweight/obese
n (%)
n (%)
n (%)
24 (4.2)
9 (1.6)
11 (1.9)

IFG = impaired fasting glucose; HBP = high blood pressure

30 (5.3)

IFG
n (%)

18-29

Age
Group
(years)

76 (3.1)

9 (9.6)

11 (3.2)

16 (3.7)

19 (3.8)

9 (1.8)

12 (2.1)

Diabetes
n (%)

65 (2.7)

8 (8.5)

9 (2.6)

13 (3.0)

16 (3.2)

8 (1.6)

33 (1.3)

1 (1.1)

6 (1.7)

8 (1.9)

10 (2.0)

3 (0.6)

48 (2.0)

3 (3.2)

10 (2.9)

10 (2.3)

12 (2.4)

5 (1.0)

Diabetes co-morbidity with CVD risks
Diabetes with
Diabetes
Diabetes with
dyslipidaemia
with HBP
overweight/obese
n (%)
n (%)
n (%)
11 (1.9)
5 (0.9)
8 (1.4)

Table 9.3: Prevalence of IFG and diabetes co-morbidity with CVD risk factors across age groups
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9.3.4 Predicted mean age of IFG and diabetes co-morbidity with CVD
risk factors
There was no statistical significant difference between predicted age of participants
with or without IFG, and IFG co-morbidity with dyslipidaemia and HBP (Table 9.4).
On the other hand, only diabetes (p=0.018) and its co-morbidity with HBP (p=0.010)
showed a statistical significant difference. In all, predicted age of IFG, diabetes and
their co-morbid risk conditions were between 40 – 45 years old.

Table 9.4: Age (years) of IFG and diabetes co-morbidity with CVD risk factors
CVD risk factors

Status

Predicted

N

age

%

ESS

satisfied

pvalue

(years)
Yes

≥40

1376

6.54

No

<40

1071

4.76

Yes

≥41

1274

5.97

No

<41

1173

3.92

Yes

≥41

1274

2.43

No

<41

1173

1.19

Yes

≥41

1274

4.00

No

<41

1173

2.13

Yes

≥40

1376

4.00

No

<40

1071

1.96

Yes

≥44

1169

3.51

No

<44

1278

1.88

Yes

≥40

1376

1.82

No

<40

1071

0.75

Diabetes with

Yes

≥42

1255

2.63

Overweight/Obese

No

<42

1192

1.26

IFG

IFG with Dyslipidaemia

IFG with HBP

IFG with Overweight/Obese

Diabetes

Diabetes with Dyslipidaemia

Diabetes with HBP

8.06

0.253

10.77 0.091

17.14 0.096

15.52 0.033

16.65 0.018

15.72 0.052

19.79 0.010

17.81 0.063

N = number of observations in a given predicted class category; % satisfied =
percentage of observations in a given class category; ESS = effect strength for
sensitivity; HBP = high blood pressure
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9.3.5 Classification tree of IFG co-morbid risk factors
Figure 9.1 shows the order of independent predictive performance of the risk factors
in classifying IFG. The highest and statistically significant independent predictors of
IFG was elevated blood total cholesterol level (ESS=17.66%, p<0.0001), followed
by overweight/obese (ESS=14.74%, p=0.001), hypertriglyceridaemia (ESS=12.82%,
p=0.001) and high blood pressure (ESS=9.32%, p=0.013). However, age
(ESS=8.06%, p=0.248), low blood HDL-C level (ESS=5.89%, p=0.189), cigarette
smoking (ESS=4.12%, p=0.292), alcohol consumption (ESS=2.90%, p=0.609) and
population (rural vs. urban) [ESS=0.44%, p=0.930] were not statistically significant.

Figure 9.1: Order of independent predictive performance of the risk factors in
classifying IFG
TC = elevated total cholesterol, TG = hypertriglyceridaemia, HDL = High density
lipoprotein cholesterol. Overweight/obese is based on body mass index, population =
rural vs urban population
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The classification tree model shown in Figure 9.2 also indicates that high level of
blood total cholesterol concentration is the most prominent/important co-morbid risk
factor among IFG subjects. The result further shows that among 141 (5.8%) subjects
with IFG, 60 (9.5%) have elevated total cholesterol. Among 81 (4.5%) IFG subjects
without high level of total cholesterol, 39 (6.3%) are overweight/obese.
Hypertriglyceridaemia is a risk factor in subjects with IFG and are overweight/obese
even if they do not have elevated blood level of total cholesterol.

Figure 9.2: Hierarchically Optimal Classification Tree Analysis Model (via
UniODA) of IFG subjects with risk factors
High TC = high level of total cholesterol; high TG = high level of triglyceride;
overweight/obese is based on body mass index; ESS = effect strength for sensitivity
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9.4 Discussion
This study shows that there is higher prevalence of IFG than undiagnosed diabetes
among the study Nigerian population. Further, co-morbidity of modifiable risk
factors for chronic diabetes and CVD, such as dyslipidaemia and HBP, were more
predominant in IFG than diabetes subjects. Several studies report that the transition
to westernised ways of life, which may lead to unhealthy eating and physical
inactivity, is possibly responsible for this increase in multi-morbidity.339-341 It has
been shown that the relative risk of coronary heart disease in individuals with 1, 2 or
>3 CVD risk factors is up to 2, 4 and 7-folds, respectively.327 More so, the fact that
the hyperglycaemic condition of IFG worsens the already frail state of endothelial
dysfunction and insulin resistance,6 prompts for action on community-wide
implementation of diabetes and CVD risk factor identification and prevention.

Age distribution of IFG and co-morbidity of IFG with CVD risk factors showed
upward trend from the lowest age group, plateauing at 40 – 49 years. This finding
agrees with other studies on independent CVD risk factors, which showed an
increase in prevalence with increase in age. 342,343

No significant predicted age

difference was observed in population with and without IFG and IFG co-morbidity
with risk factors, except in overweight/obese. In other words, IFG or its co-morbid
risk condition do not have age preference unlike in diabetes where the age difference
was found to be statistically significant (p<0.018) between age of occurrence (Table
4). However, the fact that co-existence of other risk factors with impaired glucose
regulation increases the risk of chronic diabetes and CVD, 344 underscores the need
for frequent risk assessment for prediabetes in this population. Establishment of
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opportunistic screening strategies using already available communicable disease
screening centres would be a cost-efficient approach.

Our findings also showed that predicted age of IFG, diabetes and their co-occurrence
with other risk factors were within same range (40 – 45 years). Evidence shows that
risk assessment models for CVD have diabetes as dichotomous (Yes or No) and
considers subjects from 40 years of age. It is argued that the problem of such
dichotomy is that hyperglycaemia in impaired fasting glucose or impaired glucose
tolerance is missed via a NO answer, when assessment and treatment of CVD risk in
prediabetes should be as in diabetes.134,345 The implication is that information
pertaining to the primordial forms of glucose dysregulation are not brought to fore in
Nigeria to aid early identification of the ‘at risk’ population, since risk of an
individual is usually not assessed until overt diabetes that surfaces with huge
symptoms. This emphasises that intervention based on outcome of utilisation of
available risk assessment tools would not identify a substantial proportion of the
population at increased risk of CVD, given the proportion of IFG individuals with
co-morbid risk factors.

Furthermore, our findings delineated high level of blood total cholesterol as the most
important risk factor predominant in population with IFG. Some studies in Nigeria
identified high prevalence of risk factors, 346-348 and insight into the order of
importance and occurrence would assist in screening and treatment of the at-risk
individuals. However, based on chain of events as shown in Figure 9.1 and 9.2, it
may seem important to integrate screening for hypertriglyceridaemia in risk
assessment models for prediabetes conditions in the Nigerian population, as it
strongly

contributes

to

the

co-morbidity
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overweight/obese-nonhypertensive individuals. This implies that in the absence of
HBP, there is increased chance of dyslipidaemia (high total cholesterol and/or
triglyceride levels) and overweight/obese among the sample population with IFG.
Furthermore, hypertriglyceridaemia was found to have higher independent predictive
ability in classifying IFG than age. It was opined to be an essential risk factor
contributing to discordance of results from the use of the ATPIII/Framingham risk
score and metabolic syndrome in screening individuals at 10-year risk of CVD.349

The increasing identification of IFG and undiagnosed diabetes is an issue for
concern, requiring concerted and pragmatic approach. It is important to emphasise
the need for screening of IFG at least, based on the evidence of high co-morbid CVD
risk factors associated with it. The feasibility of screening by measuring FBG levels
leads to increased chances of early identification when targeted at patients with
multiple risk factors.350 The epidemiological evidence that the majority of cases of
diabetes/CVD are undiagnosed in this part of the world is an indication that
assessment and management of CVD risk based on screening for diabetes in subjects
with high blood pressure351 may miss out early identification of other risk factors that
co-exist in individuals without evidence of hypertension. This is on the premise that
the etiological mechanisms of clustering of the CVD risk factors are not well
understood. However, one of the factors undermining risk screening of dyslipidaemia
in Nigeria is the high cost,219,252 and although obesity screening is affordable, there is
no evidence regarding its assessment against mortality outcome other than metabolic
outcome, and in most cases the proportion of metabolically healthy obese phenotype
is not accounted for in studies reporting high prevalence of obesity. Therefore, future
studies exploring association of these phenotypes with prediabetes and other risk
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factors are required to elucidate the order of magnitude of IFG/IGT co/multimorbidity with CVD risk factors in sub-Sahara Africa.

9.5 Strength and limitations of the study
One of the strength of the study is that it comprises of treatment naïve individuals for
the assessed risk factors. Also, to the best of our knowledge, this is the only
published study that has investigated the co-morbidity of IFG with other modifiable
CVD risk factors and the order of importance of the IFG co-morbid risk factors in
apparently healthy Nigerians. The use of a nonlinear multivariate classification
method that is not influenced by assumptions of multicolinearity, multivariate
normality, equality of group sizes, or number of variables is an added strength. The
point of care analysis was carried out within manufacturers recommended
operational temperature range, and this was confirmed by device logs used.
Diabetes mellitus is known to be heterogeneous, where differences in glucose
regulation exist among individuals with comparable diagnostic glucose levels.352 One
of the limitations of this study is use of FBG measurement to classify diabetes.
Although cost prohibitive it would be worth using HbA1c, which is now available as
a point of care test as an additional screening tool.

9.6 Conclusion
The higher prevalence of co-morbidity of CVD risk factors with IFG than in diabetes
mellitus shows that targeting only the older adult individuals presenting at health
institutions for risk factors identification and intervention would not abate the
increasing incidence of diabetes and CVD in Africa. There is need for appropriate
risk assessment models for prediabetes considering that IFG and its co-morbid risk
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factors are relative prevalent in young adults and probably more in middle-aged
adults.
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Chapter Ten: Summary of Chapters, Recommendations and
Conclusion
10.1 Summary of Chapters
This section of the final chapter presents a summary of the work presented in
Chapter 2 to 9 and discusses the implications of this work. The outcome of the
research presented from Chapters 2 to 9 is based on a systematic review of
population-based and health institutionalised cross-sectional studies carried out in
Nigeria from 2002 to 2013 (Chapter 2), the sampling of a Nigerian sub-population in
2013–2014 (Chapters 3 to 7), and a consolidated analysis of data from four
geopolitical zones in Nigeria (Chapters 8 and 9). All the data in Chapters 3 to 9 was
obtained from population-based cross-sectional studies on apparently healthy adults
aged 18 years and older in both rural and urban areas.

10.1.1 Chapter 2
Chapter 2 presented a comprehensive report of the distribution of metabolic
syndrome in Nigeria. The study revealed that for a decade of research and clinical
practice in Nigeria, there was no population-based prospective/longitudinal cohort
study, rather, pockets of cross-sectional studies predominated. The distribution of
these cross-sectional studies, both population-based and health institutionalised were
not even across the length and breadth of the nation. This disparity showed that the
majority of cross-sectional studies assessing metabolic syndrome were from the
Southern (South-West, South-East and South-South) parts of the country. Although
studies from the Southern region comprised of both rural and urban populations, it
may not be ideal to assume that findings from this region may be generalised to
represent the Northern Nigerian population. This is because the socio-cultural
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structure of these regions (North and South) differs. For example, in Northern
Nigeria, 9.4 million people make up the nomadic population, who are mainly
pastoralists, migrant farmers and fisher folk. Also due to lower level of Western
lifestyle in the Northern region, they tend to live more on traditional patterns, and
these socio-cultural and lifestyle tendencies are expected to influence distribution of
MetS and risk factors.
Another issue impacting negatively on effective screening of MetS in Nigeria is the
utilisation of different classification guidelines not validated for the local population.
The review found that three different clinical definitions were used incessantly in
both clinical and public health practice. The implication is that, if an individual is
assessed based on the three different guidelines (WHO, ATP-III and IDF), depending
on which one that was used, the chances of misdiagnosis was apparent. This is
because screening for obesity with the IDF waist circumference threshold (>80 cm
for women and >94 cm for men) would give a different result when the ATP-III WC
cut-off (>88 cm for women and >102 cm for men) is used. Also the WHO criterion
which is based on the BMI would eventually yield a different result. Consequently, if
the clinician or public health practitioner is not forearmed with information regarding
these inefficiencies, clinical judgement that has the tendency of harming the patient
would ensue. This issue also applies to the definition of metabolic syndrome by these
guidelines, whereby the selection of risk factors that constitutes the metabolic
syndrome, differs. It thus becomes important that defining the specific criteria that
applies effectively to the local population will enhance screening and better health
outcomes.
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The age group and study populations studied over the period of 12 years were aged
above 35 years of age and urban hospitalised patients. This is evidence that
‘corrective’ medicine rather than ‘preventive’ medicine is the norm in Nigeria.
Evidence showed that about 40–50% of individuals with impaired glucose tolerance
will develop T2DM within 10 years.54 This is evidence that the period of most
clinical diagnosis of T2DM and metabolic syndrome is at the age when overt T2DM
and or metabolic syndrome are established; when hospitalisation of patients cannot
be avoided. The consequence of such practice is the over-stretching of the already
fragile health systems via hospitalisation, which also poses a secondary negative
impact on the economy and productivity.

10.1.2 Chapter 3
The work embodied in Chapter 3 assessed the baseline knowledge, attitude and
practice of a rural Nigerian community towards CVD risk prevention. Knowledge
and attitude towards a particular health issue are known to influence the way people
seek healthcare services to deal with the health issue. The study assessed the
knowledge of 74 participants towards CVD risk factors based on the educational and
occupational backgrounds of participants, as well as their opinion on their general
health condition. Although a higher proportion of participants had completed
secondary education, their knowledge in regards to CVD risk prevention was
insufficient. This knowledge gap was evident, especially as 87.9% of valid responses
(based on yes and no response) did not know whether any family member had been
diagnosed with diabetes (type 1 or 2). The downside of this knowledge gap is its
tendency to invalidate screening programmes based on CVD risk assessment
models/charts, whereby individuals with familial dyslipidaemia, T2DM and
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atherosclerotic disease are not required to undergo CVD risk scoring due to the
possibility of risk underestimation. Of the sampled population, 63.5% rated their
general health as good–excellent, even though more than 60% did not attend any
routine health checks, never performed any screening to check their blood sugar and
or lipids level, nor ever received any suggestion from a health professional that they
may be overweight. The individuals’ perceptions whereby overweight/early stages of
obesity are seen as a sign of affluence, especially as witnessed in people who
migrated to urban areas for economic opportunities, create a more conducive
environment for continuous morbidity and mortality caused by these CVD risk
factors. This is because the actual steps (like routine health checks) required to
identify these risk factors and intervene at a stage where more positive reversal of
morbid condition can be guaranteed are not put in place at the appropriate time.
The attitude and practice aspect encompasses lifestyles and habits of not seeking
healthcare and at the appropriate time. A crucial factor, which could be said to be
affecting peoples’ attitude of not seeking healthcare (irrespective of cost), is the
longer benign nature of preclinical stages of these CVD risk factors. The
environment is already inundated with infectious diseases, which is often debilitating
and takes a very short period of incubation before they begin to torment the host. So,
in essence, people do not see a cogent reason, given their economic hardship, why
they should spend their limited income on an asymptomatic condition that is still
allowing them go about their normal business. Therefore, rigorous behavioural
change communication around non-communicable diseases (especially CVD risk
factors) is required in the Nigerian population in order to understand and develop
intervention strategies to promote positive behaviours that are appropriate for the
local settings.
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10.1.3 Chapter 4
In this chapter, a population-based cross-sectional study was carried out to assess the
prevalence of CVD risk factors and understand the relationship of the prevalence
levels between income strata and accessibility to risk factors screening. The
prevalence rate of risk factors identified in this apparently healthy population is
worrisome given that majority of study participants are poor and have not engaged in
any risk screening for hyperglycaemia nor dyslipidaemia. Dyslipidaemia (79.1%)
was the highest prevalent CVD risk factor, followed by central obesity (52.2% based
on IDF WC cut-off point), hypertension (35.7%), diabetes (5.4%) and prediabetes
(4.9%). These prevalence rates were not as high as those of other population-based
cross-sectional studies carried out in Nigeria a decade ago. Changing urbanisation
and Westernisation, which is driving unhealthy lifestyles, may seem hard to tackle
due to inept policies. Therefore, intensifying on risk factors identification via
opportunistic screening programs at the primary healthcare level would yield
tangible results. This is because, being aware of having a risk condition, is a first step
to devising means on how to intervene.
The level of education attainment is not a guarantee that health-related information
would be sought for, assimilated and translated into practice. This study indicated
that a high level of educational qualification was not a protective factor to high
prevalence of risk factors. The socio-cultural pattern within the developing Nigerian
population, whereby the educated are more opportune in getting well paid ‘white
collar’ jobs, and subsequently becomes sedentary is one of the reasons. It is possible
for individuals with higher educational qualification to access health-related
information, like “benefits of being physically active”, quicker than the less educated
fellows. However, the state of urban neighbourhood planning which do not always
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favour outdoor physical exercise and other forms of insecurity add to the reluctance.
The same trend applies to unhealthy eating, whereby the higher educated and the
higher income individuals tend to afford the Western food in restaurants and
supermarkets that is driving the epidemiological transition of these CVD risk factors.
The indication that income level affected accessibility to risk factor screening shows
that the government needs to do more in providing health insurance across all income
strata in the population. This will enhance screening and identification of these CVD
risk factors, by alleviating huge out of pocket cost to cover the expensive screening
for lipids disorder and management regime that ensue should individual be diagnosed
of having MetS.

10.1.4 Chapter 5
Here, the prevalence of physical activity was assessed using the WHO Global
Physical Activity Questionnaire that has an added advantage of capturing
information on patterns of physical activity in peculiar areas of life common to
people in developing countries.250 The association of physical activity and inactivity
was compared with metabolic syndrome indices. Generally, half of the study
population, predominantly from rural populations, were physically inactive based on
not meeting the WHO threshold of 600 metabolic equivalents in minutes per week.
All physical activity status identified was related to occupation, apart from the
student population that participated in more of recreational/sporting activities. The
implication is that people whose job does not require physically demanding activity
would end up being physically inactive. This trend is also reflected in the observation
whereby individuals at the lower socio-economic strata, based on income level, were
more physically active. This group reflects the population who engage more in
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farming and trading occupations. Essentially, majority of participants found to be
physically active ‘occupationally’ had no prior clear knowledge of its usefulness.
Therefore, implementation of public health education in relation to health enhancing
behaviours and activities is required to be scaled up in Nigeria.
Even though the association of risk levels of the modifiable risk factors for CVD did
not show any statistically significant difference between physical activity and
inactivity, after controlling for age, gender and rural vs urban population; there is an
established knowledge that physical activity ameliorates diabetes, hypertension,
obesity and dyslipidaemia. Really, the findings showed that individuals with
diabetes, prediabetes, hypertension and elevated level of total blood cholesterol were
more likely to be physically inactive. However, the finding that individuals with
overweight/obese, hypertriglyceridaemia, low HDL and metabolic syndrome are
more likely to be physically active than inactive is of more value to a public health
practitioner in Nigeria than a clinician. This is because, in Nigeria, majority of key
interventions are initiated when overt conditions resulting from these risk factors are
already established. At this point a lot of systemic damages have occurred with a
debilitating state, which prevents the patient from his/her normal activities and
eventually becomes more sedentary than ever. Although the reason for normal levels
of triglycerides and HDL being favoured by high prevalent physical inactivity could
not be clearly understood, dietary habits and possibilities of familial dyslipidaemia
may have played a role in this association. Also, given that the sample population
were drawn from apparently healthy individuals, who perhaps are still at the
asymptomatic stages of these progressive metabolic disorders and yet to be
debilitated, may explain partly the reasons for the strength of the associations found
in the study. Therefore, a concerted effort to improve physical activity as part of an
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integrated approach to reduce the tide in prevalence of these CVD risk factors in this
population and Nigeria at large is required.

10.1.5 Chapter 6
Chapter 6 of this thesis investigated the association of the ATP-III/Framingham CVD
risk score with metabolic syndrome. It further assessed the percentage of the study
population that may require intervention based on the total CVD risk score and LDLC levels. Several CVD risk assessment models exist, assessing participants above 40
years old, but none of these have been validated in the Nigerian population.
However, the utilisation of the ATP-III/Framingham CVD risk assessment tool was
based on the fact that it considers individuals of age 20–99 years and was validated
among the black populations in America. This lower age-group categorising
enhances risk monitoring and identification at an early stage of the disease
progression. Thus, gives the ATP-III/Framingham model a huge advantage over
other CVD risk assessment models. Given that prevalence of CVD risk factors and
consequential CVD events occurs predominantly in lower age in the developing
countries as compared to developed ones, risk screening tools which enhance
identification at an early stage should be given utmost priority.
However, given the limitations of risk assessment models whereby risk
underestimation may occur in middle-aged and older women, as well as people with
familial history of CVD, dyslipidaemia, diabetes and other atherosclerotic
conditions, the metabolic syndrome could be used as a complement in CVD risk
screening. This is because metabolic syndrome is a CVD equivalent and the fact that
there was a poor agreement between utilisation of the CVD risk scoring and
metabolic syndrome in screening individuals at risk of CVD. Accurate and timely
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diagnosis is a key to effective management of CVD and its risk factors, especially in
the Nigerian population where people do not seek routine health checks. Therefore, a
single opportunity to screen an individual should not be jeopardised by inaccurate
diagnosis.
The results of study explored in this chapter also indicates that effective lifestyle
intervention and programmes aimed at raising the awareness and consciousness of
the benefits of physical activity and healthy eating was highly needed in the Nigerian
population. The assessment of the percentage of the study population requiring
intervention strategies based on the total CVD risk score and the LDL-C levels
showed that 135/211 (64%) of the study population require lifestyle intervention and at
some stage, drug intervention. The worrisome part is that this is a population drawn
from apparently healthy individuals with poor health-seeking behaviour. Therefore,
public health interventions, focusing on the younger age groups, would create more
sustainable benefits in taming the surge and adverse consequences of these
modifiable risk factors in the population.

10.1.6 Chapter 7
The benefits of accurate diagnosis cannot be over-emphasised. The need for ethnicspecific cut-off point of anthropometric parameters that maximise classification
accuracy of obesity and metabolic syndrome has been called for in non-Caucasian
populations. These adjustments have been effected in some Asian populations, but
there is still limited evidence to warrant such in sub-Saharan Africa.

Initial assessment of the cut-off points for obesity and metabolic syndrome as
proposed by WHO, ATP-III and IDF showed that each method gave different
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sensitivities/specificities and positive/negative likelihood ratios. Evidence from
earlier assessment of prevalence of risk factors indicated high prevalence of
dyslipidaemia in the study population. Although anthropometric indices are
appropriate for screening apparently healthy individuals for subclinical metabolic
syndrome risk factors, the question on whether the Western-developed cut-off points
are appropriate for screening a Nigerian population with high prevalent
dyslipidaemia becomes one of the puzzles that bothers the clinician. The fact is that
the level of prevalence of certain CVD risk factors influences the cut-off point by
which they are assessed and identified. An example is seen in the use of the
Systematic Coronary Risk Evaluation (SCORE) charts in European populations.
European countries with low risk of CVD (like Italy) use the low risk chart, while
other European countries at high risk use the high-risk score. So, it becomes
important that to reduce the possibilities of inaccurate diagnosis, ethnic-specific
thresholds are required for the Nigerian population.

10.1.7 Chapter 8
Based on a larger sample population, optimal cut-off points that maximised
classification of metabolic syndrome differed from those used in the Nigerian
population as proposed by the IDF and ATP-III criteria. Although the cut-off point
for overweight/obese, which is based on BMI as proposed by WHO, was consistent
with that commonly used in the Nigerian population, the classification accuracy was
lower than those achieved by WC and WHtR. Therefore, there is a dire need to adjust
and leave behind the concept of using cut-off points for screening CVD risk factors
not validated at the local settings in order to minimise the chances of misdiagnosis
and improve the health outcomes of the population.
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10.1.8 Chapter 9
In this chapter, co-morbidity of IFG with CVD risk factors was assessed. Insight into
the most important co-morbid risk factors was also drawn. There is a changing trend
in CVD risk factor distribution between the high income and low-middle income
countries, which demands that the peculiarity of a particular population should
reflect its own measure of risk factors prevention and or management. The
prevalence of IFG co-morbidity with CVD risk factors was higher than diabetes comorbidity with risk factors. Mean age of IFG co-morbidity with CVD risk factors
was similar to that of diabetes co-morbidity, ranging between 40–50 years. The
implication of this finding is that majority of risk assessment models used in Nigeria
(as developed for Western populations) consider individuals of >40 years of age and
have diabetes in dichotomous terms (yes or no). The majority of IFG subjects having
other CVD risk factors, and are >40 years old are missed based on utilisation of these
risk assessment models not validated at the local settings. This situation encourages a
surge in prevalence, morbidity and mortality posed by these modifiable risk factors,
as a result of misdiagnosis and late intervention.
Insight into the order of importance of IFG co-morbid risk factors showed that an
elevated level of total cholesterol is the most predominant risk factor in subjects with
IFG. Moreover, the importance of also assessing for hypertriglyceridaemia is needed,
since it had a better ability in classifying IFG than age, and the fact that it was an
essential risk factor that contributed to discordance of results between the use of
CVD risk scoring and metabolic syndrome in screening for CVD risk.349 However,
the issue of cost implications in accessing screening for dyslipidaemia becomes a
significant challenge when an average member of the population cannot afford the
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high cost. The issue goes back to the need for equitable access to healthcare whereby
all individuals at any income/socio-economic strata can afford healthcare.

10.2 Recommendations
The following recommendations are made for future research:
1. Longitudinal/prospective cohort studies seeking to understand the association of
these risk factors against mortality outcome are highly needed in the Nigerian
population. This will help elucidate the interaction of these modifiable risk
factors with the dynamic socio-economic and environmental factors predominant
in the Nigerian population.
2. There should be enactments restricting the use of CVD risk factors screening
criteria and thresholds not validated at the local settings, especially where
evidence abound regarding genetic variations, environmental differences and
population dynamics between the Western population and the Nigerian
population.
3. The benefits of health education and enlightenment programs have over the years
proven effective in public health intervention programs and the ability of people
to seek healthcare. It is essential that the healthcare facilities at all levels, nongovernmental and civil society organisations engage in health awareness
programs on CVD risk prevention strategies. This is imperative since more than
60% of the study population who require lifestyle intervention based on their
corresponding CVD risk score and LDL level do not know about their ill health
condition.
4. The norm of mythicising deaths relating to CVD (as in most cases people remain
undiagnosed until they pass away) has some psychological implications on its
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own. Therefore, understanding the psychological aspect of people whose
relatives die of CVD in relation to how it affects those who become aware of
having a risk factor in seeking healthcare is essential.
5. Effective policy and regulatory measures aimed at reducing exposure to risk
factors of metabolic syndrome such as alcohol, tobacco, unhealthy eating and
other environmental exposures in Nigeria was greatly needed at the local, state
and national level.
6. Effective policy that can improve access to affordable CVD risk prevention
strategies, challenge negative perceptions and improve knowledge of CVD risk
prevention is greatly needed. The national health insurance scheme should be
made accessible at all levels of the society.

10.3 Conclusion
The research reported in this thesis is part of the first phase of the ongoing
Prediabetes and Cardiovascular Complications Study (PACCS). 134 This involved
screening for early identification of prediabetes and other modifiable risk factors for
metabolic syndrome. It also sought to understand the underlying socio-economic and
behavioural factors in the study population that affect the way people perceive and
access CVD risk health interventions, as well as the influence of economic and
behavioural factors on risk factors screening. These fundamental components are
important, as they provide robust evidence to direct evidence-based research and
health interventions, which can influence policy changes and implementation
strategies that has the capacity to confer better health outcomes for the population.
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