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ABSTRACT

Several prospective studies have identified hypertension and other conditions such as
diabetes mellitus and cardiovascular diseases as strong independent risk factors for renal
dysfunction. Little is however, known about the biochemical correlates of renal dysfunction
among non-diabetic hypertensives. Moreover, hypertension has been identified as a major
contributor to the high morbidity and mortality among African populations and these are
sufficiently high to justify viewing the condition as a serious health problem. The overall
aim of this study was to evaluate the biochemical correlates of renal dysfunction among
non-diabetic, hypertensives. Parathyroid hormone (PTH) has been identified as the main
requlator of calcium homeostasis and thus this study set out to evaluate the relationship
between PTH and calcium among the study population. Further, this study sought to find
out whether a correlation exists between anthropometry as well as blood pressure and the
indicators of renal dysfunction among the study population. A total of 252 non-diabetic
hypertensives were interviewed for enrolment into the study out of which 200 patients
(volunteers) gave their voluntary consent for the study giving a response rate of 79.4%.
Another 100 healthy subjects were also recruited as study controls.The results indicates
that the prevalence of CKD using MDRD, CKD-EPI, CG-BSA and CG among the
hypertensives were 43.0%, 46%, 47.5% and 50% respectively. The hypertensives had
significantly higher waist and hip circumferences, they were also heavier and obese (based
on their weight and body mass) compared to the control group. Furthermore, the
hypertensives presenting with nephropathy were hypocalcaemic and excreted microalbumin
as well as protein with none of the control group excreting either microalbumin or protein

in the urine.
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Stratification between excretion of microalbumin and protein in the urine was 40.5% as
against 16% respectively among the study subjects presenting with nephropathy.
Significant increases were observed in serum concentrations of urea and creatinine (p
<0.0001) whiles serum albumin decreased significantly (p <0.0001) among the
hypertensives compared to the control group. Stratification of PTH among study
participants and controls showed that serum PTH levels were higher among the study
participants compared to the controls and as well increases as the severity of hypertension
increases ( p <0.0001). The results also show significant increases in serum sodium (Na*)
and chloride (CI) with lower levels of K* among the hypertensive group compared to the
control group. For every ml min- 1.73m decrease in eGFR (p <0.0001) as estimated by
CG, CG-BSA, 4v-MDRD and CKD-EPI, there was a corresponding increase in both
systolic and diastolic blood pressures (p <0.0001). Serum PTH, creatinine and urea
increased where as serum calcium decreased significantly for every mmHg increase in both
systolic and diastolic blood pressures (p <0.0001). The results of the study suggest that
parathyroid hormone is linked with derangements in the metabolism of calcium as well as
the severity of hypertension and hence may contribute to the development of secondary

hyperparathyroidism.
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Chapter 1
INTRODUCTION

1.1 INTRODUCTION

Despite its high prevalence, clinical significance and economic cost, hypertensive
renal dysfunction is an under recognized and undertreated condition and has been
regarded as a public health problem (Bolton and Kliger, 2000, Cappuccio et al.,
2004). Studies suggest that non-communicable diseases such as hypertension and
its accomplices such as renal dysfunction, cardiovascular diseases, diabetes, etc
will soon be the most important cause of morbidity and mortality in the
developing world of which Ghana is no exception (Owusu, 2007). According to
Horacio and Madias (2007), hypertension affects approximately 25% of the adult
population worldwide and its prevalence is predicted to increase by 60% by 2025,
where a total of 1.56 billion people may be affected. Essential hypertension, also
known as primary hypertension accounts for as many as 95% or more of all cases
of hypertension and is a major risk factor for both renal and cardiovascular
diseases which is responsible for most deaths (Kaplan, 2006). Estimates based on
the Third National Health and Nutrition Examination Survey indicates that 30% of
the population in the United States alone aged 17 years or older has some form of
renal dysfunction (Coresh et al., 2001). A study on the prevalence of kidney
damage in Australian adults indicates that renal function was significantly
impaired and highly prevalent among those with hypertension as well as the

elderly. It was further reported that proteinuria was five-fold greater in



hypertensive participants compared to their normotensive counterparts (Chaban,

2003).

In Africa, hypertension and its complications including renal dysfunction have
been reported and constitute a major factor in the high morbidity and mortality
among adults in the Sub-Saharan Africa (Cappuccio et al., 2004). Even though,
overall hypertension prevalence is between 10%-15%, prevalence rate as high as
30%-32% have been reported in middle-income urban and some rural areas in
Africa (Cooper, 2003). A study carried out in the University of Port Harcourt
Teaching Hospital, Nigeria by Onwuchekwa, (2009) revealed hypertension as the
commonest cause of congestive cardiac failure. In Ghana, hypertensive renal
disease is a common complication especially in the two major cities (Accra and
Kumasi) in the country according to studies done by Cappuccio et al.,, (2004).
Again, studies done by Addo et al., (2009) on hypertensive target organ damage
among civil servants with hypertension in Accra established a high prevalence
(47.5%) of hypertensive target organ damage namely, reduced glomerular filtration
rate, hypertensive retinopathy or left ventricular hypertrophy. Available evidence
according to Owusu, (2007) also indicates that renal diseases, heart failure and
stroke (which are all complications of hypertension) accounted for 23% of acute
medical admissions, and 29% of deaths at the Komfo Anokye Teaching Hospital
(KATH), Kumasi. Cardiovascular and renal diseases are important contributors to
morbidity and mortality among acute medical admissions in Ghana, and among
out-patient hypertensives, renal disease is an important complication, particularly

among those with consistently high blood pressure. Hypertensive renal



dysfunction is a late complication of hypertension and occurs particularly among
black patient populations (Epstein and Oster, 1984). The kidney is one of the major
organs that is damaged as a result of long standing elevation in blood pressure.
Hypertension may also accelerate atherosclerotic changes that occur in the major
arteries of the kidneys. Substantial evidence indicates that hypertension is a major
contributor to the development of renal dysfunction in most patients. However
such risk ranges from being fairly low in hypertension to a marked increase in
susceptibility to hypertensive injury (Griffin, 2006). The impact of hypertension on
the progression of renal insufficiency has long been topic of interest. Between 80%
and 90% of patients with end-stage renal dysfunction (ESRD) that require dialysis
have hypertension. Moreover, there is evidence that early detection and treatment

of hypertension can reduce the rate of decline of renal function (Kendal et al., 1995).

JUSTIFICATION

Several prospective studies have identified hypertension and other conditions such
as diabetes mellitus and cardiovascular diseases as strong independent risk factors
for renal dysfunction. However, little is known about the biochemical correlates of
renal dysfunction among non-diabetic hypertensives. Moreover, there is growing
evidence that hypertension is a major contributor to the high morbidity and
mortality globally, and this is sufficiently high to justify seeing the condition as a

serious health threat (Owusu, 2007).



1.2 AIM

The aim of the study therefore, is to evaluate the biochemical correlates of renal

dysfunction among non- diabetic hypertensives

1.3 OBJECTIVES

1.To determine the prevalence of renal dysfunction among non-diabetic

hypertensives.

2. To examine whether there is a correlation between anthropometry and the

indicators of renal dysfunction among these hypertensives.

3. To establish a correlation, if any, between blood pressure and the biochemical

indicators of renal dysfunction among the study subjects.

4. To investigate the relationship between calcium and parathyroid hormone

among hypertensives.



Chapter 2
LITERATURE REVIEW

2.1 DEFINITIONS AND CLASSIFICATION OF HYPERTENSION

Hypertension or high blood pressure constitutes a repeated elevated blood
pressure exceeding 140/90, a condition identified as a major risk factor for
cardiovascular mortality and morbidity through its effects on target organs like the
kidney, brain and the heart (Cohuet and Struigker, 2006). Hypertension is a
characteristic of each individual with marked inter individual variation. The risk of
mortality and morbidity rises progressively with increasing systolic and diastolic
pressures with each measure having independent prognostic value according to

Kumar and Clark (2005).

There are two broad categories of hypertension. Namely, essential (primary) and
secondary hypertension with approximately 90-95% of all cases being essential
hypertension according to studies done by Klabunde (2005). A small fraction (<5%)
of patients with hypertension have diagnosable causes (secondary hypertension).
Essential hypertension is currently considered an incurable disorder that requires
life-long medical management. Despite many years of active research, there is no
unifying hypothesis to account for the pathogenesis of essential hypertension.
However, some researchers have propounded a multifactorial aetiology for
essential hypertension with both genes and the environment being implicated
(Korner, 2007). Pre-hypertension is defined as a systolic BP of 120-139 mmHg and a
diastolic BP of 80-89 mmHg. Persons with pre-hypertension progress to overt
hypertension at a rate of >10% per year. Lifestyle modifications (salt reduction,

5



fruits and vegetables, weight reduction, regular exercise) have been shown to

reverse pre-hypertension back to normotension.

Grade I or mild hypertension is also defined as a systolic BP of 140-159 mmHg and
a diastolic BP of 90-99 mmHg. Grade II or moderate hypertension constitutes
systolic BP of 160-179 mmHg and a diastolic BP of 100-109 mmHg. Grade III or
severe hypertension constitutes systolic BP of greater or equal to180 mmHg and a
diastolic BP of greater or equal to 110 mmHg according to Kumar and Clark,

(2005).

High blood pressure genes have not yet been definitely identified, however,
research work by Kumar and Clark (2005) has it that high blood pressure tends to
run in families, and children of hypertensive parents tend to have higher blood
pressure than age-matched children of people with normal blood pressure. The
main environmental factors are obesity, high salt intake and mental stress.
According to Korner (2007), essential hypertensions occur as two major
syndromes: Stress-and-salt related essential hypertension and hypertensive

obesity, and each is initiated by chronic stress.

Stress is perceived by the cortex, from which increased dopaminergic neuron
activity stimulates the hypothalamic defense area, raising the sympathetic neural
activity and blood pressure (Korner, 2007). Normally this subsides quickly when
the stress is over, but in those susceptible to essential hypertension, the
dopaminergic neuron synapses become sensitized so that the defense response is

evoked by ever lower levels of stress (Korner, 2007).



Even though an excess of renin and angiotensin activity could interact with
sympathetic nervous system (SNS) to mediate most of its effects, stress may also
activate the SNS directly; and SNS overactivity, in turn may interact with high
sodium intake, the renin- angiotensin system, and insulin resistance among other

possible mechanisms (Norman, 1994).

2.2 EPIDEMIOLOGY OF HYPERTENSION

Worldwide, hypertension is common and is regarded as a public health menace. A
recent study on the prevalence of hypertension was found to be 28% in North
America and 44% in Western Europe (Wolf-Maier, 2006). Until recently,
hypertension was thought to be rare in rural Africa; on the contrary, hypertension
and its complications, most notably, renal failure, heart failure and stroke have
been reported in black populations all over the world according to studies done by

Amoah, (2003).

In Africa, hypertension is now being widely reported and is considered the most
common cause of cardiovascular disease on the continent and also a major factor in
the high morbidity and mortality of adults in the sub-Saharan Africa (Addo et al.,
2009). In some rural and middle income urban areas in Africa, prevalence rate as
high as 30 - 32% have been reported (Owusu, 2007). Studies done by Kengne et al.,
(2007) to provide the current burden on hypertension and its related risk factors in
Cameroon established 20.8% prevalence rate and the risk of hypertension
significantly increased with clustering of risk factors among the general
population. The study further established that non- communicable diseases such as

hypertension and its complications will soon outstrip communicable diseases as a
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major cause of death in sub-Saharan Africa. This and other researches carried
around the globe are in support of the fact that blacks tend to have higher blood
pressure than non-blacks, and overall hypertension-related mortality rates are
higher among blacks (Gillum, 1996). Moreover, in the Multiple Risk Factor
Intervention Trial (MRFIT), which involved more than 23000 black men and 325000
white men followed for 10years, an interesting racial difference was confirmed: the
mortality rate of CHD was lower in black men with DBP above 90mmHg than in
white men, but the mortality rate of cerebrovascular disease was higher (Neaton et
al., 1989). The greater risk of hypertension among blacks suggests that more
attention must be given to even low levels of hypertension among blacks (Norman,

1994).

In Ghana, several prospective studies have been carried out to ascertain the extent
of the burden especially in Accra and Kumasi. The number of reported new cases
of hypertension in outpatient public health facilities in Ghana increased more than
ten-fold from 49,087 in 1988 to 505,180 in 2007 (Bonsu, 2010). Over the same period,
hypertension relative to the total reported outpatient diseases increased from 1.7%
to 4.0% in all ages. In most regions, hypertension ranks as the fifth commonest
cause of outpatient morbidity. However, in the Greater Accra Region of Ghana,
hypertension moved from fourth to become second to malaria as the leading cause
of outpatient morbidity in 2007 (Bonsu, 2010). Stroke and hypertension are among
the leading causes of admission and death. Hypertension is an important cause of

heart and renal failure in Ghana (Plange-Rhule et al., 1999).



Earlier studies in Ghana revealed a hypertension prevalence of 4.5% among rural
dwellers and 8% to 13% in the towns (Cappuccio et al., 2004). More recently, the
prevalence of hypertension in urban Accra in a cross-sectional community study
establish a crude prevalence rate of 28.3% as well as age standardized rate of 28.4%
according to Amoah (2003). Again, a cross-sectional study on 1015 urban civil
servants from seven central government ministries in Accra revealed that, out of
219 hypertension participants, 104 representing 47.5% had evidence of target organ
damage mainly renal dysfunction as measured by reduced GFR, left ventricular
hypertrophy and the presence of hypertensive retinopathy or history of stroke

(Addo et al., 2009).

Hypertension is among the most prevalent chronic conditions worldwide; with
rates as high as 70% among adults. Studies done by Borzecki, (2009) have also
shown that the degree of blood pressure correlates well with the risk for adverse
outcomes as well as target organ damage including kidney dysfunction, stroke
congestive cardiac failure and development of coronary artery disease. Although
absolute cardiovascular risk is based not only on blood pressure level, but also on
associated cardiovascular risk factors or target organ damage, individuals with
higher blood pressure levels or severe hypertension have a 20-30% ten year risk of
cardiovascular disease that increases to a very high risk (30%) in the presence of
any risk factor or target organ damage (Borzecki, 2009). Further, these subjects are
at high short-term risk for serious cardiovascular events, with the risk increasing

with the degree of elevation (Borzecki, 2009).



Women have about the same prevalence of hypertension as men, however, studies
on women have shown that they tolerate hypertension better than do men and
have lower coronary mortality rates with any level of hypertension (Barrett-
Connor, 1997). Thus women are somehow protected against death from coronary
heart diseases compared to their male counterparts with comparable coronary risk
profiles (Isles et al., 1992). A number of possible explanations have been offered for

this protection.

Research work by Ascherio et al., (1996) has it that, less insulin resistance and
hyperinsulinaemia because of less upper body fat as well as reduction of blood
viscosity and body iron stores by regular menses also confer such protection and
that the development of hypertension in women is associated with increasing body

weight, alcohol consumption and less high fibre food and magnesium intake.

2.3 HYPERTENSION AS AN INITIATOR OF PROGRESSIVE RENAL
DISEASE

Renal dysfunction, both structural and functional is demonstrable in hypertensive
individuals even among those with minimally elevated blood pressures according
to Fogo et al, (1997). Pathologically, the main changes in milder degrees of
hypertension are hyalinization and sclerosis of the walls of the afferent arterioles
which is commonly referred to as hypertensive nephrosclerosis (Fogo et al., 1997).
Renal involvement is usually assymtomatic with the first objective sign being
macroalbuminuria, serving as a marker for impaired intrarenal vasodilatory
responsiveness, and also a likely factor in the initiation and progression of

tubulointestitial damage (Norman, 1994).
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Most easily assessed by measurement of the albumin:creatinine ratio,
microalbuminuria is a predictor not only for progressive renal damage but also of
overall cardiovascular morbidity (James et al., 1995). According to Klag et al,
(1995), even though a small minority of hypertensives develops progressive renal
insufficiency, black hypertensives develop more end stage renal dysfunction,
possibly due to limited access to health care. The kidney is one of the major organs
that is damage as a result of long standing hypertension and has been shown to
play an important role in blood pressure regulation. The kidney is a main target of
organ damage in hypertension, and long-term exposure to elevations in blood
pressure (BP), even within the normotensive range, can induce early renal damage.
Current expert guidelines for the management of hypertension recommend
determination of the serum creatinine concentration in all patients with
hypertension as a marker of target organ damage according to WHO international

society guidelines for the management of hypertension, (1999).

In the Joint National Committee VI guidelines, a frankly elevated creatinine
concentration or the presence of proteinuria is considered a sign of organ damage,
and a creatinine level of 106 to 178 pmol/L (1.2-2.0 mg/dL) is a major tool for risk
stratification according to the World Health Organization-International Society of
Hypertension guidelines. Nevertheless, few data exist about the prognostic value
of normal or minimally elevated creatinine levels in hypertension. Despite the fact
that renal hemodynamic values become abnormal even in the early stages of
hypertension, the glomerular filtration rate is usually not significantly reduced

until late in the course of the disease (Cocoran et al., 1948, Perera, 1995).
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Elevated serum creatinine level is therefore a late sign of renal damage in essential
hypertension. Although not an ideal marker for renal function, an increased serum
creatinine level is strongly predictive of the subsequent development of end-stage

renal disease according to Perrone (1992) and Iseki (1997).

Moreover, overt elevated serum creatinine values predict a poor prognosis in
patients with hypertension (Sokolow and Perloff, 1961., Shulman et al., 1989),
whereas mild elevations in serum creatinine levels were associated with an
increased all-cause mortality rate in population-based samples of elderly patients
and in patients with heart failure (Psaty et al., 1996). A study done by Willem (1990)
indicates that, transplantation of a kidney from a normotensive donor into a
patient with nephrosclerosis can lead to remission of essential hypertension. This
was shown using the Milan strain of hypertensive rat, in which transplantation of a
kidney from a normotensive rat induced a fall in blood pressure. Although renal
damage is difficult to detect in the early stages of the development of hypertension,
arteriosclerosis has been found in the majority of hypertensives who have had the

disease for sometime (Fishberg, 1927).

In patients with severe or accelerated hypertension, and in patients with essential
hypertension, proteinuria as well as evidence of kidney function impairment is
common. It is also known that early intervention and antihypertensive treatment
stops this and resolves the necrotizing lesion (Breckenridge, 1971). However, some
patients with essential hypertension who are treated develop intimal fibrosis of the
interlobular arteries which may lead to progressive renal failure; even though at

the beginning of treatment the patient did not have an elevated creatinine level

12



(Dustan et al., 1958). The majority of patients who do not have gross evidence of
necrotizing arteriolitis and who develop end-stage kidney dysfunction do so
because of progressive arteriolosclerosis (Jacques et al.,1983). It is well known that
the kidney may be both a cause and a victim of high blood pressure, and as to
whether systolic or diastolic blood pressure poses a greater risk for renal function

deterioration has become a challenge to most researchers.

The modification of diet in renal disease study showed that subjects with mean
diastolic blood pressure of 100 mmHg or more exhibited a significantly greater
decline in renal function than subjects with diastolic pressure below this level
(Klahr, 1994). In another retrospective study of 86 patients on dialysis, 50% of
whom were blacks; Brazy et al.,, (1989) found a positive correlation between mean
diastolic blood pressure and rate of decline in renal function. Research work done
by Plange-Rhule et al., (1999) on the burden of renal diseases among out-patient
hypertensives in Kumasi revealed that, among 448 hypertensive patients, 30.2%
had plasma creatinine above the reference range with 25.5% having proteinuria. In
the Hypertension Detection and Follow-up Program (HDLP), the group with the

highest blood pressure at entry had the highest serum creatinine (Norman, 1994).

Similarly, the decline of renal function was greatest in those with blood pressure
of 140/90 mmHg or greater compared to those who were either normotensive or
hypertensive with adequately controlled blood pressure according to Norman
(1994). However, Cerasola et al., (2010) recently identified systolic rather than
diastolic blood pressure as an independent risk factor in renal function

deterioration. In multiple regression analysis, Cerasola et al., (2010) were able to
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show that the probability of having stages 1 and 2 CKD was significantly higher in
subjects with greater values of systolic blood pressure and with higher waist
circumference. Systolic blood pressure was also positively related to stage 3 CKD,

whereas stages 4 and 5 correlates inversely with waist circumference.

24 MICROALBUMINURIA IN HYPERTENSION (RENAL AND
CARDIOVASCULAR IMPLICATIONS).

Microalbuminuria refers to low but abnormal levels of albumin equal to 30mg/day
in the urine or urinary albumin excretion rate (UAE) of >0.29nmol/min
(20png/min) according to Onovughakpo-Sakpa et al.,, (2009). It has recently been
recognized as a predictive as well as an early marker for impending nephropathy
and a more aggressive cardiovascular complication in hypertensive subjects, and
has also been regarded as an independent risk factor for both renal and
cardiovascular damage (Andronico, 1998). Patients with microalbuminuria are
referred to as having incipient nephropathy, and without specific intervention, 20-
40% of such patients especially; those with type 2 diabetes in addition progress to

overt nephropathy (Onovughakpo-Sakpa et al., 2009).

Studies done by Luft (1997), indicates that increased blood pressure, age, smoking
habit and diabetes appears to be the most important factors contributing to
microalbuminuria, particularly among hypertensives. It was further reported that
microalbuminuria is potentially reversible if detected early, and that all
antihypertensive agents appear to reduce microalbuminuria particularly
angiotensin-converting enzyme inhibitors therapy which is effective in reducing

renal disease progression especially in diabetics. According to Pontremoli (1996),
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microalbuminuria has been associated with a number of unfavorable metabolic
and non-metabolic risk factors, such as older age, longer duration of hypertension,
cigarette smoking, increased BP load and variability, higher uric acid levels, worse
lipid profile, insulin resistance, endothelial dysfunction, increased activity of the

RAS, and BP salt sensitivity.

Tuttle et al., (1999), showed a correlation between increased UAE and the severity
of coronary heart disease at angiography. In another study, Berton et al., (1998)
showed that the presence of microalbuminuria strongly predicts mortality in
patients with acute myocardial infarction, even after adjusting for several other
confounders, such as age, the presence of hypertension, heart failure, and serum
lipids. Microalbuminuria has also been related to peripheral atherosclerosis and
increased carotid intima-media thickness (IMT) in some but not all studies
(Pontremoli et al., 1998). In light of the well-known association between carotid
atherosclerosis and cerebrovascular damage (both asymptomatic vascular lesions
and acute events), it is not unexpected that microalbuminuria has been shown to
be a predictor of ischemic stroke, even after correction for the presence of several

confounding factors (Beamer, 1999).

Apart from the renal and cardiovascular implications associated with the presence
of microalbuminuria, it has been well elucidated that microalbuminuria
particularly among essential hypertensives is associated with other signs of
subclinical organ damage such as left ventricular hypertrophy, hypertensive

retinopathy and increased aortic stiffness according to Giorami et al., (2008).
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Several population studies have evaluated the prevalence of non-diabetic
microalbuminuria with results ranging from 1 to 56% (Pedrinelli et al., 2002).
Several factors can affect the prevalence of microalbuminuria in hypertension,
including severity of the disease, selection procedures, concomitant risk factors,
degree of obesity, age, and sex distribution. This accounts for the large differences
in the prevalence of microalbuminuria that can be found in different studies, with
prevalence rates going from a low of 4.7% to a high of 40% (Rosa and Palatini,
2000). A study done by Onovughakpo-Sakpa et al., (2009) on the incidence of
diabetic nephropathy among Southern Nigerians showed that the incidence of
microalbuminuria amongst diabetics is 72.63% with increased albumin-creatinine
ratio. The study further showed that microalbuminuria correlates positively with

duration of diabetes.

Research work by Sierra et al.,, (2000) to evaluate the clinical and biochemical
profile as well as its association with microalbuminuria in a group of essential
hypertensives established 22.3% prevalence of microalbuminuria among the study
population. The study further concluded that, among essential hypertensive
patients, the presence of microalbuminuria is associated with increased blood
pressure. Likewise, microalbuminuria is associated with the degree of renal
impairment, and with increased triglycerides as well as decreased HDL
cholesterol. Further, studies done by Seema et al., (2008) in a subgroup of 376
never-treated essential hypertensives aged 40 years and above indicates overall
presence of 16% microalbuminuria and futher suggested microalbuminuria as a

good predictor of left ventricular hypertrophy (LVH).
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2.5 MICROALBUMINURIA VERSUS PROTEINURIA AMONG
HYPERTENSIVES

Hypertension is a well known risk factor associated with high cardiovascular risk
as well as kidney disease progression (Bakris, 2005). The spectrum of albuminuria,
from microalbuminuria (>30mg/day but <300mg/day) to proteinuria
(>300mg/day) is associated with a linear increase in the risk of cardiovascular
events. Studies have shown that microalbuminuria correlates with the magnitude
of C-reactive protein elevations and has also been associated with a failure of
nocturnal drops in arterial pressure, insulin resistance as well as abnormal vascular
responsiveness to a variety of stimuli. The presence of microalbuminria therefore
indicates abnormal responses by vascular tissue, perhaps due to the underlying
inflammatory responses. These data therefore supports the concept that
microalbuminuria is associated with increased cardiovascular risk and proteinuria
represents even higher cardiovascular risk with high risk for progression to end-

stage kidney disease (Ford, 2003, Stuvelling et al., 2004).

Proteinuria signifies a membrane barrier defect not only in the podocytes and
vascular endothelium of the kidney but also in the vascular tissues throughout the
body. The major contribution to this defect is through sustained long term
elevations in blood pressure and resultant barrier disruption (Bakris, 2005). Acute
profound reductions in blood pressure are associated with small reductions in
proteinuria over a short period of time; however, these reductions become more
pronounced over longer periods of follow-ups and are also associated with

reductions in cytokines productions which emphasize the need for blood pressure
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control and regular check-ups among hypertensive's (Braam et al., 2005). Studies
done by Agarwal and Anderson (2005) established among non-diabetic male
cohort with eGFR that the log of urine protein : creatinine ratio was the strongest
predictor systolic blood pressure elevation, with the strength of relationship
between proteinuria and systolic blood pressure being the highest for ambulatory
blood pressure and lower for routine clinic blood pressure. Thus in the study,
proteinuria was the strongest and most important correlate of systolic blood
pressure. Onovughakpo-Sakpa et al., (2009) found that patients with reduced renal
functional reserve capacity may be more prone to microalbuminuria when
exposed to conditions such as hypertension. Thus hypertension is a potent
precipitant of impending renal dysfunction which is manifested by
microalbuminuria. The study further indicates that microalbuminuria constitutes a
reversible state and can be resolved by specific medications such as angiotensin

converting enzyme inhibitors and angiotensin receptor blockers.

Martins et al., (2002), showed in an epidemiological data that blood pressure is
directly linked to CKD and proteinuria as well as kidney disease related mortality.
Proteinuria and evidence of renal function impairment are grave signs in the
hypertensive person. Moreover, the presence of proteinuria and renal function
impairment worsens the prognosis of the patient with essential hypertension.
Besides, arteriolonephrosclerosis and necrotizing arteriolitis of the hypertensive,
other lesions seen in the renal circulation of the hypertensive person are due to
intimal fibrosis of the interlobular arteries and these may lead to progressive renal

damage (Jacques et al., 1983). The risk of ESRD, at least among African-Americans
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and whites is inversely related to socioeconomic status and directly related to
blood pressure levels (Flack et al., 2002). Approximately 85% of persons with CKD
have hypertension and patients with proteinuria superimposed on CKD have

higher blood pressure than those with non- proteinuric CKD (Flack et al., 2002).

2.6 CHRONIC KIDNEY DISEASE (CKD) AND RENAL
DETERIORATION AMONG HYPERTENSIVE PATIENTS.

Chronic kidney disease (CKD) is a serious condition associated with premature
mortality, decreased quality of life and increased health-care expenditure.
Increasing evidence accrued in the past indicates that the adverse outcomes of
CKD such as kidney failure, CVD and premature death can be prevented if earlier
stages of the disease could be detected through laboratory testing (National Kidney
Foundation, 2002). Given the pathogenic progression of kidney disease, patients
with CKD are at high risk for progression to the end stage renal disease (ESRD) - a
condition requiring dialysis or kidney transplantation to maintain patients' long-

term survival (Schoolwerth et al., 2006).

Moreover, current evidence suggests that hypertension and diabetes are the two
major causes of chronic kidney disease worldwide (Gilber et al., 2005), even though
several established or suspected risk factors such as dyslipidemia, albuminuria, old
age, chronic anaemia, oxidative stress, certain drugs, race and low socioeconomic
status among others have been associated with the occurrence and progression of

CKD according to Mitch (2007).
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According to the morbidity and mortality report from the United States centre for
disease control and prevention, CKD was more prevalent among persons with
hypertension than among those without hypertension (24.6% vs. 12.5%), (Coresh et

al., 2001)

Again, 70% of patients with elevated serum creatinine (defined as greater or equal
to 1.6mg/dl for men and 1.4mg/dl for women) have hypertension according to
studies done by Coresh et al., 2001. Further, 26.8% of patients with end-stage renal
disease (ESRD) were deemed to have kidney failure as a result of hypertension
according to data available at the USRDS (2008). Available facts from the National
Kidney Foundation (2002) indicates that several millions of adults in the United
States alone have CKD, and several million others are also at increased risk and
that, hypertension and diabetes still remain the major risk factors accounting for
up to two-thirds of all cases of CKD. These and other supporting facts presupposes
that high BP is a common cause of CKD and hence patients with high BP are at

increased risk of loss of kidney function and development of CVD.

Individuals with high BP should therefore be carefully evaluated for the presence
of CKD especially those with decreased GFR. Although there are few existing data
on the prevalence of CKD and its accompanying complications in Africa, the
condition is thought to be on the increase. A multicenter screening study done by
Osafo et al., (2011) to identify the prevalence and staging of CKD among 712
known hypertensives in four polyclinics in the capital city of Ghana revealed that,

CKD is common among hypertensives in Ghana, with a prevalence rate of 46.9%.
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High blood pressure is a major promoter of the decline in glomerular filtration rate
(GFR) in both diabetic and non-diabetic kidney disease, however, only a small
percentage of patients with hypertension will develop CKD (Freedman and Sedor,
2008). According to the National Kidney Foundation Kidney Disease Outcome
Quality Initiative (K/DOQI), CKD constitutes kidney damage for greater or equal
to 3 months, as defined by structural or functional abnormalities of the kidney with
or without decreased GFR, and manifest by pathological abnormalities or markers
of kidney damage, including abnormalities in the composition of the blood or
urine, or abnormalities in imaging tests. Chronic kidney disease is therefore
defined as kidney damage identified by proteinuria or by GFR of less than
60ml/min per 1.73m? body surface area with or without evidence of kidney
damage for 3 months or longer (Levy et al., 2003). The disease process begins with
renal hypertrophy and hyperfiltration resulting from elevated renal plasma flow.
Hyperfiltration is typically followed by the loss of negatively charged glomerular
filtration barrier allowing for negatively charged proteins such as albumin to pass
through the glomerulus and into the urinary space. The presence of these proteins
in the urinary space elevates urinary albumin and produces microalbumin which
consequently can result in macroalbuminuria or nephritic range proteinuria

(>3.5g/24hrs) (Trevisan and Viberti, 2000).

Once macroalbuminuria (frank proteinuria) sets in, GFR begins to decline and
progressive mesangial and interstitial capillary occlusion then occur, restricting the
glomerular filtration surface and leading to a further decrease in GFR. Some

proteins are reabsorbed by the renal tubules and accumulate in tubular epithelial
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cells. This accumulation induces the release of vasoactive and inflammatory
cytokines, which damage the renal tubules and lead to tubular atrophy as well as

interstitial fibrosis (Gruden et al., 2004).

2.7 THE ROLE OF SODIUM, POTASSIUM AND CALCIUM IN
HYPERTENSION.

Hypertension results from the interplay of both the internal and external
environment. Numerous studies have shown adverse effects of a surfeit of sodium
on arterial pressure, with potassium being viewed as a minor factor (Horacio and
Medias, 2007). Abundant evidence however, indicates that potassium deficit has a
critical role in hypertension and its cardiovascular sequelae. Research work by
Horacio and Medias (2007) indicates that increasing the potassium intake of
hypertensive rats that were fed with high sodium diet lowered blood pressure,
reduced the incidence of stroke and stroke related death, cardiac hypertrophy and
as well as renal injury. In 2002, du Cailar et al, assessed the influence of sodium
intake on the relationship between systolic arterial pressure (SAP) and target
organs (i.e, left ventricular mass index and albumin excretion rate) in a large cohort
of 839 normotensives and never- treated hypertensive subjects aged 15-70 years. It
was observed that increasing dietary sodium was associated with an increasingly
steeper slope of the relationship of SAP versus AER or left ventricular mass index.
Again, the prevalence of left ventricular hypertrophy or microalbuminuria was
higher in hypertensive patients aged 40 years and above. These and other studies
done elsewhere supports the assertion that potassium supplementation can reduce

the need for antihypertensive medication.
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According to Horacio and Medias (2007), one study showed that, with an
increased dietary potassium intake in hypertensive subjects, 81% of the subjects
needed less than half of the baseline medication and 38% require no
antihypertensive medication for blood pressure control at one year follow-up.
Research work by Kappanen (1991), suggest that without sodium chloride and
other sodium compounds being added to diet, arterial hypertension would be non-
existent. Results from Kappernen’s study further established that, in communities
with a high consumption of added salt, a high intake of potassium and possibly,
magnesium seem to protect against the development arterial hypertension as well
as a rise in blood pressure with age. Sodium levels are higher in hypertensive
subjects than their normotensive counterparts and especially, in association with a
rise in blood pressure (Lionel and Yackoob, 2005). Reabsorption of filtered sodium
by the renal tubules is increased in subjects with essential hypertension due to the
stimulation of several sodium transporters located at the luminal membrane as
well as the sodium pump which is localized at the basolateral membrane which

provides the energy for such transport (Horacio and Medias, 2007).

According to the INTERSALT research study across populations, mean systolic
blood pressure was S5mmHg higher and diastolic blood pressure was 3mmHg
higher when sodium intake was increased by 50mmol/day. In analysis within
single population, a positive correlation between sodium intake and blood
pressure was also detected according to Horacio and Medias (2007). According to
the body sodium hypothesis (which states that body sodium may be normal in

subjects with essential hypertension, but the response of arterial pressure to
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changes in body sodium is abnormal), mean total exchangeable sodium is normal
in subjects with essential hypertension and yet amongst such patients there is a
positive correlation of arterial pressure and exchangeable sodium, a relation which
is not found in normal subjects (Jacques et al., 1983). Calcium is also effective in
reducing blood pressure in various states of hypertension including pregnancy-
induced hypertension and pre-eclampsia (Pfeifer et al., 2001). According to
Mariano et al., (2006), low calcium levels as well as calcitriol are important factors
involved in the development of secondary hyperparathyroidism in subjects with
chronic kidney disease which may be due to long standing hypertension. This then
presupposes that, low calcium levels, vitamin D deficiency and accumulation of
phosphate due to decrease renal function are the main pathogenic factors involved
in the pathogenesis of secondary hyperparathyroidism in patients with chronic

renal dysfunction.

Studies done by St. John et al, (1994) to investigate the relationship between
calcitrophic hormones and blood pressure among the elderly who were untreated
for hypertension in a univariate analysis showed that serum parathyroid hormone
as well as 1,25-dihydroxycholecalciferol correlated significantly with mean blood
pressure. A multivariate analysis in the same study also demonstrated that serum
parathyroid hormone and 1,25- dihydrocholecalciferol were both independent
determinants of mean blood pressure. Research work by Aloia et al., (2006)
indicates that increased parathyroid hormone significantly correlates with

increased BMI, serum creatinine and age. The study also depicts that serum
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parathyroid hormone was significantly higher in black study subjects than white

study subjects.

Studies done by several researchers including that of Young et al,, (1990) and
Resnick et al., (1986) indicates that, there is association between hypertension,
calcium, vitamin D and parathyroid hormone. Moreover, alterations in calcium
metabolism have been demonstrated in human essential hypertension. Indeed,
studies done by Young et al., (1990), indicates that, a direct correlation actually exist
between essential hypertension and serum parathyroid hormone in men and that,
hypertensive men had parathyroid hormone levels that were 36% higher than
normotensive men. Moreover, patients with essential hypertension have been
reported to have higher serum concentration of parathyroid hormone than their
normotensive counterparts, although this finding is not universal among studies

according to Young et al., (1990).

Serum calcium levels is tightly regulated by parathyroid hormone and thus, a
small decrease in serum calcium elicits a prompt increase in the secretion of
parathyroid hormone, which in turn mobilizes calcium from the skeleton and
increases the renal tubular reabsorption of calcium (Rolf et al., 2000). Furthermore,
parathyroid hormone stimulates the hydroxylation of 25-hydroxycholecalciferol to
the more biologically potent 1,25-dihydroxycholecalciferol in the kidneys which
again leads to an increase absorption of calcium from the intestine(Bouillon et al.,

1997). Hypocalcemia may therefore develop primarily from decreased intestinal
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calcium absorption because of low plasma calcitriol levels and possibly from

calcium binding to elevated serum levels of phosphate.

2.8 DEVELOPMENT OF SECONDARY HYPERPARATHYROIDISM IN
RENAL DYSFUNCTION

Disturbances in calcium, phosphate and vitamin D metabolism in chronic renal
insufficiency play a major role in the development of secondary
hyperparathyroidism. This not only causes bone diseases (renal osteodystrophy),
but also contributes significantly to the high cardiovascular mortality among such
patients (Amann et al., 1999). Calcifications of coronary plaques, cardiac valves and
myocardial tissue, as well as diffuse myocardial fibrosis are common pathologic
finding (Goodman et al., 2000). Similarly, increased mortality has recently been
observed in patients with high parathyroid hormone levels. A very important
feature of the parathyroid gland is its high sensitivity to small changes in serum

calcium concentration (Slatopolsky, 1998).

A reduction in extracellular calcium concentration leads immediately to an
increase in parathyroid hormone secretion and subsequently stimulates an increase
in parathyroid hormone synthesis and this act consequently enhances parathyroid
cell proliferation (Silver, 2000). The mechanism responsible for secondary
hyperparathyroidism has advanced significantly and it appears that in early stages
of renal dysfunction, a deficit of calcitriol synthesis is an important factor,
however, additional factors such as a deficit of the vitamin D receptor or the newly

cloned calcium sensor (BoPCaRl), may be present in the parathyroid cells.
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Consequently, as renal dysfunction progresses, the lack of calcitriol become more

pronounced, and thereby, inducing secondary hyperparathyroidism.

In advance chronic renal failure, hyperphosphatemia is an additional important
factor in worsening secondary hyperparathyroidism as well as resistance of the
parathyroids to calcitriol due to a reduced density of calcitriol receptors (Llach,
1995). It has also been postulated that hyperparathyroidism in chronic renal
dysfunction results from hypocalcemia, occurring in part, from phosphate
retention and or deficit in 1, 25-dihydroxycholecalciferol synthesis. Low serum
calcitriol levels, hypocalcemia, and hyperphosphatemia have all been
demonstrated to independently trigger PTH synthesis and secretion. As these
stimuli persist in renal insufficiency, particularly in the more advanced stages,
PTH secretion becomes maladaptive and the parathyroid glands, which initially
hypertrophy, become hyperplastic. The persistently elevated PTH levels exacerbate

hyperphosphatemia from bone resorption of phosphate.

Studies done by Pitts et al., (1988) to investigate hyperparathyroidism and 1,25-
dihydroxycholecalciferol deficiency in a group of patients with mild, moderate and
severe renal dysfunction indicates that subjects with mild renal dysfunction had
normal mean serum ionized calcium and phosphorus but with a decrease mean
1,25-dihydroxycholecalciferol compared to the control subjects. However, in
subjects with moderate renal impairment, even though plasma ionized calcium
was normal, plasma PTH levels were elevated with a more pronounced decrease

in 1,25-dihydroxycholecalciferol. Among the final group of subjects with severe
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renal impairment, plasma ionize calcium was decreased with a marked elevation

in plasma PTH levels.

These findings therefore demonstrate the presence of hyperparathyroidism,
normocalcemia and hypocalcemia as well as 1,25-dihydroxycholecalciferol

deficiency among subjects with various degrees of renal impairment.

2.8.1 Role of vitamin D

In chronic renal insufficiency, a decreased number of vitamin D receptors (VDR)
and resistance to the action of vitamin D are of great importance in the
pathogenesis of secondary hyperparathyroidism (Drueke, 1995). This phenomenon
is far more marked in the nodular than in the diffuse forms of parathyroid
hyperplasia (Fukuda, 1993). In chronic renal insufficiency, VDR are down
regulated. The mechanism seems to be post-transcriptional (Slatopolsky et al.,

1996).

As a result, the low serum 1,25(OH)2D3 level and parathyroid VDR number lead to
a stimulation of PTH gene expression. In addition, the heterologous regulation of
the calcium sensing receptor (CaR) expression probably involves also 1,25(0OH)>D3
and phosphorus. Thus, vitamin D deficiency and phosphorus retention may
reduce CaR-mRNA. There is also evidence that 1,25(OH).D3 can regulate

parathyroid cell proliferation directly (Drueke, 2000).
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2.9 BONE DISEASE IN CKD

Bone disease associated with CKD is composed of a number of abnormalities of
bone mineralization. The major disorders can be classified into those associated
with high bone turnover and high PTH levels (including osteitis fibrosa, the
hallmark of secondary hyperparathyroidism), low bone turn over and low or
normal PTH levels (osteomalacia and adynamic bone disease). Osteomalacia may
be related to vitamin D deficiency, excess aluminium, or metabolic acidosis;
whereas a dynamic bone disease may be related to oversupression of PTH with

calcitriol.

The pathophysiology of bone disease due to secondary hyperparathyroidism is
related to abnormal mineral metabolism as a result of the following: 1) Decrease
kidney function which leads to a reduced phosphorus excretion and hence, its
consequent excretion; 2) Elevated serum phosphorus which can directly suppress
calcitriol (Dihyroxyvitamin D3) production; 3) Reduced kidney mass which
ultimately leads to a decrease calcitriol production; 4) Decreased -calcitriol
production with a consequent reduced calcium absorption from the

gastrointestinal tract which contribute to hypocalcemia (Francisco,1995).

Hypocalcemia, reduced calcitriol synthesis and elevated serum phosphorus levels
stimulate the production of PTH and the proliferation of parathyroid cells resulting
in secondary hyperparathyroidism. The hallmark lesion of secondary
hyperparathyroidism is cysteitis fibrosa cystic. High bone turnover leads to

irregularly woven abnormal osteoid fibrosis as well as cyst formation. This result
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in decreased cortical bone and bone strength and an increased risk of fracture

(Francisco, 1995).

2.10 ASSOCIATIONS WITH HYPERTENSION

In addition to other possible mechanisms, surveys of large populations have
revealed a number of associations with hypertension that are likely not directly
causal but are reflective of shared mechanisms or of consequences of hypertension
according to research work done by Cannon et al., (1996). Hyperuricaemia is found
in as many as half of untreated hypertensives and that gout is more common
(Cannon et al., 1996). Whereas this may reflect nephrosclerosis as well as reduced
renal function, other possible reasons according to Cappuccio et al., (1993) include
an increased proximal tubular reabsorption of uric acid in concert with sodium, an
effect of upper-body obesity, insulin resistance and hypertriglyceridemia and

contribution of excessive alcohol intake (Bonora et al., 1996).

211 HAEMATOLOGIC FINDINGS AMONG HYPERTENSIVES

2.11.1 Red cells

Higher haematocrits are found in hypertensives; and the prevalence of
hypertension doubles with an increase of 10% in the haematocrit according to
Cirillo et al., 1992). Again among young subjects in the Tecumseh study, higher
haematocrits were associated with higher blood pressure, weight, glucose,
cholesterol and insulin levels (Smith et al., 1994). Studies done by Wannamethee et
al., (1994) among middle- aged subjects in England indicates that the risk of stroke
was three times higher in hypertensives with haematocrit above 51% than those

with lower haematocrit.
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2.11.2 White Cells

Elevated white blood cell counts are predictive of the development of
hypertension (Friedman et al., 1990) and are as well likely related to insulin
resistance and hyperinsulinaemia (Facchini et al., 1992). In the Framingham
population, higher white blood cell counts were associated with increased risk of

cardiovascular disease according to studies done by Kannel et al., (1992).

2.11.3 Fibrinogen and Hypofibrinolysis

Elevated plasma fibrinogen levels is a major risk factor coronary heart disease
(Yarnell et al., 1991) and have been noted along with increased plasminogen-
activator inhibitor 1 (PAI-1) levels in hypertensives with insulin resistance (Landin
et al, 1990). Decreased fibrinolytic activity along with higher PAI-1 and lower tissue
plasminogen activator (TPA) activity have been found in patients with
hypertension and hypercholesterolemia (Jansson et al., 1991). Research work done
by Wall et al., (1995) indicates that, young men with borderline hypertension and
normal metabolic status had higher levels of TPA antigen, also known to be a risk

factor for coronary thrombosis.

212 HYPERTENSION AND THE HEART

An earlier study done by Kannel et al., (1972) indicates that patients with essential
hypertension develop congestive heart failure and myocardial infarction at an
increased rate, although congestive heart failure has been largely eliminated in the
well- treated essential. However, myocardial infarctions continue to be a major
problem for the hypertensive and most likely the single largest cause of death in

even the treated hypertensive patient.
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It has been shown that systolic together with diastolic pressure, mean blood
pressure, pulse pressure and systolic pressure have a direct correlation with the
development of congestive heart failure (Jacques et al., 1983). Several aetiological
factors have been established for heart failure in West Africa. Notable among these
aetiological factors include hypertension, cardiomyopathy, peripartum cardiac
disease and rheumatic heart disease (RHD). Research work carried out by Ladipo
et al, (1997) in Nigeria to ascertain the patterns of heart disease in adults
established hypertension as one of the leading and major causes of heart failure.
Anthony (1980) also studied 315 cases of heart failure admitted to the Katsina
General Hospital in Northern Nigeria and found out that hypertension accounted

for 12% of heart failure among the studied population.

Recent studies provide important and worrisome findings as far as the clinical
outcomes of hypertension are concerned. Hypertension has been reported to
account for up to 30% of hospital admissions for heart failure alone in the West
African sub region (Toure et al., 1992). Moreover, the prognosis of hypertensive
heart failure among black African populations has also been found to be poor
according to studies done by Isezuo et al., (2000). Consecutive study on 572 patients
with heart failure to the National Cardiothoracic Centre, Accra, Ghana over a four-
year period evaluated for the aetiology using a 2-dimensional Doppler
echocardiography with a colour flow established hypertension as the major cause

of heart failure according to Amoah and Kallen, 2000.
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MacMahon (1990) performed a meta-analysis of all available major prospective
observational studies relating diastolic blood pressure (DBP) level to the incidence
of stroke and coronary heart disease (CHD). Out of the nine studies analyzed,
almost 420,000 people were followed up for 6-25 years, and a total of 599 fatal

strokes as well as 4260 deaths from CHD were recorded.

2.13 ENDOCRINE ASSOCIATIONS

2.13.1 Role of corticosteroids in hypertension

Although the underlying pathophysiology remains incompletely understood, it is
assumed that essential hypertension has a multifactorial cause and that no single
cause exists. However, a number of studies draw attention to the adrenal cortex
and its contribution to BP elevation. Functional abnormalities of the adrenal cortex
were suggested as a cause for essential hypertension many years ago (Genest et al.,
1956); indeed, early studies reported that adrenal cortex hyperplasia was a feature
of many hypertensive individuals at post mortem examination (Komiya et al.,

1991).

In addition, a number of abnormalities of urinary excretion, plasma levels, and
clearance of several adrenal steroids in patients with hypertension have been
identified over the years (Honda et al., 1975). No single defect in adrenal
corticosteroid biosynthesis has been identified, however, it is important to consider
briefly two rare monogenic syndromes involving 11-beta-hydroxylase and
aldosterone synthase that cause hypertension and help identify candidate
mechanisms. Research work by Burt et al,, (1995) indicates that Glucocorticoid

remediable aldosteronism (GRA) is a rare autosomal dominant condition
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characterized by hypertension and aldosterone excess that is regulated by ACTH
rather than Ang II. The molecular basis of this condition was first described in 1992
according to research work by Lifton et al., (1992). A chimeric gene that contains
the 5' promoter sequence of CYP11B1 and functional elements of CYP11B2 is
created, resulting in aldosterone production under control of ACTH according to
Lim et al., (1999). Deficiency of 11-beta-Hydroxylase is a rare cause of congenital
adrenal hyperplasia, accounting for 5 to 8% of cases (White, 2001). In this
autosomal recessive disorder, mutations in CYP11B1 result in impaired activity of
11beta-hydroxylase, leading to accumulation of the steroid precursors 11-
deoxycortisol and deoxycorticosterone, leading to mineralocorticoid hypertension

in approximately two thirds of cases (Honda et al., 1975).

In light of these rare syndromes, it is of interest that impaired activity of the
enzyme 11-beta-hydroxylase has also been reported to be a feature of patients with
essential hypertension (de Simone et al., 1985). More recently, a similar
phenomenon was observed in patients with hypertension from Italy, in whom the
ratio of 11-deoxycortisol to cortisol (a marker of 11beta-hydroxylase activity) was
elevated (Connell ef al, 1999). Although the precise cause of this is unclear, it was
suggested that it may be a consequence of variation at the CYP11B1/CYP11B2 loci,

which encode 11-beta-hydroxylase and aldosterone synthase, respectively.
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2.13.2 Mineralocorticoid excess and its association with hypertension

Mineralocorticoides stimulate the distal renal tubules to reabsorb sodium from
tubular fluid and excrete more potassium and hydrogen ions. They increase open
sodium and potassium channels in the luminal of tubular cells and increase
synthesis of basolateral membrane Na+/K+ ATPase, which generate the gradients
that drive ion movement (White, 2001). Mineralocorticoides expand extracellular
fluid volume by increasing the amount of in the body, and increase blood pressure
due to greater intravascular volume and increased arteriolar resistance. They thus
lower plasma potassium levels and increase plasma pH. The mineralocorticoid

receptor is activated by both cortisol and aldosterone (White, 2001).

Aldosterone is the primary mineralocorticoid because an enzyme (11-beta
hydroxyl steroid dehydrogenase) coexists with this receptor in the renal tubule and
coverts cortisol to inactive cortisone. Hereditary defects or drug inhibition of this
enzyme produces a syndrome of apparent mineralocorticoid excess, due to
receptor activation by normal levels of cortisol (Connell et al., 1999). Licorice
contained in some candies and tobacco products has a metabolite (glycyrrhetinic
acid) that produces mineralocorticoid excess by inhibiting 11-beta hydroxysteroid

dehydrogenase (Connell et al., 1999).

35



Chapter 3
MATERIALS AND METHODS

3.1STUDY SITE

The Kwahu North (Afram Plains) is one of the 21 Districts in the Eastern region
with a population of about 135,928 people made up of 72624 males and 63254
females. The District covers a land size of about 5040sq.km out of the 19,323sq.km
land of the Eastern region, making it the largest district in the region. About 80% of
the population are farmers. Donkorkrom is the District capital. Presbyterian
Hospital, Donkorkrom is the only District Hospital in the Kwahu North District. It
is the only hospital serving the larger populace in the Kwahu North District in the
Eastern region of Ghana. It also serves as a referral point for the numerous clinics,
Health centre’s and the CHPS in and around the Kwahu North District (KNDA,

2010).

3.2 STUDY DESIGN

The study was conducted between August 2010 and September 2011 among 200
non-diabetic hypertensives. To qualify for recruitment, subjects must be non-
diabetic hypertensives aged not less than 18years and not more than 70 years with
fasting blood glucose not greater than 7.0mmol/L. A total of 252 non - diabetic
hypertesives were interviewed out of which 200 patients representing 79.34% gave
their conscent for the study. Another one hundred (100) healthy normotensives
were also recruited as controls. Written informed conscent was obtained from each
participant. The study was approved by the Committee on Human Research

Publication and Ethics.
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3.3 MEASUREMENT OF ANTHROPOMETRIC VARIABLES

Anthropometric measurements included height to the nearest cm without shoes
and weight to the nearest 0.1kg in light clothing. Subjects were weighed on a
bathroom scale and their height measured with a wall mounted ruler. Body mass
index (BMI) was calculated by dividing weight (kg) by height (m) squared (m?).
Waist circumference (to the nearest cm) was measured with a Gulick II spring -
loaded measuring tape midway between the inferior angle of the ribs and the

suprailiac crest.

3.3.1 Blood Pressure

Blood pressure was measured by trained personel using mercury
sphygmomanometer and a stethoscope. Measurements were taken from the left
upper arm after subjects had been sitting for >5mins in accordance with the
recommendation of the American Heart Association (Kirkendall et al., 1967).
Duplicate measurements were taken with a b5mins rest interval between

measurements and the mean value was recorded to the nearest 2.0mmHg.

3.4 URINALYSIS

Early morning wurine was collected into plastic universal containers for

microalbuminuria and proteinuria using the dipstic qualitative method.

Principle: The test is based on the protein error of indicator principle. When pH is
held constant by a buffer indicator, dyes release H* ion because of the protein

present and change colour from yellow to blue-green.
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3.5 SAMPLE COLLECTION AND PREPARATION

Venous blood samples were collected after an overnight fast (12-16 hrs). About
6mls of the blood sample were collected and 4mls dispensed into vacutainer®
plain tubes. After clotting, it was then centrifuged at 3000 g for 5 min. The serum
was stored at -80°C until assayed. The remaining 2 ml were dispensed into fluoride
oxalate tubes. Urine samples were assayed immediately for microalbuminuria and

proteinuria using reagent test strips (DIRUI Co. Ltd,).

3.6 ANALYSIS

Glucose levels were estimated by the glucose oxidase method; albumin was also
determined by the bromocresol green method, urea by the Urease- Berthelot
method, creatinine by the modified Jaffe’s method, electrolytes (sodium, potassium
and chloride ions) were estimated by indirect potentiometry with ion selective
electrodes, total calcium by the Arsenazo III method, urinary protein and
microalbumin by the protein-error-of-indicator principle. Parathyroid hormone
(PTH) was analyzed by EASIA using intact-hPTH EASIA kit from GenWay

Biotech, Inc. (Catalogue number: 40-056-205022).

3.6.1 Biochemical assays:

All serum and plasma biochemical assay were performed on Junior Flexor
Chemical analyzer (Vital Scientific Co Ltd.). Parameters analyzed include albumin,
glucose, urea, creatinine, total calcium, PTH and electrolytes (sodium, potassium
and chloride). Adjusted calcium was calculated from the formula: Adjusted

calcium (mmol/L) = total calcium (mmol/I) + 0.02 x [40 - serum albumin (g/dl)].
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The methods adopted by the automated instrument for the determination of the

above parameters are as follows and all reagents were from Vital Scientific Co Ltd.

3.7 PRINCIPLES UNDERLYING THE METHODS

3.7.1Glucose

Glucose is enzymatically oxidized by glucose oxidase to gluconic acid and
hydrogen peroxide. In the presence of peroxidase, hydrogen peroxide produces the
oxidative coupling of phenol with 4-aminophenazone with a maximum

absorbance at 500 nm according to the scheme:

Glucose + O, Glucase Oxidase »Gluconic acid + HxO»

2H,O; + Phenol + 4-aminoantipyrine —Pereddase—  Quinoneimine + 4H20

3.7.2 Albumin (BCG)

Principle and method

Albumin binds the dye bromocresol green (BCG) at a pH of 4.20 to form a complex

with maximum absorption at 600 nm wavelength.

Albumin + BCG _pH=42 »Albumin-BCG complex
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3.7.3 Creatinine

Creatinine under alkaline conditions reacts with picrate ions forming a yellow-red
complex which absorbs maximally at 600 nm. The formation rate of the complex is
proportional to the concentration of the creatinine in the sample according to the

equation below:

Creatinine + Picric acid Allali (pH>12) ,, Creatinine-picrate complex

3.7.4 Urea

Urea is hydrolyzed in the presence of water and urease to produce ammonia and
carbon dioxide. The liberated ammonia reacts with a-ketoglutarate in the presence
of NADH to yield glutamate. An equimolar quantity of NADH undergoes
oxidation during the reaction catalyzed by Glutamate dehydrogenase (GLDH)
resulting in a decrease in absorbance (340 nm) that is directly proportional to the

urea nitrogen concentration in the sample.

Urea + 2H,O _Utease »2NH3 + CO»

NH; + a - Ketoglutarate + NADH GLDH b-Glutamate + NAD*

3.7.5 Calcium

Calcium determination is based on the complexometric test (Arsenazo III).
Arsenazo III 2,7-(bis(2-arsonophenylazo))-1,8dihydroxynaphtalene-3,6-disulphonic
acid, forms in a neutral medium a blue complex with calcium. The colour intensity
which absorbs maximally at 600 nm is directly proportional to the serum total

calcium concentration.

Calcium + Arsenazo III Alkalinemedium ___,,  Calcium-Arsenazo Complex (Purple)
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3.7.6 Parathyroid Hormone Analysis

3.7.6.1 Clinical background and biological activity

Human parathyroid hormone (hPTH) is a major physiological regulator of
phosphocalcic metabolism. hPTH increases serum calcium concentrations by its
actions on the kidney (enhancing tubular Ca?+ reabsorption and phosphate
excretion) and bone (stmulating osteoclastic activity and bone resorption). It also
indirectly affects intestinal absorption of Ca?+ by stimulating renal la-
hydroxylation of 25-hydroxyvitamin D. The release of PTH is controlled in a

negative feedback loop by the serum concentration of Ca+.

3.7.7 Principle of the method

The GenWay hPTH-EASIA is a solid phase Enzyme Amplified Sensitivity
Immunoassay performed on microtitreplates. In this assay, calibrators and samples
react with the capture polyclonal antibodies coated on microtitre well. After
incubation, the excess of antigen is removed by washing. Then, monoclonal
antibodies labeled with horseradish peroxidase (HRP) are added. After an
incubation period, allowing the formation of a sandwich: coated PAbs - human
PTH - Mab - HRP, the microtitre plate is washed to remove unbound enzyme
labeled antibody. Bound enzyme-labelled antibody is measured through a
chromogenic reaction. The chromogenic solution (TMB) is added and incubated.
The reaction is stopped with the addition of a stop solution and microtitreplate is
then read at the appropriate wavelength. The amount of substrate turnover is
determined colourimetrically by measuring the absorbance, which is proportional

to the PTH concentration in the sample.
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Chapter 4
RESULTS

4.1 GENERAL DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF THE
STUDIED POPULATION

The baseline biochemical and clinical characteristics of the studied population is as
shown in Table 4.1. The mean age (51.6 + 8.4 years) of the study participants was
not significantly different from that of the control group (49.5 £ 10.6 years). Apart
from waist to hip ratio, all the indicators of obesity showed significantly higher
values when the case group were compared to the control group. Similarly, apart
from serum calcium and its corrected form, as well as serum albumin and
potassium which showed significantly lower values, all the other biochemical
indicators (creatinine, urea, parathyroid hormone, sodium, proteinuria and
microalbuminuria) showed significantly higher values among the case group when

compared to the control group.
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Table 4.1:

General characteristics of the studied population

Case Group Controls

Parameters (n =200) (n =100) p value
Age (years) 51.6 +8.4 49.5+10.6 0.3540
SBP (mm Hg) 187.9+19.8 105.7 £9.8 <0.0001
DBP (mm Hg) 104.5+15.9 69.8+7.6 <0.0001
Height (m) 1.6+0.1 1.6+0.1 0.955
Weight (kg) 6947 £12.9 63.5+4.7 <0.0001
BMI (kg m?) 27.6+49 254+27 <0.0001
Hip circumference (cm) 404 +44 353+1.2 <0.0001
Waist circumference (cm) 38.0+44 33.2+44 <0.0001
Waist to hip ratio 0.9+00 0.9+00 0.712
Weight to height 43.8+7.7 40.1+3.2 <0.0001
Albumin (g L) 425+6.7 452 +34 0.0003
Creatnine (umol L) 147.3 +£119.6 704+99 <0.0001
Urea (mmol L) 53+4.4 3.6+0.7 0.0002
Calcium (mmol L) 22+0.2 24+0.1 <0.0001
Corrected calcium (mmol L) 22+0.2 23+0.1 <0.0001
Sodium (mmol L) 139.0£4.8 132.9-2 35 0.026
Potassium (mmol L) 3.9 a5 46+4.2 0.022
Chloride (mmol L) 101.6 +4.2 100.1+1.9 0.001
PTH 42.0+35.2 224+49 <0.0001
Urine microalbumin

Positive 81 0

Negative 119 100 <0.0001
Urine protein

Positive 32 0

Negative 168 100 <0.0001

Data are presented as means + SD and as categorical variables.p value defines the
level of significance when case group was compared to controls (Unpaired t-test)
and categorical variables for case group compared to controls (Chi-square test).
SBP - systolic blood pressure; DBP — diastolic blood pressure; BMI — body mass
index; PTH — parathyroid hormone
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Figure 1 represents the distribution of case group by hypertensive class. The total
percentage prevalence of the various forms of hypertension (mild, moderate,
severe and very severe) increases from 1.0% to 10.5% and decreases to 8.5%
through to 10.0% respectively with females having the highest prevalence of severe

and the very severe form of hypertension whereas males dominate in the mild and

moderate forms.
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Figure 1: Distribution of case group by hypertensive class.
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4.2 COMPARISON OF STUDY PARAMETERS BETWEEN CASE GROUPS AND
CONTROLS STRATIFIED BY HYPERTENSION

From this table, the mean values of both systolic and diastolic blood pressures as
well as the indices of obesity had significantly higher values and also increase as
the severity of hypertension increases among the case group when subjects were
compared to controls. However, there was no significant difference between
subjects and controls in relation to height and waist to hip ratio. Again, the severity
of hypertension increases as the subjects aged. When the subjects were stratified by
hypertensive class, it was observed that creatinine and urea as well as parathyroid
hormone (PTH) increases as the severity of hypertension increases with a

concomitant decrease in both albumin and calcium.
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Table 4.2: Comparison of study parameters between case groups and controls stratified by hypertension

HYPERTENSIVE CLASS
Control Mild Moderate Severe Very Severe
Parameters (n = 100) (n=2) (n=21) (n = 20) (n=17) F p value
Age (years) 49.5 £ 10.6 57.5+£12.0 46.9 £ 7.2 53.8 + 8.5%** 55.7 £ 7.4%xx 11.6 < 0.0001
SBP (mm Hg) 1057 £ 9.8  150.0 £ 0.0%*  168.1 £ 4.0%*+* 193.0 £ 8.0%** 230.6 £ 19.8%** 739.2 < 0.0001
DBP (mm Hg) 69.81+ 7.6 92.5 + 3.5%* 100 * 0.0%** 110.3 + 1.7F%* 139.4 £ 19.5%** 298.3 < 0.0001
Height (m) 1.6 £0.1 1.6 £0.0 1.6 £0.1 1.6 £ 0.1 1.6 £0.0 0.908 0.461
Weight (kg) 63.5+ 47 64.0 £ 5.7 67.9 + 16.1 71.0 & 14.7%+* 71.8 = 8.3** 5.45 0.000
BMI (kg m™) 254+ 27 253+ 1.8 275+ 54 27.8 £ 5.7* 28.0 = 3.5* 3.83 0.005
Hip circumference (cm) 353+ 1.2 39.5+0.7 40.4 + 5.7F%* 41.3 + 4.50F% 41.7 & 4.30%% 32.01 < 0.0001
Waist circumference (cm) 332+ 13 36.5+ 0.7 o0 J&5 G 39.0 + 4.7%%* 39.2 + 4.40%x 28.26 < 0.0001
Waist to hip ratio 0.9+ 0.0 0.9 0.0 oo ey 0.9 % 0.0 0.9+ 0.0 0.6638 0.618
Weight to height ratio 40.1+ 3.2 40.2 + 3.2 431+ 9.2 444 + 8.8+ 44.8 + 520 5.027 0.001
Albumin (g L") 452+ 3.4 453 + 1.6 443+ 54 42.1 £ 6.1* 36.4 + 8.0%** 13.29 < 0.0001
Creatinine (umol L") 70.4 9.9 86.4 £ 12.0 110.0 £ 57.4 197.2 + 57.4%%%  367.0 £ 222.8%*+* 46.11 < 0.0001
Urea (mmol L") 3.6+ 0.7 4.0+0.8 o R, 43+ 1.8 13.4 £ 9.6%+F 34.36 < 0.0001
Calcium (mmol L) 24101 24 1+0.0 225 320.2 2.2 gefroy+* 1.9 £ 0.3+ 37.68 < 0.0001
Sodium (mmol 1. 1379 £ 23 139.6 £ 13.3 15805 25.3 140.8 £ 7.1* 1395+ 5.6 2372 0.055
Potassium (mmol 1. 46142 41+0.5 39%05 40+ 0.5 3.7£0.6 0.4894 0.744
Chloride (mmol L) 100.1 £ 1.9 1013+ 1.2 Py e mnge X M 102.4 + 4.9* 100.8 £ 5.0 3.67 0.007
PTH (ng L) 2241+ 49 211+ 1.9 284199 455 + 24 106 96.9 + (68.2%** 36.51 < 0.0001

Data are presented as means + SD. *(p < 0.05), **(p < 0.001), ***(p < 0.0001) defines the levels of significance when hypertensive classes were compared

with controls (One-way ANOVA with Dunnett’s multiple comparison test); PTH — parathyroid hormone;SBP — systolic blood pressure; DBP — diastolic blood

pressure; BMI — body mass index; NB: hypertensives who did not fall within the criteria used were not included in the above classification.
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4.3 COMPARISON OF ESTIMATED GLOMERULAR FILTRATION RATES WITHIN
THE STUDIED POPULATION STRATIFIED BY CKD STAGE.

Comparison of the estimated glomerular filtration rates (eGFR) within the studied
population stratified by CKD stage as depicted in Table 4.3 indicates that the mean
eGFR as determined by the various equations used (CG, CG-BSA, 4v-MDRD and
CKD-EPI) were significantly lower among the study participants compared to the
control group. Further, it depicts similar mean eGFR values among the subjects
even though there were slight variations among the controls.When stratified by
CKD stage, all the renal function equations interestingly generated similar mean

values for subjects with moderate and severe CKD among the case group.
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Table 4.3: Comparison of estimated glomerular filtration rates within the studied population stratified by CKD stage

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Equation Mean eGFR (= 90) (60 —89) (30 - 59) (15 -29) (<15)
s CG 972112 101.3+£7.9 81.1 7.1 Nil Nil nil
=
g CG-BSA 102.1 £ 121 1053 £9.4 82.2+ 6.6 Nil Nil nil
§ 4V-MDRD 117.3 £14.1 117.6 £ 13.9 89.3 £ 0.0 Nil Nil nil
CKD-EPI 115.8 £10.3 115.8 £10.3 Nil Nil Nil nil
% CG 62.0 £ 30.47%%* 1 YEERRIEIT ik 74.8 £ 8.1%* 46.6 £8.9 22.6 £53 109£1.9
% CG-BSA 02.8 + 29.0%** 105.8 £ 16.4 74.1 £ 8.2%¢* 46.1£9.2 22.7+149 114 £ 21
% 4V-MDRD 67.1 £ 33.77#F* 110.9 £ 16.1** T2 9% 448 £9.1 21.9 £ 4.7 102+ 24
CKD-EPI 05.8 £ 33.0°** 108.2 % 1144k 73.1+£9.0 459 £9.5 221 £5.2 91+22

Data are presented as means 1 SD. *p < 0.05, **p < 0.001, ***p < 0.0001 defines the level of significance when mean glomerular filtration
rate for case group was compared to that of controls (Unpaired t-test); nil — no study participant fell with this group; CG — Cockcroft-Gault;
CG-BSA — Cockcroft-Gault equation corrected for body surface area; CKD-EPI — Chronic Kidney Disease epidemiology equation; 4v-MDRD
— four variable modification of diet in renal disease.
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Table 4.4 demonstrates the prevalence of chronic kidney disease (CKD) among the
study participants as per the estimating equations used. Even though there were
variations in the mean percentage values with respect to mild CKD (stage 1), 4v-
MDRD and CKD-EPI gave similar percentage values with CKD EPI and CG giving
the highest and lowest percentage value respectively. For those with moderate
CKD (stage 2 and 3), all the renal function equations used gave close percentage
values apart from CG which gave the highest percentage prevalence of 36.0. CKD-
EPI gave the lowest percentage prevalence of 26.5. Interestingly, all the renal
function equations used generated similar percentage prevalence among study
participants with severe CKD (stage 4 and 5) with 4v-MDRD and CKD-EPI giving
similar percentage values. Furthermore, overall CKD prevalence among the
studied population revealed similar percentage prevalence rates apart from CG
which gave the highest overall prevalence rate of 50% with 4v- MDRD giving the

lowest overall prevalence rate of 43.0%.

49



Table 4.4: Prevalence of chronic kidney disease among the study participants as

determined with the estimating equations

Parameter Stage 1 Stage 2 Stage 3 Stage 4 Stage5 With CKD
Equation (=90) (60-89) (30-59) (15-29) (<15)

Control Group (n =100)
CG 80(80.0) 20(20.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
CG-BSA 86(86.0) 14(14.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
4V-MDRD 99(99.0) 1(1.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
CKD-EPI 100(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Case Group (n = 200)

CG 28(14.0) 72(36.0)  69(34.5)  25(12.5) 6(3.0) 100(50.0)
CG-BSA 36(18.0) 69(34.5)  67(33.5)  20(10.0) 8(4.0) 95(47.5)
4V-MDRD 53(26.5) 61(30.5)  59(29.5) 16(8.0) 11(5.5) 86(43.0)
CKD-EPI 55(27.5) 53(26.5)  61(30.5)  20(10.0) 11(5.5) 92(46.0)

Data are presented as absolute values and proportions
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4.5 STUDY VARIABLES AMONG HYPERTENSIVES STRATIFIED BY
MICROALBUMINURIA

When the study population was stratified by microalbuminuria, it was observed
that study participants with microalbuminuria had significantly higher levels of
both systolic and diastolic blood pressures compared to normoalbuminuric
subjects. Similary, significantly increased levels of serum creatinine, urea and PTH
were observed among subjects with ~microalbuminuria compared to
normoalbuminuric subjects. Serum albumin and calcium however, showed
significantly lower values among study participants with microalbuminuria
compared to normoalbuminuric subjects. Even though insignificant, all the indices
of obesity with the exception of waist to hip ratio were higher among

microalbuminuric subjects compared to their normoalbuminuric counterparts.
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Table 4.5: Comparison of study variables among hypertensives stratified by

microalbuminuria
Microalbuminuric ~ Normoalbuminuric
Variables (n = 81) (n =119) p value
Age (years) 54.5+ 8.5 49.6£7.8 < 0.0001
SBP (mm Hg) 200.1 £17.9 179.6 £ 16.6 < 0.0001
DBP (mm Hg) 1143 £ 189 97.8 + 8.6 < 0.0001
Height (m) 1.60 £ 0.1 1.58 £ 0.1 0.032
Weight (kg) 71.5 £12.6 68.1 + 129 0.065
BMI (kg m™) 28.0 £ 4.8 273150 0.343

Underweight 1(1.2) 2(1.7)

Normal 21(25.9) 34(28.5)

Overweight 38(46.9) 54(45.4)

Obese 21(25.9) 29(24.4) 0.643
Hip circumference (cm) 414+ 42 39.8+ 45 0.011
Waist circumference (cm) 39.0+ 4.3 373+ 44 0.009
Waist to Hip ratio 0.9 £ 0.02 0.9 + 0.02 0.295
Weight to Height ratio 447 £ 7.6 431+ 7.8 0.150
Albumin (g L") ANINER 3 445+ 45 < 0.0001
FBS (mmol 1. 521 0.6 50+ 0.6 0.122
Creatinine (umol ") 229.8 2¢ 15815 91.1 £ 187 < 0.0001
Urea (mmol ") Trottg,l 39+ 14 < 0.0001
Calcium (mmol L") 21£03 23+0.1 < 0.0001
Sodium (mmol ") 140.3 £ 5.9 13871 =546 0.002
Potassium (mmol ") 40+ 0.6 39+ 04 0.112
Chloride (mmol 1. 1023 £ 5.2 101.1 £ 3.2 0.033
PTH (pg ml.") 61.8 = 48.1 28.6 8.4 < 0.0001

Data are presented as means 1 SD. p value defines the level of significance when
microalbuminurics were compared with normoalbuminurics (Unpaired t-test); BMI —
body mass index; FBS — fasting blood glucose; PTH — parathyroid hormone; SBP —
systolic blood pressure; DBP — diastolic blood pressure
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4.6 COMPARISON OF STUDY VARIABLES AMONG HYPERTENSIVES STRATIFIED
BY PROTEINURIA

When the study variables among the hypertensives were stratified by proteinuria,
it was observed that study participants with proteinuria had significantly higher
mean values of both systolic and diastolic blood pressure compared to subjects
without proteinuria. Biochemical parameters were also not different as
albuminuric subjects had significantly increased levels of creatinine, urea and PTH
with a corresponding decrease in serum albumin and calcium compared to

subjects without albuminuria.
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Table 4.6: Comparison of study variables among hypertensives stratified by proteinuria

Proteinuria Absent Proteinuria
Variables (n = 32) (n = 168) p value
Age (years) 552192 50.9 £ 8.1 0.0076
SBP (mm Hg) 211.9 £ 20.6 183.4 + 16.1 < 0.0001
DBP (mm Hg) 1253 £ 21.4 100.5 £ 10.9 < 0.0001
Height (m) 1.60 + 0.1 1.58 £ 0.1 0.0747
Weight (kg) 71.7 £ 10.7 69.0 £13.3 0.2808
BMI (kg m?) 279+ 41 27.6 £5.0 0.7168

Underweight 0(0.0) 3(1.8)

Normal 8(25.0) 47(28.0)

Overweight 17(53.1) 75(44.0)

Obese 7(21.9) 43(25.6) 0.8476
Hip circumference (cm) 41.6 £ 43 402+ 4.4 0.0875
Waist Circumference (cm) 39.0x 4.7 37.8 £ 44 0.1546
Waist to Hip ratio 0.9 £0.03 0.9 £0.02 0.3343
Weight to Height ratio 447 £ 6.3 43.6 £ 8.0 0.4598
Albumin (g 1.7 358194 438 52 < 0.0001
FBS (mmol L) 5.37t.0¢ 5.0+ 0.6 0.0495
Creatinine (mmol I.") 342.0 £ 190.1 110.2 = 41.1 < 0.0001
Urea (mmol L) 11.4 + 8.1 41+£15 < 0.0001
Calcium (mmol L) 0 +8e3 2.3 05 < 0.0001
Sodium (mmol L") 139.6 £ 5.7 138.9 £ 4.6 0.431
Potassium (mmol 1) 41+0.7 39+04 0.1654
Chloride (mmol 1.7 101.8 £ 5.6 101.5+ 3.8 0.7944
PTH (pg mL.") 97.3 £ 53.5 31.5+ 159 < 0.0001

Data are presented as means 1 SD. p value defines the level of significance when
microalbuminurics were compared with normoalbuminurics (Unpaired t-test); BMI —
body mass index; FBS — fasting blood glucose; PTH — parathyroid hormone; SBP —
systolic blood pressure; DBP — diastolic blood pressure
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Figure 2 - 5 shows a linear regression analysis of various indices of renal
dysfunction (creatinine, urea, sodium, potassium, calcium) and serum parathyroid
hormone (PTH) in relation to systolic and diastolic blood pressures among study
participants (Al, B!, Cl,) and controls (A, B, C). Every unit/ mmHg increase in both
SBP and DBP results in a significantly corresponding increase in the serum
concentration of creatinine ( p= <0.0001), urea (p= <0.0001), PTH (p= <0.0001) and
Na* (p= 0.022 for SBP and p= 0.0014 for DBP) among the case group as compared
to the controls. Furthermore, BP increases as the subjects aged. Conversely, there
was a significant inverse relationship between calcium and both systolic and
diastolic blood pressures with p-values of <0.0001 in each case. However, there

was no linear regression between both SBP and DBP against potassium.

Fig. 6 - 7 also indicates a linear regression analysis of SBP and DBP against eGFR
as estimated by the various renal function equations among the studied
population. Significantly, there was an inverse relationship between systolic as
well as diastolic blood pressures and all the renal function equations used (CG,
CG-BSA, 4v- MDRD and CKD-EPI). Interestingly all the equations showed the
same level of significance among the case group when analysed against both
systolic and diastolic blood pressures (p= <0.0001) compared to the control group

which generated insignificant correlations.
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Figure 2: Regression analysis of systolic blood pressure against selected analytes

in control subjects (A,B,C) and case groups (A1,B1,C1)
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Figure 2: Regression analysis of systolic blood pressure against selected
parameters in control subjects (A,B,C) and case groups (A1,B1,C:
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Figure 5: Regression analysis of systolic blood pressure against estimated
glomerular filtration rate in control subjects (A,B,C,D) and case groups
(A1,B1,C1,D1)
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CHAPTER 5

DISCUSSION

5.1 EXCRETION OF MICROALBUMINURIA AND ALBUMINURIA AMONG
HYPERTENSIVES

The results from this study indicate a significant decrease in serum albumin
among the hypertensives presenting with nephropathy with a commensurate
increase in both microalbuminuria and albuminuria. This finding is in
agreement with earlier work done by Jalal et al., (2001), who reported a high
prevalence of microalbuminuria as well as urinary albumin excretion rate with
a decrease in serum albumin among hypertensives. Owiredu et al., (2011) also
reported a significant decrease in plasma albumin with a concomitant increase
in proteinuria and hence kidney damage among individuals with CKD.
Persistently increased proteinuria is mostly a marker of kidney damage.
Excretion of albumin in large quantities has been identified as a sensitive
marker for CKD attributable to hypertension and diabetes. Proteinuria implies
that there is an increased excretion of albumin or some other identifiable
protein in the urine Owiredu et al.,, (2011). Excretion of microalbumin in the
urine has recently been recognized as a predictive as well as an early marker
for impending nephropathy and a more aggressive cardiovascular
complication among hypertensives mainly because it indicates low but
abnormal levels of albumin equivalent to 30mg/day which cannot be detected
by the conventional proteinuric dip-sticks (Andronico, 1998, Jalal et al., 2001).

This presupposes that, it is not only an important marker for renal disease, but
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above all, cardiovascular risk. Particularly, in hypertensives, microalbuminuria
is associated with other signs of subclinical organ damage such as left
ventricular hypertrophy, retinopathy and increased aortic stiffness (Giorami et
al., 2008). In addition to this, findings from this study indicates that apart from
the significantly increased levels of creatinine and urea as well as the cardinal
indices of obesity among the study population, it was also noted that these
indicators significantly increases with the severity of hypertension which again
emphasizes the need for early detection of renal dysfunction and control of

hypertension.

As shown in table 4.1, there is a strong positive correlation (p-value <0.0001)
between all the cardinal indices of obesity (BMI, WC, Wt, HC) and
hypertension. Again, when the study population was stratified by
hypertensive class, it was found out that obesity increases as the severity of
hypertension increases among the study population. A finding similar to that
reported by Sanjay and Tiware (2001). Obesity whether measured by increased
BMI, WC or WHR have been shown to have a strong association not only with
hypertension but also a number of cardiovascular risk factors such as diabetes
mellitus, hyperlipidemia and even several cancers in many populations
(Owiredu et al., 2008). Indeed, central obesity, as evaluated by the waist
circumference, has been indicated as an in dependent risk factor for renal
dysfunction. Additionally, it has been demonstrated that increased body mass

increases the risk for developing renal dysfunction (Owiredu et al., 2011).
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Several studies have shown that, in the past decade, obesity among Ghanaians

has increased several times in most study populations (Owiredu et al., 2008).

It is therefore not suprising that life threatening comorbidities especially
hypertension and diabetes which are associated with obesity are on the
ascendancy. Documented evidence indicates that hypertension is more
common in obese individuals than non-obese individuals and further exhibit
higher levels of plasma rennin activity, angiotensinogen and aldosterone as

well as increased sodium retention (Vasilios et al., 2010).

5.2 ELECTROLYTE PROFILES AMONG HYPERTENSIVES

In this study, the hypertensives had increased serum concentration of sodium
and chloride but lower serum concentration of potassium compared to the
controls. This is in conformity with findings among hypertensives in
neighbouring Nigeria according to studies done by Iyalomhe et al., (2008) who
reported significantly higher levels of serum sodium and chloride with lower
levels of potassium among essential hypertensives. This finding however
differs from the findings of Adegoke et al., (1990), who did not find any
significant difference in these electrolytes between hypertensives and their
normotensive counterparts. Sodium retention in the body is regulated by
aldosterone; a mineralocorticoid hormone secreted through the activation of
rennin-angiotensin system, with increased levels of aldosterone proportional to
the sodium concentration and hence increased blood pressure (Owiredu et al.,
2011). There is considerable evidence that an inverse relationship exist between

potassium and blood pressure, and that potassium has the ability to neutralize
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the effect of sodium on blood pressure (Horacio and Medias, 2007). Thus,

sodium and potassium has counter effect on blood pressure.

The fact that serum levels of sodium and chloride were significantly higher
with lower serum potassium levels among the hypertensives compared to their
normotensive counterparts may probably reflect increased potassium loss in
exchanged for sodium load. It may also be due to derangements in the renin-
angiotensin system, since aldosterone is a major determinant of potassium
balance. Aldosterone stimulates potassium excretion both directly and
indirectly (by increasing sodium reabsorption at the distal part of the tubules).
Several properties of potassium including its antioxidant effect, its ability to
suppress sympathetic nerve response to salt-sensitive hypertension, as well as
its vasoactive effect which increases blood flow have all been found to reduce
blood pressure and reduce risk to hypertension (Sanjay and Tiwari, 2001).
Hence, increased sodium with lower potassium levels observed among the
hypertensives confirms the important roles of these ions in the pathogenesis
and maintenance of hypertension, and further affirms the rising trend of
hypertensive cases in the various health care facilities across the country.
Alternatively, this finding may imply a low intake of K* - rich diets including
fresh fruits (eg. apples, bananas, orange, etc) and vegetables which has been
demonstrated to lower blood pressure (especially among hypertensives than
normotensives) (Iyalomhe et al., 2008). In various human populations, K* has

been identified as an important predictor of mean arterial pressure mainly
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because hypertensives have been reported to have lower serum or plasma and

total body K* levels than normotensives (Ilyalomhe et al., 2008).

5.3 PREVALENCE OF CKD AMONG THE STUDIED POPULATION

CKD is gradually becoming common in tropical Africa partly because risk
factors such as hypertension and diabetes are on the ascendancy. Current
guidelines emphasize the need to assess kidney function using predictive
equations so as to optimize the care for individuals presenting with CKD
(Owiredu et al., 2011). In this study, the commonly used predictive equations in
clinical practice (MDRD, CKD-EPI, CG, and CG-BSA) were applied to assess
the prevalence of CKD among the study population. The results indicates that
the prevalence of CKD among the hypertensives as indicated by MDRD, CKD-
EPI, CG-BSA, CG were 43.0%, 46%, 47.5% and 50% respectively. This finding is
consistent with a recent study by Osafo et al., (2011) to identify the prevalence
of CKD among hypertensives in Accra, Ghana in which the prevalence of CKD
was found to be 46.9%. Available facts from the National Kidney Foundation
(2002), indicates that several millions of people worldwide are at increased risk
of developing CKD and that, hypertension and diabetes still remain the major
risk factors accounting for up to two-thirds of all cases of CKD. These and
other supporting facts including findings from this study presupposes that
high BP is a common cause of CKD and hence patients with high BP are at
increased risk of loss of kidney function and development of CKD. Individuals
with high BP should therefore be carefully evaluated for the presence of CKD

especially those with decreased GFR.
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5.4 RELATIONSHIP BETWEEN PARATHYROID HORMONE (PTH), CALCIUM,
BLOOD PRESSURE AND EGFR.

This study evaluated the relationships between PTH and calcium, PTH and
blood pressure as well as eGFR and blood pressure. The significant inverse
relationship between PTH and serum calcim among the hypertensive group
compared to the controls, as well as the progressive increase in serum
concentration of PTH as the severity of hypertension increases has been
observed in earlier studies by Jorde et al., (2000) who observed elevated serum
PTH levels with significantly lower serum calcium among essential
hypertensives. Young et al, (1990) also reported similar findings among

hypertensives.

This finding may suggest secondary hyperparathyroidism among these
hypocalcaemic essential hypertensives. The main factor involved in the
regulation of PTH secretion is the concentration of ionized calcium in the
extracellular fluid, and a very important feature of the parathyroid gland is its
sensitivity to small changes in serum calcium concentration (Locatelli et al.,
2002). Hence a reduction in ECF calcium concentration immediately leads to an
increase in PTH secretion. Subsequently, it stimulates an increase in PTH
synthesis and finally enhances parathyroid cell proliferation (Locatelli et al.,
2002). Hypocalcaemia therefore stimulates excess PTH secretion and may lead
to secondary hyperparathyroidism due to hyperphosphataemia and decreased

synthesis of 1,25-dihydroxycholecalciferol (calcitriol).
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It is well known that the kidney may be both a cause and a victim of high
blood pressure, and as to whether systolic or diastolic blood pressure poses a
greater risk for renal function deterioration has become a matter of concern to
most researchers. Other studies have reported that subjects with high mean
diastolic blood pressure exhibited a significantly greater decline in renal
function than subjects with lower diastolic pressure (Klahr, 1994; Brazy et al.,
1989) wheras others have also reported similar findings attributing decline in

renal function to systolic blood pressure (Cerasola et al., 2009).

In this study however, a strong positive association was observed between BP
(both systolic and diastolic) and renal function deterioration among the
hypertensives as per the estimated renal function equations used (MDRD,
CKD-EPI, CG and CG-BSA). There was an equally significant positive
association between age and both systolic and diastolic blood pressures,
confirming a significant trend of increasing blood pressure with increasing age

and renal function deterioration.
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CHAPTER 6

CONCLUSION AND RECOMMENDATION

6.1 CONCLUSION

In conclusion, estimated GFR is moderately and severely reduced in a
significant proportion of the studied population and that renal dysfunction is
highly prevalent among non-diabetic hypertensives. The study has established
that using the CKD-EPI, CG-BSA, MDRD and CG, chronic kidney disease is
prevalent in about 46.0%, 47.5%, 43.0% and 50% respectively among the study
population and that irrespective of the renal function equation used, the
prevalence rate is high. In this study, 40.5% of the subjects presented with
microalbuminuria where as 16% presented with proteinuria. In comparism
however, none of the control subjects presented with either microalbuminuria
or proteinuria. This finding therefore confirms the importance of
microalbuminuria as an important marker of renal dysfunction. Further studies
are however, warranted prior to the generalization of these findings for non-
diabetic hypertensives. Health care institutions should institute measures for
the early detection of renal dysfunction such as microalbuminuria to

ameliorate the increasing prevalence of kidney dysfunction.

The results of the present study suggest that parathyroid hormone (PTH) is
linked with derangements in the metabolism of calcium as well as the severity
of hypertension and hence may contribute to the development of secondary

hyperparathyroidism. PTH should therefore be measured early among
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hypertensives especially those with the severe form of hypertension so as to be
abreast with any changes and the necessary interventions provided to forestall
the occurrence of any complication that may arise as a result of
hyperparathyroidism. It is also imperative that appropriate public health
education is initiated in all the districts of Ghana to advocate appropriate
dietary habits and lifestyle in addition to exercising to promote good health

among the general populase.

6.2 RECOMMENDATION

% Further studies are warranted in different populations among Ghanaian
hypertensives to confirm the relationship between PTH and calcium as

well as the severity of hypertension prior to its generalization.

% Microalbuminuria should be included as a routine tool as has been with
proteinuria in the management of hypertensives in our various
healthcare centres since it has been proven to be an early marker to pick

distortions in renal disease.

>

R/
*

A study should be conducted to establish the role of renin and

)

aldosterone in the aetiology of hypertensive nephropathy.
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