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ABSTRACT

Introduction.: Hypertension and dyslipidemia are the two coexisting and synergizing major risk
factors for cardiovascular diseases. The cellular constituents of blood affect the volume and
viscosity of blood, thus playing a key role in regulating blood pressure. Overweight and obesity

are key determinants of adverse metabolic changes including increase in blood pressure.

Objective: The aim of the present study was to evaluate lipid profiles and hematological

parameters in hypertensive patients at Debre Markos Referral Hospital, North West Ethiopia.

Materials and methods. Hospital based cross-sectional study was conducted in 100 hypertensive
patients at Debre Markos Referral Hospital. The required amount of blood was withdrawn from
the patients by health care professionals in the hospital for the immediate automated laboratory
analysis of the blood sample. Data were collected on sociodemographic factors, anthropometric

measurements, blood pressure, lipid profiles and hematological parameters.

Result: The mean serum levels of Triglyceride (TG), Total Cholesterol (TC) and Low Density
Lipoprotein (LDL) were significantly higher than their respective cut-off values in the hypertensive
patients. 54%, 52%, 35%, 11% of the hypertensive patients had abnormal LDL, TC, TG and High
Density Lipoprotein (HDL) levels respectively. Higher levels (p<0.05) of LDL, hemoglobin and
Red Blood Cell (RBC) count were observed in the hypertensive patients whose blood pressure had
been poorly controlled than the controlled ones. Waist circumference had significant positive

association with the serum levels of TC and White Blood Cell (WBC) count (p<0.05).

Conclusion: The hypertensive patients in this study had high prevalence of lipid profile
abnormalities and poorly controlled blood pressure which synergize in accelerating other
cardiovascular diseases. Some hematological parameters like RBC count are also increased as do

the severity of hypertension.

Key words: Hypertension, Lipid profiles, Hematological parameters, Anthropometric indicators
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1. INTRODUCTION

1.1.  Overview of hypertension
Hypertension (HTN), for clinical purposes, can be defined as blood pressure more than 140/90
mm Hg as per US Seventh Joint National Committee on Detection, Evaluation and Treatment of
Hypertension (JNC VII). BP values increase with age, and hypertension (persistently elevated BP
values) is very common in the elderly. It is estimated that more than 26% of the population are
with hypertension worldwide. Hypertension affects approximately 25% of the adult American
population. The lifetime risk of developing hypertension among those 55 years of age and older

who are normotensive is 90% (Chobanian et al., 2003).

Even though different risk factors have been identified for the development of hypertension
(Whelton et al., 2002), its pathophysiologic etiology is still not fully understood in most (90%)
patients (essential or primary hypertension). This form of hypertension cannot be cured, but it can
be treated or controlled. However, a small percentage of patients have a specific cause for their
hypertension (10%) i.e. secondary hypertension. There are many potential secondary causes that
either are concurrent medical conditions or are endogenously induced. If the cause can be

identified, hypertension in these patients can potentially be cured (Dipiro ef al., 2014).

Blood pressure can be classified into one of the four categories: normal, prehypertension, stage 1
hypertension and stage 2 hypertension. Prehypertension is not considered as a disease, but
identifies those who are likely to progress to stage 1 or stage 2 hypertension in the future. Blood
pressure classification in adults (18 years and above) is based on the average of two or more
properly measured blood pressure readings from two or more clinical visits (see Table 1). The

overall classification is determined based on the higher of the two blood pressures, if the diastolic

1



blood pressure and systolic blood pressure values fall into different classes (Chobanian et al.,

2003).

Table 1: Classification of blood pressure in adults (>18 years old) (Chobanian et al., 2003)

Classification Systolic BP (in mmHg) Diastolic BP (in mmHg)
Normal <120 and <80

Prehypertension 120-139 or 80-89

Stage | HTN 140-159 or 90-99

Stage I1 HTN >160 or >100

HTN is known as the “silent killer” because it typically has no warning signs or symptoms, and
many people do not know they have it. Frequently, the only sign of essential hypertension is
elevated BP. The rest of the physical examination may completely be normal. However, a complete
medical evaluation (a comprehensive medical history, physical examination, and laboratory and/or
diagnostic tests) is recommended after diagnosis to (a) identify secondary causes, (b) identify other
cardiovascular disease (CVD) risk factors or comorbid conditions like diabetes that may define
prognosis and/or guide therapy or control, and (c) assess for the presence or absence of

hypertension-associated target-organ damage (s) (Chobanian et al., 2003).

Various factors such as genetic, environmental, psychosocial, and inflammatory factors have been
implicated in the development of hypertension (Tomson and Lip, 2005). The risk factors include
health conditions, lifestyle, and family history. Some risk factors, such as family history, cannot

be controlled. However, there are risk factors such as physical activity and diet that can be



controlled to decrease a patient’s likelihood of developing HTN (Dipiro ef al., 2014). Therefore,

gaining knowledge about factors that are associated with a blood pressure increase is imperative.

Many recent guidelines on the diagnosis and management of hypertension focus that total CVD
risk should be quantified so that the type and intensity of treatment can be tailored to the degree
of overall risk rather than the level of BP elevation alone. This approach maximizes the cost-
effectiveness of hypertension management. The starting point of this therapeutic approach is the
search for, and identification of, the various CVD risk factors (WHO, 2003 ). Hypertension is also
one of the major manifestations of the group of clinical abnormalities that characterize metabolic

syndrome found in 30 to 40% of hypertensive individuals (Marchi-Alves et al., 2012).

1.2. Literature review

1.2.1. Serum lipid profiles with respect to hypertension and CVD
High blood pressure is regarded as one of the most important underlying causes of cardiovascular
diseases in our globe. It is usually related with other cardiovascular risk factors such as
dyslipidemia (abnormal levels of lipids and lipoproteins in the blood), diabetes, and obesity. The
presence of these cardiovascular risk factors and the resulting endothelial dysfunction may play a
role in the pathophysiology of hypertension (Oparil et al., 2003). Evidence suggests that
hypertension may share a similar pathophysiology with cardiovascular disease (CVD). Therefore,
dyslipidemia, which is a strong predictor of CVD, may also be important to predict incident

hypertension (Halperin et al., 2006).

Biochemically, complexes of variable proteins and lipid compositions called lipoproteins are
responsible for transport of lipids throughout the body. The plasma lipoproteins are spherical

macrobiomolecular substances made up of lipids and specific proteins called apolipoproteins or



Apo proteins. The lipoprotein complexes include high-density lipoproteins (HDL), low-density
lipoproteins (LDL), very-low-density lipoproteins (VLDL), and chylomicrons (CM) (Table 1).
The complexes play key roles in maintaining their component lipids soluble while they transport
them in the blood and providing an efficient mechanism for transporting their lipid contents to and

from the body tissues.

In humans, the transport system is less efficient than in other animals and, as a consequence,
humans are vulnerable to gradual deposition of lipid substances (dyslipidemia) —especially
cholesterol—in body tissues. This is a potentially life-threatening occurrence when the lipid
deposition contributes to plaque formation, causing the narrowing of blood vessels

(atherosclerosis)(Harvey and Ferrier, 2011).

Figure 1: Structure, types and densities of lipoproteins in the blood from Braun Wald’s Heart Disease:
(Mann et al., 2015)



LDL particles, associated with the Apo lipoprotein molecule Apo lipoprotein B, contain much less
triacylglycerol than their VLDL predecessors, and have a high concentration of cholesterol and
cholesteryl esters. The primary function of LDL particles is to provide cholesterol to the peripheral
tissues where they are internalized through the LDL receptor by receptor-mediated endocytosis.
Genetic defects that result in loss of function of LDL receptor cause inherited hyperlipidemias

(Mooradian, 2009, Harvey and Ferrier, 2011).

Increased concentrations of serum LDL cholesterol are associated with an increased risk of
myocardial infarction and stroke, and reaction of LDL-C with reactive oxygen species is an early
step in atherosclerotic plaque formation. Individuals who inherit one copy of a defective LDL
receptor-related gene (heterozygous Familial Hypercholesterolemia), left untreated, often have
myocardial infarctions in their 30s and 40s. If a person is homozygous for these mutations
(homozygous Familial Hypercholesterolemia), they have extremely high serum LDL-C levels and

can have myocardial infarctions in their late teens and early 20s (Mooradian, 2009).

High density lipoprotein (HDL-C) contains Apo lipoprotein A-1. Formation of HDL occurs in the
liver and intestine, which both synthesize and secrete ApoA-I. Shortly after secretion as a lipid
poor protein, ApoA-I interacts with the cholesterol-phospholipid transporter ABCA1 (ATP
Binding Cassette Al) expressed by hepatocytes and enterocytes to acquire lipids, thereby

generating a nascent HDL particle (Grummer and Carroll, 1988).

Plasma lipid profiles are measured for cardiovascular risk prediction and have now become almost
a routine test. The test includes four basic parameters: total cholesterol, triglycerides, HDL
cholesterol and LDL cholesterol. Worldwide, there is broad variation in serum lipid profile patterns

among different population groups. Increased serum levels of TC, TG, LDL-C, and decreased



serum HDL level are known to be associated with major risk factors for CVD. Dyslipidemia,
comprising altered ratio of high TC level and isolated evaluation of the LDL-C or TG, is usually
associated with increased blood pressure (BP) levels. There is a strong relationship between total

LDL cholesterol concentrations and CVD risk (Choudhury et al., 2014).

Although hypertension and dyslipidemia are widely recognized risk factors for cardiovascular
diseases, the pathophysiology of the association between them is still not completely understood.
Several mechanisms have been postulated to explain this association. Atherosclerosis — caused in
great part by dyslipidemias — leading to structural changes that result in the decreased elasticity of
large arteries, is generally viewed as the principal pathophysiologic alteration contributing to the

development of arterial hypertension in the elderly (Oparil et al., 2003).

Plethora of studies have prospectively examined if increased lipid levels are correlated with the
afterward development of hypertension in middle age adults. In most studies, high-density
lipoprotein cholesterol (HDL-C) levels show an independent and inverse relation with the
development of hypertension (Halperin et al., 2006, Simone et al., 2006, Laaksonen ef al., 2008).
Increased triglycerides levels (Laaksonen ef al., 2008) higher total cholesterol (total-C) (Sesso et
al., 2005) increased non-HDL cholesterol (non- HDL-C) and higher levels of low density
lipoprotein cholesterol (LDL-C) have been found to be associated with an increased risk of

hypertension in some studies, but not in all (Simone ef al., 2006).



1.2.2. Hematological profiles and hypertension
The cellular components of blood contribute to the viscosity and volume of blood, thus playing a
vital role in regulating blood pressure. Hematological parameters (full blood count) which include
red blood cell (RBC) count, hemoglobin, hematocrit, platelet count, white blood cell (WBC) count
and RBC indices are the backbones of any laboratory evaluation and their abnormal values may

be associated with various pathological conditions.

Red blood cell count, hematocrit, and hemoglobin provide estimates of red blood cell number, red
cell proportion, and hemoglobin concentration, respectively, in a volume of blood. In view of a
predominantly thrombotic nature of the complications of hypertension, various rheological and
hemostatic factors have been hypothesized to play a role in the pathogenesis of hypertension and

other cardiovascular diseases (Yamasaki et al., 2005).

Although it is yet to be well characterized, studies have shown that white blood cell (WBC) count
has been found to be associated with hypertension and its complications (Karthikeyan and Lip,
2006). Inflammation may contribute to increasing resistance of microvascular capillary, initiation
of platelet aggregation, increased levels of catecholamines, and there is considerable evidence of

an association between inflammation and hypertension (Bautista et al., 2001).

With respect to the relationship between WBC count and hypertension, one population-based study
found an association between elevated WBC count and incident hypertension in a predominantly
white population, with the risk ratio of hypertension being directly related in a dose-dependent
manner to increasing tertiles of WBC count (WBC count tertiles 1-3 has relative risks (RR) of
hypertension of 1.0, 1.2, 1.7; P<0.01). This association appeared to be independent of smoking

and other cardiovascular risk factors (Shankar et al., 2004).



In other study done in Japan it was observed that elevated WBC count, especially neutrophil count,
was significantly associated with an increased risk of developing hypertension among Japanese

men and women, although the relative risks were modest (Tatsukawa et al., 2008).

Hemoglobin is most important determinant of whole blood viscosity (Simone et al., 1990). Studies
have shown that the concentrations of hemoglobin increased with hypertension in humans.
However, only a limited number of large-population based studies have shown a link between
hemoglobin concentration and blood pressure. In another study conducted among unselected
public employees who did not receive any medication, hemoglobin concentration was significantly

associated with hypertension (Kawamoto et al., 2012, Shimizu et al., 2014).

In a recent study involving a large cohort of blood donors who were relatively healthy, hemoglobin
concentrations were positively associated with both systolic blood pressure (SBP) and diastolic
blood pressure (DBP) (Atsma et al., 2012). The recent Japanese study also included non-anemic
subjects and found that positive association between the hemoglobin concentrations and the risk
of hypertension was confined to participants with a body mass index (BMI) of > 25 kg/m? (Shimizu
et al., 2014). Researchers also reported that three erythrocyte parameters (RBC, hemoglobin, and

hematocrit) were found to be associated with hypertension in their cohort study (Wu et al., 2013).

Hematocrit, the proportion of blood volume occupied by red blood cells, determines blood
viscosity, regulates peripheral vascular resistance (PVR) and therefore, in principle, regulates
blood pressure. The association between hematocrit and pre-hypertension was less significant
among individuals with high LDL-C levels compared to those with lower LDL-C levels.
Moreover, LDL-C and hematocrit showed an additive pattern in elevated blood pressure (Liu et

al., 2015).



There is mounting evidence that metabolic syndrome affects hematologic counts. Obesity is found
to be associated with higher hemoglobin levels and elevated WBC counts. Variability of blood
counts and differentials was associated with obesity, hypertension, dyslipidemia, and glucose
intolerance. Hematologic changes associated with parameters of metabolic syndrome have also

been demonstrated in studies (Kawamoto et al., 2012, Vuong et al., 2014).

1.2.3. Anthropometric indicators and hypertension

As reported by several epidemiological studies from different populations there is a significant
association between different anthropometric indicators and blood pressure levels (Stamler, 1991,
Guagnano et al., 1994, Gupta and Mehrishi, 1997 , Kaufman et al., 1997, Olatunbosun et al., 2000,
Bose et al., 2003, Shanthirani ef al., 2003). Some anthropometric indexes or measures, like body
mass index (BMI), and other measures of body fat distribution have been utilized in most of the
studies to analyze the relation between cardiovascular risk factors and adiposity (Han et al., 1995,

Olatunbosun et al., 2000, Guagnano et al., 2001, Sargeant et al., 2002, Belahsen ef al., 2004).

Most of these studies have shown direct relationships between anthropometric measures and the
risk of cardiovascular disease (Stamler, 1991, Guagnano ef al., 1994, Kaufman et al., 1997, Kadiri
etal., 1999, Okosun et al., 1999, Olatunbosun et al., 2000, Yekeen et al., 2003). These associations
between body fatness using different indexes have been consistently observed, but remain poorly
understood (Kaufman et al., 1997) and the mechanistic explanations for the phenomenon are still

being debated, and no biological model of the process has been established (Han et al., 1995).

Patterns of lipid abnormalities among Ethiopians and their relative impact on cardiovascular risk
have not yet been well characterized. Low HDL is increasingly recognized as an independent risk

factor for adverse CVD outcomes, irrespective of levels of LDL-C. Although sporadic reports



suggest that the prevalence of low HDL-cholesterol is substantial, detailed data is lacking on the
true prevalence of this condition among patients receiving treatment for dyslipidemia (Karthikeyan
et al., 2009). Little is known about the anthropometry, lipid profiles and hematological
parameters—blood pressure relationship in Ethiopian subjects, while no data seems to be available
on the relationship between body-fat distribution and the risk of hypertension in the same

population.
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1.3. Statement of the problem
Cardiovascular diseases including hypertension are increasing worldwide. This increase is causing
a major concern in resource limited countries like Ethiopia. In 2000, about 1 billion people (26.4%
of adults) were estimated to have hypertension worldwide and this is likely to increase to over 1.5
billion by 2025 as a result of aging population in many developed countries, and an increasing
incidence of hypertension in developing countries (Cornier et al., 2008). In Ethiopia, it has
approximately been estimated that about 35.2% of the population are suffering from hypertension

(WHO, 2011).

Several risk factors (modifiable and non-modifiable) play a role in the progression of hypertension
(Leone, 2011). In an investigation on the different genetic and environmental risk factors of
hypertension, studies showed that age, sex, hyperlipidemia, diabetes, alcohol consumption, high
Body Mass Index (BMI), sodium intake and others were associated with hypertension. An
excessive daily intake of saturated fats, cholesterol, and subsequent disturbance of lipid profiles
leading to hypertriglyceridemia and hypercholesterolemia are associated with obesity and,

consequently, hypertension (Kotsis et al., 2010).

Hypertension and dyslipidemia, co-existing in 15 to 31%, are the two major risk factors for
cardiovascular diseases (CVD) and account for more than 80% of deaths and disability in low- and
middle-income countries (Reddy, 2004). These risk factors have an adverse effect on the vascular
endothelium, which results in enhanced atherosclerosis resulting in CVD (Dalal et al., 2012).
Abnormalities in serum lipid levels can be recognized as major modifiable CVD risk factor and
has been identified as a risk factor for essential hypertension giving rise to the term dyslipidemic

hypertension (Halperin et al., 2006).
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Hypertension is not the only determinant of cardiovascular damage and the propensity of BP
poorly controlled hypertensive patients to develop target organ damage is markedly influenced by
coexisting risk factors. Among these factors lipoproteins are fundamental to the atherosclerotic
process and greatly affect the impact of hypertension on development of target organ damage and

therefore on cardiovascular morbidity and mortality (Srinivaspai et al., 2014).

In addition, there are number of disputes in various studies with respect to variability of
hematological parameters in patients with hypertension and normotensive subjects. The
pathophysiology of hypertension is multifactorial which is affected by sympathetic over activity
contributing to changes in hematological parameters like hematocrit, viscosity and
hypercoagulability of blood. These factors vary the kinetics of blood flow acting as contributory
risk factor for coronary artery diseases, stroke and thromboembolism (Al-Muhana et al., 2006).

Thus, the hematological parameters will give an insight to prognosis of the disease as well.

Although different studies have been done on lipid profiles as well as hematological parameters in
hypertensive patients in different parts of the world (Osuji and Omejua, 2012, Tachebele et al.,
2014, Divya and Ashok, 2016), there are no ample data on the condition in Africa especially
Ethiopia. To the best of my knowledge, there are no reports on the evaluation of lipid profiles as

well as hematological parameters particularly in the study area.

Worldwide, there is broad variation in serum lipid profile patterns among different population
groups. Therefore, evaluation and monitoring of modifiable risk factors can be beneficial to reduce
CVD morbidity and mortality of the patients. The present study will evaluate and examine lipid
profiles and hematological parameters and other associated risk factors in hypertension in the study

area and give recommendations so as to minimize CVD morbidities and mortalities.
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1.4. Rationale and significance of the study
CVD is the primary cause of disability and death worldwide, and a great majority of CVDs are
associated with dyslipidemia. The problem is disturbing and causing a major concern in resource
limited countries like Ethiopia. Unfortunately, due to socioeconomical and other factors patients
come to health facilities at advanced stage of cardiovascular diseases including hypertension in
Ethiopia. Therefore, evaluating and examining serum lipid parameters and hematological profiles,
and other associated risk factors in patients with hypertension in our setup will significantly be
important to help shape clinical as well as public health care of the patients and the population. In
addition, the results obtained from this study is expected to pave the way for further related studies

to be broadly and extensively done.
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2. OBJECTIVES

2.1. General objective
e To evaluate lipid profiles and hematological parameters in hypertensive patients at Debre

Markos Referral Hospital, North West Ethiopia

2.2. Specific objectives
& To evaluate the serum lipid profiles in male and female hypertensive patients with good and
poor blood pressure control
@ To evaluate hematological parameters (complete blood count) in male and female
hypertensive patients with good and poor blood pressure control
@ To assess anthropometric parameters in the hypertensive patients
& To examine the associations of sociodemographic factors, blood pressure and anthropometric

parameters with lipid profiles and hematological parameters in the hypertensive patients
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3. MATERIALS AND METHODS

3.1. Study area and period
The study was conducted from October, 2016 to January, 2017 at Debre Markos Referral Hospital,
Debre Markos. Debre Markos, the capital of East Gojjam Administrative Zone is located in the
north west of the capital city of Ethiopia, Addis Ababa at a distance of 300Kms and 265 kms to
the capital of Amhara Nation Regional State, Bahir Dar. Debre Markos Referral Hospital is found
in this town. It was established in 1957 E.C by Emperor H/Selassie on the area of 30,020 m?. The
hospital provides health service to more than 3.5 million people. Currently about 100 health centers

and four district hospitals are available in the catchment area of the referral hospital.

3.2. Study design

Hospital based cross-sectional study was conducted to evaluate the serum levels of lipid profiles
and hematological parameters among hypertensive patients at Debre Markos Referral Hospital,

Debre Markos.

3.3. Population
3.3.1. Source population
The source population for this study was all hypertensive patients attending at Debre Markos

Referral Hospital.

3.3.2. Study population

The study population for this study was all hypertensive patients attending at Debre Markos

Referral Hospital in the time interval of the study period.
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3.4. Inclusion and exclusion criteria

3.4.1. Inclusion criteria
e All hypertensive patients attending at the hypertension out-patient department of the

hospital during data collection period were included in the study.

3.4.2. Exclusion criteria
o Age <20 years
o Age> 70 years
e Patient on lipid lowering medications
e Thyroid disease
e Pre-eclampsia/eclampsia
e Patients with hematological derangement

e Diabetes mellitus

3.5. Sampling method and sample size determination

While purposive sampling technique was implemented to select the health care facility simple
random sampling technique from registry book was used to get the calculated number of study
participants in the study period. By using semi-structured questionnaire, the patients were selected
that include all pieces of information of patients needed at study variables.

The sample size was determined based on prevalence of hypertension (19.6%) in Ethiopia as
reported by systematic meta-analysis (Kibret and Mesfin, 2015), using single population

proportion formula with a confidence interval (CI) of 95%).
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2

Zl_% P(1-P)

n= d2
Where n is minimum sample size required; Zi-a2 is the standard normal variable at (1-a) %
confidence level and a (level of significance), Usually 95% confidence level is used = 1.96; P is
estimate of the prevalence rate of hypertensive patients in the population; d is the margin of
sampling error tolerated, assume to be 0.05. N= 400, So, n after adjustment is approximately 153

patients, but due to budget constraint only 100 patients were enrolled.

3.6. Variables

3.6.1. Dependent variables
e Serum total cholesterol concentration (TC)
e Serum triglyceride concentration (TG)
e High density lipoprotein (HDL) cholesterol concentration
e Low density lipoprotein (LDL) cholesterol concentration
e Hemoglobin
e Hematocrit
e RBC
e WBC
e Platelets

e RBC indices

3.6.2. Independent variables

» Sociodemographic factors
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» Family history
» Clinical and behavioral factors

» Anthropometric indicators

3.7. Blood sample and data collection procedures

After the study participants had been asked for their consent to be interviewed and to give sample
blood, about 5 ml blood was withdrawn from the study participants, who had fasted overnight. The
sample was collected by qualified health care professionals in the hospital for the immediate
laboratory analysis of the blood sample. In addition, the questionnaire was filled by face to face
interview and some anthropometric indicators were also assessed and measured side by side as

well.

Blood collected in appropriate tubes was allowed to stand for 30 minutes at room temperature to
allow complete clotting and clot retraction. Samples were then centrifuged at 3500 rpm for 15 min
to extract serum. The serum extracted was then used to determine the levels of TC, HDL-

cholesterol and triglycerides.

LDL-cholesterol was calculated using the Friedwald formula (Friedewald et al., 1972). About 2ml
of the blood was collected in EDTA coated tubes and hematological profiles were determined for
all samples using a hematological analyzer (ACT-8 coulter Electronies). Safety precautions were

taken while handling blood and disposing it.

18



3.8. Test principles of the laboratory analytes

3.8.1. Serum total cholesterol concentration
A commercial kit developed by Coxon and Schaffer was used to estimate serum total cholesterol
concentration (Coxon and Schaffer, 1971). Cholesterol is measured enzymatically in serum or
plasma in a series of coupled reactions that hydrolyze cholesteryl esters and oxidize the 3-OH
group of cholesterol. One of the reaction byproducts, H>O; is measured quantitatively in a
peroxidase catalyzed reaction that produces a color. Absorbance is measured at 500 nm. The color
intensity is proportional to cholesterol concentration. Desirable or normal cholesterol levels were

considered to be those below 200 mg/dL. The reaction sequence is as follows:

Cholesteryl ester + H/O  cholesteryl ester hydrolase, cholesterol + fatty acid

Cholesterol + O2 cholesterol oxidase R cholest- 4-en-3-one + HZO2

»

2H O, +4-aminophenazone + phenol  peroxidase 4-(p-benzoquinone- monoimino)-phenazone

+4H,0

3.8.2. Serum triglyceride concentration
A commercial kit developed from Cromatest® Cholesterol MR, Linear chemicals SL, Barcelona,
Spain was used to estimate serum triglyceride concentration (Allain et al., 1974). Triglycerides are
measured enzymatically in serum or plasma using a series of coupled reactions in which
triglycerides are hydrolyzed to produce glycerol. Glycerol is then oxidized using glycerol oxidase,
and H>02, one of the reaction products, is measured as described above for cholesterol. Absorbance
is measured at 500 nm. The reaction sequence is as follows:

Triglycerides + 3H20 lipase . glycerol + fatty acids

Glycerol + ATP glycerokinase  glycerol-3-phosphate + ADP

»
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Glycerol-3-phosphate + O2 glycerophosphate oxidase dihydroxyacetone phosphate + H202

H202 + 4-aminophenazone + 4-chlorophenol ~ peroxidase _ 4-(p-benzoquinone-monoimino)-
—_—

phenazone + 2H20 + HCI.

Desirable or normal fasting triglyceride levels are considered to be those below 200 mg/dL, and

are further categorized as Borderline, 200-400 mg/dl; High, 400-1,000 mg/dl; and Very High (>

1000 mg/dl).

3.8.3. High density lipoprotein (HDL) cholesterol concentration
A commercial kit developed from Cromatest® Cholesterol MR, Linear chemicals SL, Barcelona,
Spain was used to estimate serum HDL concentration. HDL was measured directly in serum. The
basic principle of the method is as follows. The apoB containing lipoproteins in the specimen are
reacted with a blocking reagent that renders them non-reactive with the enzymatic cholesterol
reagent under conditions of the assay. The apoB containing lipoproteins are thus effectively

excluded from the assay and only HDL-cholesterol is detected under the assay conditions.

The method uses sulfated alpha-cyclodextrin in the presence of Mg*?, which forms complexes with
apoB containing lipoproteins, and polyethylene glycol-coupled cholesteryl esterase and

cholesterol oxidase for the HDL-cholesterol measurement. The reactions are as follows:

2
a. ApoB containing lipoproteins + a-cyclodextrin + Mg+ + dextran SO, — soluble

non-reactive complexes with apoB-containing lipoproteins

b. HDL-cholesteryl esters PEG-cholesteryl esterase HDL-unesterified cholesterol + fatty

acid

c. Unesterified chol + O, PEG-cholesterol oxidase  cholestenone + H,O,
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d. HO, + 5-aminophenazone + N-ethyl-N-(3-methylphenyl)-N’_succinyl ethylene

diamine + H20 + H peroxidase qunoneimine dye + H O
_ 2

Absorbance was measured at 600 nm. A low HDL-cholesterol concentration is considered to be a
value below 45 mg/dl. HDL-cholesterol values are also used in the calculation of LDL-cholesterol

(as shown below)

3.8.4. Low density lipoprotein (LDL) cholesterol concentration
Most of the circulating cholesterol is found in three major lipoprotein fractions: very low density
lipoproteins (VLDL), LDL and HDL. Total cholesterol is the sum of VLDL-cholesterol, LDL-
cholesterol, HDL-cholesterol. LDL-cholesterol is calculated from measured values of total
cholesterol, triglycerides and HDL-cholesterol according to the relationship: LDL-cholesterol =
Total cholesterol - HDL-cholesterol — (TG/5) where TG/S is an estimate of VLDL-cholesterol and
all values are expressed in mg/dl. Desirable levels of LDL-cholesterol are those below 100 mg/dl

in adults.

3.8.5. Determination of hematological parameters
The Coulter method, automated hematology analyzers, was used to accurately count and size cells
by detecting and measuring changes in electrical resistance when a particle (such as a cell) in a
conductive liquid passes through a small aperture. Each cell suspended in a conductive liquid
(diluent) acts as an insulator. As each cell goes through the aperture, it momentarily increases the
resistance of the electrical path between the submerged electrodes on either side of the aperture.
This causes a measurable electronic pulse. For counting, the vacuum used to pull the diluted

suspension of cells through the aperture must be at a regulated volume. The number of pulses
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correlates to the number of particles. The height of the electrical pulse is proportional to the cell
volume.

Hemoglobin, hematocrit, platelets, RBC count, WBC count, RBC indices were determined. The
RBC count, WBC count, and Platelets were determined by the principle of electronic impedance.
The hemoglobin which was freed by the lysis of RBCs was combined with potassium cyanide
which the forms a cyanmethemoglobin compound. The absorbance was then measured by
spectrophotometry at 550nm wavelength. MCV was calculated directly from RBC histogram.
MCH was calculated from hemoglobin level and RBC count. In addition, MCHC was calculated
according to the hemoglobin and hematocrit values. The hematocrit was measured as a function

of the numeric integration of MCV (Carberand ef al., 1999)

MCV = Hematocrit
" RBC count
MCH = Hemoglobn
" RBC count
Hemoglobin
MCHC = —————
Hematocrit

3.9. Anthropometrical measurement procedure
The weight of the hypertensive patients was measured using a standard balance, and the height
was measured by using a height measuring device attached to the balance.
Body Mass Index (BMI) was then calculated from the body weight (kg) and height (meter) as
follows: BMI = Weight (in kg) / (Height in m)? (Tambe et al., 2010). Using the WHO classification
(WHO, 1997), four categories of BMI can be identified as follows: underweight, <18.5 kg/m?;
normal, >18.5-24.9 kg/m?; overweight, >25.0-29.9 kg/m?; and obesity, >30 kg/m>. The

participants’ ages were also recorded.
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Waist circumference and hip circumference of the patients were also measured. Waist
circumference was measured over light clothing at the level halfway between the iliac crest and
the costal margin in the mid-axillary line after exhaling, when the lungs are at their functional
residual capacity, with the subject in standing position with the body weight evenly distributed
across the feet. Hip circumference was measured over light clothing at the level of greater
trochanters with the subject in standing position and both feet together (Tambe et al., 2010).

Two consecutive recordings were made for each site to the nearest 0.5 cm using a non-stretchable
fiber measuring tape on a horizontal plane without compression of skin. The mean of two sets of
values was used (Luepker, 2004). Waist to hip ratio was calculated by dividing waist
circumference by hip circumference (Tambe et al., 2010).

While the cut-off point considered for waist circumference (WC) was >80 cm for females and >90
cm for males to define overweight, the cut-off taken for waist to hip ratio was >0.8 for females

and >0.9 for males as per the criterion of the WHO (WHO, 2008).

3.10. Data quality control and management

» The data collection questionnaire was well prepared and all variables were filled on the data
extraction format daily.
» All the laboratory procedures were handled by professional laboratory technologists.

> All the tests were standardized and automated.

3.11. Data processing and analysis

After checking for completeness and cleaning, processing and analysis of the data obtained from
laboratory analyses of the blood samples and questionnaires was performed by coding and entering

the data into EpiData statistical software version 3.1 and then exporting the entered data to SPSS
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software version 23 package and the different variables were tested and analyzed. Simple
descriptive statistics were used to present the sociodemographic and clinical characteristics of the
study subjects. While Chi-square (2) tests were used to compare categorical variables, continuous
variables were presented as mean + standard deviation and were compared using the student t-tests
for groups. Other associations were performed with Pearson’s correlation coefficient as well as
multiple linear regression analysis. A p-value of <0.05 at 95% confidence level was considered to

be statistically significant in all the analyses.

3.12. Ethical consideration

Before starting data collection and preliminary study, ethical clearance letter with reference
number SOM/DRERC/BCHMO031/2009 was obtained from the Departmental Research and Ethics
Review Committee, Department of Biochemistry, College of Health Sciences, Addis Ababa
University. Collaboration letter for data collection was also obtained from Debre Markos referral
hospital. The objective of the study was briefly clarified and explained for each participant, before
enrolling any of the eligible study participants. Samples and data were collected after informed
consent had been obtained from the study participants. Confidentiality, anonymity, neutrality,
accountability and academic honesty was maintained throughout the study, for example, by using
codes. The findings of the study will be disseminated for health care professionals and other

concerned bodies for better care of the hypertensive patients than ever.

3.13. Operational definitions

Dyslipidemia: synonymous with hyperlipidemia or lipid abnormalities is abnormally elevated

levels of any or all lipids and or lipoproteins in the blood. By the same token it is a defect in
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lipoprotein metabolism; example, increased cholesterol, increased triglyceride, increased low
density lipoprotein, and decreased high density cholesterol.

Controlled blood pressure (hypertension): blood pressure that is controlled by antihypertensive
drug (s) which used in the sample hypertensive patients were (Enalapril, Nifedipine,
Hydrochlorothiazide, Amlodipine) or pharmacological and non-pharmacological treatment, i.e.,
systolic blood pressure is lower than 140 mmHg and diastolic blood pressure is lower than 90
mmHg.

Uncontrolled or poorly controlled blood pressure: blood pressure not well controlled despite
the antihypertensive drugs prescribed, i.e., systolic blood pressure is higher than 139 mmHg and/or
diastolic blood pressure is higher than 89 mmHg.

Anthropometric indicators: parameters for the measurement of the human body and its
individual parts thereby yielding a quantitative index of their variability. They include age, height,

weight, body mass index, waist circumference, waist to hip ratio etc.
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4. RESULTS

4.1.

Sociodemographic characteristics of the patients

Theis study enrolled 100 sample hypertensive patients, 45 (45%) females and 55 (55%) males.

The average age of the hypertensive patients was 51.21 years ranging from 21 to 69 years.

The majority of the hypertensive patients were found within in the age group of 40-59 years

(Figure 2). Most of the patients in the study were married (71%), urban residents (78%), and above

secondary school (41%) as far as educational status is concerned. While half of the patients 50

(50%) had history of alcohol drinking behavior, only 2 % of the hypertensive patients did smoke

cigarette; and there were more male drinkers and smokers than females. In addition, most of the

patients (55%) had history of performing different forms of physical activity (Table 2).

Table 2: Sociodemographic characteristics of the hypertensive patients at Debre Markos Referral

Hospital, Ethiopia, October 2016 to January 2017

Variables Males (n=55) Females (n=45) Total (n=100)
Age? 52.82 £11.12 49.24 £13.47 51.21 £12.30
Marital status® Single 1 9 10

Married 47 24 71

Divorced 4 5 9

Widowed 3 7 10
Residence Rural 16 6 22

Urban 39 39 78
Educational status Illiterate 19 12 31

Upto 12 7 21 28

Above 29 12 41
Smoking status Yes 2 0 2

No 53 45 98
Alcohol consumption Yes 36 14 50

No 19 31 50
Physical exercise Yes 38 17 55

No 17 28 45

“Age, continuous variable, is expressed as mean =+ standard deviation; *for the rest of the variables,

qualitative, the numbers are in percent out of the total 100 patients.
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Figure 2: Age distribution of the hypertensive patients in years following chronic care at Debre Markos
Referral hospital, Ethiopia, October 2016 to January 2017

4.2. Anthropometric and clinical features of the hypertensive patients

The present study revealed that the average BMI is high-normal (24.60 Kg/m?) in the study
participants. About 31% and 10% of the hypertensive patients were overweight and obese
respectively. Females are affected more frequently than males (18 % overweight and 10% obese
versus 13 % overweight and 0% obese). The study also showed that 36/55 males and 41/45 females
had waist circumference greater than their respective cut-off values; and 49/55 males and all
female hypertensive patients had Waist-to-hip ratio higher than the cut-off value (Table 3). Among
the hypertensive patients 38% of them were found to have family history of hypertension, and
more than half of the patients (62%) had uncontrolled blood pressure despite at least one
antihypertensive drug prescribed for. Whereas mean systolic and diastolic blood pressures were
found to be 138.18+17.857 and 84.554+9.193 mmHg respectively in males, the mean systolic and
diastolic blood pressures of females were 146.22+29.641 and 87.33+£17.633 mmHg respectively.
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Table 3: Anthropometric and clinical features of the hypertensive patients at Debre Markos

Referral Hospital, Ethiopia, October 2016 to January 2017

Characteristics Males (n=55) Females (n=45) Total (n=100)
*Height (m) 1.6862+ 0.08330 1.605+0.046 1.6498+0.07973
Weight (in Kg) 65.009+6.5287 68.500+9.6478 66.580 +£8.2259
®Body Mass 22.9569+2.69921 | 26.6082+3.83881 | 24.6000+3.72245
Index(kg/m?) <25 42 17 59
25-30 13 18 31
>30 0 10 10
Waist circumference 91.0545+8.87864 | 98.6667+14.1598 | 94.4800+12.10767
(cm) < cut-off 19 4 23
>cut-off 36 41 77
Waist-to-hip ratio 0.9558+0.05061 | 0.9482+0.05536 | 0.9524+0.05267
< cut-off 6 0 6
>cut-off 49 45 94
Family history of | Yes 15 23 38
hypertension No 40 22 62
Duration of | <lyear 8 3 11
hypertension 1-5 years 27 31 58
>5 years 20 11 31
Blood pressure (mm | Controlled 22(124.5,77.3)° | 16(122.5,73.75)¢ 38°
Hg) BP poorly controlled | 33(147.3, 89.4)° | 29(159.3, 94.8)° 624
Systolict 138.18+17.857 146.22+29.641 141.80+24.095
Diastolic’ 84.55+9.193 87.33+17.633 85.80+13.646

“Continuous variables like height are expressed as mean + standard deviation whereas for the rest of the

variables, qualitative, are expressed in percent out of the total patients. °systolic and diastolic BP

(123.6849.421 and 75.79+5.98); Ysystolic and diastolic BP (152.90+23.64 and 91.94+13.41), °values in

bracket are the mean systolic and diastolic BP values respectively. ‘mean BP values are for all hypertensive

patients (both BP controlled and BP poorly controlled).
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4.3. Levels of lipid panels in the hypertensive patients

The mean levels of lipid profiles in BP controlled and BP poorly controlled male and female
hypertensive patients are shown in Table 4. The result of this study showed that in the plasma of
male BP controlled and BP poorly controlled hypertensive patients, the average total cholesterol
levels were 193.42+54.91mg/dl and 227.00+34.07.57 mg/dl, and the levels of LDL-C were found
to be 106.85+38.31 and 128.00+£36.00 mg/dl respectively (see Table 4). In addition, the results of
the present study showed that in the plasma of female BP controlled and BP poorly controlled
hypertensive patients, the average TG levels were 148.884+45.59 mg/dl and 262.59+180.53 mg/dl,
and the levels of LDL-C were found to be 92.00+33.36 and 127.72+57.56 mg/dl respectively (see
Table 4). In both sexes LDL-C levels were significantly higher (p<0.05) in patients whose BP is
poorly controlled than the controlled ones. However, patients with poor BP control as compared
to good BP control had significantly higher levels (p<0.05) of TC in males and TG in females.

Table 4: Levels of lipid profiles in BP controlled and BP poorly controlled male and female
hypertensive patients at Debre Markos Referral Hospital, Ethiopia, October 2016 to January 2017

Variables Males (n=55) Females (n=45)

BP controlled BP poorly controlled | p-value | BP controlled | BP poorly controlled | p-value
TC 193.42+£54.91 227.00+£34.07.57 | 0.014* | 184.88+55.54 216.66+62.28 0.096
TG 183.09+70.30 202.94+164.99 0.59 148.88+45.59 262.59+180.53 0.018*
LDL-C 106.85+38.31 128.00£36.00 0.045* | 92.00+33.36 127.72+57.56 0.028*
HDL-C 65.33+£17.90 61.36+21.88 0.46 72.00+£19.90 59.75+19.49 0.053

*Values are expressed as mean + standard deviation
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Among 100 hypertensive patients, only 46 (46 %) of them had desirable level of LDL-C which is
below 100 mg /dl, the cut-off value for the metabolite. The rest 54(54 %) had undesirable level of
LDL-C i.e. greater than 100 mg /dl. On the other hand, while only 11 (11 %) of the hypertensive
patients showed undesirable level of HDL-C cholesterol lipoprotein, in most of the patients (89

%) levels of serum HDL-C were found to be with in normal range which is below 45 mg/dl (Figure

3).
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Figure 3: Percentage (absolute number) of BP controlled and BP poorly controlled hypertensive patients
having abnormal levels of lipid profiles at Debre Markos Referral Hospital, Ethiopia, October 2016 to
January 2017 (*P<0.05 **P<0.01)

In the sample hypertensive patients, 48(48 %) of them had normal serum total cholesterol level
which is below 200 mg /dl, the cut-off level for the metabolite. But, the remaining patients 52(52
%) had abnormal level of total cholesterol (greater than 200 mg /dl). Whereas 65/100 (65 %) of
the hypertensive patients had desirable level of serum triglyceride, in 35% of the patients, levels

of serum triglyceride were found to be abnormally high which is above 200mg/dI.
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The proportions of lipid profile abnormalities stratified by sex are depicted in the figure below

(Figure 4). LDL-C and TC abnormalities were more prevalent in males as compared to their

N

female counterparts.
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Figure 4: Percentage (absolute number) of hypertensive patients having abnormal levels of lipid profiles

stratified by sex at Debre Markos Referral Hospital, Ethiopia, October 2016 to January 2017 (*P<0.05)
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4.4. Levels of hematological parameters in hypertensive patients

The average levels of the hematological parameters are shown in Table 5. The study showed
statistically significant elevation in WBC and RBC levels in BP poorly controlled male
hypertensive patients as compared to BP controlled patients (p<0.05). Also, it showed statistically
significant elevation in platelet levels in BP poorly controlled female hypertensive patients as
compared to BP controlled ones (p<0.05). However, the study showed no statistically significant
variation between BP controlled and BP poorly controlled male and female hypertensive patients
in their respective hemoglobin, MCV, hematocrit, MCH and MCHC levels (p>0.05).

In addition, as compared to the well-controlled hypertensive patients, independent samples t test
showed that poorly controlled hypertensive ones had significantly higher mean levels of
hemoglobin, RBC count (p<0.05) in all the patients. The average levels of platelets, MCH, MCHC
and hematocrit were also higher, although not statistically significant (p>0.05), in uncontrolled

patients as compared to the controlled ones.
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Table 5: Levels of hematological parameters in BP controlled and BP poorly controlled male and
female hypertensive patients at Debre Markos Referral Hospital, Ethiopia, October 2016 to

January 2017
Variables Males (n=55) Females (n=45)
BP BP poorly | p- BP controlled | BP poorly | p-value
controlled controlled value controlled
RBCx10° 4.65+0.57 4.92+0.44 0.049*% | 4.48+0.47 4.63+0.44 0.288
cells/ul
WBCx10? 6.24+1.54 7.71£2.50 0.009* | 8.03+£3.49 8.09+2.05 0.95
cells/ul
Platelets® 234.73+£76.2 212.15+£76.51 0.288 | 224.38+59.28 278.93+£70.76 0.012%*
MCVP® 90.00+4.59 88.70+2.68 0.187 88.35+4.74 88.97+2.69 0.57
MCH¢ 31.64+2.08 31.10£1.06 0.211 30.65+2.35 31.62+1.79 0.12
MCHC? 34.46+1.77 35.08+0.84 0.087 34.70+1.14 35.12+13.08 0.18
Hemoglobin® 14.77+1.45 15.47+1.37 0.078 13.79+2.03 14.68+1.78 0.13
Hematocritd 42.48+3.90 44.10+4.10 0.15 39.59+5.25 41.07+4.24 0.30

Data are expressed as Mean £SD; *P value <0.05 is statistically significant. Values bearing different

superscripts % represent units, *10° x cells/ul; "femtoliter; picogram; ‘percent; “gram per deciliter.
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4.5. Sociodemographic characteristics and the dependent variables
Bivariate, Pearson correlation, analyses showed that age was positively correlated with serum,
LDL-C (r=0.274, p <0.05); HDL-C (r=0.310, p < 0.05); TC (r=0.399, p < 0.05), TG (r=0.087,
p >0.05, insignificant) in the hypertensive patients. Linear regression analysis also showed that 7.5
%, 9.6 %, 7.2 %, 0.8% of the variations of serum LDL-C, HDL-C, TC, TG levels respectively are
explained by age. Although all the lipid profiles tend to be higher in patients who did not perform
physical activity than who did, independent samples t tests did not show any significant variation
in the levels of lipid profiles in the patients. However, Chi-square test (fishers exact test) showed
that patients who did not perform physical exercise had serum TG level above the cut-off value

(p<0.05).

Independent samples t test also showed that the mean serum TC level was significantly higher
(p<0.05) in hypertensive patients who had been drinking alcohol than who had not been drinking.

In addition, abnormal lipid profiles prevailed in patients having smoking habit.

Whereas correlation analyses showed that age is positively associated with the RBC count (r
=0.290, p<0.05 and levels of hematocrit (r=0.197, p< 0.05), it is correlated with the platelet count
(r=-0.087, p>0.05 and levels of WBC count (r =-0.131, p> 0.05). Also, linear regression analyses
showed that 3.9 %, 8.4% of the variations in hematocrit and RBC levels respectively can be

explained by age.
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4.6. Anthropometric, clinical features and the dependent variables
In the hypertensive patients, there was positive association between BMI and the lipid profiles but
that was not statistically significant (p>0.05). However, waist circumference had statistically
significant positive correlation with the serum levels of TC (p< 0.05) and weak association with
TG, LDL-C and HDL-C levels (p>0.05). Correlation analysis also showed that there was positive
association between waist to hip ratio and TG, TC, LDL-C levels and inverse relation with HDL
but the associations were weak (p>0.05). In the hypertensive patients, systolic blood pressure had

statistically significant correlation with LDL-C (r =0.311, p <0.05) and TG (r =0.311, p <0.05).

One-way ANOVA with Tukey post hoc test also showed that there was a statistically significant
variation in the serum TG level between the hypertensive patients who had followed the care for
more than five years as compared to those who had followed the care for less than a year (p <

0.05).

Among the hypertensive subjects, there was a statistically significant positive correlation between
systolic blood pressure and RBC count (r =0.249, P =0.013); diastolic blood pressure and RBC
count (r =0.303, P = 0.002); waist circumference and WBC count (r =0.418, P = 0.000); diastolic
blood pressure and platelet count (r = 0.212, P=0.035); waist to hip ratio and MCV (r=0.225, P =
0.024); systolic blood pressure and hemoglobin (r = 0.212, P = 0.034); diastolic blood pressure
and hemoglobin (r = 0.296, P = 0.003); diastolic blood pressure and hematocrit (r = 0.229, P =
0.022). On the other hand, RBC count showed a statistically significant inverse association with

waist-to-hip ratio (r =— 0.198, P = 0.048) in the hypertensive patients.
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5. DISCUSSION

The present study evaluated the serum lipid parameters (LDL-C, HDL-C, TC and TG) as well as
hematological parameters (RBC, WBC, hematocrit, hemoglobin, Platelets, MCV, MCH, MCHC)
in outpatient hypertensive subjects. A total of 100 hypertensive patients were involved in the study
at Debre Markos referral hospital, Ethiopia. Significantly larger proportions of the patients were
found to have elevated levels of TC, TG, LDL-C. Some hematological parameters such as
hematocrit, WBC and RBC were also increased in parallel with the arterial blood pressure in the
patients. Anthropometric indicators like waist circumference were also higher than their respective
cut off values in the hypertensive patients. The present study discusses the findings of the lipid
abnormalities and hematological parameters as well as anthropometric indices with respect to

hypertension and their implication as risk factors of cardiovascular diseases.

5.1. Levels of lipid profiles in the hypertensive patients
The result of this study revealed that the average levels of serum TC and TG were found to be
higher than their respective cut-off values. In addition, the mean LDL-cholesterol and HDL-
cholesterol levels were significantly higher than their respective cut-off values. These higher mean
levels of TC, TG and LDL-cholesterol in hypertensive patients are in agreement with the results
of other related studies which are conducted in different parts of the world including Ethiopia
(Forhand et al., 2014, Ghooshchi et al., 2014, Prabhanjan et al., 2014, Srivastava and Binawara,

2016).

A rising trend was also observed for prevalence of lipid abnormalities and serum levels of TG, TC,
LDL-C, and HDL-C (decreasing serum level) with the severity of hypertension (i.e. controlled
versus poorly controlled hypertensive patients indicating that they are associated with

hypertension. These results are in trajectory with a study done by Nayak ef a/ (Nayak et al., 2016).
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In the present study, the results of the prevalence of different lipid profile abnormalities have been
summarized as per the criteria of NCEP ATP III. Abnormally high serum level of LDL-C was the
most frequently occurring serum lipid profile abnormalities among the hypertensive patients,
followed by high level of TC and TG. However, low HDL-C was found to be the most infrequent
lipid abnormality in the hypertensive patients. But, the abnormalities often occurred together rather
than in isolation. These findings are comparable with a study done in Nigeria by Charles Osuji et
al 2012 who reported that abnormally high serum level of TC was the most frequently occurring
serum lipid profile abnormalities among newly diagnosed Nigerian hypertensive patients followed
by high level of LDL-C, and low HDL-C. However, elevated TG was found to be the most

infrequent lipid abnormality in their study (Osuji ef al., 2012).

Despite the comparable results of serum TC, TG, and LDL-C with other studies done in different
parts of the world, the study has shown that the serum level of HDL-C was found to be higher as
compared to most of the previous studies. But, the elevated HDL-C level was in line with one
study done in Nigeria (Idemudia and Ugwuja, 2008). The reason for this variation in the study area
is not clear but may partially be explained that larger proportion of the patients are alcohol drinkers
and it is well established that moderate alcohol intake raises HDL-C level by increasing the
transport rate of apolipoproteins A-I and A-II. In addition, genetic variation may also be attributed
to the changes in HDL-C levels (Elizabeth et al., 2000, Burger et al., 2004), and clinical

implications of elevated HDL-C in hypercholesterolemic hypertensive patients remained unclear.

Dyslipidemia and hypertension are well recognized and frequently coexisting major
cardiovascular disease risk factors (Karthikeyan ef al., 2009). Abnormalities in serum lipid profiles
play a central role in endothelial functional abnormality which is important in the pathogenesis of

atherosclerosis, thrombosis, insulin resistance as well hypertension. Lipoproteins rich in
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triglyceride and LDL- cholesterol have been recognized to be toxic to endothelium, while HDL
cholesterol may have protective role. Abnormally high serum total cholesterol levels are
considered to be risk factors for developing macrovascular complications like Coronary Heart

Disease (CHD), stroke and hypertension (Albuche et al., 2000).

5.2. Levels of hematological parameters in hypertensive patients
This study showed statistically significant elevation in WBC and RBC levels between BP
controlled and BP poorly controlled male hypertensive patients whereas it showed statistically
significant variation in platelet levels between BP controlled and BP poorly controlled female
hypertensive patients. The average levels of hemoglobin and hematocrit were also higher, although
not statistically significant, in BP poorly controlled hypertensive patients as compared to the

controlled ones.

Studies have shown that white blood cell (WBC) count has been found to be associated with
hypertension and its complications (Karthikeyan and Lip, 2006). Inflammation may contribute to
increasing resistance of microvascular capillary, initiation of platelet aggregation, increased levels
of catecholamine, and there is considerable evidence of an association between inflammation and

hypertension (Bautista ef al., 2001).

Hemoglobin is most important determinant of whole blood viscosity (Simone ef al., 1990). Studies
have shown that the concentrations of hemoglobin increased with hypertension in humans.
However, only a limited number of large-population based studies have shown a link between
hemoglobin concentration and blood pressure. In another study conducted among unselected
public employees who did not receive any medication, hemoglobin concentration was significantly

associated with hypertension (Kawamoto ef al., 2012, Shimizu et al., 2014).
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In a recent study involving a large cohort of blood donors who were relatively healthy, hemoglobin
concentrations were positively associated with both systolic blood pressure (SBP) and diastolic
blood pressure (DBP) (Atsma et al., 2012, Shimizu et al., 2016). Researchers also reported that
three erythrocyte parameters (RBC, hemoglobin, and hematocrit) were found to be associated with
hypertension in their cohort study. Hematocrit, the proportion of blood volume occupied by red
blood cells, determines blood viscosity, regulates peripheral vascular resistance (PVR) and
therefore, in principle, blood pressure (Wu et al., 2013, Shimizu et al., 2016). Therefore, this study

generally is concordant to numerous studies conducted in hypertensive subjects.

5.3. Sociodemographic characteristics and the dependent variables
The majority of the hypertensive patients were found within in the age group of 40-59. This is in
line with the previous studies done both in developed and developing countries which consistently
reported that age is associated with hypertension (Idemudia and Ugwuja, 2008, Forhand et al.,
2014). In addition, the present study revealed that age was positively correlated with serum, LDL-
C (r=0.274, p <0.05); HDL-C (r = 0.310, p < 0.05); TC (r = 0.399, p < 0.05), TG (r = 0.087, p
>0.05, insignificant) in the hypertensive patients. This finding is in corroboration with the previous
studies (Osuji et al., 2012, Prabhanjan ef al., 2014). As we age, there is a natural tendency for the
blood pressure to rise which could be because of an increase in stiffness of the arteries in the

vasculature as well as endothelial atherosclerotic changes.

The results of epidemiological studies have revealed the relation of age with arterial stiffness in
patients with hypertension; as age advances, so do the prevalence of hypertension and arterial
stiffness (Ferreira et al., 2012, Alghatrif ef al., 2013). Hypertension is usually related with other
cardiovascular risk factors such as dyslipidemia (abnormal levels of lipids and lipoproteins in the
blood), diabetes, and obesity. The presence of these cardiovascular risk factors and the resulting

39



endothelial dysfunction may play a role in the pathophysiology of hypertension (Oparil et al.,

2003).

The present study also showed that the mean serum TC level was higher in hypertensive patients
who had been drinking alcohol than who had not been drinking. In addition, abnormal lipid profiles

prevailed in patients having smoking habit, which is in line with a study done in Greece (Mammas

et al.,2003).

5.4. Anthropometric, clinical features and the dependent variables
The present study showed that most of the hypertensive patients (62%) had poorly controlled blood
pressure: only 38% of patients had well controlled blood pressure. Although the study did not
assess reasons for such high proportion of poorly controlled hypertensive patients, it could possibly
and partly be attributed to noncompliance to antihypertensive drugs, poor follow-up in the hospital,
lack of adequate health education and counseling related with hypertension and its precipitating

risk factors, and financial constraints for antihypertensive drugs and care.

Anthropometric indicators are related with different pathological conditions. Although BMI is
widely used indicator to reflect obesity generally, it fails to account the proportion of weight related
to muscle mass or regional distribution of excess fat in the body, both of which influence the health
risks related with obesity. Individuals having same BMI may significantly vary in their abdominal
fat distribution or mass (Chehrei et al., 2007). For these reasons, a measure of obesity that takes
into account the increased risk of obesity related illnesses because of the accumulation of
abdominal fat is desirable. As a result, there is a new tendency to use waist circumference and

waist to hip ratio.
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This study tried to investigate the associations of some anthropometric indices (BMI, WC, and
waist-to-hip ratio) and lipid abnormalities in hypertensive patients in the study area. Concordant
to the previous studies (Lorenzo et al., 2016), the result of this study showed that there is

correlation between the anthropometric indicators and lipid abnormalities.

There was positive association between BMI and the lipid profiles. In addition, waist
circumference had significant positive association with the serum levels of TC and weak
association with TG, LDL-C and HDL-C levels. Correlation analysis also showed that there was
positive association between waist to hip ratio and TG, TC, LDL-C levels and inverse relation with
HDL. TC level, among lipid profiles, showed the closest relationship with WC and waist-to-hip
ratio. As regression analysis of the study showed WC and waist-to-hip ratio can better predict lipid

abnormalities in the hypertensive patients.

An increased waist circumference is most likely associated with elevated risk factors because of
its relation with visceral fat accumulation. The mechanism may involve excess exposure of the
liver to fatty acids and release of detrimental adipocytokines and lower levels of beneficial
adipocytokines. These have multiple detrimental effects, including proinflammatory damage,
altered signalling pathways and reactive oxygen species production, on beta cells and other tissues

resulting in disease states like hypertension and diabetes (Dalton ef al., 2003).

In addition, the accumulation of visceral fat may bring about an increase in sympathetic over
activity which is associated with insulin resistance and hence increasing the activity of the renin-
angiotensin-aldosterone system as visceral adipocytes increase angiotensinogen secretion as

compared to the subcutaneous fat (Lee et al., 2006). Mechanical effect could also be exerted by
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the accumulation of visceral fat resulting in renal compression and promoting a rise in arterial

blood pressure (Hall et al., 2003).

In the hypertensive patients, systolic blood pressure had statistically significant correlation with
serum LDL-C and TG levels which tended to rise as the duration of hypertension advances.
Plethora of studies such as a study conducted in Europe (Borghi ef al., 2016), another study carried
out in India (Divya and Ashok, 2016), in Nigeria (Osuji ef al., 2012), as well as a study conducted

in Ethiopia (Prabhanjan et al., 2014) are in trajectory with the present study.

Hypertension and lipid abnormalities are well known to frequently coexist and synergize to be risk
factors for CVD. The coexistence of increased blood pressure and lipid abnormalities has many
clinical implications. Because hypertension and lipid abnormalities synergize to be risk factors for
CVD, both of them should cautiously be intervened. Central obesity and consequent insulin
resistance which are underlying factors that play major roles in the pathogenesis of both
hypertension and dyslipidemia may link the association. Lipid abnormalities, characteristic of
metabolic syndrome, was found to predict hypertension and it had also been shown in cohort
studies that dyslipidemia in apparently healthy individuals leads to hypertension (Halperin et al.,

2006, Laaksonen et al., 2008).

The present study also revealed that blood pressure had statistically significant positive correlation
with RBC count, hemoglobin, hematocrit and platelet levels. Although this finding is in
corroboration with some of the earlier studies(Al-Muhana et al., 2006, Atsma et al., 2012), it is
unlike the finding of Divya and Ashok who reported that hemoglobin and hematocrit showed a
negative correlation with systolic blood pressure among hypertensive patients whom they studied

(Divya and Ashok, 2016).
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The present study also showed that waist circumference and WBC count had significant
association. Similar finding had been reported in studies conducted in South Korea (kim and Park,
2008) as well as Iran (Farhangi et al., 2013). On the other hand, RBC count showed a statistically
significant inverse association with waist-to-hip ratio in the hypertensive patients. As discussed
above, waist circumference is related with visceral fat accumulation which leads to release of

detrimental proinflamatory cytokines that can increase the WBC count.
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6. CONCLUSIONS

The study concluded that the hypertensive patients in the study area have high prevalence of lipid
profile abnormalities and poorly controlled blood pressure. Some hematological parameters like
RBC count, WBC count were also increased in hypertensive patients as a factor of their blood
pressure increases. Significantly higher proportions of the hypertensive patients were overweight
and obese which seems to contradict the claim that overweight in Ethiopian population is less
prevalent. TC level, among lipid profiles, showed the closest relationship with WC and waist-to-
hip ratio. WC and waist-to-hip ratio can better predict lipid abnormalities in the hypertensive

patients.
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7. STRENGTHS AND LIMITATIONS OF THE STUDY

The study can express its strength that it includes several demographic, clinical and anthropometric
parameters claimed to be associated with the variables under study. In addition, the anthropometric

indicators are measured directly than by self-report.

Despite the aforementioned strengths, this study has several weaknesses. As the study was
conducted in only one referral hospital and the sample size was small, it may be difficult to
represent the whole hypertensive patients in the population. In addition, the study could not
compare the effects of lipid and hematological profiles variations in dietary habits. Lack of ample
previous study findings limited the comparison of these study findings with other findings in
similar hospitals in Ethiopia. Finally, being a cross-sectional study by design it cannot observe

prospectively and thus cannot associate causal relationships between the factors under study.
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8. RECOMMENDATIONS

The following recommendations are suggested to further investigate and evaluate lipid profiles

and hematological parameters in hypertensive patients.

® Further studies could be conducted with larger sample size and incorporating more sample
hospitals as well as using more robust study designs such as case control and cohort to
establish the causality of the association between hypertension and lipid abnormalities and
their implications on the management of hypertensive patients.

® Nutritional factors and dietary habits should be assessed in further studies.

® There should be better public education and care as well as clinical care of the hypertensive
patients for better control of blood pressure and lipid abnormalities as well as overweight
and obesity.

® Further molecular studies could also be directed as to investigate the genetic basis of the
such high prevalence of lipid abnormalities in the hypertensive patients.

® There should be timely evaluation of lipid profile of the patients and prescription of drugs

whenever indicated so as to prevent CVD complications.

46



9. REFERENCES

Al-muhana, F., Larbi, E., Al-ali, A., Al-sultan, A., Al-ateeeq, S., Soweilem, L., Goa, L., Bahnassy,
A., Al-rubaish, A. & Abdulmohsen, M. 2006. Haematological, lipid profile and other
biochemical parameters in normal and hypertensive subjects among the population of the
eastern province of Saudi Arabia. East african medical journal, 83, 44-48.

Albuche, J., Jferrieres, Ruidavets, J., Bguiraud-chaumeil, Bpperret & Chollet 2000. Serum lipids
in young patients with ischaemic stroke: a case-control study. F. Journal of Neurology
Neurosurgery and Psychiatry. , 69,29-33.

Alghatrif, M., Strait, B., Morrell, c., Canepa, M., Wright, J. & Elango, P. 2013. Longitudinal
trajectories of arterial stiffness and the role of blood pressure: The baltimore longitudinal
study of aging. Hypertension 62 934-41.

Allain, C. C., Poon, L. S., Chan, C. S., Richmond, W. & FU, P. C. 1974. Enzymatic determination
of total serum cholesterol. Clinical chemistry, 20, 470-475.

Atsma, F., Veldhuizen, 1., De kort, W., Van Kraaij, M., Pasker-de Jong, P. & Deinum, J. 2012.
Hemoglobin level is positively associated with blood pressure in a large cohort of healthy
individuals. Hypertension, 60, 936-941.

Bautista, L. E., Lopez-jaramillo, P., Vera, L. M., Casas, J. P., Otero, A. P. & Guaracao, A. 1. 2001.
Is C-reactive protein an independent risk factor for essential hypertension? Journal of
hypertension, 19, 857-861.

Belahsen, R., Mziwira, M. & Fertat, F. 2004. Anthropometry of women of childbearing age in
Morocco: body composition and prevalence of overweight and obesity. Public health
nutrition, 7, 523-530.

Borghi, C., Rodriguez-artalejo, F., De backer, G., Dallongeville, J., Medina, J., Guallar, E., Perk,
J., Banegas, J. R., Tubach, F. & Roy, C. 2016. The association between blood pressure and
lipid levels in Europe: European Study on Cardiovascular Risk Prevention and
Management in Usual Daily Practice. Journal of Hypertension, 34,2155-2163.

Bose, K., Ghosh, A., Roy, S. & Gangopadhyay, S. 2003. Blood pressure and waist circumference:
an empirical study of the effects of waist circumference on blood pressure among Bengalee
male jute mill workers of Belur, West Bengal, India. Journal of physiological anthropology

and applied human science, 22, 169-173.

47



Burger, M., Mensink, G., Bbronstrup, A., Theirfelder, W. & Pietrzik, K. 2004. Alcohol
consumption and its relaton to cardiovascular risk factors in Germany Europian journal of
clinical nitrition 58, 605-614.

Carberand, J., Segonds, C., Fontanilles, A., Cambus, J., Fillola, G. & Laharrague, P. 1999.
Evaluation of the PENTRA 120 Hematology Analyser in a university hospital setting. Clin
Lab Haem, 21, 3-10.

Chehrei, A., Sadrnia, S., Keshteli, A., Daneshmana, M. & Rezaei, J. 2007. Correlation of
dyslipidemia with waist to height ratio, waist circumference, and body mass index in
Iranian adults Asia Pac J Clin Nutr, 16 248-253

Chobanian, A. V., Bakris, G. L., Black, H. R., Cushman, W. C., Green, L. A., Izzo jr, J. L., Jones,
D. W., Materson, B. J., Oparil, S. & Wright JR, J. T. 2003. The seventh report of the joint
national committee on prevention, detection, evaluation, and treatment of high blood
pressure: the INC 7 report. Jama, 289, 2560-2571.

Choudhury, K. N., Mainuddin, A., Wahiduzzaman, M., Shariful, S. M. & ISLAM 2014. Serum
lipid profile and its association with hypertension in Bangladesh. Vascular health and risk
management, 10, 327-332.

Cornier, M.-A., Dabelea, D., Hernandez, T. L., Lindstrom, R. C., Steig, A. J., Stob, N. R., Van
Pelt, R. E., Wang, H. & Eckel, R. H. 2008. The metabolic syndrome. Endocrine reviews,
29, 777-822.

Coxon, B. & Schaffer, R. 1971. Characterization and quantitative analysis of D-glucose for use in
clinical analysis. Analytical chemistry, 43, 1565-1570.

Dalal, J. J., Padmanabhan, T., Jain, P., Patil, S., Vasnawala, H. & Gulati, A. 2012. Lipitension:
Interplay between dyslipidemia and hypertension. Indian journal of endocrinology and
metabolism, 16, 240.

Dalton, M., Cameron, A., Zimmet, Z., Shaw, J., Jolley, D., Dunstan, D. & Welborn, T. 2003. Waist
circumference, waist-hip ratio and body mass index and their correlation with
cardiovascular disease risk factors in Australian adults. J Intern Med, 254, 555-63.

Dipiro, J. T., Talbert, R. L., Yee, G., Matzke, G. R., Wells, B. G., Posey, L. M. & Pharmacotherapy
9th A.2014. A pathophysiologic approach, The McGraw-Hill Companies. Inc. New York.

48



Divya, R. & Ashok, V. 2016. A Study of hematological parameters and anthropometric indicators
in hypertensive and normotensive males. International Journal of Current Research and
Review, 8, 6.

Elizabeth, R., David, F., Monnie, M., Cynthia, E., Jonathan, D., Jan, L., Eliot, A. & Brinton, E.
2000. Alcohol Consumption Raises HDL Cholesterol Levels by Increasing the Transport
Rate of Apolipoproteins A-I and A-II. Circulation Journal, 102.

Farhangi, M., Keshavarz, S., Eshiraghian, M., Osstadrahimi, A. & Ssaboor-Yaraghi, A. 2013.
White blood cell count in women: Relation to inflammatory biomarkers, hematological
profiles, visceral adiposity, and other cardiovascular risk factors. Journal of Health,
Population and Nutrition, 31, 58-64.

Ferreira, 1., Laar, R. V. D., Prins, M., Twisk, J. & Stehouwer, C. 2012. Carotid stiffness in young
adults: a life-course analysis of its early determinants: the Amsterdam Growth and Health
Longitudinal Study. Hypertension 59, 54-61.

Forhand, C. M. R. Q., Kabir, A., Biswas, T., Choudhurymd, K. N., Rahman, Z., Hussain, D. A. &
Ghosh, S. K. 2014. Status of Lipid Profile among the Hypertensive Patients in Bangladesh.
University Heart Journal, 10, 1-5.

Friedewald, W. T., Levy, R. I. & Fredrickson, D. S. 1972. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge.
Clinical chemistry, 18, 499-502.

Ghooshchi, G., Masoomian, M., Yazdi, M. S. & Ramezan, M. P. 2014. Evaluation of the Lipid
Profile of Hypertensive Patients Compared to Non- Hypertensive Individuals. patient
safety and quality improvement journal, 2, 120-123.

Grummer, R. & Carroll, D. 1988. A review of lipoprotein cholesterol metabolism: importance to
ovarian function. Journal of Animal Science, 66, 3160-3173.

Guagnano, M., Ballone, E., Colagrande, V., Della Vecchia, R., Manigrasso, M., Merlitti, D.,
Riccioni, G. & Sensi, S. 2001. Large waist circumference and risk of hypertension.
International Journal of Obesity & Related Metabolic Disorders, 25.

Guagnano, M., Merlitti, D., Murri, R., Palitti, V. & Sensi, S. 1994. Ambulatory blood pressure
monitoring in evaluating the relationship between obesity and blood pressure. Journal of

human hypertension, 8, 245-250.

49



Gupta, R. & Mehrishi, S. 1997 Waist-hip ratio and blood pressure correlation in an urban Indian
population. J Indian Med Assoc., 95, 412-415.

Hall, J., Dwjones, JJ, K., A, D. S., LS, T. & J, L. 2003. Impact of the obesity epidemic on
hypertension and renal disease. . Curr Hypertens Rep, 5, 386-392.

Halperin, R. O., Sesso, H. D., MA, J., Buring, J. E., Stampfer, M. J. & Gaziano, J. M. 2006.
Dyslipidemia and the risk of incident hypertension in men. Hypertension, 47, 45-50.

Han, T., Van Leer, E., Seidell, J. & lean, M. 1995. Waist circumference action levels in the
identification of cardiovascular risk factors: prevalence study in a random sample. Bmj,
311, 1401-1405.

Harvey, R. A. & Ferrier, D. R. 2011. Biochemistry Lippincott’s Illlustrated Reviews, china,
Lippincott Williams & Wilkins.

Idemudia, J. & Ugwuja, E. 2008. Plasma Lipid Profiles in Hypertensive Nigerians. The Internet
Journal of Cardiovascular Research, 6, 1-6.

Kadiri, S., Walker, O., Salako, B. & Akinkugbe, O. 1999. Blood pressure, hypertension and
correlates in urbanised workers in Ibadan, Nigeria: a revisit. Journal of human
hypertension, 13,23-27.

Karthikeyan, G., Teo, K. K., Islam, S., Mcqueen, M. J., Pais, P., Wang, X., Sato, H., Lang, C. C.,
Sitthi-Amorn, C. & Pandey, M. 2009. Lipid profile, plasma apolipoproteins, and risk of a
first myocardial infarction among Asians: an analysis from the INTERHEART Study.
Journal of the American College of Cardiology, 53, 244-253.

Karthikeyan, V. & Lip, G. 2006. White blood cell count and hypertension. Journal of human
hypertension, 20, 310-312.

Kaufman, J. S., Asuzu, M. C., Mufunda, J., Forrester, T., Wilks, R., Luke, A., Long, A. E. &
Cooper, R. S. 1997. Relationship between blood pressure and body mass index in lean
populations. Hypertension, 30, 1511-1516.

Kawamoto, R., Tabara, Y. & Kohara, K. 2012. slightly low hemoglo-bin levels is beneficially
associated with arterial stiffness in Japa-nese community-dwelling women. Clin Exp
Hypertens, 34, 92-98.

Kibret, K. T. & Mesfin, Y. M. 2015. Prevalence of hypertension in Ethiopia: a systematic meta-
analysis. BioMed Central 36.

50



Kim, J. & Park, H. 2008. White bood cell count and abdominal fat distribution in female obese
adolescents. pubmed, 57, 1375-1379.

Kotsis, V., Stabouli, S., Papakatsika, S., Rizos, Z. & Parati, G. 2010. Mechanisms of obesity-
induced hypertension. Hypertension Research, 33, 386-393.

Laaksonen, D. E., Niskanen, L., Nyyss“onen, K., Lakka, T. A., Laukkanen, J. A. & J.T.Salonen
2008. Dyslipidaemia as a predictorof hypertension in middle-aged men. European Heart
Journal, 29, 2561-2568.

Lee, S., Bacha, F., Gungor, N. & Arslanian, S. 2006. Waist circumference is an independent
predictor of insulin resistance in black and white youths. . J Pediatr 148, 188-94.

Leone, A. 2011. Modifying cardiovascular risk factors: epidemiology and characteristics of
hypertension-related disorders. Curr Pharm Des, 17, 2948-2954.

Liu, X., Liang, J., Qiu, Q., Sun, Y., Ying, P., TEng, F., Wang, Y. & QI, L. 2015. Association of
hematocrit and pre-hypertension among Chinese adults: the CRC study. Cell biochemistry
and biophysics, 71, 1123-1128.

Lorenzo, A. D., Soldati, L., SArlo, F., Calvani, M., Lorenzo, N. D. & Renzo, L. D. 2016. New
obesity classification criteria as a tool for bariatric surgery indication. world Journal of
Gastroenterology, 14, 681-703.

Luepker, R. V. 2004. Cardiovascular survey methods, World Health Organization.

Mammas, 1., Bertsias, G., Linardakis, L., Tzanakis, N., Labadarios, D. & Kafatos, A. 2003.
Cigarette smokng, alcohol consumptio, and serum lipid profile among medical students in
greece. eropian journal of public health 13, 278-282.

Mann, D. L., Zipes, D. P., Libby, P. & Bonow, R. O. 2015. Braunwald's heart disease: a textbook
of cardiovascular medicine, Elsevier Health Sciences.

Marchi-Alves, L. M., Cesarino, C. B., Rigotti, A. R., Nogueira, M. S. & Godoy, S. D. 2012.
Metabolic syndrome components in arterial hypertension. Online Journal of Biological
Sciences, 46, 1349-1354.

Mooradian, A. D. 2009. Dyslipidemia in type 2 diabetes mellitus. Nature clinical practice
Endocrinology & metabolism, 5, 150-159.

Nayak, P., Panda, S., Mohapatra, S., Thatoi, P. K. & Mishra, P. K. 2016. Evaluation of Lipid
Profile and Apolipoproteins in Essential Hypertensive Patients. Journal of Clinical and

Diagnostic Research: JCDR, 10, 1-4.

51



Okosun, I. S., Forrester, T. E., Rotimi, C. N., Osotimehin, B. O., Munu, W. F. & Cooper, R. S.
1999. Abdominal adiposity in six populations of West African descent: prevalence and
population attributable fraction of hypertension. Obesity research, 7, 453-462.

Olatunbosun, S., Kaufman, J., Cooper, R. & Bella, A. 2000. Hypertension in a black population:
prevalence and biosocial determinants of high blood pressure in a group of urban
Nigerians. Journal of human hypertension, 14, 249-257.

Oparil, S., Zaman, M. A. & Calhoun, D. A. 2003. Pathogenesis of hypertension. Annals of internal
medicine, 139, 761-776.

Osuji, C., Omejua, E., Onwubuya, E. & AHaneku, G. 2012. SerumLipid Profile of Newly
Diagnosed Hypertensive Patients in Nnewi, South EastNigeria. International Journal of
Hypertension, 2012, 1-7.

Osuji, C. U. & Omejua, E. G. 2012. Prevalence and characteristics of the metabolic syndrome
among newly diagnosed hypertensive patients. Indian journal of endocrinology and
metabolism, 16, 104.

Prabhanjan, K., Moges, B., Yohannes, A., Getachew, N. & Reta, K. 2014. A Study of Lipid
Profiles in Hypertensive PatientsVisiting Dilla University Referral Hospital. International
Journal of Science and Research (IJSR), 3, 2336-2338.

Reddy, K. S. 2004. Cardiovascular disease in non-Western countries. New England Journal of
Medicine, 350, 2438-2440.

Sargeant, L. A., Bennett, F. 1., Forrester, T. E., Cooper, R. S. & Wilks, R. J. 2002. Predicting
incident diabetes in Jamaica: the role of anthropometry. Obesity research, 10, 792-798.

Sesso, H. D., Buring, J. E., Chown, M. J., Ridker, P. M. & Gaziano, J. M. 2005. A prospective
study of plasma lipid levels and hypertension in women. Archives of Internal Medicine,
165, 2420-2427.

Shankar, A., Klein, B. E. & Klein, R. 2004. Relationship between white blood cell count and
incident hypertension. American journal of hypertension, 17,233-239.

Shanthirani, C., Pradeepa, R., Deepa, R., Premalatha, G., Saroja, R. & MOhan, V. 2003.
Prevalence and risk factors of hypertension in a selected South Indian population--the
Chennai Urban Population Study. The Journal of the Association of Physicians of India,
51, 20-7.

52



Shimizu, Y., Kadota, K., Nakazato, M., Noguchi, Y., Koyamatsu, J., Yamanashi, H., Nagayoshi,
M., Nagata, S., Arima, K. & Maeda, T. 2016. Hemoglobin as a possible biochemical index
of hypertension-induced vascular damage Journal of Physiological Anthropology, 35, 1-
7.

Shimizu, Y., Nakazato, M., Sekita, T., Kadota, K., Arima, K., Yamasaki, H., Takamura, N.,
Aoyagi, K. & Maeda, T. 2014. Association between the hemoglobin levels and
hypertension in relation to the BMI status in a rural Japanese population: The Nagasaki
Islands Study. Internal Medicine, 53, 435-440.

Simone, G., Devereux, R. B., Chien, S., Alderman, M. H., Atlas, S. A. & Laragh, J. H. 1990.
Relation of blood viscosity to demographic and physiologic variables and to cardiovascular
risk factors in apparently normal adults. Circulation, 81, 107-117.

Simone, G., Devereux, R. B., Chinali, M., Roman, M. J., Best, L. G., Welty, T. K., Lee, E. T.,
Howard, B. V. & Investigators, S. H. S. 2006. Risk factors for arterial hypertension in
adults with initial optimal blood pressure the strong heart study. Hypertension, 47, 162-
167.

Srinivaspai, K., Bhagoji, S. B. & Biswas, A. 2014. A study on the lipid profile of hypertensive
patients in Mangalore.

Srivastava, A. & Binawara, B. 2016. Comparative Study on Lipid Profile of Hypertensive Patients
and Non-hypertensive Individuals in Bikaner, Rajasthan, India. UK Journal of
Pharmaceutical and Biosciences, 4, 62-66.

Stamler, J. 1991. Epidemiologic findings on body mass and blood pressure in adults. Annals of
epidemiology, 1, 347-362.

Tachebele, B., Abebe, M., Addis, Z. & Mesfin, N. 2014. Metabolic syndrome among hypertensive
patients at University of Gondar Hospital, North West Ethiopia: a cross sectional study.
BMC cardiovascular disorders, 14, 1.

Tambe, B., Phadke, V., Kharche, S. & Joshi, R. 2010. Correlation of blood pressure with body
mass index and waist to hip ratio in middle aged men. Internet Journal of Medical Update
5,26-30.

Tatsukawa, Y., Hsu, W.-L., Yamada, M., Cologne, J. B., Suzuki, G., Yamamoto, H., Yamane, K.,
Akahoshi, M., FujiwarA, S. & Kohno, N. 2008. White blood cell count, especially

53



neutrophil count, as a predictor of hypertension in a Japanese population. Hypertension
Research, 31, 1391.

Tomson, J. & Lip, G. Y. 2005. Blood pressure demographics: nature or nurture...... genes or
environment? BMC medicine, 3, 1.

Vuong, J., Qiu, Y., La, M., Clarke, G., Swinkels, D. W. & Cembrowski, G. 2014. Reference
intervals of complete blood count constituents are highly correlated to waist circumference:
should obese patients have their own “normal values?”. American journal of hematology,
89, 671-677.

Whelton, P. K., He, J., Appel, L. J., Cutler, J. A., Havas, S., Kotchen, T. A., Roccella, E. J., Stout,
R., Vallbona, C. & Winston, M. C. 2002. Primary prevention of hypertension: clinical and
public health advisory from The National High Blood Pressure Education Program. Jama,
288, 1882-1888.

WHO 1997. Obesity: preventing and managing the global epidemic. Report on a WHO
Consultation on Obesity, Geneva.

WHO 2003 World Health Organization (WHO)/International Society of Hypertension (ISH)
statement on management of hypertension. Journal of Hypertension, 21, 1983-1992.

WHO 2011. Non-Communicable Diseases Country Profile.

WHO, E. 2008. waist circumference and waist to hip rato. . Report of a WHO Expert Consultation
Geneva: World Health Organization, 8-12.

Wu, S., Lin, H., Zhang, C., Zhang, Q., Zhang, D., Zhang, Y., Meng, W., Zhu, Z., Tang, F. & Xue,
F. 2013. Association between erythrocyte parameters and metabolic syndrome in urban
Han Chinese: a longitudinal cohort study. BMC public health, 13, 1.

Yamasaki, F., Furuno, T., Sato, K., Zhang, D., Nishinaga, M., Sato, T., Doi, Y. & Sugiura, T.
2005. Association between arterial stiffness and platelet activation. Journal of human
hypertension, 19, 527-533.

Yekeen, L., Sanusi, R. & Ketiku, A. 2003. Prevalence of obesity and high level of cholesterol in
hypertension: Analysis of data from the university college hospital, Ibadan. African

Journal of Biomedical Research, 6.

54



10.ANNEXES

10.1. Annex 1: Information sheet (English Version)

Research Project: Evaluation of lipid profiles and hematological parameters in
hypertensive patients at Debre Markos Referral Hospital

Sponsoring organization: Department of medical Biochemistry, School of graduate studies,

College of Health Sciences, Addis Ababa University

Principal Investigator: Alemu Gebrie (Bpharm, MSc in biochemistry candidate)

Advisors: Gnana Sekaran (PhD), Menakath Menon (PhD)

Introduction

Dear the participants you are kindly requested to take part in this research project as a study
participant voluntarily. Read the information provided in this sheet carefully and then respond

freely and voluntarily to what the investigator interviews you.

Objective of the research project
This information sheet is prepared by the investigator and the advisors at AAU for a project with
the objective of evaluation of lipid profiles and hematological parameters among hypertensive

participants.

Procedure

If you agree to take part in the study, the investigator or a health worker will give you verbal and/or
written information about the study and you will be given the consent from to sign, the physician

or health professional will ask you some questions about your general health and perform a
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complete medical examination and assess whether you qualify to participate in the study. If you
are fit for the study about 5 ml of blood samples will also be collected for only the laboratory
examination of complete blood count, HDL, LDL-C, total cholesterol, triglycerides and face to

face interview for additional questions.

Discomforts and risks and benefits from participation

The degree of discomfort you may encounter in giving the sample is no more than when one does
in his/her routine examination. But, there could be cases in which minor pain and change in color
of your skin following the blood drawing occur transiently. The blood will be withdrawn by
licensed health care professionals in the hospital and appropriate care will also be taken. You will
not be provided with any direct incentives for your participation in the research. But the cost for
general medical examination will be covered by the project. In addition, based on the results
obtained from the research you will be cared accordingly or the results may serve you as a baseline
data. In addition, the result of the study will be beneficial for the better prevention and care of
hypertensive patients than before. Hence, you are indirectly benefiting other patients and the

society in this aspect.

Confidentiality

All pieces of information about the patients will be kept confidential. Log books used in the
laboratory will have no names but codes. The information sheet that links the coded number to
patient name will be locked inside a box and it will not be revealed to anyone except your physician
and the principal investigator. You have full right to withdraw from participating in this study at
any time before and after consent even without explaining the reason. Your decision will not affect

your right to get health service you are supposed to get otherwise.
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Contact information: If you have any questions contact: Alemu Gebrie: 0936633883

10.2. Annex 2: Informed consent (English version)

Department of medical Biochemistry, School of graduate studies, College of Health Sciences,
Addis Ababa University, Consent form for the participation of the study participants in the research

project

Name of the study participant ...........................

Codenumber........ccoouiiinnn..

I have clearly been informed about the research project that it aims to evaluate and correlate serum
lipid panels and hematological parameters among hypertensive patients. The objectives of the
research project have clearly been explained to me and I have been told that the results obtained
from me will help me as well as the community for better management of the disease. I had been
also informed about the confidentiality of this research project. Moreover, I have also been well
informed of my right to keep hold of information, decline to cooperate and make myself withdraw
from the study. Therefore, with full understanding of the importance of the study, I agreed
voluntarily to provide the requested samples and my benefit will be only from the free laboratory
investigation result/s.

I hereby give my consent for providing the

requested information and blood sample as the doctors find best for me.

Signature: Date

10.3. Annex 3: Questionnaire (English version)
Dear respondents, you are kindly requested to give correct information accordingly. Thank you

for your time and participation.
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I. Personal sociodemographic, anthropometric and clinical information

Card no.

1. Age (in years)

2. Sex: Male [ Female [ |

3. Educational status: Illiterate ]
Up to Secondary school [

University degree [ |
4. Marital status:  Single[ ]

Married[ ]
Divorced ]
Widowed [ ]

5. Regular physical activity:  Yes[ ] No[ ]
6. Residential area Urban ] Rural ]

7. Height (m)

8. Weight (in Kg)

9. Body Mass Index (kg/ m?)

10. Waist circumference (cm)

11. Hip circumference (cm)
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12. Waist-to-hip ratio

13. Alcohol consumption: Yes[ ] No[]
14. Smoking: Yes [ ] No [ ]
15. Family history of hypertension  Yes [_| No []

16. Duration of hypertension: <1 year[ ]

1-5 years[__|

>5 years [
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10.4. Annex 4: Information sheet (Amharic version)

P+AFLPT P4 PLAHG ADayaDy an/ B ddpek, $@

NA&N ANN RLACAL MG ALTN NAE PAhNIRT NENMNTE FIPhCT N&A:

MT+T A7INC PLLIM. +RIP A8BA ANN RLACAL MG WA DAE 1O+

/6 aien, $O

NASA ANN BLACAE MG ALTN NAE PHAIG NENMATS HASA FATE 894 +ams
PaRAD/ G P MGF QUG AL AL AT4 +INHPA: ANNP NHU MGF ATRA+E NADAMARIP NL %

NHU eMAe PTMY 921NN NPT LTINS DAL PALIAPTT T MTI° AN BMLb::

Evaluation of lipid profiles and hematological parameters in hypertensive patients at Debre

Markos Referral Hospital P&+ CAN ALPT AATIM-9R PLIP 914+ PANTF M- N PF NLHFm-
@AM PAD-T PPNT AOMIT PLIR UPAT AR IR AdeTF NBIR 91t IC AT T+ PATF®-T 11CF
mmg UF PANT 10 PGk Mt AFNA® NATR AAAD TUNZAN PTAMPIRT
PHAA PMT ATNNINN AT8.5C PARLLCT 1a:AT9R ACAP NHU MFF ATPA+E MPamT IoF
F1a» +@CMPA: PACAP NHU mTF AL P LECHT +ATE a4 N> NNT 4PRTTT AL

P+aPALt T

NG+ NtA+e ATTT LUPT HYE STA ATC PUA BF° NUNT A MT NAT>PPT PR AM-
AP PR qae-d@mF NMAM-NTI® NAT LALH ARCA¢ haAm-Nt P+AP Udrgeg

RACRORET PAM-I° AFRPTANF NFC +ING-T PMT ATANNN PTP7F 2UPTA: NHU Med
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MND AATRA+E DLID ATRA+E NDAF NTA ATIRZAD PARDAF NPT ATH-PT NHU PNTFA
PAAMP MITMI® A1AAF AL +2OF PAD-IO: NG+ AGRA+& Py AaRaD- hIPY PHIRIRTT
P2 AL NA&UE @LIR NMTF LCTM MNP H EMNPNP Fa\:

A% PAVTAP mPe hA

™NA: 0936633883 AAT™ 1116

10.5. Annex 5: Informed consent (Amharic version)

P+AFLPTF NToTF A 9760, PR

PANMC £MC

P+AFLm NIP --

AL N NAL PHIARM AN PHLANT NHU m5F ATEA+E AT PLID 91Kt PANTF@-
FNMPTF NLMHFD @AM PADT PENT AOMTIT PLI® UPAT ATR 9P AdeT NBIR 914t IC
ATFIT PATDTY 11CTF AMIT U1 AN PAAD- mTF AATIT HPID +7APAG A NAHU
AHU MmqF aoZ8q PAGRIRYE SAT PIRPAMM NAMPAL PMG+Y AATHT Mm$Pgn NAD/84G
NGR.ID 4 PLATF 1@ NAPMER AL PIRAMAL PAL ABZE ATLMMLNAYT AL, PHI® 19T A:
: DRI MG+ MAD AAATE NEANT ANt O+MN$ ATRUPIT NAIIFMIR 1H NG+
N AL BOME edoC Mt @PRIT NMmg+ NROm+E 9°I9° ARYT Fei

AT2MELCANT NN +TARAGTA::
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AALPTR 3@y NN NTMT NLPLATT NIPCIRG AL AMRA+E £ $LATET AP FAL:
N+enTLI® PIPAMM PRI® a5 ACholesterol, Triglycerides, HDL-C LDL-C A§ complete
blood count JRCAPLPF NF ATLMMA +191C% +NMMIRFAL: MITMIT® PAINTT 11C
PADMPP ALA +AMET NAYLINT £y ADAN AT FAU-:

N+enTLTe PUATR PANCGFL JPLORL MMFT NTHM AUNTR ATLMAMAT AT Mumk7
MOF NEAN MWD TH ATLIOTFA H191CTA: NAMPAL A WAL NAP+aRARE &6 P+MbrtT Ui
NING N+229 @IEA ATNNRAAL: NAHU NHU ®5F ARA+E ¢ PLT AP NLCTS
RITMAL:

AL P+NANt IANN £UT Ui

NI5HN NI°CI°4 AL DAL ARLE AT PRID §aF AAPAMT +NTTRFAL-::

&CTM +7

+hF4
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10.6. Annex 6: Questionnaire (Amharic version)

MmMed

M2 +AFE A PADT APMEP ARAATF AA+NNSGT ATARATTAY:

NCE €M

1. AL (NAODF)

2. 2z @18 [] At [

3. PHIRACT 228 MINNG o PmeTFA [
AN LA+ 228 ]
PRLALAL 8914 [

4. PF8C Ui PAIN [

pn ]

P ]

PPN [

5. PNg PAhA Nht A78¢NhA: AP — AARCA [ ]
6. FLPNF: N+ ] MmC ]

7. eA@IFT ANLT ARt (.. / T32)

8. et (Nh.o.)
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9. % (NTQ()

10. @I H4 P (NA.TD.)

11. P8A te P (N1

12. @7N-A-8A 18&C

13. RANA £EmMma: RO [ ] AAMMI® [ ]
14. . I¢ Peniit: AD [ AAGNI® [ ]
15. 029D 914F PANT HARE AAPH: A [ ] PARIE [

16. P2IP 94+ N+anZang. A+ 1H PI1P+: <1 APt [ |

1-5 AaDF [

>5 oot [
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