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ABSTRACT
BACKGROUND
Hypertension is a major public health challenge especially among blacks. It is associated with
target organ damage, one of which is the kidneys. Majority of these target organ
complications have been documented by various workers in Nigeria. However, only a few
studies on hypertensive renal disease in our environment were complemented with renal
histopathology.
OBJECTIVE
This study sought to determine the prevalence of benign hypertensive nephrosclerosis among
patients with essential hypertension, identify the possible risk factors and determine the
relationship, (if any) between the clinical diagnostic parameters and the histopathology
findings.
MATERIALS AND METHODS
The study was a cross-sectional study of patients being followed up for essential hypertension
at the cardiology and nephrology outpatient clinics of the Obafemi Awolowo University
Teaching Hospital Complex (OAUTHC), Ile Ife, Nigeria between September 12, 2012 and
January 31, 2014.
The study population comprised of adults aged 40 and above who had been hypertensive for
at least 5 years. Hypertension was defined as persistent systolic blood pressure ≥ 140mmHg
and or diastolic blood pressure ≥ 90mmHg (JNC VII guideline) or persistent need for antihypertensive medication. Patients whose hypertension is secondary to kidney diseases,
pregnancy induced hypertension, HBsAg , anti HCV and HIV positive patients, patients with
proteinuria >1500mg in 24hrs or hypertensive heart failure NYHA class II, III, IV and other
causes of secondary hypertension were excluded from the study.

xiv

All patients had blood drawn for serum creatinine, urea, and 24-hours urine collection for
protein estimation. Estimated glomerular filtration rate (eGFR) was calculated using CKDEPI equation. Those with eGFR <60mls/min/1.73m2 or 24-hours urinary protein >150mg had
the serum creatinine and 24-hours protein estimation repeated after 3 months to establish
CKD. Each patient had echocardiography and /or dilated fundoscopy done to assess for
evidence of other target organ damage i.e. left ventricular hypertrophy and/ or hypertensive
retinopathy. Clinical diagnosis of hypertensive nephrosclerosis was made based on
established

clinical diagnostic criteria. Those who fulfilled these criteria were biopsied after

taking informed consent. The presence, pattern and severity of vascular, glomerular and
tubulo-interstitial changes were noted. Histological diagnosis of hypertensive nephrosclerosis
was made in those fulfilling the established criteria.
Data was analysed using SPSS package version 20.
A total of 271 patients were recruited. Of these, 63(23%) patients were lost to follow up
leaving 208 available for analysis. The age of those available for analysis ranged between 45
and 65 years with mean age of 57(± 5) years and mean eGFR of 85.28(± 18.94) ml/mins. Of
these, 125 (60%) patients met the clinical diagnostic criteria for hypertensive nephrosclerosis,
and all had mild to moderate CKD (CKD stages 1 - 3). Markers of renal dysfunction
identified were isolated hyperfiltration in 2 patients (1.6%), hyperfiltration with proteinuria in
3 patients (2.4%), isolated proteinuria in 105 patients (84%), reduced eGFR<60ml/min in
combination with proteinuria in 9 patients (7.2%) while the remaining 6 (4.8%) had isolated
reduced eGFR <60mls/min. Forty of these patients had renal biopsy done but adequate
tissues were obtained in only 37 of them.
Seventeen of the 37 biopsies had segmental glomerulosclerosis either in combination with
focal global glomerulosclerosis (3 cases) or with arteriosclerosis and or/ arteriolosclerosis and
focal global glomerular sclerosis (14 cases); 13 had global glomerulosclerosis with vascular
lesions; 2 other had global sclerosis without vascular lesions while the remaining 5 were
apparently normal on light microscopy. Interstitial fibrosis was demonstrated in 18(48.65%)
xv

patients. Tubular atrophy and dilatation was seen in 12(32.43%) and 10(27%) patients
respectively.
Of all the 37 biopsies only 26 biopsies fulfilled the criteria for diagnosis of hypertensive
nephrosclerosis. The extent of global sclerosis correlated with the severity of arteriosclerosis
(r=0.470, p= 0.015), hyalinosis (r=0.475, p=0.014) and interstitial fibrosis (r = 0.484
p=0.012). Global sclerosis was found to correlate with eGFR (r = - 0.470, p =0.015) while the
extent of arteriolosclerosis correlated with BMI (r = 0.437, p =0.02) and 24-hours urinary
protein excretion (r = 0.407, p = 0.039). Age at contact, presence of other target organ
damage or duration of hypertension did not correlate with the severity of glomerular lesion,
arteriosclerosis and/ or arteriolosclerosis and interstitial fibrosis. Only 70% of patients that
fulfilled the clinical criteria were confirmed by renal biopsy.
Low eGFR and increasing 24-hours urinary protein excretion were the only predictors of
biopsy proven hypertensive nephrosclerosis identified in this study (p=0.001 and 0.007
respectively).
In conclusion, HN is common among patients with treated essential hypertension; it presents
as a mild to moderate form of CKD, while diagnostic histological features were only found in
about 70% of the clinically diagnosed subjects.

xvi

CHAPTER ONE
1.

INTRODUCTION

Hypertension is a major public health problem worldwide,1,

2

especially among the black

populations .3, 4 It is the most common cause of cardiovascular disease in the blacks and a major
cause of morbidity and mortality.5,

6

The definition of hypertension is arbitrary since blood

pressure is normally distributed in the general population.

However, based on JNC VII

guidelines 7 and the British Hypertension Society,8 it is defined as systolic blood pressure (BP) ≥
140mmHg and diastolic BP ≥90mmHg or both. In economically developed world, the prevalence
of hypertension ranges between 20 and 50%.9 In West Africa, prevalence is estimated to be
15.6% ,4 while in Nigeria it ranged from 8-10% in rural settings to 10-12% in urban population
based on blood pressure threshold of 160/95mmHg.10-12

However, with the definition of

hypertension based on the seventh Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC VII) guidelines, many more Nigerians
(14.5-38%) can be said to be hypertensive .4,7,13-20

The major long term complications of hypertension include left ventricular hypertrophy,
ischaemic heart disease, heart failure, cerebrovascular disease, dementia, peripheral arterial
disease, retinopathy and chronic kidney disease. Majority of these target organ complications
have been documented by various workers in Nigeria. 21-26
Hypertensive nephrosclerosis is a slowly progressive, heterogeneous disease whose
morphological findings result from interplay of complex environmental and genetic factors,
rather than absolutely implying a linear direct relationship to damage induced by hypertension.
Hypertensive nephrosclerosis is reported as the second most common cause of ESRD both in
Europe and the US.27,

28

It is commoner in blacks than whites. A study by Chijioke et al
1

29

comparing ESRD among Nigerians with Caucasians further demonstrated this. Hypertension as a
cause of end stage renal disease was found in this study to be three times higher in blacks than
whites. Studies have also demonstrated a greater disparity in the rate of progression of CKD in
African Americans compared to Caucasians with equivalent blood pressures .30, 31 Many attribute
the excess frequency of hypertensive nephropathy in African Americans to the higher
prevalence, greater severity of high blood pressure, lower socioeconomic status, poor access to
medical care, poor maternal nutrition leading to low birth weight as well as low nephron
number.32-38 However, the risk of developing hypertensive renal disease still persists even after
statistically correcting for the environmental co-factors,

39

suggesting a role for genetic

predisposition of ESRD from hypertension. This genetic risk is also supported by studies
demonstrating familial clustering of hypertensive ESRD in African Americans and to a lesser
extent in Caucasians .40-42

In our environment, hypertensive nephrosclerosis ranked second to chronic glomerulosclerosis
(CGN) as a cause of ESRD

29, 43-46

though, in 1990, Ojogwu

hypertensive nephrosclerosis to be the leading cause of ESRD.

47

in a prospective study found
Nwankwo et al 48 reported an

incidence of 45.5% of impaired kidney function among hospitalized hypertensive patients in
Maiduguri. He also identified the risk factors for the development of CKD among patients with
essential hypertension .35

The fact that prevalence studies available in our environment were derived from studies of
ESRD, when it is often difficult to distinguish between hypertension-associated ESRD and
others and that these studies are limited by lack of histopathology reports necessitated this study.

2

This study therefore seeks to find answers to the following research questions.
1.

What is the prevalence of hypertensive nephrosclerosis among patients with treated
essential hypertension attending Medical outpatient clinic at OAUTHC, Ile Ife?

2.

What are the clinical characteristics and risk factors in the group developing hypertensive
nephrosclerosis?

3.

What are the histopathologic features seen in patients with hypertensive nephrosclerosis

1.

OBJECTIVES OF THE STUDY

1.1.1. General Objectives
To determine the prevalence and pattern of hypertension induced-nephrosclerosis among
patients with essential hypertension attending Medical outpatient clinic at OAUTHC, Ile- Ife.
1.1.2. Specific Objectives
1. To determine the prevalence of hypertensive nephrosclerosis among patients with
essential hypertension.
2. To compare the clinical features in patients with essential hypertension who developed
hypertensive nephrosclerosis (HN) and those without HN
3. To identify possible risk factors for development of hypertensive nephrosclerosis.
4. To describe the histological changes in hypertensive nephrosclerosis and determine the
relationship, if any between clinical parameters and histopathology findings.

3

1.1.3

Goals
1. Know the magnitude of the disease among patients with treated essential
hypertension and the critical risk factors for its development and propose
preventive strategies directed at its risk factors.

4

CHAPTER TWO
2.0

LITERATURE REVIEW

The relationship between hypertension and renal disease has been recognized since the days of
Richard Bright,49 although controversy still existed whether renal scaring occurs as a result of
elevated blood pressure or primary renal disease preceded hypertension. 50-55
In 1914, Fahr and Volhard introduced the concept of hypertensive nephrosclerosis and concluded
that vascular changes in the kidney are the primary event leading to hypertension and
nephrosclerosis.56 Also, Klahr in 1989 stated that the kidney, apart from being the 'villain' with
respect to the pathogenesis of essential hypertension, may also be its 'victim'. 57
There is no doubt that long standing hypertension is deleterious to renal and other vessels. While
it is indisputable that malignant hypertension and renovascular disease can cause end-stage renal
disease (ESRD), there is doubt regarding the accuracy of the observation that essential
hypertension is a cause of ESRD .49 However, various observational data and epidemiological
studies favour the view that hypertension independently increases the risk of ESRD.32, 39, 58-61
Hypertensive nephrosclerosis is reported as the second most common cause of ESRD both in
Europe and the US.27,

28

The higher US incidence of hypertension-associated ESRD may be

related to the higher incidence in African American subset.28 Approximately one third of African
Americans initiating dialysis in the U.S. were labeled with hypertension-associated ESRD, in
contrast to 25% of European Americans.28
Over half a century ago, Perera followed up 500 patients with untreated hypertension until their
death, and found that 18% of them developed renal impairment.59 Rostand et al
5

61

in a

retrospective study showed that 15% of patients with essential hypertension developed impaired
renal function during an average period of 5 years while other larger cohort studies showed that
approximately 2% develop renal failure in 5 years.60 In most cases, the diagnosis of hypertensive
nephrosclerosis was made on clinical grounds without a histological confirmation since renal
biopsy was not routinely done. There is a possibility that hypertension-associated ESRD might
have been misdiagnosed for cases of subclinical primary renal disease, renal arteriosclerotic
disease, cholesterol microembolization and unnoticed primary episodes of malignant
hypertension. Moreover, the insidious clinical manifestations of hypertensive nephrosclerosis
may mimic these aforementioned entities.32,

39

Thus, the incidence and prevalence of

hypertensive nephrosclerosis might have been overestimated. A study has shown that
hypertensive nephrosclerosis may be less frequent in an ESRD population than commonly
assumed if strict clinical criteria were used, the prevalence changing from 37% to 1.5%-13%.58

2.1

RISK FACTORS

The aetiology and pathogenesis of vascular sclerosis have remained obscure, despite multiple
levels of investigation. Animal and human studies have shown that nephrosclerosis seen in
essential hypertension cannot be explained solely by worsening vascular necrosis induced by
elevated blood pressure .62 In addition to elevated blood pressure, it is clear that some complex
genetic and environmental factors like severity and duration of hypertension ,
level ,34 poor access to medical care and lower socioeconomic status ,
well as low nephron number are involved .36,

34, 38

32, 33

educational

low birth weight as

37

In a large review of renal biopsies, Meyrier et al 63 found that the degree of vascular sclerosis did
not correlate with hypertension. Interestingly, significant vascular sclerosis was present even in
6

non-hypertensive renal disease, suggesting that unrecognized factors other than blood pressure
could account for sclerosis of the vessel.
These factors include:
2.1.1. BLACK RACE
The severity of nephrosclerosis is well known in the black race, it occurs earlier and often cause
end-stage renal disease.29,

64

Race proved to be a more powerful risk factor than presence,

severity, or duration of hypertension, level of education, or socioeconomic status. Independent
reports from McClellan et al 65 and Whittle et al 66 have shown that African-American race was
the risk factor of greatest importance for predicting hypertensive ESRD. Whittle et al

66

in a

retrospective study found that hypertensive ESRD is about 5.6 fold higher in black population
than white. They also demonstrated that the incidence of hypertensive ESRD is directly related
to population’s prevalence of hypertension, severity of hypertension, diabetes mellitus and
inversely related to age at onset and socio-economic status. The incidence of hypertensive ESRD
was still 4.5 folds higher among blacks than white even after adjusting for mean age at diagnosis,
sex, severity of hypertension, diabetes mellitus, and level of education. Their findings failed to
support the hypothesis that race related differences in prevalence, severity, or age at onset of
hypertension, prevalence of diabetes and in socio-economic status, could explain the wellrecognized differences in the black-white differences in the hypertensive ESRD incidence.
Other studies have shown that incidence of end stage renal disease attributed to hypertension is
five-fold higher in African Americans than in non-African Americans.67,

68

In support of this

racial bias, the Multiple Risk Factor Intervention Trial, (MRFIT) 30 study indicated that effective
blood pressure control was associated with stable renal function in white people but not in black
people. It appears that there are some factors working in concert with racial disparity either as
7

promoters and /or primers. These factors may include lack of access to medical care, socioeconomic status, severity and duration of hypertension, educational level, drug abuse and
alcohol, genetic predisposition, birth weight and nephron endowment .32,

34, 36-38

Of all these,

genetics may play a very important role. Animal studies in which genetically different but histocompatible kidneys were exposed to the same blood pressure in an individual host have clearly
demonstrated that some kidneys are more sensitive than others to hypertension-induced renal
injury .69 Studies in African-Americans reveal a close relationship between the presence of endstage kidney disease secondary to hypertension and some polymorphisms of MYH9 gene
located on chromosome 22, which encodes for non-muscle myosin heavy chain II A.70,

71

In

support of this, Freedman et al72 evaluated 15 MYH9 single-nucleotide polymorphisms in 871
African-Americans with non-diabetic CKD (175 chronic glomerulonephritis-associated ESRD
and 696 hypertension-associated ESRD) and 948 control subjects without CKD, of whom 34%
were hypertensive. Significant associations were found between MYH9 gene and non-diabetic
chronic kidney disease in 14 of 15 MYH9 polymorphisms in all the 871 subjects.

In

hypertension-associated ESRD cases alone, significant associations were found with 13 MYH9
polymorphisms and the E1 MYH9 haplotype previously reported in the study of Kopp et al .71
The E1 haplotype was significantly more common in individuals with hypertension-associated
ESRD than in controls without kidney disease (odds ratio of 2.23; P = 4.52 x1012). This same
study also showed that not all who were homozygous dominant for MYH9 risk alleles developed
the disease, which suggests that other factors, such as environment or interaction with other
genes, add to individual genetic susceptibility.
There are recent data implicating presence of APOL 1 risk variants on chromosome 22 among
patients having hypertensive nephrosclerosis .73-76 For APOL 1, two coding risk variants ( G1
8

and G2) in the last exon of APOL 1 which confers resistance to lethal Trypanosoma brucei
infections were implicated.73, 75 These variants are restricted to populations of recent African
descent and has been demonstrated not only in African American but also in the South-West
Nigeria, among the Yoruba tribes. 77 The spectrum of APOL 1 associated kidney disease
includes focal segmental glomeruloslerosis, non-diabetic CKD/end-stage kidney disease often
attributed to systemic hypertension, sickle cell nephropathy, collapsing glomerulopathy in the
settings of systemic lupus erythematosus and HIV while the pathogenic mechanisms by which it
produces these diseases are unknown. APOL 1 associated nephropathy is inherited in an
autosomal recessive manner.
A number of studies have demonstrated environmental factors as modifiers of genetic
predisposition in African-American hypertensives with nephrosclerosis. Calhoun et al,78 Light
et al,79-80 and Parmer et al

81

in their different studies showed that African-American

hypertensives with nephrosclerosis display exaggerated autonomic responses to environmental
stressors (78-81). The adrenergic genetic determinants of renal dysfunction in this population
have also been documented (82-84).82-84 These include genetic variations otherwise called
polymorphisms in the chromogranin A [CHGA] gene, adrenergic β1 receptors [ADRβ1] and
adrenergic β 2 receptor [ADRβ2]. 82-84
Two halotypes were found to be more frequent among patients with hypertensive ESRD in the
promoter 5’ region of CHGA G-462A→T-415C→C-89A, haplotype ATC and at the 3′-end,
C11825T (3′-UTR, C+87T)→G12602C, haplotype TC.85
Genetic susceptibility of the hypertensive blacks to nephrosclerosis is in concert with interaction
with other genes. Specific angiotensin converting enzyme (ACE) gene Insertion /Deletion
polymorphisms (genotypes DD,DI, II) and angiotensinogen genes have been linked with
9

cardiovascular

disorders,

including

hypertension,

myocardial

infarction

and

cardiac

hypertrophy.86 Of the ACE polymorphism, the DD genotype is also an important modulator for
the renal response to injury and the response to treatment in persons with hypertensive
nephrosclerosis .87,

88

The DD genotype is associated with a higher prevalence of progressive

renal disease in several patient’s populations including Caucasians and Japanese.89-91
Furthermore, the DD genotype though significantly more frequent in African American
populations compared to Caucasians,92 play an important role in whites irrespective of the degree
of hypertension. Whether these effects are also present in the African American population
remain to be determined.
Angiotensinogen gene mutations were increased in African Americans with essential
hypertension, compared to Caucasian hypertensive populations .93
Secondly, there is an hypothesis that lower birth weights, a common occurrence in black
populations which translate into fewer nephrons at birth,37 may in part explain the etiology of
essential hypertension .94, 95 This same hypothesis might apply to the black race and explain the
frequency of hypertensive nehprosclerosis in African Americans.96
Studies suggest that increased expression of TGF-β in African-Americans may be responsible for
the severity of renal hypertensive response to injury in these patients .97,

98

TGF- β facilitates

extracellular matrix assembly by stimulation of its synthesis and prevention of matrix
degradation and is important in tissue repair and remodelling. Overproduction, on the other hand,
is an important mechanism for fibrogenesis. TGF- β has been implicated in several of the long
term sequel of poorly controlled hypertension, including LVH, hypertensive vascular remodeling
and ESRD.

10

2.1.2. AGE
Hypertension and aging may cause similar hypertrophic changes in the walls of large and small
kidney arteries that lead to decreased arterial compliance.99-101 Aging is associated with a high
frequency of pre-glomerular vascular lesions (including hyalinosis and arteriolar thickening),
with impaired renal function, and with salt-sensitive hypertension .99,

100

The diagnosis of hypertensive nephrosclerosis increases with advancing age. The peak age for
the development of end stage renal disease in white patients is 65 years and older, while in black
people 45-65years .102 There is also a morphometric evidence that these arteriolar lesions may
predispose to impaired autoregulation .103 The mechanisms responsible for the development of
the renal lesions are still being studied .104

2.1.3. HYPERURICEAMIA
Epidemiological studies have demonstrated that uric acid is a major and independent risk factor
for the development of renal disease in the general population, in patients with
glomerulonephritis and those with essential hypertension .35, 105, 106

Experimental studies have reported that hyperuricemia induces systemic hypertension and renal
injury via a crystal-independent mechanism, involving renal vasoconstriction mediated by
endothelial dysfunction and activation of the renin-angiotensin system.107-109 Over time, these
animals developed afferent arteriolar lesions, salt sensitivity, glomerular hypertension,
glomerular hypertrophy, albuminuria, and eventually glomerulosclerosis.107-110 Thus, both
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experimental and human data clearly show that subjects with hyperuricemia and/or gout are at
increased risk for hypertension with renal insufficiency.
2.1.4. SYSTOLIC HYPERTENSION.
Systolic hypertension has been underestimated as a major risk factor for renal and
cardiovascular outcomes in hypertensive populations, since most clinical trials in cardiovascular
and renal disease have utilized diastolic or mean arterial pressure as the parameter for titrating
antihypertensive drugs.111 There are several large trial studies indicating pre-eminence of systolic
hypertension as a powerful predictor of the development of ESRD. These studies include
Multiple Risk Factor Intervention Trial (MRFIT) Atherosclerosis Risk in Communities (ARIC)
observational study, the Hypertension Detection and Follow- up Program (HDFP), the Systolic
Hypertension in the Elderly Program (SHEP), and the VA Cooperative Trial report that systolic
blood pressure is an independent risk factor for ESRD attributed to hypertension.30-32, 50,112, 113 In
majority of these studies a strong graded relationship between systolic and diastolic blood
pressure and end stage renal disease or decline in renal function were identified. 32, 50, 112
In the placebo arm of SHEP,112

2181 men and women were followed up for renal function

decline over a period of 5 years. The incidence and relative risk of decline in the renal function
was found to increase at higher levels of blood pressure for all the blood pressure components.
Systolic blood pressure imparted the highest risk of decline in kidney function. The adjusted
relative risk (95% confidence interval) associated with the highest compared with the lowest
quartile of BP was 2.44 (1.67 to 3.56) for systolic; 1.29 (0.87 to 1.91) for diastolic; 1.80 (1.21 to
2.66) for pulse pressure; and 2.03 (1.39 to 2.94) for mean arterial pressure.
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In the MRFIT, the relative risk of end-stage renal disease for those with stage 4 hypertension
(systolic pressure >210 mm Hg or diastolic pressure >120 mm Hg) compared with men with an
optimal level of blood pressure (systolic pressure <120 mm Hg and diastolic pressure <80 mm
Hg), was 22.1 (P<0.001). The estimated risk of end-stage renal disease associated with
elevations of systolic pressure was greater than that linked with elevations of diastolic pressure
when both variables were considered together.32

2.1.5. DYSLIPIDAEMIA
Dyslipidemia is a common finding in hypertensive nephrosclerosis. When systemic hypertension
and hyperlipidaemia co-exist, the combination induces more glomerular injury than with either
risk factor alone .114 The oxidation of low density lipoprotein is the critical prompting step in the
mechanism of injury .114
It is also increasingly recognized that hypercholesterolemia, which is also associated with
endothelial

dysfunction,

is

a

risk

factor

for

progression

of

CKD.

In

addition,

hypercholesterolemia correlates with global glomerulosclerosis in patients with biopsy-proven
hypertensive nephrosclerosis .96 In the ARIC study, hypertriglyceridemia and low plasma levels
of high-density lipoprotein (HDL) were associated with the onset of hypertensive renal
disease.113 Thus, the treatment of dyslipidaemia may help delay the onset or retard progression of
hypertensive renal disease as seen in other forms of CKD.

2.1.6. OBESITY/ METABOLIC SYNDROME
Obesity and the metabolic syndrome have become increasingly associated not only with
hypertension but also with an increased frequency of renal disease .115-118 Overweight and obesity
is prevalent in Nigerians,

ranging between 20.3-35.1% and 8.1-22.2% respectively.119
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Akintunde et al found the prevalence of overweight and obesity among hypertensive patients in
two teaching hospitals in South West Nigeria to be 31.9% and 25.5% respectively.120 However,
there is little information on its impact on CKD among Nigerians.

The mechanism for the increased susceptibility to renal injury may relate to activation of the
sympathetic and renin angiotensin systems and/or the deposition of lipids in the renal
parenchyma, resulting in increased interstitial pressure.116 Another reason is that obesityassociated metabolic syndrome is almost always associated with hyperuricemia

121

and the

hypertension in them tends to be salt sensitive .121, 122

Obesity-associated renal disease is associated with vascular lesions, interstitial inflammation,
glomerular hypertrophy and glomerulosclerosis, and with evidence for glomerular hypertension,
as noted by elevated filtration fraction .117 The secondary focal segmental glomerulosclerosis
seen in obesity associated renal disease is characterized by marked glomerulomegaly, a feature
which distinguishes it from the FSGS seen in hypertensive nephrosclerosis.

2.1.7. SMOKING
Cigarette smoking has been associated with an increased rate of decline in renal function in
diabetics and patients with essential hypertensive.35, 123, 124 Studies have shown that smoking is a
potent predictor of albuminuria in hypertensive patients .124-126 Smoking interferes with a lot of
systems capable of inducing renal damage.127 It causes alteration in the endothelial cell structure
and function, particularly by inhibiting the release of nitric oxide, diminished prostacyclin,
increased release of thromboxanes, isoprostanes, generation of reactive oxygen species,
increased platelet aggregation and monocyte adhesion to endothelial cells.127 It also causes
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increase in sympathetic nerve activity, atherosclerosis of renal or intra-renal arteries and
arterioles, increase in renal vascular resistance leading to a drop in glomerular filtration rate,
renal perfusion flow. It also causes tubule-toxicity. 127

Other risk factors for hypertensive nephrosclerosis and its progression include family history of
hypertension or CKD especially among African Americans,41,

42

duration and severity of the

hypertension,33, 39 male gender , 29, 128 and low socio-economic status.34, 38

Table 1 shows the risk factors for hypertensive nephrosclerosis and its progression.
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Table1. Risk factors for hypertensive nephrosclerosis and its progression
Black race
Genetics- ACE and Angiotensin gene polymorphism, MYH9, APOL 1
Family history
Age
Male gender
Duration of hypertension
Severity of hypertension
Systolic hypertension
Diastolic blood pressure
Dyslipidaemia
Obesity and metabolic syndrome
Low socio-economic status
Hyperuricemia
Decreased nephron number
Cigarette smoking
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2.2

PATHOGENESIS

The pathogenesis of hypertensive nephrosclerosis is complex and incompletely understood.
Tracy and Ishii postulate that nephrosclerosis may not be a single disease entity in the sense of
responding to a single aetiology, such as hypertension or aging.129 Rather, it appears to be
multifactorial. It may, in part, be a consequence of fibroplasia in the intima of small sized
arteries causing ischemic damage to some nephrons, or the end product of a mixture of
converging separate pathologic conditions i.e. "second hits," of which only some are known.

The morphological findings of so-called hypertensive nephrosclerosis, rather than implying a
linear direct relationship to damage induced by hypertension, may indicate interplay between
environmental and genetic factors, which together foster the coexistence of renal lesion and
hypertension in clinical setting.130 The mechanisms of hypertensive renal injury in the
susceptible individual are not clear, however two major pathogenic mechanisms have been
proposed.

One mechanism suggests that glomerular ischemia causes hypertensive nephrosclerosis
(ischaemic/hypoxic nephrosclerosis) while the second theory says glomerulosclerosis occurs
because of glomerular hypertension, glomerular hyperfiltration and hypertrophy (hypertrophic
glomerulosclerosis). The two mechanisms are not mutually exclusive; they may operate
simultaneously in the kidney. These two processes have also been linked to impaired
autoregulatory mechanism of the renal blood flow.
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Usually at minimally elevated systolic BP (140mmhg ≥170mmhg), the glomerulus is protected
from the consequence of systemic hypertension by the renal autoregulatory mechanism. In
response to increase in afferent arteriolar flow secondary to hypertension, there is myogenic
contractile response supplemented by tubuloglomerular feedback from the macular densa signal,
in the late segments of pre-glomerular vessels leading to pre-glomerular vasoconstriction and
increased afferent arteriolar resistance .131, 132 This increased pre-glomerular vasoconstriction of
afferent arteriole and interlobular artery leads to autoregulation of glomerular capillary pressure
and flow thus preventing the effect of systemic hypertension to be fully transmitted to the
glomerular circulation.

This autoregulatory mechanism works to normalize blood flow over a short term, with structural
changes in the vasculature contributing to chronic increase in vascular resistance .132 These long
term changes induced by hypertension, lead to vascular remodelling and vascular smooth muscle
cell (VSMC) hypertrophy resulting in narrowing of pre-glomerular arteries and arterioles, with a
consequent reduction in glomerular blood flow, glomerular pressure and consequently
glomerular ischeamia. Glomerular ischeamia leads to fibrosis cascade both in the affected
glomeruli and in the related tubulointerstitial tubules supplied by the post-glomerular circulation
causing global glomerular (obsolescent) sclerosis, tubulointerstitial fibrosis, tubular atrophy and
thus nephron loss. Luke proposed that the afferent arteriolar changes, wrinkling of the basement
membrane and global sclerosis occur when arteriolar constriction (i.e autoregulatory mechanism)
is excessive with a marked reduction in glomerular blood flow and pressure.102

The second mechanism of injury occurs in an attempt to compensate for loss of renal function of
the sclerosed nephrons or in the setting of low nephron number. There is loss of autoregulatory
18

mechanism in the remaining nephrons leading to vasodilation of the preglomerular arterioles and
capillaries, increased renal blood flow, transmission of elevated pressures to the now-unprotected
glomerulus, with ensuing hyperfiltration and glomerular hypertrophy with enlarged tufts and
dilated capillaries eventually manifesting the lesion typical of

secondary focal segmental

glomerulosclerosis (FSGS) with capsular adhesion, segmental scars and hyalinosis lesion .102, 103
Such

glomeruli when they become globally sclerotic show a pattern called glomerular

solidification with the former tuft adherent to Bowman’s capsule circumferentially leaving little
or no evidence of the former Bowman’s space.28 Such lesion could account for the few patients
seen with heavy proteinuria in the later stages of progression of hypertensive nephrosclerosis .102
This transition is supported by biopsy findings of the study by Harvey et al 133 in which focal
glomerulosclerosis is accompanied by heavier proteinuria and higher serum creatinine while the
major glomerular lesion in earlier patients is global sclerosis. With massive proteinuria, another
loop is added to the network of renal damage, as increased delivery of proteins to the proximal
tubules further triggers tubulointerstitial injury and scarring .134

Angiotensin II also seems to play a central role in these mechanisms. It causes elevation of
systemic and intra-glomerular pressures, trapping of mesangial macromolecules, selective defect
in the glomerular barrier and glomerular hypertrophy. It also exhibits profibrotic actions
particularly through transforming growth factor-B (TGF-β) overexpression, endothelin 1
expression and secretion, and tubulointerstitial fibrogenic effect are all actions produced by
angiotensin II receptor type-1 (AT1) stimulation.134-136

Figure 1 shows the interplay of factors that influence the development and progression of
nephrosclerosis.
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Intrinsic microvascular Disease
Genetic factors
Black race
Congenital Oligonephronia

Aging
Concomitant Cardiovascular
Disease

Preglomerular
microvascular lesion

Hypertension
Dyslipideamia
Smoking
Proteinuria
Insulin resistance

Large renal artery
lesions

Glomerular Ischaemia
Glomerular Hypertension

Hypertension
Dyslipideamia
Smoking
Proteinuria
Insulin resistance

Nephrosclerosis

Figure 1: Summary of factors influencing the development and progression of Nephrosclerosis.
Culled from Marin et al 101
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2.3

PATHOLOGY

The pathological changes seen in hypertensive renal injury affect the renal vasculature,
glomeruli, tubules and the interstitium. Some of the changes are not specific to the disease.
Similar changes could also be observed in renal biopsy specimens of patients who are
normotensive, particularly with advancing age, and / or obesity related kidney injury.

The histological diagnosis of hypertensive nephrosclerosis has been made in various studies
using the WHO monogragh of renal disease criteria .137 These criteria demonstrated that the renal
lesions of hypertensive nephrosclerosis involve not only the renal vasculature but also the renal
parenchyma vis a vis the glomeruli (Figure 2), the renal tubules and interstitium.
1. Vascular lesion: In chronic hypertension there is medial hypertrophy and fibroblastic
intimal thickening (intimal fibrosis) of the arteries, leading to narrowing of the vascular
lumen 135, 138 With loss of auto-regulatory mechanism there is deposition of hyaline-like
material (plasma protein constituents, such as inactive C3b, part of the third component
of complement) into the damaged, more permeable arteriolar wall i.e. arteriolar
hyalinosis (especially the afferent arteriole). 138, 139
2. Glomerular lesions:


Thickening of the capillary walls with accumulation of hyaline materials



Diminution of the capillary lumen



Mild to moderate mesangial thickening
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Fibrous deposits on the Bowman’s capsule and diminution of the Bowman’s space



Collapsing of the glomerular tuft

These glomerular lesions (glomerular sclerosis) can either be global or segmental depending on
the percentage of glomerulus involved with sclerosis.
Heptinstall went ahead to describe two distinct phenotypes of global
glomerulosclerosis in essential hypertension 140:
•

Obsolescent global sclerosis, in which the Bowman’s space is filled by periodic
acid schff (PAS) positive collageneous material with retraction of the tuft,
representing sclerosis of ischemic glomeruli.

•

Solidified glomeruli, in which the sclerotic tuft fills the entirety of the former
Bowman’s space (Solidification of the tuft), in the absence of collagenous change
in the capsular space. It is often associated with lesions recognizable, representing
the sclerosis of FSGS-type glomeruli.

•

In addition to the above, Marcatoni and colleagues
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describe a third phenotype

called “Disappearing glomeruli”, in which there is a complete or partial
disappearance of the Bowman’s capsule and the sclerotic glomerular tuft begins
to blend with the background fibrosis.
3. Tubules and interstitium
Tubules show:


Focal or generalized atrophy



Tubular dilatations

Interstitium show:


Interstitial lymphocytic infiltration
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Interstitial fibrosis

Table 2 shows pathologic lesions in hypertensive nephrosclerosis whille Figure 2 is a schematic
representation of vascular and glomerular lesions in hypertensive nephrosclerosis.
Table 2: Pathologic lesions in hypertensive nephrosclerosis on light microscopy
Arteriosclerosis and arteriolosclerosis
Medial hypertrophy
Intimal fibrosis
Hyalinosis of peri-glomerular arterioles

Glomerular sclerosis
Global glomerulosclerosis
Obsolescent glomerular sclerosis
Solidified glomerular sclerosis
Disappearing glomeruli
Segmental glomerulosclerosis

Tubulointerstitial changes
Tubular atrophy
Inflammation
Fibrosis
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Figure 2: Schematic representative of vascular and glomerular lesions in hypertensive
nephrosclerosis. Culled from Freedman et al 141
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2.4

CLINICAL FEATURES

There is a wide variability in the presentation of hypertensive nephrosclerosis, ranging from
asymptomatic proteinuria and haematuria to the nephrotic syndrome or, most frequently to
slowly progressive chronic renal failure.

They typically present with a long standing history of hypertension, slowly progressive
elevations in the urea and plasma creatinine concentration and gradually increasing proteinuria
which is initially in non-nephrotic range.138,

139

The hypertension is mild, must have been

ongoing for many years, at least 5-10yrs, usually accompanied by high left ventricular mass
index and retinopathy. Hypertension is diagnosed prior to the onset of renal dysfunction and
proteinuria .139 These patients usually have family history of hypertension.139,

142

With no

evidence of immune complex disease or diabetes mellitus, the urinalysis in them is usually
benign with few cells and cast.

Proteinuria in them is usually mild even though some studies have shown that it could be marked
or even in nephrotic range in the subset of patients with solidified or disappearing
glomerulosclerosis. The presence of marked proteinuria in patient with apparent hypertensive
nephrosclerosis has been suggested as a poor prognostic index.143, 144

2.5

DIAGNOSIS

There has not been any consensus on the clinical or histological criteria for the diagnosis of
benign hypertensive nephrosclerosis. The nature of this heterogeneous disease has been
hampered by lack of rigorous diagnostic criteria. 142
Usually the diagnosis of benign hypertensive nephrosclerosis (HN) is made on clinical grounds,
without renal biopsy and any evidence that hypertension preceded the renal disease. As a result,
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the true incidence and prevalence of benign hypertensive nephrosclerosis might have been overestimated depending on the clinical criteria used since HN can be mistaken for athero-embolic,
ischemic nephropathy secondary to atheromatous disease (renal artery stenosis, cholesterol
emboli), or glomerulonephritis

(145-147)

. Such a misdiagnosis bias might be exaggerated in

African-Americans, who are more likely to be clinically labelled as having hypertensive renal
disease than the whites .60 A study has shown that hypertensive nephrosclerosis is less frequent in
end-stage renal disease population than commonly assumed if strict clinical criteria were used,
prevalence changing from 37% to 1.5-13%.148 In this study, end-stage renal disease were
phenotyped for hypertensive nephrosclerosis according to parameters established from two
rigorously designed hypertensive nephrosclerosis phenotyping studies: the Schleindinger and
AASK criteria.

Few large biopsy based studies have been reported so far. A prospective study by Zucchelli and
Zuchala 147 showed “true” hypertensive nephrosclerosis in only 26 (46%) out of 56 Caucasians
clinically diagnosed as such. In this study clinical diagnosis of hypertensive nephrosclerosis was
assumed if patient had a history of long-standing hypertension with grade I or II retinopathy,
serum creatinine ≥l.8 mg/dl or CrCl ≤40 ml/min/1.73 m2 and hypertension is the only known
factor responsible for renal failure.
Edna Regina Silva 149 biopsied 90 hypertensives patients with impaired renal function defined as
serum creatinine ≥ 133µmol/after excluding other possible causes of renal dysfunction. Of the 81
patients with adequate renal biopsy tissue, benign nephrosclerosis was demonstrated only in 18
(22%), buttressing the fact that clinical diagnosis of hypertensive nephrosclerosis could be a
mixed bag without a renal biopsy .145
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However, Fogo et al 96 in the AASK pilot trial, showed an 85% correlation between clinical and
histological diagnoses of HN in African Americans. In their study 95 hypertensives were
assessed for renal biopsy based on the AASK criteria .96 42 patients did not undergo renal biopsy
due to refusal or contraindication while 7 others had undergone a previous biopsy for medical
reasons. Only 39 out of the remaining 46 patients had adequate renal biopsy specimen for
analysis, 38 of these showed arteriosclerosis and /or arteriolosclerosis with moderate interstitial
fibrosis and hyaline deposit in arterioles and/or arteries in 62% and 56% of the biopsies
respectively, one biopsy showed evidence of end stage renal disease. Segmental
glomerulosclerosis was present in 5 biopsies and one of the patients had clinical and pathological
features of idiopathic focal segmental glomerulosclerosis. Global glomerulosclerosis was seen in
35 biopsies. Additional lesions included basement membrane thickening suggestive of diabetic
nephropathy in one, mesangiopathic glomerulonephritis in one patient and cholesterol emboli in
two cases. Thus, middle-aged African-Americans with longstanding moderate to severe
hypertension, stage 3 chronic kidney disease (GFR < 60 mL/min), and urine protein/creatinine
ratio < 2.5 are likely to exhibit renal pathology consistent with hypertensive nephrosclerosis. It
should be borne in mind that all these biopsy studies used different inclusion criteria for
recruitment of patients.

The two rigorously designed phenotypic criteria derived from two large hypertensive
nephrosclerosis phenotyping studies (96, 139)96, 139 are summarized below.

Schlessinger et al Criteria 139:
1. Family history of hypertension (first degree relative);
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2. Left ventricular hypertrophy by echocardiography and or electrocardiography;
3. Proteinuria (< 500g or ≤ 2+ on dipstick urinalysis);
4. Hypertension (Systolic blood pressure ≥140 and or diastolic BP ≥90mmhg
preceeding any evidence of renal disease (proteinuria, serum Cr > 1.2mg/dl);
5. Absence of nephrotoxin exposure, congenital or intrinsic renal disease or systemic
illness associated with renal damage

AASK Criteria 96


African - American



Age 18 to 70 years



Hypertension defined as diastolic blood pressure ≥ 95 mm Hg



Mild to moderate renal insufficiency, defined as
Iothalamate glomerular filtration rate between 25 and
70ml/min/1.73m2



Absence of marked proteinuria, with urine protein/creatinine ratio ≤2.0,
determined by a 24-hour urine collection during the baseline period



No clinical evidence suggestive of a secondary hypertension or other causes
of proteinuria (i.e. immune complex disease, serious systemic disease,
diabetes mellitus and congestive heart failure)

2.6

TREATMENT

28

Once the diagnosis of hypertensive nephrosclerosis is established, management should pursue
three goals, namely
i.

To ensure adequate control of blood pressure.

ii.

To reduce the glomerular pressure and prevent the continuous build-up of
extracellular matrix which leads to interstitial fibrosis as well as glomerular
lesions of FSGS by using angiotensin converting enzyme inhibitor or angiotensin
II receptor antagonist and

iii.

To identify and treat all modifiable risk factors for hypertensive nephrosclerosis
and its progression.

Several studies have shown that lowering blood pressure significantly reduces the rate of
progression of renal function.30, 32, 33, 39 However, none of these studies specifically focused on
hypertensive nephrosclerosis with established chronic kidney disease, and the multi-center trials
were not designed to examine renal outcomes. Of the few clinical trials in the management of
hypertensive nephrosclerosis, only AASK study prospectively examined the impact of clinical
management on renal outcomes in patients with hypertensive nephrosclerosis. Patients recruited
for the study were randomized to one of two levels of blood pressure control and one of the
following treatment regimens: metoprolol (control group), ramipril, or amlodipine. Other antihypertensive agents were added to achieve blood pressure goals; patients were followed for up to
5 years (mean follow-up, 3.4 years). The achieved mean arterial blood pressure was about 10
mm Hg lower in the lower blood pressure group as compared to the usual blood pressure group.
This difference was achieved within 6 months and was maintained throughout follow-up. The
results of the blood pressure comparison groups revealed no significant difference between the
lower blood pressure and the usual blood pressure group in the rate of decline in GFR or renal
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outcomes which is in agreement with previous findings in the MDRD Study .150 Patients with a
baseline proteinuria <300 mg/day, assigned to the lower blood pressure group had reduced risk
for developing proteinuria >300 mg/day. The rate of GFR decline in those with proteinuria
>300mg/day was approximately 5ml/min/year as compared to 2ml/min/year further buttressing
the fact that proteinuria is an important risk factor for progression of hypertensive
nephrosclerosis and is generally associated with a lower GFR .68, 111, 144 Proteinuria increased by
58% for the amlodipine group and declined by 14% in the metoprolol group between baseline
and 6 months (P =0.001). Proteinuria increased by 7% in the usual BP group and decreased by
17% in the lower BP group during the first 6 months. These differences between treatment
groups persisted throughout the study. Follow-up proteinuria was slightly lower in the ramipril
than the metoprolol group but not significantly (P=0.06 for the comparison of total change over 4
years). The cumulative event rate for the composite outcome of rapidly declining GFR, ESRD,
or death was significantly lower in the ramipril as compared either with the metoprolol or the
amlodipine groups. Thus, AASK provides the first evidence of a beneficial effect of ACE
inhibition on renal function in African American patients, in addition to excellent blood pressure
control.
Segura et al 151 performed a retrospective analysis of Spanish patients diagnosed as having
nephrosclerosis. Patients receiving ACE inhibitors showed a marked reduction in the risk of a
50%reduction in creatinine clearance during a 7-year follow-up.
According to the JNC VII treatment guideline, the target blood pressure for patients with CKD is
≤130/80mmHg and ≤120/75mmHg if proteinuria is >1g.19
2.7

PROGNOSIS
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Though among common renal diseases, treated hypertensive nephrosclerosis has the slowest
average rate of decline in glomerular filtration rate, 1–2 mL/min/year,68, 150 studies have shown
that benign nephrosclerosis may be associated with severe morbidity and mortality.152

The factors associated with progression to ESRD include age, black race (African Americans),
level of proteinuria and serum creatinine, systolic BP values. A retrospective study by Vikse et al
152

on 102 patients who had renal biopsy that confirmed the diagnosis of hypertensive

nephrosclerosis and was followed up for thirteen years showed that patients with increased
serum creatinine and urinary protein had a significantly higher risk of progression to ESRD
during the entire follow-up period.152 Three years after the time of biopsy, 18% of patients had
progressed to ESRD, while 24% died. At follow-up 13 years after biopsy, 32% had ESRD and
47% had died. Each time the serum creatinine doubled the relative risk of progression to ESRD
increased by 2.6 times. Likewise, every 1g/24 hours rise in proteinuria increased the relative risk
of progression by 1.4 times. The baseline serum creatinine of ≥200 µmol/l and urinary protein
values ≥ 1g/24hrs were predictors of worse outcome. Those with increased systolic blood
pressure significantly more often developed ESRD during the first 3 years after biopsy but had
similar risk of developing ESRF after 13 years of follow-up while increased diastolic blood
pressure, increased age and decreased serum albumin all tended to predict ESRF during the first
3 years, after which the predictive effect of these variables were lost.

The most important risk

factors for death in the study were older age and increased serum creatinine.
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CHAPTER THREE
3.0

METHODOLOGY

3.1

Study location
The study was carried out at the Cardiology clinic of the Obafemi Awolowo University

Teaching Hospitals’ Complex, (OAUTHC) Ile-Ife, osun state. OAUTHC is a major tertiary
referral center located in the South-western geopolitical region of Nigeria. It serves as a referral
centre for patients from other states of the federation including Oyo, Ondo, Ekiti, Kogi, Lagos,
Kwara and Edo States.
The health institution has 675 beds in six health care facilities through which it provides
integrated health care delivery to the people. These are Ife Hosptial Unit (the headquarters),
Wesley Guild Hospital, Ilesa, Dental Hospital, Obafemi Awolowo University, Ile-Ife, Urban
Comprehensive Health Centre, Eleyele, Ile-Ife, Multipurpose Maternity and Child Health Centre,
Ilesa and Rural Comprehensive Health Centre Imesi – Ile.
The Nephrology Unit has a wider area of coverage due to its pioneering activities in providing
renal replacement therapy.

3.2 ETHICAL APPROVAL AND CONSENT
The study was approved by the Ethics and Research Committee of the OAUTHC, Ile-Ife
(Appendix 1) and all participants gave written informed consent (Appendix II) prior to being
enrolled into the study.
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3.3

STUDY DESIGN

This was a cross-sectional study of hypertensive patients attending Medical outpatient clinics at
Obafemi Awolowo University Teaching Hospitals’ Complex (OAUTHC), Ile-Ife.

3.4

Study Population

Subjects recruited were hypertensive patients, whose duration of hypertension was at least five
years, presenting for routine follow up at the Cardiology out-patient clinic of Obafemi Awolowo
University Teaching Hospital Complex, Ile-Ife.
3.4.1 Inclusion Criteria
1.

Patients with essential hypertension as defined by persistent systolic blood
pressure ≥ 140mmHg and/ or diastolic blood pressure ≥90mmHg (JNC VII
guidelines) or persistent need for antihypertensives.7

2.

Patients aged ≥40yrs who have been hypertensive for at least 5yrs and whose
hypertension predates evidence of CKD.

3.4.2 Exclusion Criteria
Patients with
1. Known causes of chronic kidney diseases such as chronic glomerulonephritis, diabetes
mellitus, adult autosomal dominant polycystic kidney disease, obstructive uropathy,
lupus nephritis, chronic pyelonephritis, and nephrolithiasis.
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2. Renal artery stenosis (diagnosed by duplex USS)
3. Pregnancy-induced hypertension
4. HBsAg , anti HCV and HIV positive patients
5. Proteinuria >1500mg in 24hrs
6. Hypertensive heart failure NYHA class II, III and IV
7. Other causes of secondary hypertension

3.5

Sample Size Estimation

Sample size was calculated using the formula for estimating a single proportion at a specified
precision .153
n = Zα2 Pq
d2
Where:
n

=

minimum sample size

Zα

=

standard normal deviate corresponding to a level Of significance,
usually 5%(1.96)

P

=

Prevalence of outcome of interest

Prevalence of renal insufficiency among patients with treated essential hypertension as reported
by Rostand et al 61 in 1989 was 15%
q

=

1 – prevalence (1-0.15 = 0.85)

d

=

level of precision (absolute) usually set at 0.05
with an error margin of 10%.

Therefore,
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n

=

(1.96)2 (0.15) (0.85)
(0.05)2

=

3.8416 x 0.15x 0.85
0.0025

=

196

After adjusting for non-response rate (NR) of 20% using the formula below
n

100
100 - NR

=
Adjusted sample size =
3.6

n (100/80)
245

Sampling Technique

All consenting hypertensive patients were recruited consecutively into the study. Subjects were
recruited for the study over a period of sixteen months.

3.7. MATERIALS
•

Proforma: A composite proforma comprising patients’ demographic data, past medical
history, anthropometric measurements, examination and laboratory findings were
administered to subjects and the control group. The proforma was pre-tested before the
commencement of the study and it was administered by the researcher.
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•

Other materials used include:

•

Stadiometer (ZT 160 Health Scale)

•

Weighing scale (Camry ISO 9001)

•

Tape measure

•

Echocardiography machine (GE Vivid 7 Dimension): GE Vingmed ultrasound,
Strandpromenaden 45, N3191, Horten, Norway.

•

Ultrasound machine (Mindray Real time ultrasound scanner DC-6 with Doppler
facilities)

3.8

•

Spring loaded Trucut biopsy needle

•

Stethoscope (Littmann classic II)

•

Opthalmoscope (Wellchalyn , UK)

•

Mercury sphygnomanometer (Accoson,UK)

Data Collection
Clinical:

These patients were reviewed in the clinic. Information on their demographic data, duration of
hypertension, blood pressure control over six months, history of nocturia, frothiness of urine or
uremic features, relevant past medical history, relevant drug history (the anti-hypertensive drugs
the patients uses, drug compliance defined as regular use of anti-hypertensive medications at a
dose prescribed by patient’s physician, analgesic use (type and frequency of use), relevant family
and social history (family history of hypertension, socio-economic status, past or present history
of smoking, history of alcohol consumption or traditional herbal concoction use) were obtained.
Socio-economic status was assessed using modified Oyedeji’s socio-economic class
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classification (Appendix III).154 General physical and systemic examinations were conducted on
each patient.
Analgesic abuse for the purpose of this study was defined as use of non-steroidal antiinflammatory drugs (NSAIDS) for pain control at least three days in a week /or chronic use of
NSAIDS.
Those who are in the habit of taking either alcohol or water based herbal medication on most
days (at least 3 days) of the week were said to have significant exposure to herbal concoction.
Weight was recorded in kilograms using a standard weighing scale on a firm horizontal surface
with patients wearing light clothing and shoes removed; measurement of height was done using a
stadiometer in a standing position on a flat surface and recorded in meters with patients not
wearing shoes or headgear. Body mass index (BMI) was calculated as the ratio of measured
weight to the square of the measured height (Kg/m2). The waist and hip circumference and the
waist hip ratio were determined.
Blood pressures were measured in sitting position using Accoson mercury sphygmomanometer
(England) with an appropriate cuff size. Blood pressure was measured in both right and left
arms. Whenever any disparity was detected, the higher of the two measurements was used.
Measurements were taken after the patient must have rested for about 3-5minutes. Systolic
blood pressure (BP) was recorded at phase I of Korotkoff sounds while diastolic BP was
recorded at phase V Korotkoff sounds. Two consecutive measurements were obtained five
minutes apart for each subject and average was recorded as BP for that visit. To assess blood
pressure control over time, BP of each patient was taken in the medical out-patient clinic every
two months over a period of six months. The systolic and diastolic blood pressure measurements
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at three different out-patient visits over the period of six months were recorded and the means of
these values were documented.
Hypertension was defined as the use of anti-hypertensive drugs or average resting blood
pressure ≥ 140/90mmHg.
Abdominal ultrasound was conducted to estimate the size of the kidneys and exclude obstructive
uropathy. Renal duplex USS was done to rule out renal artery stenosis in subjects with
differential kidney size ≥2cm and suggestive renal vascular doppler findings.
Dilated fundoscopy was done using Wellchallyn opthalmoscope and hypertensive retinopathy
was graded using Keith-Wagener- Barker’s criteria .155
Two-dimensional, M-mode and Doppler transthoracic echocardiography was performed using
GE Vivid 7 ultrasound imaging system with P 5 7MHz transducer. Measurements were made
using the American Society of Echocardiography guidelines.156
Chamber dimension, septal wall thickness and left ventricular posterior wall thickness in diastole
and systole were determined.
Left ventricular mass was derived using the American Society of Echocardiography (ASE)
formula157:
Left ventricular mass (g) =1.04[(LVIDd + PWTd + IVSd)3 – (LVIDd)3 ] x 0.8 + 0.6g (Devereux
modified ASE cube formula)
Where 1.4

=

Specific gravity of the myocardium

0.8

=

correction factor
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LVIDd

=

Left ventricular internal diameter in diastole (cm).

PWTd

=

Left ventricular posterior wall thickness in diastole (cm)

IVSTd

=

Interventricular septal thickness in diastole (cm)

Left ventricular mass was indexed for body surface area (LVMI) using the Monsteller’s formula
for body surface area (BSA)158:
BSA

=

Square root of [Weight (kg) x Height (cm)/3600].

Relative wall thickness (RWT) was calculated using the formula
RWT

=

2 x PWTd / LVIDd

Left Ventricular Hypertrophy (LVH) was defined as LVMI > 95 in females or >115 in males
according to ASE guidelines.159 RWT was abnormal if ≥0.42.159
Based on the above values, four different left ventricular wall geometries were described.159
1. Concentric LVH defined as LVMI > 95 in females or >115 in males with RWT ≥ 0.42
2. Eccentric LVH when LVMI > 95 in females or >115 in males with RWT < 0.42
3. Concentric Remodeling when RWT ≥ 0.42 and LVMI ≤ 95 in females or ≤ 115 in males
4. Normal if RWT < 0.42 and LVMI ≤ 95 in females or ≤ 115 in males
Blood Sample Collection and Tests
Ten milliliters of venous blood was collected from each participant following standard
procedure (160); 6.0ml was captured in lithium heparin specimen bottles for fasting lipid profile,
serum urea and creatinine, uric acid and 4mls for fasting blood sugar and 2hours post-prandial
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sugar. Plasma was separated immediately upon collection by centrifugation and thereafter stored
in plain bottles at -200C for batch analysis using standard laboratory procedures in all cases;
1.

Serum Creatinine level determination using the standard hospital laboratory method
of Jaffe’s reaction.161

2.

Serum urea level determination using the colorimetric test i.e. the diacetyl monoamine method.162

3.

Serum uric acid level using Uri case method.163

4.

Fasting Lipids was assessed using enzymatic methods.164

5.

Samples were collected for fasting blood sugar and two-hours postprandial glucose
check.

6.

Erythrocyte sedimentation rate was done using Westergren method. 165

7.

HBsAg and anti HCV were tested using One Step Cassette Style HBsAg
RapidCard™ and One Step InstaTest Cassette Style HCV RapidCard™ respectively

8.

Estimated glomerular filtration rate (eGFR) was estimated using CKD epidemiology
collaboration prediction equation. 166

Urine Collection and Handling
Patients were taught how to collect fresh early morning urine samples in a sterile
universal bottle. Urinalysis was done using urinary dipstick, Combi-Uriscreen® 10SL
(Germany) to assess for protein, leucocytes and nitrite in urine samples. Female subjects were
instructed to void fresh urine that is remote from their menstrual periods. In subjects with
leucocyturia, positive dipstick nitrite test and or/ history suggestive of urinary tract infection,
urine microscopy, culture and sensitivity were done assessing urinary sediments for hematuria,
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urinary casts and growth of organisms. For those with urinary tract infection, treatment was
implemented based on the sensitivity result.
All subjects had 24-hours urine collection after thorough education on the procedure. A four-liter
wide bored container with boric acid added was provided to each patient for this procedure. The
collection was done between 7a.m. and 7a.m. of the next day. Urine volume was recorded and an
aliquot was taken and stored at 2-60C for batch analysis for urinary protein and creatinine.
Subjects with proteinuria >150g/24 hours or eGFR < 60mls/min/1.73m2 had a repeat 24-hours
urinary collection and serum creatinine respectively three months after.
Clinical Diagnostic Criteria for Hypertensive Nephrosclerosis for this study included
1. History of essential hypertension of at least five years duration and predating the
onset of CKD;
2. Evidence of target organ damage i.e. LVH on echocardiography and/or
hypertensive retinopathy;
3. eGFR < 60mls/min and/or persistent proteinuria in excess of 150mg in 24hours
but not more than 1500mg (150 – 1500mg);
4. Age 40 years and above;
5. Normal ESR, normal urine sediment;
6. Absence of diabetes melitus, HBsAg, anti HCV HIV, Congestive cardiac failure,
clinical evidence of intrinsic renal or immune complex disease,
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Patients that fulfilled the above criteria were said to have hypertension induced CKD for
this study.

Renal Biopsy
Patients with eGFR ≥ 20ml/min <60ml/min and/ or persistent proteinuria whose age is ≤ 65yrs
that fulfilled the above criteria underwent percutaneous ultrasound guided renal biopsy. The
biopsies were done under supervision. Core renal biopsy samples were taken from each patient,
fixed in 10% formaldehyde and processed for light microscopy. Sections were made from
formalin fixed paraffin embedded tissue and stained by Hematoxylin-Eosin, Periodic – Acid
Schiff (PAS), and Masson Trichrome. All samples were examined under light microscope and
reported by a histopathologist with the investigator in attendance. Renal biopsies were included
in the analysis if at least seven glomeruli and a vessel were present in the tissue examined by
light microscopy.

The glomeruli were examined for glomerulosclerosis, wrinkling of the glomerular basement
membrane and mesangial expansion. Tubules were examined for tubular thickening and fibrosis,
atrophy or dilatation, interstitium for interstitial fibrosis and cellular infiltrates and the vessels for
intima media hypertrophy, intima fibrosis, myointimal cell proliferation and hyalinosis. The
histological diagnosis of hypertensive nephrosclerosis was made by standard morphological
criteria, including sclerosis of vessels with global sclerosis and proportional tubulointerstitial
involvement in the absence of any other defining lesions. Cases with segmental sclerosis were
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included if primary focal segmental sclerosis were unlikely i.e. no nephrotic range proteinuria,
hypoalbuminemia and hyperlipidemia at onset of renal disease. Criteria for diagnosis of
secondary focal segmental sclerosis associated with hypertensive nephrosclerosis included, the
predominance of small, shrunken, globally sclerotic glomeruli, ± periglomeruli sclerosis on light
microscopy.167 Other causes of secondary focal segmental sclerosis lesions such as reflux
nephropathy were excluded based on the absence of clinical history suggestive of UTI or
pyelonephritis and most importantly morphological findings that are suggestive of such entity
(patchy, geographical areas of fibrosis with disproportionate tubulointerstitial injury).
An assessment guide adopted from Churg Jacob and Sobin LH137 was used to determine the
severity of the kidney lesions. The presence of global or segmental glomerulosclerosis was
assessed and quantified as percent of glomeruli involved with sclerosis. Interstitial fibrosis,
arteriolar thickening and arterial thickening were scored semi-quantitatively on a 0 to 3+ scale,
with 0 no lesions present, 1+ mild abnormality, 2+ moderate, and 3+ severe. The severity of
these lesions was correlated with clinical findings. To ensure consistency, the pathologist
reconfirmed these findings at random.

Global sclerotic glomeruli were characterized as obsolescent, solidified or disappearing as
previously reported.167

Tubular atrophy was further characterized into three different types; the classic-type, the
endocrine-type and the thyroidisation-type tubular atrophy as previously reported.168 Classic
tubular atrophy was used when the atrophic tubules had thickened, wrinkled and sometimes
laminated basement membrane with a simplified epithelium. Endocrine- type tubular atrophy
was scored when atrophic tubule was small with narrow or absent lumen and clear regular
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epithelial cells and thyroidisation type- tubular atrophy when tubular epithelium was flattened
and tubular lumen contained a rounded hyaline protein cast.168

Contraindications to renal biopsy in this study were: an abnormal prothrombin time, partial
thromboplastin time, bleeding time, platelet time or bleeding diasthesis; inability to withdraw
aspirin, NSAIDs or anticoagulants for ten days before and after biopsy; uncooperative patients
and longitudinal kidney size of < 9cm estimated by renal imaging.
Post biopsy, patients were advised to lie on their back for at least 6 hours in the observation
room. Their vital signs were monitored closely and each patient kept a urine rack to enable me
identify those with bleeding complication (haematuria) in the immediate post- biopsy period.

3.9

DATA MANAGEMENT

Data obtained was analyzed using statistical package for social sciences version 20 (SPSS).
Prevalence of hypertensive nephrosclerosis was the number of patients who met our proposed
clinical diagnostic criteria divided by total number of patient studied expressed as percentage.
Characteristics of those with biopsy proven hypertensive nephrosclerosis were compared with
those who did not meet the clinical diagnostic criteria for hypertensive nephrosclerosis.
Continuous variables were expressed as mean, median and standard deviation. Categorical
variables were summarized using frequencies and percentages.
Continuous variables were compared using Mann Whitney U test or independent t test while
categorical variables were compared using Pearson chi-square or Fischer’s exact test as
appropriate.
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Association between individual variable and the pathological descriptors were evaluated using
Spearman’s correlation coefficient and contingency table test of independence as appropriate.
Baseline demographics and clinical characteristics of patients with biopsy proven HN and those
without clinical evidence of HN were compared to determine any factors that distinguish the 2
groups for risk factor estimation using Odds ratio. Multiple regression analysis was used to
assess the weight of different confounders.
A two tailed p-value <0.05 was considered statistically significant.
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CHAPTER FOUR
4.0

RESULTS

4.1

DEMOGRAPHIC CHARACTERISTICS OF THE STUDY POPULATION

A total of 271 patients being followed up for essential hypertension were recruited from the
Obafemi Awolowo University Teaching Hospitals’ Complex’s medical outpatient clinic between
September 10, 2012 and January 31, 2014. Of these, 63 patients (23%) were lost to follow up
leaving only 208 patients available for analysis (Table 3).
The age of the study population ranged between 45 and 65 years with mean age of 57.0(± 5.32)
years. Majority of them were females (n=146, 70.2%) and of Yoruba ethnicity (n=199, 95.7%).
Eighty-six (41.3%) of the population had post-secondary education, 41(19.7%) had secondary
education, 53 (25.5%) had at least primary education while only 25(13.5%) had no formal
education. About 99(47.6%) of the study population were in the low socioeconomic group while
48 (23.1%) and 61 (29.3%) of them were in the middle and high socioeconomic group
respectively.
Ninety-two (44.2%) had family history of hypertension while only 4 patients (1.9%)
volunteered a family history of CKD.
Twelve (5.7%) of the patients had history of smoking.
The demographics and baseline clinical characteristics are shown in table 3
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4.2 BASELINE CLINICAL CHARACTERISTICS OF THE STUDY POPULATION
The duration of hypertension ranged between 5-34 years with a mean duration of 9.5 (± 6) years.
The mean of the average systolic and diastolic blood pressure for each patient in the study
population over a period of 6 months were 136(±16) mmHg and 81(±9) mmHg respectively. The
mean arterial blood pressure (MABP) was 100±16mmHg.
Approximately 31.7% of this population were obese, while 38% of them were overweight. The
body mass index (BMI) ranged between 18.26-48.83kg/m2 with a mean of 28.19 (±5.42) kg/m2.
The mean waist circumferences were 94.2(±9.82) cm in males and 96.11±11.78 cm in the
females. The waist hip ratio ranged between 0.78 -1.11 in males and 0.70 - 1.11 in females while
the mean waist-hip ratios were 0.93±0.06cm and 0.89±0.07cm in both males and females
respectively.
A total of 174 patients (83.7%) were on thiazide diuretic while 151 (72.6%) were either on
angiotensin receptor blocker (ARB) or angiotensin converting enzyme inhibitors (ACE). One
hundred and seventy-one of them (82.2%) were on more than one anti-hypertensive agent.
Majority (79.8%) of the patients had good drug compliance and follow up.
The symptoms of renal disease reported by subjects include nocturia in 44 (21.2%) patients,
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polyuria in 2(1%), facial puffiness in 8 (3.8%) patients, and frothiness of urine in 17(8.2%) and
ureamic features such as anorexia, nausea, and day time somnolence in 2 (1%) of the study
population. Only 1 (0.5%) patient had previous history of body swelling.
History of analgesic abuse was volunteered in only 9 (4.3%) patients while only 15 (7.2%) had
significant herbal concoction use

Table 3: Demographics and Baseline Clinical Characteristics of the Study Population
VARIABLES

Mean ± SD / n (%)
57.0 (±5.3)

Age (years)
Gender
Female
Male
Ethnicity
Yoruba
Igbo
Others

146 (70.2)
62 (29.8)
199 (95.7)
3 (1.4)
6 (2.9)

Socio-economic class
Low class
Middle
High
Duration of Hypertension (years)
Anthropometry
Body mass index (kg/m2)
Waist Circumference (cm)
Male
Female
Waist hip ratio
Male
Female
Obesity
Normal
Underweight
Overweight
Obese
Blood Pressure
Average SBP (mmHg)
Average DBP(mmHg)
MABP(mmHg)
Smoking History
Ever smoked
Never Smoked
Symptoms of renal Disease reported
Nocturia
Polyuria

99 (47.6)
48 (23.1)
61 (29.3)
9.5 (±6.0)
28.19 (±5.43)
94.20 (±9.82)
96.11 (±11.78)
0.93 (±0.06)
0.89 (±0.07)
61(29.3)
2 (1.0)
79 (38.0)
66 (31.7)
136 (±16)
81 (±9)
100 (±16)
12 (5.7)
196 (94.3)
44 (21.2)
2(1.0)
48

Facial Puffiness
Frothiness of Urine
Uremic features
Previous history of body swelling
Family history of hypertension
Family history of CKD

8(3.8)
17(8.2)
2(1.0)
1(0.5)
92(44.2)
4(1.9)

Drug compliance
Good
Poor
ARB/ACE I
CCB
Thiazides
Other Anti-hypertensives

166(79.8)
42(20.2)
151(72.6)
88(42.3)
174(83.7)
43(20.7)

SBP – Systolic blood pressure, DBP – Diastolic blood pressure, MABP – Mean arterial blood pressure, CKD – chronic kidney disease , LDL
– low density lipoprotein , HDL – High density lipoprotein, ACE I – Angiotensin converting enzyme inhibitor, ARB – Angiotensin receptor
blocker, CCB- calcium channel blocker

4.3 LABORATORY PARAMETERS

The mean values for serum creatinine and urea were 88.0 (±30.57) µmo/L and 5.10 (±2.33)
µmol/L respectively.
The mean serum total cholesterol, LDL and HDL cholesterol were 4.98±1.21 mmol/l,
3.30±1.18mmol/l and 1.38±0.51mmol/l respectively while the mean triglyceride was
0.90±0.47mmol/l.
The

mean

fasting

6.00±1.44mmol/l

and

while

2-hours
mean

post-prandial
eGFR

and

glucose
24

hours

were

4.84±0.83mmol/l

protein

excretion

and
were

85.28±18.94mls/min/1.73m2 and 0.286±0.240g respectively.
The mean serum uric acid was 0.36±0.11mmol/l and 0.32±0.12mmol/l in males and females
respectively.
Sixty-two subjects (29.8%) had hyperuricemia.
Serum uric acid was found to correlate negatively with eGFR (r= -249, R2 =0.062 p=0.001).
Table 4 summarizes the laboratory parameters of the study population.
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Table 4: LABORATORY PARAMETERS IN STUDY POPULATION
VARIABLES

Mean±SD
N=208

Serum Creatinine (µmol/l)

88.05(±30.57)

Serum Urea (mmol/l)
Serum Uric acid (mmol/l)

5.10(±2.33)
0.33(±0.11)

Fasting Lipid Profile (mmol/l)
Total Cholesterol
Triglyceride
LDL cholesterol
HDL cholesterol

4.98(±1.21)
0.90(±0.47)
3.30(±1.18)
1.38(±0.51)

Fasting blood glucose (mmol/l)
2 hrs post-prandial (mmol/l)

4.84(±0.83)
6.00(±1.44)

eGFR (mls/min/1.73m2)
24hrs protein excretion(g/dl)
ESR(Westergren/ hour)

85.28(±18.94)
0.29(±0.24)
10.02(±4.32)

LDL – low density lipoprotein, HDL – High density lipoprotein, eGFR- estimated glomerular filteration rate, ESRerythrocyte sedimentation rate
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4.4 Markers of Kidney Dysfunction
The markers of kidney dysfunction identified in the study population were persistent proteinuria
in excess of 150mg in 24hrs, reduced eGFR <60ml/min/1.73m2, hyper filtration
(eGFR>120mls/min/1.73m2) and abnormal renal ultrasonography (USS) findings and these were
present in various combination. Of the 208 patients, 125 (60%) met the clinical diagnostic
criteria for hypertensive nephrosclerosis (hypertension induced CKD) while the remaining 83
(40%) had no evidence of kidney dysfunction.
Among the 125 with hypertension-induced CKD, 2 (1.6%) patients had isolated hyperfiltration,
3 (2.4%) had hyperfilteration with persistent proteinuria, 105 (84%) had isolated proteinuria, 9
(7.2%) had reduced eGFR in combination with proteinuria while the remaining 6 (4.8%) had
isolated reduced eGFR <60mls/min. Abnormal USS renal findings were present in only 3
patients with eGFR <60mls/min.
Tables 5 and 6 show the pattern of kidney dysfunction and the distribution of CKD using the
NKF KDOQI classification in studied patients respectively.
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Table 5: Frequency of kidney dysfunction in patients with hypertensive nephrosclerosis

Kidney Dysfunction

Frequency

Percentage

Isolated Hyperfiltration

2

1.6

Hyperfiltration + Proteinuria

3

2.4

105

84

eGFR < 60ml/min/1.73m2 +
Proteinuria

9

7.2

eGFR < 60mls/min only

6

4.8

Isolated Proteinuria

TOTAL

125

eGFR- estimated glomerular filtration rate

52

100

Table 6: Frequency of stages of Chronic Kidney Disease in subjects with hypertensive
nephrosclerosis

CKD Stage

Frequency

Percentage

1

51

40.8

2

59

47.2

3a

12

9.6

3b

3

2.4

4

0

0

5

0

0

Total

125

100
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5.

Left Ventricular mass index and Geometry

Only 147 patients had echocardiography done, while it was not done in others because of cost
and at some point, faulty echocardiography machine. Table 7 shows the distribution of left
ventricular wall findings of the patients on echocardiography. Forty-nine (33.3%) had concentric
left ventricular hypertrophy, 16 (10.9%) had eccentric left ventricular hypertrophy, 62 (42.2%)
had concentric remodeling while only 20 (13.6%) had normal left ventricular wall geometry. In
all, a total of 65 (44.2%) patients had LVH. There were no significant differences in the
distribution of MABP and 24-hours urinary protein excretions, age and duration of hypertension,
presence and absence of nephrosclerosis between the groups with LVH and that without LVH
(Table 8 and 11).
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Table 7: LEFT VENTRICULAR WALL GEOMETRY IN THE STUDIED POPULATION
Type of left ventricular
hypertrophy

Frequency

Percentage

Concentric LVH

49

33.3

Eccentric LVH

16

10.9

Concentric Remodeling

62

42.2

Normal

20

13.6

147

100

Total
LVH – Left ventricular hypertrophy.
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Table 8: Comparison of patients with LVH and those without LVH

Parameters

LVH

No LVH

Mean ±SD

Mean ±SD

P value

57(±5)

57(±5)

0.947

Male

20(30.8)

27(32.9)

0.781

Female

45(69.2)

55(67.1)

Duration of Hypertension

9.6(±6.3)

10.0(±6.4)

0.463

MABP (mmHg)

101(±11)

100(±22)

0.069

eGFR (mls/min)

82.3(±20.0)

87.5(±16.7)

0.102

24 hours Protein Excretion (g/24hrs)

0.308(±0.267)

0.271(±0.200)

0.558

Age years
Gender

MABP- mean arterial blood pressure, eGFR- estimated glomerular filteration rate, LVH –
left ventricular hypertrophy
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4.5 Fundoscopy findings
One hundred and thirty-six patients had fundoscopy done on them. Of these, fundus could not be
seen in 3 patients because they had mature cataract. Retinopathy was characterized in 111 of the
133 patients in whom the fundi could be properly examined and the distribution was as follows;
83 patients (62.1%) had Grade 1, 24(18%) had Grade 2, 4 patients (3%) had Grade 3, while none
had Grade 4 (Table 9). The remaining 22 patients (16.5%) had a normal fundus. The distribution
of average systolic BP, average diastolic BP, MABP, duration of hypertension, LVH or
hypertensive nephrosclerosis were not significantly different in the group that have hypertensive
retinopathy when compared with those without retinopathy (Table 10). Age distribution was
different between these groups. The mean age of patients with HR (58.0 ± 5.0 years) was
significantly higher (p=0.004) than the mean age of patients without HR (54.0±6.0 years). Age
was found to be a predictor of Hypertensive retinopathy even after adjusting for MABP and
duration of hypertension. Unadjusted and adjusted Odds ratio were 1.165; 95% CI: 1.060 -1.280
and 1.156; 95% CI: 1.045 -1.278 respectively. There was no association between retinopathy and
nephrosclerosis (Contingency coefficient = 0.135, p value = 0.115) or retinopathy and LVH
(Contingency coefficient = 0.028, p value = 0.780).
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Among the subgroup with clinical diagnosis of hypertensive nephrosclerosis, there was no
difference in the mean eGFRs and 24 hrs protein excretion in those that had hypertensive
retinopathy and those without retinopathy (p = 0.867 and 0.415 respectively.

Table 9: Frequency of hypertensive retinopathy in subjects

Findings

Frequency

Percentage

Normal Fundus

22

16.5

Grade I Retinopathy

83

62.4

Grade II Retinopathy

24

18

Grade III Retinopathy

4

3

Grade IV Retinopathy

0

0

Total

133

58

100

Table 10: Distribution of fundoscopy findings across variables
VARIABLE

All patients
Mean (±SD) /n
(%)

HR
Mean (±SD)
/n (%)

58.0 (±5.3)

58.0(±5.0)

54.0 (±6.0)

0.004

43(32.3)
90(67.7)

37(33.3)
74(66.7)

6(27.3)
16(72.7)

0.579

Duration of
Hypertension
(years)

9.85
(±6.13)

10.35
(±6.50)

7.36
(±2.68)

0.116

Mean Systolic BP
(mmHg)

135.77
(±16.76)

136.20
(±15.96)

133.65
(±20.64)

0.229

Mean Diastolic BP
(mmHg)

79.94
(±8.77)

80.35
(±8.86)

77.87
(±8.17)

0.104

MABP
(mmHg)

98.58
(±10.32)

98.96
(±10.09)

96.45
(±11.44)

0.229

Age(years)
Gender
Male
Female
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No HR
p-value
Mean (±SD)
/n (%)

LVH
Present
Absent

Hypertensive
Nephrosclerosis
Present
Absent

44(44.0)
56(56.0)

86(64.7)
47(35.3)

36(43.4)
47(56.6)

8(47.1)
9(52.9)

0.780

75(67.6)
36(32.4)

11(50.0)
11(50.0)

0.115

BP- Blood pressure , MABP – Mean arterial blood pressure, LVH – Left ventricular hypertrophy, HR –
Hypertensive retinopathy.

4.6

Comparison between socio-demographics and clinical characteristics of patients
with clinical diagnosis of Hypertensive Nephrosclerosis (CHN) and those without
(NCHN)

Based on the criteria for the clinical diagnosis of hypertension associated CKD, the study
population was divided into two groups; clinical hypertensive nephrosclerosis (CHN) and
No clinical hypertensive nephrosclerosis (NCHN) groups. The CHN group were those
who fulfilled the clinical diagnostic criteria
The baseline socio-demographic and clinical characteristics of patient in the two groups
were compared as seen in Table11.
The hypertensive nephrosclerosis (CHN) group was more likely to have higher 24 hours
urinary protein excretion, body mass index and higher serum urea than the group that did
not meet the criteria for clinical diagnosis of hypertensive nephrosclerosis (NCHN) p
value = <0.001, 0.032 and 0.041 respectively.
There was tendency for CHN group to belong to be of lower socioeconomic status than
the NCHN group though the difference was not statistically significant.
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Table 11: Socio-demographics and clinical characteristics of patients with clinical diagnosis
of Hypertensive Nephrosclerosis (CHN) and those without (NCHN)
VARIABLES

All patients
Mean ±SD / n
(%)

CHN
Mean ±SD / n
(%)

NCHN
Mean ±SD / n (%)

P value

Age (years)
Gender
Female
Male

57.0±5.3

57.0±5.0

56.8±6.0

0.861

146(70.2)
62(29.8)

90(72.0)
35(28.0)

56(67.5)
27(32.5)

0.484

Socio-economic class
Low class
Middle
High

99(47.6)
48(23.1)
61(29.3)

56(44.8)
25(20.0)
44(35.2

43(51.8)
23(27.7)
17(20.5)

0.064
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Duration of Hypertension (years)
Anthropometry
Body mass index (kg/m2)
Waist Circumference (cm)
Waist hip ratio
Blood Pressure
Average SBP (mmHg)
Average DBP (mmHg)
MABP (mmHg)
Drug compliance
Good
Poor
Fundus Findings (N =133)
Hypertensive Retinopathy
Echo findings (N=147)
LVH
Family history of hypertension
Family history of CKD
Fasting Lipid Profile
Total Cholesterol (mmol/l)
Triglyceride (mmol/l)
LDL cholesterol (mmol/l)
HDL cholesterol (mmol/l)
Serum Urea (mmol/l)
Serum Uric acid (mmol/l)
Fasting blood glucose (mmol/l)
2 hrs post-prandial (mmol/l)
eGFR (mls/min/1.73m2)
24hrs protein excretion (g/24hrs)
Medications
ARB/ACE I
CCB
Thiazides
Other Anti-hypertensives

9.5±6.0

9.9±6.0

8.8±6.0

0.057

28.19±5.43
95.5±11.2
0.90±0.07

28.85±5.91
96.9±11.9
0.90±0.07

27.20±4.46
93.5±9.9
0.91±0.06

0.032
0.030
0.715

136±16
81±90
100±16

135±17
80±9
99±10

136±16
81±9
102±22

0.908
0.288
0.404

166(79.8)
42(20.2)

100(80.0)
25(20.0)

66(79.5)
17(20.5)

0.932

111(83.5)

75(82.6)

36(78.3)

0.241

65(44.2)
92(44.2)
4(1.9)

42(48.8)
61(48.8)
1(0.8)

23(37.7)
31(37.3)
3(3.6)

0.181
0.103
0.304

4.98±1.21
0.90±0.47
3.30±1.18
1.38±0.51
5.10±2.33
0.33±0.11

4.98±1.17
0.90±0.51
3.27±1.17
1.38±0.55
5.37±2.47
0.33±0.12

5.0±1.27
0.92±.42
3.33±1.21
1.37±0.47
4.68±2.05
0.33±0.12

0.932
0.781
0.731
0.978
0.041
0.954

4.84±0.83
6.00±1.44
85.28±18.94
0.286±0.240

4.90±0.87
6.14±1.60
83.85±20.89
0.405±0.245

4.79±0.80
5.86±1.2
87.46±15.43
0.107±0.037

0.480
0.312
0.179
<0.001

151(72.6)
88(42.3)
174(83.7)
43(20.7)

89(71.2)
57(45.6)
108(62.1)
28(22.4)

62(74.7)
31(37.3)
66(37.9)
15(18.1)

0.580
0.238
0.189
0.450

CHN- Clinical hypertensive nephrosclerosis, NCHN- No clinical hypertensive nephrosclerosis, SBP – Systolic blood pressure, DBP –
Diastolic blood pressure, MABP – Mean arterial blood pressure, LVH- left ventricular hypertrophy, LDL – low density lipoprotein , HDL –
High density lipoprotein, ACE I – Angiotensin converting enzyme inhibitor, ARB – Angiotensin receptor blocker, CCB- calcium channel
blocker

4.7 Analysis of Renal – Biopsy Specimen

Only 40 out of the 125 patients who met the clinical criteria gave consent for renal biopsy. One
of them developed hypotension during the procedure and as a result, the procedure could not be
completed. Of the remaining 39 patients, adequate renal tissues were obtained in 37patients.
The 37 patients in whom adequate biopsy tissues were obtained (14 Men and 23 women), had a
mean age of 57(±5) years, MABP of 99 (±12) mmHg and mean duration of hypertension of 10.4
± 6.4years. These values were not significantly different from those of non-biopsied patients who
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met the clinical diagnostic criteria for Hypertensive nephrosclerosis (Table 12). Estimated GFR
was significantly higher in the non-biopsied group than the biopsied group (85.48 ± 20.25 vs
74.95 ± 18.18).
The 37 adequate biopsies contained on an average 26 ±12.6 glomeruli (range15-50 glomeruli).
Twenty-seven cases showed the presence of arteriosclerosis and or/arteriolosclerosis (Table14a).
The arterial thickening was on the average 1.05 ± 0.97 (0-3+ scale) which is comparable to the
arteriolar thickening, 1.08 ± 0.89 (p=0.872). Hyalinosis was present in 14 (37.8%) cases. Intima
fibrosis of medium sized vessels was seen in 11 (29.7%) cases with occasional atrophy of tunica
media in 2 cases (5.4%) and more frequently intima media hypertrophy in 16 cases (43.2%).
Mild interstitial fibrosis was reported in 13 (35.1%) cases while moderate- severe fibrosis was
seen in 5 (13.5%) (Table14b). Biopsy revealed minimal level of global glomerular sclerosis, on
average 13.59 ±16.66 % of glomeruli (median 6.06%, interquartile range 3.14 -14.22%). Five
biopsies showed neither vascular lesions nor global sclerosis while another 2 had only global
glomerular sclerosis without vascular lesions (Table 14c).
Seventeen patients had segmental glomerulosclerosis either in combination with focal global
glomerulosclerosis (3 cases) or with arteriosclerosis and or/ arteriolosclerosis and focal global
glomerular sclerosis (14 cases). The remaining 13 had global glomerulosclerosis with vascular
lesions (Table 14c). Though in all the cases with segmental sclerosis, immunofluorescence and
electron microscopy were not done, the review of clinical information of these patients did not
support idiopathic FSGS (proteinuria was <1g/24hrs and patient had no marked edema).
In one patient, clinical and light microscopy findings were suspicious of mesangiocapillary or
membranoproliferative glomerulonephritis (lobulation, double basement membrane contour and
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evidence of immune deposit on Silver jones stain). This patient had eGFR of 31ml/min/1.73m2
and 24- hours protein excretion of 0.3g.
Only one of the biopsied patients had 24hours protein excretion of >1g (1.5g). She is a 54year
old woman who has been hypertensive for at least 8 years. Her MABP and eGFR were
93.33mmHg and 15mls/min/1.73m2 respectively. She had no specific lesion other than global
glomerulosclerosis, arterosclerosis, interstitial fibrosis, tubular dilatation and atrophy.
Additional lesions noticed in the biopsied patients were thyroidization of the tubules (tubular
casts) in 8 patients and peri-glomerular fibrosis in 3 others.
Of all the 37 biopsies only 26 patients fulfilled the criteria for light microscopy diagnosis of
hypertensive nephrosclerosis. Only 70% of those with clinical diagnosis of hypertensive-induced
CKD were found to have hypertensive nephrosclerosis at biopsy. The patients with biopsy
proven nephrosclerosis tended to be in low socioeconomic class (p=0.017), had other target
organ damage (p=0.028), and a lower eGFR (p=0.007) when compared with the other 11 patients
whose morphological findings were not in keeping with HN (Table 13).
Table 12: Frequency of variables in CHN who were biopsied and those that were not
biopsied
VARIABLES

Age(years)
Gender
Female
Socio-economic class
Low
Middle
High

All patients
Mean ± SD /
n(%)

Biopsied
Mean ± SD /
n (%)

57.0±5

57.7±4.6

57.3±4.8

0.712

90(72)

23(62.6)

67(72.1)

0.112

56(44.8)
25(20.0)
44(35.2)

18(48.6)
7(18.9)
12(32.4)

40(45.5)
16(18.2)
32(36.4)

0.914
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Non-biopsied
Mean ± SD /
n (%)

P value

Duration of Hypertension (years)
Anthropometry
Body mass index (kg/m2)
Waist Circumference (cm)
Waist hip ratio
Underweight/Normal
Overweight
Obese
Blood Pressure(mean±SD)
Average SBP (mmHg)
Average DBP(mmHg)
MABP(mmHg)
Drug compliance (%)
Good
Poor
Target Organ Damage (N=110)
Presence of HR and / orLVH (%)
Family history of hypertension (%)
Family history of CKD (%)
Fasting Lipid Profile (mean±SD)
Total Cholesterol (mmo/l)
Triglyceride (mmol/l)
LDL cholesterol (mmo/l)
HDL cholesterol (mmo/l)
Serum Urea (mean±SD)
Serum Uric acid (mean±SD)

9.9±6.0

10.4±6.4

9.6±5.7

0.396

28.85±5.91
96.9±11.9
0.90±0.07
33(26.4)
50(40)
42(33.6)

26.86±4.83
94.65±11.22
0.91±0.08
13(35.1)
16(43.2)
8(31.6)

29.53±6.19
97.65±12.32
0.90±0.07
20(22.7)
34(38.6)
34(38.6)

0.056
0.188
0.444
0.142

135±17
80±9
99±10

137±19
81±10
99±12

136±16
80±9
99±9

0.931
0.952
0.742

100(80.0)
25(20.0)

26(70.3)
11(29.7)

74(84.1)
14(15.9)

0.152

95(86.4)
60(48)
1(0.8)

34(94.4)
17(45.9)
1(2.7)

61(82.4)
43(48.9)
0(0)

0.137
0.766
0.296

4.98±1.17
0.9±0.51
3.27±1.17
1.38±0.55
5.37±2.47
0.33±0.12

4.77±1.12
0.93±48
3.33±1.03
1.27±0.50
5.67±2.45
0.34±0.13

5.02±1.21
0.90±.53
3.26±1.23
1.42±0.55
5.31±2.50
0.33±0.12

0.311
0.564
0.810
0.308
0.333
0.985

4.90±0.87
6.14±1.60
83.85±20.89
0.405±0.245

4.63±
5.52±
74.95±18.18
0.396±0.303

5.00±
6.42±
85.48±20.25
0.412±0.221

0.208
0.062
0.007
0.163

89(71.2)
57(45.6)

28(75.7)
21(411.0)

61(69.3)
36(56.8)

0.474
0.154

Thiazides

108(62.1)

33(89.2)

75(85.2)

0.555

Other Anti-hypertensives

28(22.4)

9(24.3)

19(21.6)

0.738

Fasting blood glucose (mean±SD)
2 hrs post-prandial (mean±SD)
eGFR (mean±SDmls/min/1.73m2)
24hrs protein excretion(g/dl)
Medications (%)
ARB/ACE I
CCB

SBP – Systolic blood pressure, DBP – Diastolic blood pressure, MABP – Mean arterial blood pressure, LVH- left ventricular hypertrophy,
LDL – low density lipoprotein , HDL – High density lipoprotein, ACE I – Angiotensin converting enzyme inhibitor, ARB – Angiotensin
receptor blocker, CCB- calcium channel blocker

Table 13: Frequency of variables in CHN patients with biopsy-proven nephrosclerosis and
those whose morphological features were not in keeping with hypertensive nephrosclerosis
VARIABLES

Age (years)
Gender
Female
Male
Socio-economic class
Low
Middle

All biopsied CHN
patients
Mean ± SD / n (%)

Biopsy proven
Nephrosclerosis
Mean ± SD / n (%)

Biopsy Lesions not in
keeping With
Mean ± SD / n (%)

57.70±4.59

57.58±4.67

58.00±4.63

0.828

23(62.20)
14(37.80

17(54.50)
9(45.50)

6(65.40)
5(34.60)

0.534

18(48.60)
7(18.90)

14(53.80)
7(26.90)

4(36.60)
0(0)

0.017
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P value

High

Duration of Hypertension (years)
Anthropometry
Body mass index (kg/m2)
Waist Circumference (cm)
Waist hip ratio
Underweight/Normal
Overweight
Obese
Blood Pressure
Average SBP (mmHg)
Average DBP(mmHg)
MABP(mmHg)
Drug compliance
Good
Poor
Target Organ Damage
Presence of HR and / or LVH (%)
No target Organ damage
Family history of hypertension
Family history of CKD
Fasting Lipid Profile
Total Cholesterol (mmo/l)
Triglyceride (mmol/l)
LDL cholesterol (mmo/l)
HDL cholesterol (mmo/l)
Serum Urea (mmol/l)
Serum Uric acid (mmol/l)
Fasting blood glucose(mmol/l)
2 hrs post-prandial (mmol/l)
eGFR (mls/min/1.73m2)
24hrs protein excretion(g/24/hrs)
Medications
ARB/ACE I
CCB
Thiazides
Other Anti-hypertensives

12(32.40)

5(19.20)

7(63.60)

10.35±6.37

9.08±5.11

13.36±8.16

0.123

26.86±4.83
94.65±11.22
0.91±0.08
13(35.10)
16(43.2)
8(21.60)

26.53±4.58
93.12±11.42
93.27±10.34
8(30.80)
13(50.00)
5(27.30)

27.62±5.54
0.90±0.075
0.93±0.079
5(45.50)
3(27.30)
3(19.20)

0.781
0.265
0.352
0.443

136.68±18.52
80.50±10.46
99.23±12.40

137.23±19.93
80.92±11.31
99.69±13.46

135.39±15.44
79.52±8.52
98.14±9.93

0.855
0.789
0.934
0.566

26(70.30)
11(29.70)

19(73.10)
7(26.90)

7(63.60)
4(36.40)

34(94.40)
3(5.6)
17(45.90)
1(2.70)

25(100)
0(0)
10(38.50)
0(0)

9(81.80)
3(18.20)
7(63.30)
1(9.10)

0.028

4.77±1.12
0.93±0.48
3.33±1.03
1.27±0.50

4.87±1.10
0.93±0.47
3.29±1.07
1.32±0.50

4.49±1.20
0.96±0.53
3.45±1.01
1.14±0.49

0.456
0.618
0.685
0.605

0.34±0.13

0.32±0.11

0.38±0.16

0.354

4.63±0.59
5.52±1.14
74.95±18.18
0.400±0.300

4.68±0.68
5.30±1.09
71.20±16.74
0.440±0.350

4.52±0.41
6.00±1.23
83.80±19.16
0.290±0.120

0.758
0.244
0.007
0.569

28(75.70)
21(56.80)

20(76.90)
14(63.60)

8(72.70)
7(53.80)

0.789
0.583

33(89.20)
9(24.30)

24(92.0)
6(23.10)

9(81.80)
3(27.30)

0.160
0.119

0.348
0.786

SBP – Systolic blood pressure, DBP – Diastolic blood pressure, MABP – Mean arterial blood pressure, LVH- left ventricular
hypertrophy, LDL – low density lipoprotein , HDL – High density lipoprotein, ACE I – Angiotensin converting enzyme
Table 14: Biopsy Lesion
inhibitor, eGFR – estimated glomerular filtration rate ARB – Angiotensin receptor blocker, CCB- calcium channel blocker.

Table 14a:
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er, CCB- calcium channel blocker

VASCULAR LESIONS

Mild

Moderate

Severe

Total

Arteriolosclerosis± Arteriosclerosis

13

11

3

27

Hyalinosis

6

6

2

14

Intima Media Fibrosis

4

4

3

11
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Intima Media Hypertrophy

12

3

1

15
2

Atrophy of Tunica Media

Table 14b
INTERSTITIAL LESIONS
Interstitial Fibrosis
Interstitial Inflammation
Tubular Atrophy

Mild
13
12

Moderate
3
4

Severe
2
1

Total
18
17
12
10
9

Tubular Dilatation
Thyroidization of the tubules

Table 14c
Total

GLOMERULAR LESIONS
Global glomerulosclerosis + arteriolosclerosis
and/or arterosclerosis

12

FSGS +FGGS +Arteriolosclerosis
and/arterosclerosis

14

FSGS +FGGS without vascular lesion

3

Global glomerulosclerosis alone without
Vascular Lesion

2

No Glomerrulosclerosis, No Vascular lesions
( Apparently Normal ))

5

Global glomerulosclerosis + arteriolosclerosis
and/or arterosclerosis + features of
membranoproliferative Glomerulonephritis

1

Periglomerular Fibrosis

3

FSGS - Focal segmental glomerulosclerosis. FGGS- Focal global glomerulosclerosis

Correlations of morphologic findings in patients with Biopsy-proven Hypertensive
Nephrosclerosis
There is a correlation between arteriolosclerosis and arteriosclerosis (r = 0.608, p =0.001). The
percentage of glomeruli involved with global glomerulosclerosis correlated with both
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arteriosclerosis and hyalinosis (r=0.470, p= 0.015 for arteriosclerosis and r=0.475, p=0.014 for
hyalinosis). The extent of hyalinosis also correlated with that of arteriosclerosis and
arteriolosclerosis (r = 0.463, p=0.017 for arteriosclerosis and r= 0.513, p = 0.007 for
arteriolosclerosis).

There was no correlation between extent of global sclerosis and

arteriolosclerosis lesions (r = 0.317, p =0.114). Severity of interstitial fibrosis correlated with the
percentage of glomeruli involved with global glomerulosclerosis and extent of hyalinosis (r =
0.484 p=0.012 for percentage global sclerosis, r= 0.765, p<0.0001 for hyalinosis). There was no
correlation between interstitial fibrosis and arteriosclerosis or arteriolosclerosis. See table 15.
Clinicopathologic correlation in patients with Biopsy proven Hypertensive Nephrosclerosis
Among the clinical parameters, average systolic BP and MABP correlated with 24-hours urinary
protein excretion (r = 0.469, p = 0.016 for systolic blood pressure, r = 0.446, p = 0.022 for
MABP). Average Systolic BP was also found to correlate positively with socio-economic status
(r= 0.413, p = 0.036).
Biopsy lesions were also correlated with clinical parameters (Table 16). Paired association
between individual selected variables and the pathologic descriptors were evaluated using
Spearman’s correlation coefficient and contingency table of independence as appropriate. The
extent of global sclerosis was found to have a negative correlation with eGFR (r = - 0.470, p
=0.015). The extent of arteriosclerosis correlated with BMI and 24 hours urinary protein excretion
(r = 0.437, p =0.02 for BMI and r = 0.407, p = 0.039 for proteinuria). Twenty-four hours protein
excretion also correlated with the extent of hyalinosis (r = 0.428, p =0.029). Interstitial
inflammation correlated with BMI (r= 0. 428, p = 0.029.) Arteriolosclerosis and interstitial
fibrosis did not correlate with any of the clinical parameters (Table 16).
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The patients with FSGS +FGGS lesions were similar in demographics and baseline clinical
characteristics with those with only global glomerulosclerosis lesions.
Figures 3-11 shows the micrographs of the lesions seen in some of the patients that were
biopsied.

Table 15: Correlations between morphologic findings in Biopsy proven Hypertensive
Nephrosclerosis
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Percent
Global
Glomerulos
clerosis

Percent
Segmental
Glomerulos
clerosis

Arteroscl Arteriolo Hyalinosis Interstiti-al Interstitial
erosis
sclerosis
Fibrosis
Inflammation

1.000

-0.348

0.470

0.317

0.475

0.484

0.476

0.082

0.015

0.114

0.014

0.012

0.014

1.000

-0.130

-0.199

- 0.245

- 0.264

- 0.092

0.528

0.331

0.228

0.199

1.000

0.608

0.463

0.343

0.319

0.001

0.017

0.087

0.113

1.000

0.513

0.354

0.394

0.007

0.076

0.046

1.000

0.765

0.767

0.0001

0.0001

1.000

0.881

Percent
Global
Glomerulosclerosis

r

Percent
Segmental
Glomerulosclerosis

r

-0.348

p-value

0.082

Arterosclerosis

r

0.470

- 0.130

p-value

0.015

0.528

r

0.317

- 0.199

0.608

p-value

0.114

0.331

0.001

r

0.475

- 0.245

0.463

0.513

p-value

0.014

0.228

0.017

0.007

r

0.484

- 0.264

0.343

0.354

0.765

p-value

0.012

0.193

0.087

0.076

0.0001

r

0.476

-0.092

0.319

0.394

0.767

0.881

p-value

0.014

0.655

0.113

0.046

0.0001

0.0001

Arteriolosclerosis

Hyalinosis

Interstitial
Fibrosis

Interstitial
Inflammatio
n

p-value

0.655

0.0001
1.000

Table 16: Correlations between clinical and histological findings in patients with biopsyproven hypertensive nephrosclerosis
Percent
Global
Glomerulo
sclerosis

Percent
Segmental
Glomerulosc
lerosis

Arteroscl
erosis
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Arteriolosc
lerosis

Hyalinosi
s

Interstitial Fibrosis

Interstitial
Inflammati
on

Age (years)

Duration of
Hypertension
Socioeconomic
Group
Average
Systolic Blood
Pressure
Average
Diastolic
Blood
Pressure
MABP

BMI

Total
Cholesterol

r

-0.158

0.046

-0.090

-0.085

-0.384

-0.264

-0.383

p-value
r

0.441
0.001

0.822
-0.005

0.663
0.337

0.680
0.186

0.053
0.048

0.192
0.059

0.053
-0.068

p-value
r

0.997
-0.323

0.982
-0.069

0.096
-0.023

0.364
-0.003

0.816
0.192

0.776
0.223

0.741
0.253

p-value
r

0.107
0.011

0.737
-0.097

0.910
0.264

0.976
0.156

0.349
0.305

0.273
0.243

0.213
0.113

p-value

0.956

0.636

0.192

0.446

0.130

0.232

0.583

r

0.084

-0.031

0.331

0.287

0.421

0.366

0.255

p-value

0.683

0.882

0.099

0.155

0.32

0.066

0.208

r

0.089

-0.100

0.331

0.256

0.399

0.348

0.210

p-value
r

0.666
0.154

0.628
0.258

0.099
0.437

0.207
0.256

0.43
0.375

0.082
0.252

0.303
0.428

p-value
r

0.452
-0.099

0.203
-0.284

0.026
0.137

0.207
0.231

0.059
-0.137

0.214
0.058

0.029
0.097

p-value
r

0.653
0.026

0.188
-0.006

0.532
-0.441

0.290
-0.411

0.534
-0.202

0.792
-0.176

0.661
-0.116

p-value

0.908

0.977

0.096

0.100

0.356

0.421

0.599

r

0.016

-0.013

-0.129

-0.072

0.154

0.280

0.419

p-value

0.952

0.963

0.634

0.790

0.570

0.293

0.106

r

-0.170

-0.232

0.088

0.068

-0.428

-0.090

-0.101

p

0.528

0.388

0.747

0.803

0.098

0.739

0.708

r

-0.470

0.235

-0.201

0.024

0.017

-0.228

-0.017

p

0.015

0.248

0.324

0.905

0.936

0.263

0.936

r

0.063

0.135

0.407

0.249

0.428

0.177

0.358

p

0.759

0.510

0.039

0.220

0.029

0.386

0.072

Triglyceride
HDL

LDL

eGFR

Protein

MABP – Mean arterial blood pressure, BMI – body mass index, LDL – low density lipoprotein , HDL – High density lipoprotein, ACE I –
Angiotensin converting enzyme inhibitor, eGFR – estimated glomerular filtration rate

4.9 Comparison between Biopsy-proven Hypertensive Nephrosclerosis and patients who
did not meet the clinical criteria for Hypertensive Nephrosclerosis
The mean age of the 26 patients with biopsy proven hypertensive nephrosclerosis was 57.6 ±
4.7years. Majority of them were females (65.4%) and of low socio-economic status (53.8%). The
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mean duration of hypertension was 9.1±5.1years. Mean systolic and diastolic BP were
137±20mmHg and 81±11mmHg respectively. All of them had hypertensive retinopathy and/ or
LVH at the time of recruit. Their mean eGFR and 24-hours protein excretion were
71.20±16.74mls/min/1.73m2 and 0.458±0.342 g respectively.
The group was compared with those groups of patients who did not fulfil the clinical criteria of
hypertensive nephrosclerosis. The group with biopsy proven nephrosclerosis was more likely to
have more target organ involvement, higher serum urea and urinary protein and a lower eGFR
than the group who did not meet the clinical diagnosis criteria for hypertensive nephrosclerosis
(Table 17).
In univariate logistic analysis biopsy proven hypertensive nephrosclerosis was strongly
associated with higher 24-hours protein excretion, lower baseline eGFR and high serum urea.
In a multivariate logistic regression model assessing the predictors of biopsy proven
nephrosclerosis, increasing proteinuria and low eGFR were the only predictors identified even
after adjusting for high serum urea. (p=0.001 and 0.007 respectively)

Table 17: Frequency of variables in Biopsy proven Hypertensive Nephrosclerosis and
patients who did not meet the clinical criteria for Hypertensive Nephrosclerosis
VARIABLES

Biopsy-proven Hyptn
Nephrosclerosis
mean±SD/ n (%)
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No Hypertensive
Nephrosclerosis
mean±SD/ n (%)

P value

Age (years)
Gender
Female
Socio-economic class
Low
Middle
High
Duration of Hypertension (years)
Anthropometry
Body mass index (kg/m2)
Waist Circumference (cm)
Waist hip ratio
Blood Pressure
Average SBP (mmHg)
Average DBP(mmHg)
MABP(mmHg)
Drug compliance
Good
Poor
Target Organ Damage
HR and / or LVH
Family history of hypertension
Family history of CKD
Fasting Lipid Profile
Total Cholesterol (mmo/l)
Triglyceride (mmol/l)
LDL cholesterol (mmo/l)
HDL cholesterol (mmo/l)
Serum Urea (mmol/l)
Serum Uric acid (mmol/l)
Fasting blood glucose (mmol/l)
2 hrs post-prandial (mmol/l)
eGFR (mean±SDmls/min/1.73m2)
24hrs protein excretion(g/24 hrs)
Medications
ARB/ACE I
CCB
Thiazides
Other anti-hypertensive agents

57.6 ±4.7

56.7±5.9

0.762

17(65.4)

56(67.5)

0.844

14(53.8)
7(26.9)
5(19.2)

42(50.6)
24(28.9)
17(20.5)

0.959

9.1±5.1

8.9±6.0

0.313

26.53±4.58
93.1±11.4
0.90±0.075

27.54±4.94
93.9±10.0
0.90±0.065

0.360
0.826
0.957

137±20
81±11
100±13

135±15
81±9
101±22

0.811
0.640
0.680

19(73.1)
7(26.9)

66(79.5)
17(20.5)

0.489

25(100.0)
10(38.5)
0(0)

47(66.2)
31(37.3)
3(3.6)

0.001
0.919
0.438

4.87±1.10
0.93±0.47
3.29±1.07
1.32±0.50
5.95±2.76
0.32±0.11

4.97±1.29
0.92±0.42
3.31±1.23
1.36±0.46
4.67±2.06
0.34±0.12

0.780
0.925
0.943
0.777
0.022
0.586

4.68±0.68
5.30±1.09
71.2±16. 74
0.458±0.342

4.80±0.80
5.88±1.28
87.65±15.39
0.108±0.038

20 (76.9)
14(53.8)
24(92.3)
6(23.1)

62 (74.7)
31(37.3)
66(79.5)
14(16.9)

0.808
0.151
<0.0001
<0.0001
0.819
0.136
0.134
0.475

SBP – Systolic blood pressure, DBP – Diastolic blood pressure, MABP – Mean arterial blood pressure, LVH- left ventricular hypertrophy,
LDL – low density lipoprotein , HDL – High density lipoprotein, ACE I – Angiotensin converting enzyme inhibitor, eGFR – estimated
glomerular filtration rate ARB – Angiotensin receptor blocker, CCB- calcium channel blocker.
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Figure 3: Glomerular ischemia with collapse of the capillary wall and collagen deposition in the
urinary space (periodic acid-Schiff, original magnification x 400). This micrograph is for
Mr. A.O, a 63-year-old man, with history of hypertension of 13-years duration. He has
grade II retinopathy and LVH. His eGFR was 63mls/min/1.73m2 with a 24-hours protein
excretion of 0.2g
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Figure 4: Glomerulus showing ischaemic obsolescence with contracted sclerotic tuft and
extensive collagen deposition in Bowman’s space surrounded by intact Bowman’s
capsule (periodic acid-Schiff, original magnification x 400). This micrograph is for Mr.
A.O, a 63 year old man, with history of hypertension of 13 years duration. He has grade
II retinopathy and LVH. His eGFR was 63mls/min/1.73m2 with a 24 hours protein
excretion of 0.2g.
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Figure 5: Solidified glomerulosclerosis in which the sclerotic tuft is not contracted. Note the lack
of collagen deposition in (and loss of) urinary space. Periodic acid Schiff stain x 200). This
micrograph is for Mr.B.L. a 61-year old farmer, with history of hypertension of 6 years duration.
He has grade I retinopathy and LVH. His eGFR was 57mls/min/1.73m2 with a 24-hours protein
excretion of 0.5g
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\
Figure 6: Disappearing pattern of glomerulosclerosis with complete disappearance of Bowman’s
capsule and the sclerotic glomerular tuft beginning to blend with background fibrosis (periodic
acid-Schiff x 200). This micrograph is for Mr. O.A, a 55-year-old cleric, with history of
hypertension of 5-years duration. He has grade I retinopathy and LVH. His eGFR was
95mls/min/1.73m2 with a 24-hours protein excretion of 0.28g
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Figure 7: Glomerulus showing segmental sclerosis (periodic acid – Schiff, x 400). This
micrograph is for Mrs. M.C. a 57 year old woman, with history of hypertension of 15 years
duration. She has grade II retinopathy and LVH. Her eGFR was 75.5mls/min/1.73m2 with a 24
hours protein excretion of 0.2g
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Figure 8: Tubules with classic- type tubular atrophy showing thickened and wrinkled basement
membranes with occasional basement membrane lamellation (periodic acid – Schiff, x
400).
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Figure 9: Tubules with thyroidization-type atrophy characterized by the presence of luminal
hyaline cast surrounded by simplified epithelium (Periodic acid Schiff x 200). This
micrograph is for Mrs. O.F. a 63-year old retiree, with history of hypertension of 7 years
duration. She has grade II retinopathy and no LVH. Her eGFR was 69mls/min/1.73m2
with a 24-hours protein excretion of 0.93g.
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Figure 10: Tubular atrophy with area of dense interstitial infiltrates. (Periodic acid Schiff x 200).
This micrograph is for Mrs. O.F. a 63-year old retiree, with history of hypertension of 7 years
duration. She has grade II retinopathy and no LVH. Her eGFR was 69mls/min/1.73m2 with a
24- hours protein excretion of 0.93g.
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Figure 11: An artery demonstrating media hypertrophy and intima hypertrophy (Periodic acid
Schiff x 200). This micrograph is for Mr. A.O, a 63-year old man, with history of hypertension
of 13-years duration. He has grade II retinopathy and LVH. His eGFR was 63mls/min/1.73m2
with a 24-hours protein excretion of 0.2g.

CHAPTER FIVE
DISCUSSION
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Hypertension is a major challenge to public health and can be associated with target organ
damage. One of such organs involved is the kidneys. At the time of diagnosis, quite a number of
patients may have developed target organ damage either due to low level of awareness, treatment
or control. Essential hypertension is the second most common cause of chronic kidney disease
(CKD) in the South -West Nigeria while in the South -South (Benin) and South-East Nigeria
(Enugu), it is the commonest cause of CKD and CRF.43, 44, 169, 170 In most of these studies, the
diagnosis of benign nephrosclerosis was often made clinically in the absence of renal biopsy and
in some cases without any evidence that the hypertension predates the onset of renal disease.
The present study employed a combined diagnostic clinical criteria used by Schleindinger et al139
and that used in AASK study96 to determine the prevalence of clinical hypertensive
nephrosclerosis, and to identify clinical parameters that may predict biopsy proven hypertensive
nephrosclerosis and to seek a relationship between the clinical and morphological findings in
patients with biopsy proven hypertensive nephrosclerosis. This study also assessed the accuracy
of clinical diagnostic criteria based on histological diagnosis, though only light microscopy was
used.
The age distribution of the study population was 45-65years with a mean age of 57.0±5.3years
which was within the reported peak age for developing end stage renal disease from hypertensive
nephrosclerosis in African Americans.102 The peak age for the development of end stage renal
disease in white patients is 65 years and older, while in African Americans it is 45-65years.
The female preponderance (70.2%) in the study population may be because women generally
have a better health seeking behavior than their male counterparts171 and many more consented
to participating in the study.
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The proportion of subjects that ever smoked was quite low. This finding reflects the low
prevalence of smoking in our environment. According to the Nigeria Demographic and Health
Survey less than 1% (0.1%) of women in Nigeria smoked cigarette and 8.4% of men in the
country smoked (172). They had good blood pressure control with a mean systolic and diastolic
blood pressure of 136 (±16) mmHg and 81(±9) mmHg respectively. The patients studied had
been on treatment for hypertension for an average period of 8.9 (±6.0) years with good drug
compliance in over two thirds (79.8%) of them.
About two thirds of the study population were either overweight (38%) or obese (31.7%) which
is consistent with the findings of Akintunde et al. 120
Proteinuria was the most common marker of kidney dysfunction identified in this hypertensive
population. About 56.3% had persistent proteinuria in excess of 150mg/24hours (range 0.170 –
1.50g in 24 hours) while only 7.2% had eGFR less than 60mls/min/1.73m2. The prevalence of
proteinuria in this study population was higher than that obtained in previous studies. 151-153 The
presence of proteinuria in patients with treated hypertension varied between 4-16% in different
series.151,

173, 174

Oladapo and colleagues examined 415 hypertensive individuals in a rural

community in Southwest Nigeria and documented microalbuminuria in 12.3% and overt
proteinuria in15.3%.174
The prevalence of LVH and abnormal left ventricular geometry in the subjects were 44.2% and
86.4% respectively. Only 16.4% of them had normal left ventricular geometry. These findings
were similar to that of Adebiyi and colleagues

175

who studied 457 hypertensive subjects using

various published partition values and reported a prevalence of LVH ranging between 30.9%56.0% and abnormal left ventricular geometry of 61.1%-74% depending on the method of
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indexation applied. Wachtell and his colleagues 176 in the LIFE multi-center study group studied
941 stage I-III hypertensive subjects. They reported 42-78% prevalence of LVH, 63-86%
prevalence of abnormal left ventricular geometry while 15-25% had normal left ventricular
geometry. Unlike in the two studies referenced above and some others177, 178 where eccentric LV
geometry was the commonest abnormal left ventricular geometry, concentric remodeling was the
most common in this study population, followed by concentric hypertrophy as previously
observed by Adebayo et al.179
Hypertensive retinopathy was present in 83.5% of the patients that had majority of which were
Keith Wegners grades I and II. Increasing age was found to predict early hypertensive
retinopathy in this study. There was no association between hypertensive retinopathy and
hypertensive nephrosclerosis (Table 10). Among patients with hypertensive nephrosclerosis, no
relationship was found between severity of proteinuria or eGFR and presence or absence
hypertensive nephrosclerosis.
Akinkugbe studied 50 patients with severe hypertension and found that severe retinopathy was
rare in Africans.180 However, Ladipo and colleagues 181 found in their prospective study of
retinal changes in 350 hypertensive Nigerians that over 70% developed hypertensive retinopathy.
They also demonstrated a significant correlation between age and early retina changes. Though
earlier study thought this phenomenon was rare in black Africans, latter study had demonstrated
that retinopathy was common in people of black African descent.180, 181 The reason for such
discrepant findings may be that the latter study examined a highly selected clinic population in
which complication rates are expected to be high while the former studied patients with severe
hypertension only. Other population based studies also found a high prevalence rate of
retinopathy ranging between 60%-85% in hypertensive subjects .182, 183
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This study further confirms that making a diagnosis of hypertensive nephrosclerosis based on
clinical presumption may overestimate the prevalence of HN. One hundred and twenty-five of
the 208 subjects met the diagnostic criteria for the clinical diagnosis of hypertensive
nephrosclerosis. Based on the clinical diagnostic criteria used in this study, the prevalence of HN
amongst patients with treated hypertension was 60%. An earlier study done by Nwankwo et al 48
in the northern part of Nigeria amongst hospitalized hypertensives got a prevalence of impaired
renal function to be 45.5%. The reason for this discrepancy in findings may be as a result of
differences in the study population and clinical definition of impaired renal function. This study
examined a highly selective clinic population with treated essential hypertension while
Nwankwo et al48 studied hospitalized hypertensive patients which included both primary and
secondary hypertension. Furthermore, the diagnostic criterion for impairedrenal function in their
study was less stringent than the criteria used in this study. They made a diagnosis of impaired
renal function if serum creatinine was > 135µmol/l without considering proteinuria or
microalbuminuria as an early marker of impaired renal dysfunction.
This study confirms that renal biopsies in non-diabetic hypertensive blacks with mild to
moderate renal insufficiency (i.e. CKD stages 1-3) in the absence of nephrotic range proteinuria
would likely show morphological features suggestive of hypertensive nephrosclerosis. These
changes consist of vascular wall media thickening with frequent arteriolar hyaline deposits,
varying degree of intima fibrosis or hypertrophy, and focal glomerular ischeamic changes with
variable thickening and wrinkling of the glomerular basement membrane, proportionate tubular
atrophy, interstitial fibrosis, global or even segmental glomerulosclerosis. Varying degree of
subtotal foot process effacement may be seen on electron microscopy. It is important to know
that none of these morphological features is pathognomonic of hypertensive nephrosclerosis.96,
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These injury patterns represent final common pathways of multiple forms of renal disease.

However, the constellation of these morphological changes in the absence of other lesions
suggestive of primary glomerular disease is indicative of hypertensive nephrosclerosis. Of great
importance is the clinical history of hypertension predating the renal insufficiency or proteinuria.
In this study, of the 37 subjects with adequate biopsy specimen, 26 had morphological features
of hypertensive nephrosclerosis, 5 had minimal change on light microscopy (no vascular lesions,
no focal glomerulosclerosis), and one other had light microscopy changes suggestive of
membranoproliferative glomerulonephritis. The remaining 5 had focal global and /or focal
segmental glomerulosclerosis in the absence of vascular lesions. There is a possibility that the
glomerular lesions in these 5 were not of vascular origin. Of the 26 patients with biopsy proven
nephrosclerosis, 12 had FGGS with vascular lesions while the remaining had FGGS +FSGS+
vascular lesions. The phenotypes of the global glomerulosclerosis seen in this study were not
documented. In this study, a close agreement between the proposed clinical diagnostic criteria
and biopsy findings of Hypertensive Nephrosclerosis was demonstrated. About 70% of patients
who underwent renal biopsy based on these criteria had biopsy proven hypertensive
nephrosclerosis. The diagnostic criteria used in the AASK study had a better accuracy (85%)
than that used in this study.96 This may be accounted for by the slight differences between the
two criteria. The AASK study was designed to examine the impact of 3 different antihypertensive drug classes and two levels of blood pressure control on the rate of decline of GFR
in African Americans with presumed hypertensive renal disease.96, 184 During the pilot phase of
the trial, eligible participants were requested to undergo renal biopsy to assess the underlying
lesions in this population. Eligibility criteria into AASK study include African American aged
18-70years with GFR of 25-70mls/min/1.72m2, hypertensive (diastolic BP <95mmHg), without
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marked proteinuria (protein/creatinine ratio < 2.0) and no clinical evidence of immune complex
disease and systemic disease.
Unlike AASK eligibility criteria which defined mild- moderate renal insufficiency as GFR 2570mls/min/1.72m2 without marked proteinuria, the clinical diagnostic criteria used in this study
defined renal insufficiency with respect to reduced GFR or presence of signs of kidney damage
using KDOQI definition of CKD i.e. eGFR <60mls/min/1.73m2 and/ or mild-moderate
proteinuria of 150-1500mg in 24 hours present for at least 3 months. These criteria have
provided the opportunity to assess underlying lesions in subjects with eGFR > 70mls/min and
mild-moderate proteinuria which would not have been accommodated if the AASK criteria were
used. Surprisingly, about 78.4% of the study population and 57.7% of those with biopsy proven
hypertensive nephrosclerosis were in this category and the marker of renal dysfunction in them
were proteinuria and / or hyperfiltration. There is a possibility that hyperfiltration, proteinuria or
microalbuminuria probably predates the decline in GFR – a scenario that is well known in
diabetic mellitus and CKD
The role of proteinuria, a known risk factor for development and progression of sclerosis was
examined in this study. The severity of proteinuria correlated only with the extent of
arteriosclerosis and hyalinosis. Unlike in previous studies, no association was found between
proteinuria and global glomerular sclerosis or interstitial fibrosis in this study.28, 96 AASK found
a correlation between proteinuria and interstitial fibrosis while Marcantoni and colleagues
demonstrated the association of proteinuria with segmental sclerosis and interstitial fibrosis and a
minimal variability of proteinuria with global sclerosis in African Americans.28, 96

88

Similar to the findings in AASK study, the extent of arteriosclerosis, arteriolosclerosis, global
glomerulosclerosis and interstitial fibrosis did not correlate with age in this study, supporting that
a disease process rather than aging contributed to these lesions (Table 11). However, there is a
possibility that the narrow age range (45-65 years) of the study participants made it difficult to
detect this trend.
Neither mean diastolic BP nor MABP was found to correlate with the extent of vascular lesion,
global glomerulosclerosis or interstitial fibrosis in this study. A similar finding was demonstrated
by AASK study, suggesting that hypertension might not have been the main causative factor.96
Marcantoni and colleagues28 in a retrospective review of 62 biopsies with histological diagnosis
of hypertensive nephrosclerosis also demonstrated that neither age nor MABP was useful in
predicting any of the morphological lesions in hypertensive nephrosclerosis. Studies in African
Americans have also not consistently shown a benefit of blood pressure control on the
progression of renal disease.30, 61, 68, 185 Data collected from the AASK trial indicated that the rate
of eGFR decline after 3 years was slightly less in the treatment group that received an ACE
inhibitor in combination with aggressive blood pressure control strategy.67 However, after ten
years follow up, 60% of participants in this group still met the study composite end point i.e.
50% reduction in GFR and ESRD .185 Thus, the findings in hypertensive nephrosclerosis, rather
than implying a linear direct relationship to damage induced by hypertension, may indicate
interplay between environmental and genetic factors, which together foster the coexistence of
renal lesion and hypertension in clinical setting .130
The role of smoking in arteriosclerotic lesions cannot be underestimated. Smoking has also been
associated with decline in renal function in diabetics, patients with essential hypertension and
those with primary renal disease.35, 123, 124, 127 However, the effect of smoking on morphological
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lesions could not be assessed in this study because only 2 of the patients who underwent renal
biopsy had history of smoking.
The global sclerosis (mean percentage global sclerosis of 13.59±16.66 % of glomeruli) reported
in the biopsied patients were not as extensive as that reported in AASK study (on average 43±
26% of glomeruli). The possible reason for this is that patients in AASK study were biopsied at a
later stage of the disease than in this study. The mean GFR of patients biopsied in AASK was
51.7±13.6 mls/min/1.73m2 while in this study, mean eGFR of biopsied patient was 74.95±18.18
mls/min/1.73m2. The extensive global sclerosis, seen in patients biopsied in AASK study was
substantially greater than that expected for the age group (~17% for age 54years).186, 187 Global
sclerosis may normally be present in 1-3% of glomeruli in adults up to 50 years of age and the
extent of global sclerosis increases with advanced age, up to 30% by age 80 years (186,
187).186,187 In previous studies of hypertensive nephrosclerosis, varying degrees of global
sclerosis has been described. In a study of elderly Japanese with hypertension, only minimal
global sclerosis was present, mild to severe intima proliferation with fibrosis was present in
arteries in all the patients while arterioles were unremarkable. In another series of benign
nephrosclerosis in Japanese patients, intima thickening of small arteries but not the large arteries
correlated with extent of glomerulosclerosis. All these observations point to possible differences
between populations both in response to injury and normal aging. In our environment, there are
no autopsy studies correlating extent of global sclerosis with normal aging process. Thus, there is
a need to generate such important background data as can be derived from autopsy studies of
patients dying from non-renal and hypertensive diseases. Furthermore, the extent of global
sclerosis in this study had a negative correlation with eGFR but did not correlate with age at first
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contact, supporting the fact that the early stage of CKD rather than aging per se contributed to
the mild sclerotic changes seen in the glomerulus (Table 11).
The major predictors/risk factors of biopsy proven hypertensive nephrosclerosis identified in this
study were high urinary protein excretion and low eGFR at contact. Age at contact, duration of
hypertension and presence of other target organ involvement at the time of diagnosis did not
predict hypertensive nephrosclerosis in this study. In a follow up study of AASK trial patients,
assessing the potential of baseline risk factors to predict composite renal outcomes (defined as
50% or 25ml/min decline in eGFR or ESRD), baseline proteinuria and baseline eGFR
<40mls/min were the factors associated with increased risk of adverse renal outcomes.188
Baseline proteinuria was consistently associated with increased adverse renal outcomes even at
very low levels of proteinuria.
The findings in this study did not exclude the possibility of a primary renal microvascular
disease causing both hypertension and global glomerulosclerosis. More so, that 14 of the 26
patients with biopsy proven features of hypertensive nephrosclerosis had associated focal
segmental lesions co-existing with focal global glomerulosclerosis. This is quite enormous when
compared to the number of segmental sclerosis reported in the AASK study. The reason for this
high prevalence in this study remains unclear and it certainly needs further evaluation
particularly the ultrastructure, immunohistology and genetic studies which were not readily
available at the time this study was conducted. There are recent data implicating presence of
APOL 1 and MYH9 risk variants on chromosome 22 among patients previously diagnosed as
having hypertensive nephrosclerosis in AASK study.73-76 For APOL 1, two coding risk variants (
G1 and G2) in the last exon of APOL 1 which confers resistance to lethal Trypanosoma brucei
infections were implicated.73,
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These variants are restricted to populations of recent African
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descent and has been demonstrated not only in African American but also in the South-West
Nigerian, among the Yoruba tribes.77 The spectrum of APOL 1 associated kidney disease
includes focal segmental glomeruloslerosis, non-diabetic CKD/end -stage kidney disease often
attributed to systemic hypertension, sickle cell nephropathy, collapsing glomerulopathy in the
settings of systemic lupus erythematosus and HIV while the pathogenic mechanisms by which it
produces these diseases are unknown. APOL 1 associated nephropathy is inherited in an
autosomal recessive manner.
In the AASK study, 23% of African Americans clinically diagnosed as having hypertensive
nephrosclerosis were later discovered to have the two APOL 1 risks alleles and the presence of
these alleles marks hypertensive individuals who have more proteinuria at baseline (i.e. 48% of
those with more than 0.6g/g urinary albumin creatinine ratio had the two risk alleles) and who
progressed despite the use of ACE inhibitor antihypertensive combination and optimal levels of
blood

pressure

control.73

The ‘Solidified

and

disappearing’ phenotypes

of

global

glomerulosclerosis previously described by Heptinstall and Marcantoni as one of the
morphological lesions seen in hypertensive nephrosclerosis has recently been found to be
associated with the presence of two APOL 1 risk allele.28, 140, 168 Marcantoni and colleagues50
were the first to demonstrate that these phenotypes were more likely to be associated with
segmental glomerulosclerosis and were more common in African Americans than in European
Americans suggesting that they were possibly due to hereditary factors and not consequent on
hypertension, as it did not occur in response to hypertensive changes in patients with European
ancestry.
Larsen and colleagues168 recently described a detailed histopathology of APOL 1 associated
CKD in kidney biopsies of self- reported African Americans who had eGFR <60mls/min/1.73m2
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for at least 3 months with a diagnosis of arterio-nephrosclerosis or putative hypertensionassociated nephropathy. The diagnosis of hypertensive arterio-nephrosclerosis was based on
clinic-pathologic findings i.e. a history of hypertension, progressive renal failure without any
other co-morbid illnesses as well as nonspecific chronic injury changes on kidney biopsy.
Genotyping of single-nucleotide polymorphisms (SNPs) in APOL 1 was performed. A discovery
analysis was performed in 58 subjects with two versus 56 subjects with zero APOL 1 risk
variants. Validation analysis was done in additional 82 subjects with zero, one, and two risk
variants. Their study demonstrated significantly less obsolescent glomerulosclerosis, higher
frequencies of solidified and disappearing glomerulosclerosis, higher degrees of interstitial
fibrosis, tubular atrophy specifically, the thyroidization type and higher percentage of cases with
microcystic tubular dilatation in African Americans with arterionephrosclerosis who possesses
two APOL 1 risk variants than in those with fewer than two risk variants. Obsolescent
glomerulosclerosis in them were <50%. In the African Americans without the two risk variants,
obsolescent glomeruli and greater degrees of arteriosclerosis were more often present. Focal
segmental sclerosis lesions were very common in both groups and their frequencies between the
two groups were not significantly different. No major histologic differences were seen between
those with zero or one risk variant. Though many of the morphological findings were said to be
nonspecific, when they are present together, they demonstrated a high specificity for APOL 1
associated kidney disease in African Americans with hypertension and CKD. The presence of at
least two of the following histopathologic findings; <50% obsolescent glomerulosclerosis (i.e.
solidified and disappearing predominant glomerulosclerosis), thyroidization-type tubular
atrophy, and microcystic tubular dilation had a specificity of 86% for the presence of two APOL
1 risk variants with good inter observer agreement (a ĸ of 0.71).
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In the review of the 26 patients with biopsy proven features of hypertensive nephrosclerosis
about 3 patients had solidified + disappearing predominant glomerulosclerosis with
thyroidization type tubular atrophy and/ or microcystic dilatation. Although genotyping was not
done in our study participants, there is a possibility that we have a mixed bag of patients with
true hypertensive nephrosclerosis and APOL 1 associated nephropathy. The presence of these
features will suggest the need for genetic studies.

\
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CHAPTER SIX
6.1.

CONCLUSION

Clinical hypertensive nephrosclerosis is highly prevalent in treated essential hypertension.
Proteinuria and BMI correlated with arteriosclerotic lesion in this population while eGFR
correlated with the severity of global sclerosis.
Morphological lesions can be seen even when the only marker of kidney dysfunction present was
minimal to moderate proteinuria.
Aging, blood pressure levels, duration of hypertension did not independently predict for any of
the morphological lesions of nephrosclerosis documented in this study, suggesting that other
factors, probably genetic may play a role.
Focal segmental sclerosis was associated with focal global sclerosis in about 54% of the patients
who had biopsy proven nephrosclerosis
Glomerular filtration rate and urinary protein excretion were predictors of hypertensive
nephrosclerosis identified in this study. Age at first contact, duration of hypertension and
presence of other target organ involvement (LVH and /or HR) did not predict hypertensive
nephrosclerosis.
The clinical diagnostic criteria used for this study has 70% accuracy.
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RECOMMENDATION AND LIMITATIONS
RECOMMENDATIONS
In view of the high prevalence of clinical diagnosis of hypertensive nephrosclerosis, the
following recommendations are hereby suggested


Periodic assessment of glomerular filtration rate and urinary protein excretion
should be performed in hypertensive patients in our follow up clinics



Assessment of BMI and control of obesity in patients with hypertensive patients



Further investigation of genetic markers and prospective follow up may help to
define the underlying mechanisms of the spectrums of structural lesions seen in
our patients.

LIMITATIONS
1. Non-availability of facilities for immunofluorescence/ immunoperoxidase studies and
electron microscopy made confirmation of histological diagnosis difficult.
2. Inability to biopsy all the patients that met the clinical diagnostic criteria for hypertensive
nephrosclerosis.
3. Genotyping for APOL 1 variants and other glomerulosclerosis associated gene variants
were not done.
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PREVALENCE AND PATTERN OF HYPERTENSIVE NEPHROSCLEROSIS AMONG
PATIENTS WITH ESSENTIAL HYPERTENSION
Subject’s Agreement:
I have read the information provided above, or it has been read to me.
I have had the opportunity to ask questions about it and any questions I have asked have been
answered to my satisfaction. I consent voluntarily to participate in this study/or agree that 10ml
venous blood be taken as sample for the study, and lignocaine will be used as aneasthetic agent if
there is a need for biopsy. I understand that I have the right to withdraw from the study at any
time.

Yes

No
No

-----------------------------------------------------------------------------------------------------------Signature/Thumb print of Research Respondent.

Date:

Printed Name of Research Subject’s Legal Guardian.

Signature/thumb print of Person Obtaining Consent.

Printed Name of Person Obtaining Consent.
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Date:

OYEDEJI’S CLASSIFICATION OF SOCIAL CLASS (Modified).
SCORE OCCUPATION
1.

LEVEL OF EDUCATION

Senior Public Servants, Professionals, Manager, Graduates
Large Scale Traders, Businessman, Contractors

2.

of

tertiary

educational institution.

Intermediate Grade Public Servant and Senior School Certificate GCE O/L
School Teacher.

with

Teaching

or

Other

Professional Training.
3.

Junior School Teacher, Driver, Artisans

School Certificates or Grade
II

Teachers

Certificate

holder or Equivalent.

4.

Petty Traders,

Labourer, Messengers, and Modern Three and Primary

Similar Grade
5.

Six Certificates.

Unemployed, Full-time house-wives, students Can just read or illiterate
and subsistence farmers.

Social class was awarded based on the educational attainment and occupation of
individuals. The mean of the two scores to the nearest whole number was the social class
assigned to the invidual. Social classes I & II were considered as high socioeconomic
class, IV and V as low while III, middle socioeconomic class.
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PROFORMA
1.

Demographic Data
(i)

Serial Number _______________

(ii) Initial ____________________

(iii)

Hospital Number ____________ (iv) sex: male ( ) Female ( )

(v)

Age at last Birthday (years):

(vi)

Ethnicity:

(vii)

Religion: Christianity (

) Islam ( ) Traditional ( )

(viii)

Marital Status: Single (

) Married (

Date of birth:

) Widowed ( ) Separated/Divorced (

)
(ix)

Educational level:

(x)

Occupation: ________________________

(xi)

Contact Address:

(xii)

Phone no:

___________________

(xiii) Date:
2.

Past Medical History

(i)

Duration of hypertension

(ii)

BP control over last six month

(iii)

Antihypertensives

(iv)

Compliance

(v)

Facial Puffiness

______________________
_______________________

_______________________

_______________________
Yes

( )
115

No

( )

(vi)

Frothy Urine Yes

( )

No

( )

(vii)

Nocturia

Yes

( )

No

(viii) Previous History of Body swelling
(ix)

Polyuria

(x) Uremic features Yes
(xi)

( )

Yes ( )

How many times/night……….
No

Yes

( )

No

( )

No

( ) Which ones

Yes

( )

No

( )

Analgesic Consumption

( )

( )

Type:
Frequency:
(xii) Herbal Concoction:
Type:
Frequency:
(xiii) Socioeconomic status:
(xiv) Birth weight:
(xv)

Family history of Hyperternsion

Yes

( )

No

(xvi)

Family history of CKD

( )

No

( )

(xvii)

Alcohol

(xviii) Smoking

Yes

Yes ( )

No

(

Yes

No

( )

( )
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)

( )

Not sure

Quantity……………..
Pack yrs………………

( )

3.

Clinical Examination
(i)

General Physical Examination

Palor Yes

( )

No

( )

Jaundice

Yes

( )

No

( )

Fever Yes

( )

No

( )

Puffy face

Yes

( )

No

( )

Asterixis

Yes

( )

No

Pedal oedema Yes

( )

No

( )

Weight _______________

( )

Height ___________ BMI ___________

Waist circumference __________ Hip circum ____________ Waist/Hip ___________
(ii)

Cardiovascular Examination:
PR:
`Blood pressure:
Supine ______________
Standing ___________
Mean Arterial Pressure (MAP) ___________________
JVP

______________________

Heart sound ______________________
(iii)

Chest Examination
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Apex Beat _________________

RR

____________________

Assymetry _______________

Percussion notes __________________ Fine crepitation ____________
Coarse crepitations ______________________
(iv)

Abdomen
Distention ____________________ Tenderness__________________
Liver _________________ Spleen__________ Kidney ________________
Ascites _________________

(v)

Neurological Examination
Orientation _____________________
Cranial Nerve deficit ____________________
Motor System:
Bulk

_______________________

Tone _________________________
Power ________________________
Reflexes

___________________

Sensation:
4.

INVESTIGATIONS
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A.

Urinary Protein Excretion
(i)

Dipsticks (Albustix) at contact:

Yes _______ No ______

Value: ___________
(ii)

Dipsticks at 3months Yes _______ No __________
Value: ________________

(iii)

Urine microscopy

(iv)

24hr Urine :
Urine Volume _______________

Specific gravity __________________

Protein _______________ Creatinine _________________
Serum Cr(at contact)______________ Serum Cr (3mths)
eGFR _______________
B.

Dilated Fundoscopy

C.

Renal Ultrasound Scan:

D.

Echo

eGFR( 3mths after)

(Hypertensive Retinopathy):

E. ECG

F.

Electrolyte, Urea and Creatinine
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Na

G.

K

HCO3

Urea

Creatinine

Uric acid

Fasting Lipids

Total cholesterol

Triglyceride

H.

FBS……………………..

I.

ESR……………………….

J.

HBsAg…………..

K.

Biopsy Findings:

LDL

HDL

2HrPP………………

AntiHCV……………

Macro:

Micro:
Glomerulus -
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HIV……………..

Tubule –

Vessels –

Diagnosis

SUBJECT INFORMATION SHEET
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Prevalence, Pattern and Clinicopathology of Hypertensive Nephrosclerosis

SUBJECT INFORMATION SHEET
Principal Investigation: Dr Omotoso Bolanle ATelephone No:- 08034957894 ,
O8158003760
E-mail:
bolamotee@yahoo.co.uk
Institution: Obafemi Awolowo Teaching Hospital

Department: Medicine

Title of Study: Prevalence, Pattern and clinicopathology of Hypertensive Nephrosclerosis
Co – Investigators: Sponsor (If any) None
Some general things to know about the study:
This study is being carried out to know the effect hypertension on you as a person. These effects
are things that you may not know or feel in your body except some investigations are carried out.
For example, hypertension may affect the eyes heart, kidneys, and level of fat in your blood
without you knowing. Therefore we will use special instruments to look into your eyes, and
heart. We will take blood, urine and small pieces of kidney tissue (what we call renal/kidney
biopsy) if need be so as to know the effect of the hypertension on your kidneys. Please note that
you will not be put to sleep or opened up if you fall among those that we will need to take their
kidney sample.
All these tests will be carried out by a team of competent and qualified doctors.
Thank you for taking part in this study

What is the purpose of this study?
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4. To know how many people have kidney disease from hypertension among those attending
the cardiology and nephrology clinics.
5. To determine and compare some special attributes in people with essential hypertension who
developed kidney disease and those who did not
6. To identify possible risk factors in those that developed kidney disease
7. To look at the kidney samples taken under the microscope for the type of kidney disease so
that we can offer you the best treatment option
Procedures:
For this study, the procedure will be:
i. History and general examination with measurement of your height, weight abdominal
circumference, hip circumference and blood pressure.
ii. Your eyes and heart will be checked for signs of damage by hypertension by the use of
special instruments
iii. Blood sample will be taken for various laboratory investigations.
iv. Urine will be collected for analysis
v. Sample of your kidney (Renal/kidney biopsy) will be taken if there are features
suggestive of kidney damage from hypertension.

Benefits:
The information obtained from this study will help us know how common kidney disease from
hypertension is in the community, identify those of you in early stages of the disease and reduce
its progression to end stage renal disease by following you up and offering you appropriate
treatment. It will also help identify risk factors and propose ways by which we can prevent them.
Costs of Participation:
The study does not impose additional cost to you as the examination and investigations are
routine
Risks:
The risks of the procedure will be pain from the needle prick and minimal discomfort during the
kidney biopsy.
Compensation:
There are no arrangements for compensation to be paid to you
Confidentiality:
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Any information that will permit your identification will be regarded as strictly confidential. In
addition, all information obtained in the course of the study will be handled with utmost care and
will not be disclosed or released for any other purpose without your prior consent.
Respondents’ Rights:
It is not compulsory to take part in this study. Your decision not to participate will not stop you
opportunity to receive care.
Conflict of Interest:
There are no conflicts of interest in this study.

For the Records: Review of your case records will be done after taking consent from you and
all information obtained will be handled confidentially.
-
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