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ABSTRACT

Nephrotie Syndrome {NS), a condilion characterised by protcinuria. hypoprotcinaemio,
and hypercholesicrolacmia resulling from dswnage to the kidneys' glomeiuli blood
vessel, is 8 common childhood discasc worldwide. Elevated Tolal Homocysteinc
(1Hcy) has been proposed as a major conlributor 10 morbidity and mortality in children
wilh NS and fowering tilcy level may improve survival inchildren. Though childhood
NS is prevalenl in Nigeria, evidence of hyperhomocysicinacmia and the clfecis of
vitamin supplemcnlation on 1l{cy and iipids are scanty, Therelore, this sludy ‘vas
conducled to ¢voluate plasma 1Hcy, lipids and apolipoprolein-A! in NS before and

after vitamin supplementation,

Using a pre-post, quasi-experimental design, 84 children (42 with NS and 42 age-scx
and malched controls) were conseculively recruited at the University College Hospital,
Ibadan. A structuied questionnaire was used to collcet clinical and anthropometric
dala. Weight and height were measurcd using a weighing scale and sladiomeler. All
children with NS were given 5 mg folate and one tablet of vitamin-B-complex daily,
Blood samples collecied al bascline and 3-month post supplementalion, were analysed
for tHcy using cnzyme immuno-assoy; Total Cholesterol (TC) and triglycerides using
enzymatic colorimelric method; Eligh Density Lipoprotein Cholesterdl (HDL-C) with
phosphotungstalc magnesium precipitation; and Apolipoprotein-A [ (Apo.Al) by
lurbidimetric method. Serum folate, pyridoxine {B.) and cyanocobalamin (By3) were
determined using high performance liquid chromatography and Serum Creatinine (SC)
with fixedtime Joffe method. Low Densily Lipoprotein Cholesterol (LDL-C) was
estinated by mcans of Friedewald formula. Data were analysed using descriptive

statistics, Student's 1-test and Mann-Whilney U test at p = 0.05.
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The mean age for NS and control were 103.5 £ 32.7 and 100.9 + 29.4 months
respectively. The mean BM) of NS (17.3 £ 1.6 kg/m?) was significantly higher than
that of controd (15.9% 1.2 kg/rn“‘). Al basefine, NS had significantly higher value than
conlroi wilh respect to tHey (11.3 £ 2.6 pmol/L versus 5.5+ 2.3 pmol/L), TC (238.8
93.9 mg/dL versus 155.0 £ 70.6 mp/dL). Isiglycerides (161.5 £ 114.4 mg/dL veisus
1084 £ 52.6 mg/dL), LDL-C (191.9 £ 91.2 mg/dL versus 122.5 + 70.2 mg/dL) and
Apo-Al (173.8 + 43.4 mg/dL versus 136.7 £ 56.9 mg/dL) bul no significant diflerence
in HDL-C. tn addition, NS had significantly lower values than control for lolaic (9.1 +
3.9 ng/mL versus 11.2 £ 3.1 ng/dL) and cyanocobalamin {268.5 + 95.7 pg/mL versus
316 + 117.2 pg/mL). The conccntrations of pyridoxine (NS: 724 = 3.1 nmol/L;
control: 75.8 £ 15.2 ninol/L) and crcatinine (NS: 0.7 £ 0.4 mg/dL; conlrol; 0.5 £ 0.2
mg/dL) were nol sipnificantly ditTerent. Vilamin supplemenlation significanily
lowered IHcy by 52.6%., TC by 21.1%. Iniglycerides by 26.1%, LDL-C by 21.2%,
Apo-Al by 12.5%, creatinine by 28.6%:. bul increased folalc by 26.4%,
cyanocobalamin by 15.4% and pyridoxine by 15.3% when compared with the

respective baseline values.

Efevated plasma homocysieinc and athcrogenic lipids were associalcd with Jow serum

folatc and cyanocobalainin in children with nephrotic syndrome. These abnormalities

were improved by supplementation with oial vilamins.
Keywords: Nephrotic syndrome, Vilemin supplemcntation, Plasma homocystcine

Word counts: 483

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

Ix



TABLE OF CONTENTS

Title

Title page

Certilication

Dedication

Acknowlcdgements

Absiract

Table of contents

List of Tables

L.ist of Figures

List of Abbreviations

CHAPTER ONE: INTRODUCTION

1.l Background

1.2 Rationale for the study

|.3  Objectives of the study

1.4 Study hypotheses

CHAPTER TWO: LITERATURE REVIEW
2.1  Bricfhistorical perspective

2.2. Homocysteine metabolism :n heaith

2.3.1 The activated methyl cycle or temethylation pathway
2.).2 Theteansulfuration pathway

2.3.3 Homocysteine thiolactone formation

24. Regulation of plasma homocysteine

2.5  Factors affiecling homocysteine metabolism
2.5.1 Dcmographic foctors

2.5.2 Genetic faclors

2.5.3. Physiological factors

2.5.4. Nutritional {actors

2.5.5 Diumal and seasonal variation
2.6 Plasmahomocysteine nonnal rcfercnce values
2.7 Homocysteine metabolism and kidney functions
2.8  Nephrolic syndrome

2.8.1 Nephrotic syndrome and homocysieine metabolism

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
X

Page

]

iV

vii
N
Xl

Xv



28.2
28.3
284
2.8.4.1.

2.9
2.9.1.

2.9.2.

294
2.10.
2.10.1.
2.10.2.

Homocystcinc and plasma protein in ncphrotic syndrome

Lipid metabolism in nephrotic syndrome patients
Homocystcine and lipid peroxidation in nephrotic syndrome
Pathogenesis of damagc of vascular walls in
Hyperhomocysicinacmia

Vitaminsand homocysteinc metabolism in nephrotic syndrome
Abnonnalitics of homocysieine and 8 vilamins in nephrotic
syndrome

Efeets of folic acid supplements on homocystcine in nephrotic
Syndrome

EfTects of vitamins B,; and B¢ supplementation on homocysleine
Apolipoprotein Al

Faclors affecling Apo Al activity

Signifieance of Apo Al in renal diseases

CHAPTER THREE: MATERIALS AND METIIODS

3.1

32
33
34
3.5
3.6.
36.1.
3.6.2,
3.6.3.
3.6.4.
3.6.5.
3.6.6.
3.6.7,
3.6.8.
3.69
3.6.10.
3.6.11.
3.6.12.

Study site and population

Study design and subjects

Sample size calculation

Sampling procedures

Conduct of the study

Laboratory procedures

Determination of plasma toial cholesterol
Determination of triglycerides
Determination HDL cholestero!
Dectermination of LDL cholesieiol
Dctcrmination of total protein
Detcrinination of albumin

Detcrmination of creatinine

Creatinine clcaiance

Determination of scrum urca
Detennination of plasmahomocystcine
Determinationof Vitamin 33 {cyanocobalamin)

Determination of folate

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

xl

30
30
32
34

36
38

39

al
42
43
43
45
45
45
46
47
48
48
49
50
5
53

55
57
58
59
60
63
65



3.6.13. Determination of Apotipoprotcin Al

3.7
3.7

3.7.2
3.73.
3.74.

3.2.5
3.8
34
3.9.

Anthropometric measurements

Waist and Elip Circumference

Height and Weight

Body Mass Index

Skinfold thickness mcasurcments
Body (at proportion

Determination of socio<«conomic class
Data analysis

Ethicat consideriation

CHAPTER FOUR: RESULTS

4.1.
42,
4.3.
4.4,
4.5.
4.6,
4.7.

4.8.

4.9.
4.10.

4.11
4.12,

4.13.

4.14.

Socio-demographic characterislics and clinical features

Major clinical features amongthe ncphrotic syndrome group
Distribution of NS and control by Lhe degiee of protcinuria and
Hypoalbuminaemia

Distribution of NS patients andcontrols into the upper, inter and
lower quariiles of the distribution homocysteinc

Prevalence of high plasma homocysteine and low vitamins in the
study participanis

Bascline anthropometrics and skin fold thickness

Physical exeicises and intake of fat-rich foads and salt

Scrum protein, creatinine, urea and estimated glomerular filtration
rate (cGFR)

Plasma lipids and Apolipoprotcin Al

Plasma homocysteine, serum folate., vilamin Bg and vitamin B, at
Bascline

Socio-economic status and mean plasma homeocysteine

Scrum creatinine, estimated GFR and protein levels before and after

Supplemeniation

[*lasma lipids and apolipoprotein At levels before and afier

Supplemeniation

Plasma homocystcine, serum folatc and vitamin Bs; and vitamin B,

levels before and afler supplementation

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

xil

66
68
68
68
69
69
69
{1
71
72
73
73
n
n

80

80

83

85

88

88
91

9
94

94

97



4.15.

4.16.

4.17.

4.18.

4.19.
4.20,

4.21,

4.22,

Biophysical parameters in NS and conlrol classified by
homocystcine [evels

Biophysical parameters in NS and control classitied by
homocysteinc levels al uppcr quattile of distribution

Biochcmical parametcrs in NS and control class:fied by
homocysicinc levels

Biochemical parameters in NS and conlrol classified by
homocysteine levels at upper quartile of nosmal distribution
Levels of Homocysicine and GFR

Change in homeysteine afler vilamin ang folate supplcmentation in
nephrolie syndrome patients classilied by baseline [evels
Coeflicient cosrelation of homocystcine with age. scrum folate.
vitamin By, vitamin B;z, albumin, estimated G¥R in nephrotic
syndrome patients and control at baseline

Relationship of plasma homocysieinc with folate, vilamins and Apo

A1 among the nephrotic syndrome group

CHAPTER FIVE: DISCUSSION

s
5.2,
a3,
54.

5.5,
5.6.
5.7.

Socio~demographic characleristics of study subjocts

Diognostic features and urinalysis findings al prescntalion
Measuied anthropometric, estimated body fat and dietary paticen
Serum piolein, creatinine and estimated glomcrulor filtration rate
(¢eGFR)

Masma lipids and apolipoprotein Al

Plasma homocysicine, serum folale, vitamins Bs and vitnmin Bya

Effects of vilamin supplcmentation

CHAPTER SI1X: SUMMARY AND CONCLUSION

6.1.
6.2.
6.3.
6.4.

Summaiy of findings

Conclusions

Further Studies

Limitations of study findings

REFERENCES
APPENDICES

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

xlll

99

101

101

104

104
107

110

117

119
19
121
121
122

124
127
130
133
133
134
134
135
136
168



Tabie 2.1:

Table 4.1:

Table 4.2:

Table 4.3:

Tabfe 4.4;

Table 4.5:

Table 4.6:

Tabie 4.7:

Table 4.8:

Table 4.9:
Tabled.10:

Toble 4.11:

Table 4.12:

Tabled.[3:
Table d,14:

Tabled.|5:

LIST OF TABLES
Title

Table 2.E: Plasma total homocystcine reference ranges in healthy
population

Socinl and demogrophic characteristics of the study paiticipants
Majar clinical fealures of 42 paticnts wilth Nephrotic Syndrome
Distribution of NS and controf by the degree of proteinuria and
hypoalbuminaemia

Distribution ofsubjects based on quartile values of homocysleine,
fotate, vitanmins Bgand B, for control

Prevalence of hyperhomocysteinaemia, low serum folate, low
vitamin B¢ and low vilamin B,

Baseline anthropometrics and skin-fold thicknesses of study
par.icipants

Exercise and intake {at-rich foods among study paiticipanis three
months before the study

Serum protein, creatinine and creatinine clcaranceamong study
participants

Baseline pasma tipids of study pariicipants

Baseline plasma homocysteine, semm folate, vitamin B,; and
vitamin Bs of study participants

Socio-cconomic status and mean plasma homocysieine

Serum prolein, ctealinine and cieatinine clearance pre ond post
vilamin and folate supplementation in nephrolic syndrome
palients

®losmo lipids before and alter vitamins supplemenisiion

Plasma I fomocysieine, Serum folate, vitamins B2 and By before
ond after vitamins supplementalion

Biophysical parameters in NS ond control classilied by

homocysicine levels

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

xiv

Page

24

7

78

79

81

82

84

87

90
92

93

95

96

100



Table 4.16:

Table 4.17:

Table 4.18;

Table 4.19:;

Table 4.20:

Table 4.21:

Table §.22:

LIST OF TABLES (Centinued)

Biophysical paramclersin NS and control classified by
homocysleine levels at upper quartile of nonnal distribution
Biochemical paramcters in NS and control classified by
homocystcinc levels at cut of

Biochemica! patamcters in NS and conlrol classified by
homocystcinc levels at upper quartile of nonnral distribulion
Distribution of subjccts by level of homocysteine and reduction
in GFR

Plasmahomocystcine pre and post vitamins supplementation in
ncphrotic syndiome patients classified by baseline levels
Corrclation of homocysleinc with age, serum folale, vilemin Bg,
vitamin Bz, olbumin, estimated GFR in nephrotic syndrome
patienis and conlrol at baseline

Multivarietc analysis showing relationship of plasma
homocystcine wilh {olate, vitamins and Apo Al among the

ncphrotic syndrome group

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
Xy

102

103

105

106

108

118



LIST OF FIGURES

Title Page
Figure 21:  Homocysteine (Hcy) and the major related disulfides in normal 13
human plasma
Figure 22:  Homocysteine metabolism 14
Figurc 2.3:  Demcihylation of dictaiy methionine to homocysteine 1$

Figurc 24:  Possible mechanisms of endothclial dysfunction, atherosclerosis, 33
and thrombosis in hyperhomocysteinaemia

Figure 2.5: Homocysteine can cause vascular damage cither directly or 35
through the gencration of reactive oxygen species

Figurc 4.1 Distribution of stedy participanis by their position among mothers’ 76
children

Figure 4.2;  Graphical plot of the magnitude of reductionin plasma tHcy (that 109

| is pre minus post supplemcnitation) and the baselinc

homocysteinc

Figwed.3:  Scatter plot of plasma homocysicine and cstimated GFR among 112
NS paticnts

Figure 4.4:  Scatter plot of plasma homocystcine and cstimated GFR among 113
contiol

Figure 4.5:  Scatter plotof plasma homocysicine and albumin among NS 114
paticnls

Figure 4.6:  Scatier plot of plasma homocysicine and folate among NS 115
paticnls

Figure 4.8:  Scatier plot of plasma homocystcine and Vitamin B3 among NS 16
palients

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

v



Acronyms/Abbrevialions
95% Cl
A:
Apo-Al:
ARIC
ATP:
BHMT:
BMI:
CBS:
CHD:
CRI:
CSF
Cu:
CvD:
DHFR:
dT™Pp;
dUMP:
ESRD
Micy:
FSGS:
GFR:
11;0;;
H:S:
IICL:
tcy:
HDL-C:
HPLC:
KMnOy:
LOL-C:
MCNS:
MS:

LIST OF ABBREVIATIONS

Full meanings

95% Confidence Interval

Absorbancc

Apolipoprotein Al

Alherosclerosis Risk in Communilies Study
Adenosine Tri Phosphate

Belaine Homocysteine Methionine Transfcrasc
Body Mass Index

Cystathionine  Synthase

Coronary Heast Discase

Chronic Renal InsufTiciency
Cerebrospinal Fluid

Copper

Cardiovascular Diseasc

Dihydrofolate reductase
Deoxythymidine monophosphate
Deoxyvsidine monophosphate

End Siage Renal Failure

Free Homocysteine

Focal and Segmental Glomerulosclerosis
Glomeiular Filiration Rate

llydrogen peroxide

| lydrogen Sulphide

Hydrogen Chloride

lHomacysteine

High Density Lipoprotein Cholesterol
lHigh Perfonnonce Liquid Chromatography
Polassium permanganaie

Low Density Lipoprotein Cholesterol
Minimal Change Nephrotlc Syndiome
Methionine Synihase

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

xvil



MTHFR:

NaOH:
NS:
0,
OD:;
OR
SAH:
SAM:
SC:
SD:
TAS:
TC:
TG:
tHey:
THE:
UK
USA

VLDL:-C:

Mcthylenctelrahydrofolute reductase
Sodium Hydroxide
Nephrotic Syndrome
Oxygen

Optical Densily

Odds Ratio
S-3denosylhomocysteine
S.adcnasylmethionine
Serum Creatinine
Standard Deviation
Totnl Antioxidant Status
Tolnl Cholesterol
Triglycerides

Total Homocyslcine
Tetrahydrololate

United Kingdom

United Stale of America

Very Low Density Lipoprotein Cholesterol

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

xvifl



CHAPTER ONE

INTRODUCTION

..  Background

Nepheotic syndrome (NS) is a discase of the kidneys charactcrised by the presence of
hypercholcstcrolemia, massivc protcinuria, and hypoalbuminaemin with or without

ocdema (2000). The causes of NS may be primmy or sccondary. The 1crm “primaiy”

indicates that the discasc is limited to the Kidneys and it i of unknown actiology.

Secondaty ncphiotic syndrome is present when the discase has exira.renal couse not
dependent on the renal abnosmality or has a specific actiology. Sccondary nephrotic
syndrome may result from caomplications from systcmic discascs such as diabctes,
infections and drug or heavy metal poisoning (Bcergstain, 2000), Nephiotic syndrome
is primarily 3 pacdiatric disorder and it is 15 tlimes more common in children than
adults (Berpstain, 2000). Worldwide, the estimated annual incidence of ncphrotic
syndrome is 20 to 70 cases per | million childeen and 3 cases per 1 million adults
(Bergstain, 2000). According to Bergsiain (2000), approximately 90% of children
with nephrotic syndrome have idiopathic nephrotic syndrome. In Nigeria, the
prevalence of nephrotic syndrome is about 14.6% among hospitalised children (Cke
and Eke, 1994) and the incidence is highest in children aged | to 6 years, NS s twice

more common in boys than in girls in a typical Nigerian hospital (lbadin and

Abiodun, 1998).
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Homocystcine is a thiol-containing amino acid produced by intracellular

demethylation of dictary mecthionine (Refsum et al., 2004). {tomocystcine is
remethylated forming methionine or catabolised 10 form cystathionine and cysteine.
The remethylation reaction is dependent on the cofactor activity of folatc and vitamin
812 (Klee, 2000). Thus the delicicncies of folate, vitamin B3 and sometimes vitamin
Bs have been shown 10 result in hyperhomocystcinacmia (Verhoef ct al., 1996).
Reduced and oxidixed forms of homocysteine are present in plasma, and their fasting
plasma conccntrations. denoted 101al homocystcinacmia (tHcy), are thought to be a
reflection of intracellular metabolism and cellular export of homocysteine (Refsum et
al.. 2004), Fyperhomocysicinaemia has been repoited to be an independent risk factor
in the actiopathogencsis of coronary, cerebrovascular,and peripheral vascular discases

in population-bascd studies (Malinow, 1994, Boushey et al., 1995, Hoogeveen et al.,

1998).

Cardiovascular disease (CVD) is an important causc of death in paticnts with chronic
renal discases including ncphrotic syndiome. lt is recognised that nephrotic syndrome
paticnis arc al higher risk of arterial and venous thrombosis. There is evidence of
accclerated athcrosclerosis in these patients (Ordoncz et al., 1993). The
atherothrombotic risk patticm of the NS closely cesembles those reported in other
diseases associatcd with hyperhomocysicinacmia (Boushey ct al., 1995, den Heijer ¢t
al., 1996, Piolot ct al., 1996). The markedly increased level of plasma total
homocysteine (t13cy) in chronic renal diseases has been suggesied s an independent
risk foctor for the development of premature coronary heart discase (CHD) in such
conditions (Casanueva ct al., 2003, Chamberlain, 2005). Morcover, patients with the

ncphrotic syndrome (requently have low circulating lcvels of vitamin Bq and folate,
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which are associated with a heightened risk for venous and anterial thrombosis

(Monncrat and llayoz, 1997, Podda ct al., 2007).

typerlipidacmia is & major feature in Nigerian children with Ncphrotic syndrome. I
a study of fortycight Nigcrian adults consisting of 28 patients with nephrotic
syndrome and 20 controi subjects, the plasma levels of low density lipoprotcin (LDL)
cholesterol and vety low density lipoprotein (VLDL) cholesterol were all reported to
be signilicantly clevated in patients with nephrotic syndiome when compared wilh
healthy controls (Adigun ct al., 1999). Thc significant increase in LDL cholesterol
and the reduction in the ratio of high density fipoprotein (HDL) cholesterol 10 1otal
cholesterol, despite the high IHDL cholesterol, probably suggested an increased risk
for developing coronaiy heart discase in Nigerian adults sultering from nephrotic
syndroine (Adigun ¢ af., 1999). Howevcr, the links among plasma homocysteine,

lipids and related metadolites have not been explored among Nigerian children with

nephrotic syndrome.

In many developed and developing countries. studies have demonstrated clevated
fasting scrum tHcy concentrations in patients with chronic renal insulticiency with
ncphrotic syndrome and low levels of proteinuria (Chauveau ct al., 1992, Hultberg ct
al., 1995, Amadottir ct al., 1996, Hong c1 al., 1998). This clevation is present in the
carly stage of Chronic Renal Insufliciency (CRI1) and increascs in paraliel with the
degree of teduction in renal function (Chouveau et al., 1992, Hultberg ct al., 1995,
Amadottir ct al., 1996, tlong ct al., 1998). The increase in fasting tHcy concentrations
is mainly due t0 the reduction in plasma homocystcinc clearance, afthough the cause
of this decrease is still unknown (Guttormscen ct al.. 1997). Howcver, studies which
exomined the relationship between circulating tllcy and risk of caidiovascular

diseascs in nephrotic syndrome among children are scarce.
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It is evident fiom litcrature that the roles of homocysteine in the pathophysiology,
pathogenesis and manifestations of ncphrotic syndrome are still largely under
investipations. [t is not clear from literature whot interactions exist between

homocysteine and lipid mctabolism in  ncphrotic syndrome  paticnts.

Hypcrhomocysicinacmia may bc an indcpendent risk factor for cardiovascular
discases including atherothrombosis in scvernf clinical settings with renal dysfunction,
but its prevalence and correlation with any of the biochemical componcents of the
nephrotic syndrome especially lipids have not been adcquately investigated. This
study was carricd out 1o detenminc the plasma lcvel of homocysteine, examine the
correlations of plasma homocysteine with albumin, creatinine and lipids and evaluatc

the cffccts of folate, vitamin Ba ond vitamin B)3 suppicmentation on plasma

homocystcine in paticnts with nephrotic syndrome.

1.2. RATIONALE FOR THE STUDY

The fact that nephrotic syndrome contributes signif:cantly 1o childhood morbidity and
monality in Nigcria is well known. \Vith the transition in the pattern of diseases in
Nigeria from mainly infectious diseases 10 non-infectious discases it is anticipated
that childhood morbidity will be larpely dominated by non-communicable discases
like nephrotic syndrome and cardiovascular discoses in the necar futurc. However,
despite the abundance of data on homocystcine metabolism, mainly nmong the
Caucasians, the pathogenesis of hyperhomocystcinemia and its relationship with other
metabolitcs in rcnal diseasc remain unclear. There is considcrable controversy
surrounding the cxtent and mechanisms of the role of the kidney in homocysieine
mctabolism. It is not clear from cxisting litcraturc what intcractions are present among

plasma homocysteine, lipids and othesr metabolites such as apotipoprotein A,

creatinine and albumin in children with nephrotie syndrome,
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Elevation of plasma homocysteine (Hey) is independently associaled wilh adverse
cardiovascular and non-cardiovascular outcomes (Vollset ct al., 2001, Ferechide and
Radutescu, 2009, Bao et al., 2010, Ciaccio and Bellia, 2010, Gokkusu et al., 2010)
but reports on its prevalence and correfation with other biochemical components of
the nephrotic syndeome are still controversial. A betier undersianding of this deranged
siate would advance current knowledge of renal physiologic processes, as well as
eflorts 10 lind an effective therapy. Also by understanding the effects of fclate,
vitamin B¢ and By, supplementation on plasma homocysteine in children suffering

from ncphiotic syndrome may place physicians in betier position 10 make appropriate

ircatment policy.
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1.3. OBJIECTIVES OF THE STUDY

1.3.). General Objectives

The gencra) objectives of this study were to compare the concentration of plasma

homocystcinc in children suflering fromy ncphiotic syndrome with those who are
apparently healthy as well as assess the effects of giving daily folic acid, vitamin

and By on plosma homocystcine in childhood ncphrotic syndrome.

£.3.2. Specific Objectives

The specific objectives of 1his study were to:

I. Dctermine the prevalence of hyperhomocystcinaemia (plasma homocysicine

concentralion >1 0umol/L) among children with nepheotic syndrome.
Compare the prevalence of low scrum f(olatc (<3.4ng/mL), low vitamin By;

(<133pg/mL) and low vitamin B (<20.0nmol/L.) among children with

ncphrotic syndrome and contro!.

. Compare mean plasma homocysicine in children suflering from ncphrolic

syndrome with contral,

Determine the effects of oral vitamins (folate, 8,2 and Bg) suppicmentation on

plasma homocystcine in children with nephrotic syndrome.

S. Compare some biophysical parameters (anthropometry and skinfold thickness)

between children with high and normal homocystcine levels in NS and control
groups.

Compare some¢ biochemicsl parameters (lipids, albumin, creotinine and

vilainins) between children with high and normal homocysteine levels in NS
and contcol groups.

Find out the correlation between plasma homocysteine and any of the plasma
lipids, apolipoprotcin Al, albumin, creatinine, and cstimated glomeeular

filiration rate (GFR) in nephrotic syndeome os well as control.
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{.4.  Study hypotheses
This study was carticd out to test lhe following hypothesis;
I. That the mean totel plasma homocysteine will be higher in children with
ncphrotic syndrome than those who are apparently healthy.
2. That giving daily folic acid, vitamin By2 and Vitamin Bs will significanily
lower the plasma level of homocystcine in nephrotic syndrome patients.
Thot the plasina level of homocysteine in nephrotic syndrome patients

correlates signilicantly with plasma lipids. apolipoprotein Al. atbumin and

¢GFR,
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CHAPTER TWO

LITERATURE REVIEW

2.1. Bricl Historicel Perspective

Abnormalities in the hoinocysicine metabolism with homocystinuria were (irst
described in 1962 by Carson and Neill on two siblings from Northcm Ircland, both
with mental retardation (Carson and Neill. 1962). Nearly simultancously, Gerritsen el
ol., (1962) discovered an infunt with congenital anomalics, inental retardation and
failure 10 thrive, and provided definitive proof of excessive homocysicine excretion tn
the urine. Two ycars later. another study showed that the cystathionine-[-synthase
was locking in o liver biopsy specimen [rom another patient with homocystinuria
(Mudd et al., 1964). Thereaficr, the relationship between (olate and homocyslcine
became a subject of discussion among scientists nnd low circulating folatc levels were
reporied in paticnts with homocystinuria and mental retardation (Carey ci al., 1966).
Two ycars laier, Carcy and co-workers also dcmonstraied a decrease in urinary

homocysicine excretion by high-dose (olate supplementation (Carey ct at.. 1968).

The first swudy suggesting that clevated homocysicine might be o genenal
cordiovascular disease risk factor was published in 1976 (Wilcken ond Wilcken,
£976). During the next 1S yceors, there were few isolated seports on the possibility of
hyperhomocysicinacmiia being a cardiovascular discase risk factor. In 1991, an
abnormmally high level of total plasma homocystcine concentration become recognized

s on indcpendent cardiovascular disease risk factor (Clorke ct al., 1991). Desides the
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role of hyperhomocysicinacmia as risk faclor for atherosclerotic vascular disease,

clevated homocysticine level was also recognised as a risk factor for venous

thrombosis by the same scientists.

Historieally, high blood cholesterol and hypoalbuminaemia have been the mosl
discussed biochemical abnormalities characterising ncphrolic syndrome and they arc

thought to bc responsible for many of the other pathophysiological changes
documented in people sulfering from this condition with little or no attention paid to

homocysicine levcls. lust recently, some authors drew allention 0 the {act that

hypcrhomocysicinacmia may in fact be an independemt risk factor for

atherothrombosis scen in several clinical settings with renal funclion impairment

including nephrotic syndrome (Nath. 1998. Cattanco. 2000).

2.2. Homocysltcine nictabollsm in health

Homocysteine (licy) is a non-proicin sulfur-containing amino acid that consists of

three main forms: @ prolein-bound (raction. a free oxidized form and a fiee reduced

form as shown in Figure 2.1 (Mudd ct ol.. 2000). In healthy individuals.

approximalely 70-80% of (otal plasma Hcy is bound via a disulfide bond, to protein,
primarily albumin, [bound Hey (bHcy)l. while the remaining 20-30% cxists in o fiec
unbound form [free Hey (fHey)) with <1% in free reduced fonm (Refsum et al., 1985,
Mudd ct al.. 2000). Sclhub and Miller (1992) proposed that the estimaled average
fosting plasma total 1icy levels for healthy adult human subjects range from 6 to 12
pmol/L, with “moderatc” hyperhoinocysicinemia occurring when levels are between
12 and 30 pmol/L, *intcemedialc™ hyperhomocysicinpemia occurring when levels are

between 31 and 100 pmol/L, and “scvere™ hyperhomocysieinemia occurring swhen

levels arc greater than 100 paol/L. Free Hey is composed almost entirely of
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oXidized, disulfide-linked heterodimers (Hcy-cysteine) or homoedimers (Hey-Hey. or
homocysteine); with perhaps 1 to 2% existing in 8 reduced suffhiydeyl state (Uelond,
1995). Free Hcy is inherenlly unstable, and accurate levels may be difficubt 10

measure. Of iinportance, only the ey fraction is thought to be frecly filtered at the

glomerulus.

Homocysicinc production occurs in all celfs as a conscquence of Lthe normal
methylation process. The volume of homocysteine distribution in heallhy subjects was
observed to be approsimatcly 0.4Ukp. suinilar to that in subjects with scverc renal
insufficiency (Gultouinscn ef of.. 1997). Intracellular Hey levels rise with enhanced
intracellutar Hey production and/or inhibition of intracciluiar mctabolism. To
maintain low intracchlular levels of this putatively cytotoxic substance, ey that is not
metabolized within the cell is exported to the plasma compartment (Christensen et al.,
1991, Sclhub. 1999). Calculations based on sicady-state kinctics in healthy aduit
humans showed that 1.2 mnwol of i lcy, or approximately 5 10 10% of the total daily
cellular production, is dclivered daily to the plasma compartment (Mudd and Poole,
1975, Refsum ct al., £998a). I fowcver, since Hey is conslantly produced and exported
by cells, it must also be constantly cleared for plasma levels to remain within 10% of

bascline values, as they do in healthy human subjccls but plasma tflcy levels arc not

known L0 be aclively regulated (Cultormsen ct al., 1994).

Hyperhomoeysteinacmia occurs when the regulation of intracchlular Hey levels is
disrupted and llcy expoit to the plasma compariment is acceleruted and/or normal
Hey plasma clcarance is decreased (Guitormsen cf of., 1994). Reduced and oxidized
forms of homocysteine are present in plasma, and their fasting plisma eoncentrations,
denoted total homocysicinnemin, are thought 1o be a reflection of intracellular
melabolism and ccllular export of hosnocystcine (Rcfsum ctal., 2004),
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S-adenosylmethionine and S-adenosylhomocysieine are the inlermediates in lhe
transmethylation pathway. n the remethylation pathway, homocysteinc is reconverted

to inethionine by receiving a methyl group from S-methyltetrahydrofolate, the aclive
form of folic acid, or betaine. Irreversible disposal of homocysteine occurs through
the transulfuration pathway, in which homocysicine condenses with serine to form

cystathionine, which is split imo cysteine and alphaketobutyrate. There are several

metabolic fates of cysticine, such as incorporation into proteins and converston fo

metaboliles such as 3-mercaptopyruvale. cysteinesulphinate, gamma-glutamylcysteine

or cystine. The sulphur end product of cysleine metabolism is sulphate, which is

excreted by the Kidneys.

Homocysteine has three metabolic fates as shown in Figuure 2.2. Homocyslicine
could:
1. be remethylated to methionine (activated methyd cycle)
2. enter the cysteine biosynthctic pathway (transulfuration pathway)
3. be relcased into the cxtraccllular medium - the plasma (activation to
homocystciny! IRNA)
Methionine is activated by ATP to S-adenosylmethioninc (SAM), which serves as a
universal donor for methyl transfcr reactions S-adcnosylhomocysteine (SAH) is
produced as o product of methyl transfer reactions that ulilize S-adenosyl mcthionine
(SAM) as a methyl donor. L-l{omocysteinc is formed {from the reversible hydrolysis
of S-adecnosy! homocystcine (SAH). Levels of homocysieine arc regulnted by
remethylalion of homocysteine lo methionine by the enzyme mclhionine synthase
(MS) and transulfusation of homocysicinc o cystathionine by the enzyme
cystathionine B-synthasc (CI3S). Ilomocysteine remethylation resjuires vitamin B,
and 5, 10-mcthyltetrahydrofolate (methyl THF), which is generated by S, 10-
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methylene tetrnhydrofolate teductase (MTHFR). Homocysteine iransulfuration
requires vitamin Bg. [n the liver and Kidney, some proportion of horocystcine is
remethylated to methionine through an alicenative pathway catalysed by betaine:
homocystecine methyiiransferase (BHMT). The third metabolic fate of homocystcine

is the direct cause of incrcascd concentrations of total homocysicine in the

cxtracellular Nuids like urine and plasma.
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Figure 2.1: Homocysteine (Hey) und the major related disulfides in normal

lhhumsano plasma
Adapted from Mudd et al., (2000)
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adenosylmethionine, Adollcy: S.adenosythomocysteine, S-methyl THF: S-methy!

tetrahy drofolate (i.c. the active form of folic acid)
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2,.1.1. The Activated Mcihy] Cycle or Remcthylation Patlway

In the aclivaled mcthy! cycle, homocysteine is remclhylated to methionine by transfer
of a methy! group from N-5-mclhyltctrahydrofolatc, catalyzed by incthionine synthase
or N-S-mclhylicirahydrofolale-homocysicine methyltransferase, an enzyme that
requires vitamin B;j as a colactos. This is the last point of the aclivated methy! cycle
and the point shared with the lolate cycle (Finkelsicin, 1990). Tetrahydrofolate can
accepl one-carbon groups in cither N-5 and/or N-10 nitrogen atoms, For instance, the
ttansfer of a one-carbon group from serine produces glycine and NS-NIQ-
mcthylencicirahydrofolate. This folate cycle is closed with the reaction catalyzed by
mcibylenctetrahydrofolate reductase, lo produce N5-methyltctrihydrofolatc. In the
liver and kidney of rats. a substantial prtoportion of homocysieine is remethylaled by
an altemative route in which belaine serves as a methyl donor for thc reaction
catalyzed by betaine-homocysicinc mcihyltransfcrase (Finkelstein and Mastin.
1984a). In humans, some cvidence indicates that a significant amount of dietary

choline can be utilized for bctainc-dependent methyl transfer (Sclhub and Milier,

1992).

2.3.2. The Transulluration ’athway

Cyslcinc is biosynthesized from methionine through the transulluration pathway. The
first three steps of this pathway are shared with the activaled methy! cycle and lead to
formation of homocysicine from methionine. In the transulfuration pathway,
homocyslteinc is the substrate of the vitamin 84dcpendent enzyme cyslathionine fi-
synthase, which calalyses its condensation with scrine to fonn cystathionine, This is
the critical step in the pathway becouse it is irrcversible under physiological
conditions; from this point on, homocysicine is commiticd to follow this pathway. In

the last step of the iransulfuration pathway, cystathionine is clcaved by y-
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cystathionase, another vitamin Be-dependent enzyme, to form 2-oxoglularate and
cysicine. Excess cysteine is oxidized o taurine and cventually to inorganic sulfates.
Thus, in addition 10 the synthesis of cysicine, this pathway can catabolize cffectively

polentially toxic excess hoinocystcine that is not required for methyl transfer.

2.3.3. Homocysteine Thiolactone Formation

A third nictabolic role for homocysicine is its activation 0 homocysteinyl IRNA, with
the potential production of the highly reactive derivative homocysteine thiolactone
(Jokubowski, 1999). Homocystcinc thiolactone formation is a sign of inadequate

mcthylation of homocysteine-IRNA to methionine-tRNA because in many cases N-
terminal methionine is celeased from the polypeptide after chain maturation,

homocystcine converted by this pathway can enter the cellular methionine pool

(Medina ct ol., 2001).

2.4. Regulation of plasma homocysteine

Studies with isolated cells show that homocysicine export into the extracellular media
reflects an imbalance between homocystieine production and metabolism, either ot low
or high homocysicine concentrations (Uelond ¢t al, 1993). At low homocysiecine
concentrations, homocysicine export rales are higher because methionine synthase
activity is lower (Christensen and Ucland, 1993); for this rcason, plasma total
homocysteine is maskedly increased with folate or vitamin B); delicicncy (Allen ct
al., 1990). On the other hand, ot high homocysicine concentrations, homocysteine

export increases with decreascd cystathionine fi-synthase activity (Miller et al., 1992).

In spite of the relevance of increased cxport in explaining increased

homocystcinacmia, to date there is no comprchensive study ol homocyslieine transport

across the plasma membrance, or identilication of the corriers involved, although the
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involvement of a general, nonspecilic transporter for ncutral amino acid efllux (such

as the L system) may be suspected.

luman plasma contains both reduccd and oxidized species of homocystcinc. The thiol
group of homocysicinc allows it to form a disullide bond with other homocysteine
molecules (lcading 1o formation of homocystcine), with free cysicine. or with thiol
groups of plasma protcins, such as albumin. L is remarkable that the oxidized forms

arc overwhclmingly in the majority (up to 99%) and reduced homocysicinc represents
no more than 1% of total plasma homocystcinc (Jacobsen, 1998). The sum of all the
forms of homocysteinc cxisting in plasma is usually calicd total homocyslcine.
Protcin-bound homocysicine represents up to 75% of total homocystcine. Both
cxperimental and clinical studics demonstsale the presence in plasma of binding sites
for aminothiols, which interact preferentially with homocysteine. A rapid equilibrium
exists between free and protecin-bound homocystcine fractions in vivo. Thus,
transitorily increased frcc homocysteinc, induced by an increasc in homocysicine
cxport or by methionine loading., becomes progressively bound to plasma protein ina
redistribution which takes place in less than 24 h (Ueland and Refsum, 1989). Thereis
a tight regulation of homocysteine mctabolism based upon the very difierent affinities
of mcthioninc synthase and cystathionine .synthase for homocystcine: the [iest
cnzyme shows low Km values for homocystcine (below 0.1 mm), and the second onc
has high Km values for homocystcinc (over 1 mm). Thus, at low homocysteinc
concentrations, mcthionine conservation is favoured; and a1 high homocysicine
concentrations, immediatc and long-term drainage of homocystcine via the
transulfurotion pathway is ensurcd (Finkelstein, 1990), Abnormal clevation of
homocystcine in plasma and urine are the result of increased levels of homocysteine

cxport, and this rcflccts an imbalance between homocysteine peoduction and
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mclabolism. Several congenital and nutritional disordess, as wecll as renal failure can

induce this situation.

2.S. Factors that may allect homocystcine mctabolisn

Factors influcncing plasma homocysicine levels can be classified inlo demographic,
genctic and physiological {actors such as the metnboliles of homocysicinc, as well as

acquired dctenninants including habits, nutrition and diseases {Medina and Amores-

Sanchez, 2000).

2.5.1. Demogrophic factors: Age, Gender and Ethnicity

Towal homocysicine concentrations increase throughout life and approximately double
from childhood 10 old age (Refsum et al., 2004). Aller pubeity. males have higher
mcan tHcy concentrations than females. The approximate gender difference in mean
tHcy is 2umol/L, bul it becomes less with increasing age (Must et al., 2003). Adebayo
ct ol., (2008) also showed thal tHcy concentration increased as a function of ape in

both sexes in o study of children aged 10 to 19 ycars drawn fiom secondary schools in

Jos, Niperia.

Dillerences in the prevalence of hyperhomocysicinaemia have been reposted in
various cthnic groups. Previous studies have shown thal plasma 1Hcy concentrations
difler among cthnic pioups (Jacques et al., 1999), but the effect on the upper reference
limit is relatively small between groups living in the same arca and eating a similar
dict (Jacques ct al.,, 1999). In some regions of the world, in particulor in developing
countries, tiicy concentrations may be very high in the general population. [or
example. in o group of precsumed healthy Asion Indions, the 95th percentile was

50pmolfL, a finding that was only porily explained by low cobalamin status among

the study population {Nurk el al,, 2001).
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Asian Americans have significantly lower lotal homocysteine (tHcy) concentrations
than whites whereas Hispanic Americans have intermediate values (Carmel ct al,
1999). Another study reported higher concentrations of tHey in African Americans
than in Europcan Americans, which may be related 10 the prevalence of nutrient
deficiencies (Stabler ct al., 1999). In South Africa, plasma homocystcine
concentrations were reported 0 be significantly lower in traditionally living adult
biack menthan in whites (Ubbink ctal.. 1996). The rescarchersexplainedthat blacks
mctabolized homocysteine moze cfliciently than whites, cven after vitamin

supplementation and suggested the influence of genetic factors.

2.5.2. Genetic factors

Polymoiphism in the pgenes coding for methylencicimhydrofolote reductase,
methionine synthase and cyststhionine P-synthose have been implicated in
hyperhomocysteinaemia (Frosst ct al., 1995). The most common genetie defect
associated with mild hyperhomocystcincmia is a point mutation. namely, a Cto T
substitution at nucleotide 677 (677C—T) in the open reading frame of the gene for
methylene tetrabydrofolate reductase. This point mutation causes a substitution of
valine for alanine in the functional enzyme (Frosst er al.. 1995), giving risc to a
thermo-labile veriant of the enzyme with decreased total octivity (Bratistcom ct al.,
1998, Bailey and Gregory, 1999). Tlis is on autosomal recessive mutation, and the
ficquency of the 677C—T polymorphism varics among racial and ethnie groups, with
10 - 13% of T/T homozygous and $0% C/T heterozygous among Caucasian and
Asian populations and very low incidence among A frican-Americans {Bratistrom et

al., 1998, Bailey and Gregory, 1999).

Boiley and Gregory (1999) suggested that the widely documented clevations in

plasma 1013l homocysteine levels associated with the homozygous T/T genotype
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might lead 10 a higher cxpected incidence of cardiovascular disease in the T/T
population. However, little or no evidence has been found so far linking the T/T
genotype with increased rates of cardiovascuiar diseasc. although some reports seem
to link the T/F genotype with increased incidence of certain forms of vascular discasc
in sclected populations (Refsum ct al., 2004). 1t was suggested that an elevated plasma
homocysteine level may not necessarily be deleterious. but it could promote vascular
blockage under conditions predisposing to vascular ¢liscase (Refsum et al., 2004).

Threc single-nucleotide polymosphisms, 677C—T, 1298A—C, and 131 7[=C (a
silent mutation), have been identified in the AMTHEFR pene (Weisberg ct al., 1998).
The 677C—=T mutation lcads 1o moderate hyperhomocysicinemia when associated
with low plasima folate (Arruda ct al., 1997). The 1298A—C mutation was shown to
be relaled to hyperhomocysicinemia in association with the M7/IFR 677C—T
genotype. The percentage of individuals homozygous for the 67?7C—T muislion
ranpes between 14% and 18% omong whites but is considerably lower in African

Amecricans. of the order of 0-2% (Stevenson cl al., 1997).

2.5.3. Physiological factors: Rolc of S-adcnosylmethioninc

S-adenosylmethionine plays acentral role in the coordinated conteol of homocysteine
metabolism (Tehlivets ct al., 2013). S-Adcnosylmcthionine is an allosteric inhibitor of
methylenetcirohydrofolate rcductasc, an in vitio inhibitor of betaine-homocysicine
mcthyliransferase and an activator of cystathionine B-synthase (Finkelsicin and
Martin, 1984b). The ability of S-adenosylmethionine to act as an cnzymatic ellector
of homocystcine metabolism provides a mecans by which remehylotion and
transulfuration pathways can be coardinatetl (Scllwb. 1999). When cellulas S-
adenosylmecthionine concentration is 0w, the synthesis of S-methytictrahydrofolate

will proceed uninhibited whereas cystathionine Synthesis will be suppressed, resulling
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in the conscrvation of homocysicine for mcthionine synthesis. Converscly, when S-
adenosylmethionine concenteation is high. homocysicine is diverted through the
transulfuration pathway because of inhibition of 5-methyltctrahydrofolate synthesis
ond stimulation of cystathionine synthesis. Thus. although the primary cffect of this
coordinated conlrol is the regulution of cellulor S-adenosylmethioninc concentrations.

it also contributes to thc maintcnance of a homocysteinc concentration compatible

with the need for de novo mcthyl groups.

2.5.4. Nutrition:l factor

Plasma homocysicine lcvel is known 10 incrcase afler meal in huinan. Howcver. o
small mcal may not influcnce 1licy concentrations in healthy pecople (Ubbink ct al.,
1992), whercas intoke of a large, protcin-rich mcal may incrense the plasma tHey
concentration by approximately 10-§5% aler 6-8 hours (Nurk s af., 2001). Some
nutritional disorders polcntiatly lend to an impairment of homocystcine melabolism,
Thesc include deficicncies of vitamin B,:, folaic and vitamin Bs, as the de novo
synthesis of mcthionine methy) groups requires both vitamin B2 and folate cofnclors
whereas the synthesis of cystathioninc requires pyridoxal 5'-phosphate (vitamin Bg);
(Refsum ct al., 1998b, Mcdina and Amores-Sanchez, 2000). Although it has been
shown that deficiencies of vitamin B4y and folate are rclatcd to increased plasma
concentrations of homocystcine (Refsum ct al.. 1985, Medina end Ainores-Sanchez,
2000). the relutionship of homocystcine levels 1o vitamin Ba status is less clear

(Sclhub and Miller, 1992).

2.5.5. Diurnol and Scosonal Variatioas.
I lomocystcinc is subject to diumal variation, withtHcy concentrations being lowest in
the carly pait of the day and highest in the evening (Bremner ct ol., 2000), Plasma

tHcy is probably not subject 1o seasonal variation {McKinley «t al., 2001).
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2.6. Plasmn Fontocysteine Normal Reference Values

According to cxperts opinion (Refsum et al., 2004), mefcrencc ronges, normally
delined as the centsal 95% confidence intcrval of tHcy in presumably healthy
population vary with age, gender ond ethnicity of the specific population studicd,
Therelore, the reference range for any population needs to be deicrmincd by each
laboratory to conform to thc choractcristics of thc population being (tcsted.
Furthetmore, lower and upper refercnce ranges have to be establishcd in countries
with mandato:y food folic acid fortilication, like in thc U.S.A and Canada. in thesc

countries, vitamin supplementation has resulted in o considerable neduction of tHcy

values in the gencral population.

Table 2.1 shows plasma total homocysteine reference ranges in healthy population as
presented by Vilaseca et al., (1997), and Foure.Delanef et al., (1997). In most of the
U.S.A clinical laboratories, the cut-oY valuc for adulls (<65 years old) is 15 pmol/l..

However, in thc European countries, a plasma licy concentration of {0 pmol/L has

been used as the upper limit ofthe **normat™ range.

Howevcr, since total homocysteinc i dcpendent on renal funclion and creatininc
synthesis (von Guldencr et al., 2001), the reference limits for tHcy arc usually
calculated olter excluding persons with increased creatininc or impaircd renal
function. Another possibilily is 10 eslablish diftcrent refercnce limits for dilferent
creatinine concentivtions, for cxasmple, by use of a nomogram. Such data are currently
not available. The marked effect of vitamin status on the reference inteevals highlights
the problem of delining “presumed healthy individuals™. In most adults who do not
eat food fortificd with folic acid, the upper reference limit is 15-20 pmolA. or even
higher (Nygard ct al., 1998). Many of the studies conducled among children put the

lower limit of plasma tlcy o1 10 pmol/L (facqjues ct al,, 1999, Joven et al., 2000).
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Table 2.1: Plasma Total Homocysteine Reference Ranges in Healthy Population

Ape tHey (hmolL)
Newboms (birth - 28 days) 3.0-6.0
Child — Adolcscence (29days — b Syesis) 5.0-10.0

Adults (15-65 years old):

Male 6.0-15.0
Female 3.0-120
Elderly (>65 years old) 15.0-20.0
Ccnlcnarians 25.0-27.0

Source: Refsum et al. (2004)
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2.7. llomocysicine metabolism and Kidney functions

Kidney has been identilied as the major sile for the removal and metabolism of
homocysticine in mammals (House ct al.. 1997). It has been hypothesised that a
metabolic channelling occurs leading homocystcine. removed from the blood by the
kidney, 1o be metabolised primarily through the transulfumtion pathway. [n human,
there are contradictosy results. Some dala suppost this hypothesis (Hankey and
Eikelboom, 1999, Mecdina and Amores-Sanchez, 2000) but van Guldence (2006)
showed data ol variance with the hypothesis. This controversial issue requires further
research clYorts. Renal impaiment commonly causes hyperhomocystcinemia.
reflccting the key role ofkidncy in homocysteinc clecarance fiom plasma (Bostom and
Lothrop, 1997); this fact mny contributc to the high incidence of vascular
complicalions in patients with chronic renal diseases (Hankey and Eikelboom, 1999).
In peneral, patients with renal discases could have normal plasma (evels of
methionine. bctaine and B-vitamins, clevated levels of S-adenosylmcthionine, S-
adcnosylhomocystcine, cystathionine, cysicinc and sulphale and low serine levels
(Loehrer c1 al, 1998, Herrmann ct al, 2001). Some siudics suggest that
hyperhomocysicinacmia in those with vitamin By, or folate deficiency could be as a

result of enhanced tissue export of EHcy (Guttormsen ct al., £998).

In contiast, hyperhomocysicinaemia in renal discasc is oficn relalcd (0 reduced
plasma Hcy clearance (Guttormsen ef al., 1997). Though the underlying cause of this
reduction remains unknown but involves a defect in renal and/or c\tra-renal
clearance. The implication of above information is that the kidneys play important

soles in licy clesrance and metabolism.

Moicover, plasma homocysicine strongly coreelates sith estimatcd glomeiular

fillration rate (GFR) in healthy individuals. }Hyperhomocysicinacnia was shown 10
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occur at 2 GFR of about 60mL/min and when cnd-stage renal discase (ESRD) has
been reached (van Guldencr, 2006). The prevalence of hyperhomocysieinacmia
among individuals with this condition could be as high as 85 — 100%. Paticnts with
End-Siage Renal Discases (ESRD) usually have 2-3 times higher level of 1Hcy, the

prevalence of hyperhomocysteinacmia in this group of paticnt is usually above 90%

(Suliman et al., 2000, Suliman ct al., 2002).

Although scveral processcs may explain the close correlation between kidney function
and the plasma tHey concentration, the exact mechanism(s) by which renal (ailure
lcads to hyperhomocysictnacmia are nol compleicly understood. Patienis with chronic
Kidncy discasc, cspecially ESRD, exhibit many abnornalitics in prolcin and amino
acid metabolism. Onc ol these altcrotions involves an increascd plasma concentralion
of the sulphur-conlaining amino acid homocysicine. However, it has been repored

that the fractional cxtraction of 1lcy across the Kidncy may be related to renal plasma

flow (Garibotto ct al., 2003).

Hypcrhomocysicinacmta has aitracted a lot of attention in renal paticnts. not only
because of s closc relationship with renal function, but also because some
rescarchers have - implicatcd  hypcrhomocysicinacmia as an  independcnt
cardiovascular risk factor (Winkclmayer ct al., 2005). On Ihe contraiy, 1wo recent
studies have found no sipnificanl or cven an inverse association beiween plasma
homocysteine level and cardiovascular events and mortality in ESRD patients (Fuinno
ct al., 2000, Suliman ci al.. 2090). These discordanmt findings may have been caused by
strong confoundcrs which are associated with low homocysicine levels and increased
mortality, such as prolein cnergy malnutrition and/or inflammation (Suliman ct al.,

2005). Ncphrotic syndrome is onc of the common rennl diseascs that may mlter
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homocystcinc inctabolism in children but data on this relationship arc scarce among

Nigerians.

2.8. NephroticSyndrome

Nephrotic Syndrome (NS) is a discasc of the kidneys charactcrised by hecavy
protcinuria (urinc total protcin excretion greater than 3.5 g/d or 101al protein/creatinine
ratio greaier than 3.5 g/g) duc 10 abnommal increasc of glomicrular permcability and
hypoalbuminacmia, hyperiipidaemia andfor oedema (Stoychef™ ct al.. 2009).
Nephrotic Syndrome occurs because the tiny blood vessels (the glomeruli) in the
Kidncy become lcaky (Deschencs, 2004). Disorders of size sclective barricr. charge
sclective barrier, slit diaphragm and circulating permeability factors are thought to be
the causcs of protcinuria in paticnts with nephrolic syndrome. hlost of the paticnts
with oedema have primary salt retention. Overproduction and impaired catabolism of

lipoproicins were proposcd 10 be the causcs of hyperlipidnemia (Togawa etal, 2004).

The term ‘idiopathic’ nephrotic syndrome (NS) is often used to describe a
hetcrogencous group of protcinuric glomerutopathics that occur prcdominantty in
children. The idiopathic NS is associated with complex disturbances in coaguiation
system and numcrous abnonmalitics of lipid and homocystcine mctabotism which may
increase the risk of thromboembolic complications and atherosclerosis. Over the last
decade il has become recognized that some forms of nephrotic syndrome formerly
assigned as ‘idiopathic’ are caused by mutations in genes that encode structural
components of the glomerular [ lter as stated in a review by Gubler (2003). Idiopathic

NS can be familial or non-familial.

Familial. sporadic cascs of thesc discases have been deseribed and they are clinicalty.

characterized by stcroid-resistance and cventunl progression (0 end-stage renal failure
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(Caridi ct al., 2001, Karle et al., 2002). Non-familial fosms of nephrolic syndrome are
more common. Based on the rcnal biopsy findings, non-familial idiopathic nephrotic
syndrome can be grossly subdivided into minimal change NS {MCNS) and focal
segmental glomeruloscicrosis (FSGS). As indicated by its name, renal tissue from
MCNS patienls shows no changes under light microscopy. More explicitly, there ace
no signs of inflammation, immunc complex deposition or sclerosis. IFSGS is

characterized by collapse of the glomerular capillaries with sclerosis and hyalinosis

and the formation of adhesions of thc glomerular (wfl.

2.8.1. Ncphrotic syndrome and homocystcinc mctabolism

Ncphrolic Syndrome (NS} may affect the metabolism of tHcy in two major ways.
First, NS may result in signif cant reduction in plasma tolal kley conccntration as a
result of the reduction in albumin-bound Hcy as opposed 10 the free licy fraction.
This is coupled with increased urimary excretion of albumin-bound Hey. Many
studies havc sought 0 determine plasma Hey conccniration in patients with NS,
However, the results of these studies have been conimdictory, Whilc some studics
have reposted elevated plasma Hcey levels in NS paticnts {Jovcn et al., 2000. Podda ct
al., 2007). others have shown no difference in the mean total plasma homocysteinc
concenliation beiwecn ncphiotic and non-nephrotic syndrome paticnts despite a
significant difference between groups in urinaty protein to creatinlne ratio and serum
albuniin (Oogia e al., 200I), More recently two publications demonsimted
significantly lower plasma homocysteinc levels In nephrotle paticnts comparcd with
non-ncphrotic petients matched for renal functlon (Amadoitir a al., 2001, ‘tkaczyk «
al., 2009). ‘I reason for the differences In the resufts of the reporicl studles s
unceruin, However, it may be due w differences In the nagnliude und the ynderlylng

causey of prAcinurla, scvetlly of hypotlhuminacinia, o concomnllant renal
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insufficiency (Fricdman ct al., 2002, Ferechide and Radulescu, 2009, Perma ct al,

2009) which can polentiatly impact Hey metabolism and its plasma concentration. In
the plasma, the majority of Hey is bound to albumin, and only a small fraction is
present in (rec form (Hortin et al., 2006). Moreover, under normal conditions, 99% of
filtered frec Hey is reabsorbed in the proximal tubules (van Guldcncr, 2006). Thus,
under physiological conditions. disposal of Hcy primarily depends on its intracellular
inctabolism (Farrell et al., 1995), and contiibution of the kidney to this process is
relatively small. However, heavy losscs of albumin in the urine and the consequent
fall of the albumin concentration in the plasma as in the case of NS can profoundly
affecl plasma concentration and metabolism of Hey. Friecdman ef @l (2002), found a
wecak association bclween scrum tey and aibumin concentrations bul nol with urine
prolein cxcrelion. However, the mean scrum albumin concentration was ncarly
normal, urinaiy albumin cxcretion was relatively mild and renal function was
significantly impaircd in the study population. A positive corrclation between scrum
crcatinine, glomerular f:tralion rste. and homocysicine conceniration has been

documented in pievious siudies (Amadottir ctal., 1996, Bostom and Lathrop, 1997).

Second, NS may cause down-regulation of cystathionine-B-synthase (CBS) which can
cwitail convession of Hey to cysicine and reduce production of hydrogen sulphide
(H2S) which is an important cndogenous signalling molecule. Hey is convented to
methioninc by re-mcthylation and Lo cyslicine via trans-sulfurgtion (Aminzadeh et al.,
2010). These rcaclions, which represent key pathways for disposal of Hcey, are
cotalysed by MTHFR and CBS, respeclively (as shown earlier in Figurc 2.2).
Recently., Aminzadch ct al,, (2010) showed that animals with NS used in their study
cxhibited signiticant down regulation of CBS cxpression, This observalion pointed to

diminished licy metabolism through trans-sulfuration pathway and consequent
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impairment of Hey to cysteinc conversion. 1t is important (o restate that CBS is onc of
the cnzymes that catalyse biosynthesis of endogenous hydrogen sulphide (H;S).
Endogenous 11,8 is a recognized gaseous mediator with diverse biological effects
which include regulation of cardiovascular and ncurological {unctions, modulation of
inflammatory responsc and anti-atherogenic and antioxidant actions {Beltowski ct al,
2010). Thus, in addition to its impact on Hey mewabolism, down-regulation of CBS
may conlribulc to adverse cardiovascular and other complications of NS by limiiing

cndogenous production of H3S. Further studies are needed (o exploic this possibility.

2.8.2. Ifomocysteinc :ul plasma protein in ncphrotic syndrome

High level of Hey has been shown (0 be independently related (o microalbuminuria in
a populotion-based study (1loogcveen ¢f afl., 1998). Generally, only two studics have
cxplored the relationship between homocystcine and plasma proteins in accessible
litcrature. Amadonir cf af, (200i). in a study demonstenicd that totnl plasma
homocysltcine was ncgatively corrclatcd with scrum albumin and positively correlated
with urinary albumin cxerction. Dogra and co-workers (2001), reported that within
the ncphrotic group, homocystcine was significantly corrclated with scnsm creatinine
and calculated GFR, but not with urinary prolein or scrum albumin, There was also
no change found in the plasma homocysicine level despite significant iinpiovements
in scrum albumin and maiked reduction in prolcinurio consistent with remission of
ncphrosis (Dogra ¢ al.. 2001). The study populations in these 1wo studices were adults
with ncphrotic syndiome. Data on the relationship between homocysteine and plasma

albumin in children with ncphrotic syndrome svcre scarce.

2.8.3. Lipid mciabolism in nephrotic syndrome paticnts
Nepheotic syndrotnc is universally characterised by abnonnolities of Jipids. These

disturbances of lipid mctabolism are iavariable Icaturcs. In patients with NS,
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dyslipidacmio constitutes signilicant risk factors for atherosclerosis, Cardiovasculor
Heart Discases (CHD) and progression of renal insufficiency (Doucet et al., 2000,
Rifai, 2000). Paticnts with nephrotic syndrome havc one of the most pronounced
sccondary changes in lipoprotcin metabolism and the magnitude of the changes
corretates with the scversity of the diseases (Moulinc et al.. 1992). Lipoprolcin
abnormolitics o f the nephrotic syndrome ore olso related to proteinuria (Rifai, 2000).
On the other hand. hyperhomocystcinacmia is a cardiovascular risk lactor present in

patients with ncphrotic syndrome and renal failurc but it is not directly associated

with protcinuria (Joven et al., 2000).

Studies hove shown that significantly high levels of plasma lipoprotein (a) (Lp(o)].
total cholesterol, LDL.-cholestierol apolipoprotcin-B (opo-B). and apolipoprotcin A-l
occur in association wilh clcvated Hcy level among NS patients (Kuzma and
Roszkowska, 2006, Kniazewske ct al.. 2009, Dwivedi and  Sarkar, 2010).
Abnormalities of lipids are thought to frequently result from abnormal apolipoprotein
B-100 (opoD) transpost (Koysen and de Sain-van dcr Velden, 1999). in addstion,
qualitative changes in HDL in conjunction with an Lp(a), may also occur (Koysen and
de Sain-van der Velden, 1999). Ovemll, a combination of dyslipoproteincmia.
hypoalbuminacmia. and hyperlibrinogcnacinio orc recognized risk factors for
cardiovascular discases reported in nephrotic syndrome palients and may collectively
account for the increosed incidence of cardiovascular disease even in the absence of
renal failure (Kannel et al., £987. Phillips et al., 1989, Ordoncz et al., 1993).
However, the mechonisms by which the interactions of abnormalities of lipids, protein
and homocysteinc result in cardiovascular complication are still under investigotion

but lipid peroxidation is being suspected.
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2.8.4. Honiacystcine and Lipid peroxidation in ncphrotic syndrome

Experimcntal and clinical cvidence suggest that modcratc hyperhomocysteinaeinia
may predispose individuals to endothelial dysfunction through a process that involves
gencration of reactive oxypen specics (Kanani ct al.. 1999). Potential mechanisms for
predisposition of individuals to cndothclial dysfunction include oxidant actions,
cflects on cofactors, availability and/ or direct interactions with the cnzyme
cndothelial nitric oxide synthase (Bayces ¢1 al., 2003). Homocysicine contains o
reactive thiol proup that can underpo disull de exchange rcactions (Scngupta ct al..
2001) and disrupt the folding and processing of newly synthesized proteins in the
cndoplasmic rcticulum (ER) (Lentz and Sadler, 1991, Lentz and Sadier, 1993}, The
ccllular consequences of this condition, known as ER stress, include dysrcgulation of
lipid mctabolism, activation of inftlommatory pathiways, and impaired insulin

signalling (Austin ctal., 2004). These processes are as depicied in Figure 2.3.
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Figurc2.4: Possible mechanisms of cndothclial dysfunction, athcrosclcrosis,
and thrombosis in hyperhontocystcinacmia
Source: Lentz (2005)
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2.8.4.1, Pathogencsis of damage of vascular walls in

hyperhonocystcinacmia

Nepheotic syndrome paticnts showed an increased tendency to develop cardiovascular
diseases, mainly as the conscquence of several risk factors including increased
oXxidative stress, inllarnmation, physical inactivity, vascular colcification. and
cndothelial dysfunction. Existing data indicate that homocysteine induces damage of
vascular walls cither directly or through an oxidative stress responsc (Figure 2.4),
Previous studics showed that the serum level of malondialdehyde and oxidized lipids
were significantly higher in NS paticnts compared with non-nephrotic subjects (El-
Melcgy ct al., 2008, Dwivedi ond Sarkar, 2016). These results suggest the presence of
oxidative stress in NS palients. Ja addition, these studics reporied lower total

antioxidant status (TAS) level in NS compared with non-nephwotic subjects.
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2.9. Vilamins and homocysicinc metabolism in ncphrolic syadrome

The intraccllulor mctabolism of methionine, fiom which Hcy is denived, occurs
through enzymatic pathways that are dependent on folate, vitamin  oand vitamin
(Cattonco, 1999, Cataneo, 2000). High plasma levels of 1Hcy are oficn consequent (0
dcficiencies of these vitamins, which may be compounded by inherited abnormalities
of the enzymes involved in its metabolisim (Cattanco, 1999). Homocysteine, a sulfur
amino acid, is an esscntial intermediate in folote mcwbolisin, being central to both the
DNA ond mcihylation cycles. As a result of the toxic nature of homocysteine, the
concenltration of homocystcine within cclls and in the plasma is kept swithin very
nannow limits by the cfficietit funclioning of thrce enzymes. methionine synthase,
MTIIFR. and cystathionine synthase. However. all of these en2ymcs are dependent on
folate, vitamin  , and vitamin Be Even a tnodest reduction in the status of any of
these three vitamins can discupt the balance. causing an accumulation of intracellular

S-adenosyl homocysteine (SAH) as well as increased export of homocysicine into the

plasma (Uclond et al., 1993).

The sole circulating form of folate is 5-mcthyl-TVIF, and this is the form presented 10
cells in vivo, Howevcr, 5-methylTIHF is a poor subsirate for the enzyme that adds
polyglutamale residucs and ensurcs its retention in the cell. Thus, when 5.methyTHF
cnters-a cell, it must losc itls mcthyl group 1o cnsure retention within a eell,
Essentially, S-methylTHE combines with homocysicine to form methionine and TIIF,
This is o complex reaction, calalyzed by the ecnzyme methionine synthase, and
requires folalc as o co-substralc canying the methyl group 10 be transferred and

vilamin B3 as a cofactor for the enZyme.

Once inside the cell. folate participdies in 1wo metabolic cyclest onc involving the

synthesis of DNA, and the other involving the supply of methyl groups for
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mcthylation reactions. Overall, they function as acceplors and donors of onc-carbon
units, The onc-carbon units are obtained from serine, glycine or formate. In DNA
synthesis, folote-linked one-carbon wnits are incorporated into the C2 and C8 of
purines via §0-fonnyITtHIF ond into pyrimidines via the §,10-methyleneTHF-
dependent conversion of deoxyuridine monophosphate (dUMP) to deoxythymidine
monophosphate (dTMP). During the synthesis of dTMP from dUMP, the
tetrahydroform of folate also is oxidized to the dihydro-form. The enzyine

dihydrofolate reductase (DHIR) converts this form back 1o THF.

In health and disease slates, homocysteine levels in plasme ore maintained within
narrow  limits by the efficient functioning of methionine  synthase,
methylcnctetrahydrofolate reductase (MTIIFR), cystathionine f-synthase, and (in
liver only) bewine mcthyltransfcrase. The first threc of these enzymes require
vitamins cither as cofaclor or substrale. Folate is a substraie for incthionine synthase
and MTIIFR. Mcthionine synthase also requires vitainin By: as cofactor, and
cystathionine requires vitamin B (pyridoxine). Thus, optimally low plasma

homocysleine depends not only on the efficient funclioning of these cnzymes but also

on adcquale vilamin status

HHomoc)ysteine metabolism is also aflecied by polymorphisms 1n the genes encoding
the enzymes involved, of which the thermo-labile (C6771) variont of MTHFER is the
best characterized polymorphism (Frosst et al.. 1995). People who are homozygous
for the mutation tend to have higher fasting plasma homocysleine concentrations and
lower folate concentrations thah heterozygous or wild-type groups (Molloy et al.,
1997). SMeTHF has been reporicd 10 reduce oxidative damage to human | DL lipid

through its frec-1adical scavenging activity (akano et al,, 2001)
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2.9.1. Abnormalities of homocysicine and B vitamins in the ncplirotic syndrome
Low levels of vitamin Bg have been reported in a number of previous studies in
paticnts with N'S (van Buuren ct al., §985). van Buuren ct al., (1985), studicd a group
of 35 children with NS and showed that 88% had [ow plisma vitamin Bs regardless ol
the actiology of NS. van Buuren and coltcagues {1985), explaincd that this might be
duc to enhanced urinary cxcrction of albumin-bound pyridoxal phosphatc in view of
the severe protcinuria which characterises nephrotic syndrome. Similarly, Podda et
al., (2007) studied vitamin 8, By; and folalc in 84 patients with ncphrotic syndiome
and 84 sex- and agc-matched controls. the study showed that the circulating levels ol
total homocystcinc {1l icy) were higher, vitamin Bs and vitamin B3 levels were jower
in ncphrotic patients than in controls. The association of low vitamin By levels with
the ncphrotic syndrome was described as independent of any other alteration
associated with the discase. It is possibtc that other features of the NS, for examplc
the {oss of vitamin Bg protein carriers in the urine, might influcnce vitamin By status,

although, similar to vitamin B3, most studics found no correlation between vitamin

Bs levels and the degrec o Mprotcinuria in NS patients.

In @ multicentsc casc—contsol study in Europe, low By levels were shown to be

independently associated with an increased risk ol vascular disease and

athcrosclerosis (Robinson el al., 1998). In the ARIC study, the higher quintiles of the
vilamin B, distribution were associated with protection towards eoronary heart
discasc comparcd with the towcr quintile (Folsom et al., 1998). fn the samc fashion,
hyperhomocysteinaemia obscrved in dialysis patienls has been associated with

various factors. including deficiencies of vitamin Bo and Bz or folic acid apart from

low renal clearance, allered metabolism and genetic defects (Bostom ctal., 1999). I1is
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well known that vitaniin supplcments reduce the concentration of homocysieine in

hacinodialysis patienis (Shemin ct al., 2001).

2,9.2. Effccts of folic acid supplements on homocysicine

The effects of folic acid supplements on plasma homocysicine levels in various
diseasc conditions have been discussed in published litcrature. While many studics

have cxplored the usc of folic acid in lowesing homocystcinc in other renal diseases,

data on its usc among childeen with NS are scarce.

Many investigators have reported that folic acid administration in doscs vatying from
1 10 15 mgfdoy produces, on average, a 20-40% icduction in the Wicy fevels in
dialysis paticnts, even in the presence ol normal or elevated folic acid concentration
(Bostom ¢7 al., 1999), Chouvcau et ai., (1996), showed that supplementation of lolic
acid at a pharmacological dosc has been shown to reduce fasting plesma tllcy
concentrations in CRI patients. In a rondomized and controllcd trial. Malinow and
collcagucs showcd that consuming breakfast cereal fortificd with 499 or 665 jig of
folic acid per 30 g of cereal for S weeks reduced fasting plasma tHcy concentrations
(Malinow et al,, 1998). in 1ypical Western populetions, supplecmcntation with both
0.5-5 mg daily. folic acid and about 0.5 mg daily vitamin B2 should reduce blood
tHcy concentrations by about a guarter to a third (for cxamplc. from about 12 pM to
8-9 hM) (Homocysteine Lowcering Trialists® Collaboration, 1998). Similarly, another
siudy demonstcated that oral folic acid supplementotion at 5 mg three times weckly
(together with pyridoxine (250 mg twice weekly) and vitamin By (| mg twice
weekly) allows a substantiol (40%) and sustained (<6years) reduction in fa sting
plasma tlicy concentations without any apparent side cllects in 78 CR| patients

(Jungers ct al, 1999), In the sme vein, Calolla et al., (2002), showed that
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supplementation with S mg/day of folic acid was ablc 10 increase significantly both
red blood cell folate and scrum folatc levels and reduce (Hey level in dtalian smoker-
blood donors. Araki ct al. (2006) studicd the efTects of folic actd supplementation in
32 healthy malc Japancse voluntecrs aged 20-29 years. Al the end of the 2 weck
supplementation period, the tHey concentration decreascd significantly and scrum and

rcd blood cell folate concenteations increascd. Anderson ct al., (2010), later shossed in

another study that the decrcase in tHcy was not dosc-dependent.

Apait from its use in patients with Kidney discases, the use of 5-
methylictrohydrofolatc or folinic acid has led to a greater decrease in fasting plasma
titicy levels than that observed with folic acid supplementation in heart disease (HD)
patients (Pema et al., 1997, Touam et al., 1999). Although the use of the active
reduccd fonns of folic acid appears to be preferable in 11D paticnis (Touom et ol.,
1999), additional trials arc nceded to confinn their eflicacy, definc their optimal dose
and cvalualc their safety in such paticnts. Gultormisen ct al., (1997), explained that the
homocysteine-lowcring clTect of folic acid was probably due to an improvement in

the rc.mcthylation pathway of homocysicinc to mcthioninc.

Morcover, foloic suppicmentation in hacmodialysis patients had no hannful
consequences (particularly gastroinicstinal distress). ahhough data conceming long-
tetn evojuation in such patients aie limited (van Guldencr ct al., 1998). Since this
supplcmentation has no apparent side effccts, and is incxpensive, and renal patients
are considcred to have increased cardiovascular risk status, folatc thcrapy may be
given. For haematological, ncurological and immunological reasons the combination
of folotc therapy with vitamin Bz (I mg/day) (Clio, 1998) and viimip Bs (50
mg/day) is recommended in such paticnts (Mydlik ct al., 1997). A more recent study

has observed that folic acid treatment reduces LDL oxidation and regulates the
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inflammatoty  response  of periphcral  blood  mononuclear  cells  in

hyperhomocystcinacmi¢ subjects (Holven ctal., 2002).

2,9.4. Lffccts of vitamins Byzand Be supplementation on homocysteine
Most rescarchers often combine the use of vitamins B,; and By in studics relating to
homocysicinc lowering cffects. While substantial cvidence have been gencrated on
the cifectivencss of folatc and folinic acid, pyridoxine supplementation, on the other
hand has shown no significant ctfect on fasting tHey levels in paticnts with renal
discases in two previous studies (Amadottir ct al.. 1993, Chauveau ¢t al., 1996).
However, itt has been shown that giving folic acid and vitamin Bs supplements to
healthy siblings of paticnts with premature athesothrombolic discases decreased
occurrence o f abnormal clectrocardiographic tests. This was consistent with decrcased

risk of athcrosclcrotic coronary cvent in the same cohort (Vermeulen et al., 2000).

Dicrkes et ad, (1999), in another study reported that vitamin B;; supplementation
cffectively decreases both plasma tHey in ESRD patients with low B3 levels and
concluded that the findings illustrated the close intcrrelation between vitamin By2 and
folatc mctabolism. Vitamin Byz supplements are wseful in folate ircated patients to
prevent cobalamin deficiency and its neurological consequences (Billion et al., 2002).
On the other hand, vitamin B¢ supplemcntation was shown 1o abolish the increascd
risk of thrombotic event both artcrial and venous in paticnts with NS (Pedda ct al.
2007). In the Athcrosclerosis Risk in Communities {ARIC) study, the higher quintiles
of the vitamin 85 distribution were associated with protection towards coronary hean

diseasc compared with the lower quintile (Folsom ct al., 1998).
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2.10 Apolipoproicin Al

APO Al is the main protein component of HDL. APO A1l activates lecithin
cholesterol acyltransfcrasc which catalyses the csterification of cholesierol. The
resulting estcrilicd cholesierol can then be transported 10 the liver, mciaboliscd and
exercted (Rifai, 2000). Persons with atheroscicrotic vascular changes (tequently
exhibit decrensed levels of APO Al. Even if the concentrations of apolipoprotein B
are normal, a decreased APO Al level may be a risk lactor for athcroscicrotic
processes. Decreascd levels ol APO Al also occur in dyslipoproteinaemia, acute
hepatic cirrhosis and insulin-treated patients. Agbedana o al. {(1990) found on
elevated apolipoprotcin A conccntration in childhood nephrotic syndrome suggesting

the presence of an Apolipoprotein A.rich high density lipoproicin in nephrotic

children.

As a major component of the high-density lipoprotcin complex ("good cholesterol™),
ApOA-I helps 1o clear cholesterol ffom suteries. Dastani et al. (2006} repoited that five
out of ninc French Canadaian men who were 35 years or more with o mutation
(E164X) had developed premature coronary astery discase. Apo Al Mlilano is a
naturally occumring mutant of Apo Al. It was first described in 1980, as the first
known molccular abnormality of apolipoprotcins (Franceschini et al., 1981). Carriers
of this mutation have vcry low HDL cholesterol levels. Biochcmically, ApoA-l
conlains an extra cysteine bridge which causes i 1o exist as either homodimer or
hcterodimer with ApoA-fl. lowever, the enhanced cardioprotective activity of this
mutant, which likely depends on cholesterol efflux. cannot casily be replicated by
other cysteine mutants (Zhu et al, 2005). ApoA-l Milano has also been shown in
smoll clinical trials lo have a statistically significant effcct in reducing (reversing)

plaque build-up on aserial walls (Nissen et al., 2003),
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Apo Al also plays some rolesin other discascs. It protects against Alzhcimer disease
by a syncrgistic interaction with alpha-tocopherol {Vollbach et al., 2005). Apo Al
binds to lipopolysaccharide or cndotoxin. and has a major role in the anti-endoloxin
function of DL. In onc study, a decrcase in ApoAl levels was detected in

schizophrenia patients' CS¥. brain and peripheral tissues {IHHuang ct al., 2007).

2.10.1. Factors affccting Apo Al aclivity

Apo Al production is decreased by calcitriol, and increased by a drug that antagonizes

it. Exercise or statin trealinent may causc an increase in HDL-C levels by inducing

Apo Al production. but this depends on the G/A promoter polymorphism.

2.10.2, Slgnificance of Apo Al In renal dlsenses

Apolipoprotein Al (spoAl) is a component ol the high density lipoproteins (HDL)
that rcgulotes the transpoit of cholesicrol betwecen the liver and peripheral cells and
modulates the removal of any excess of cholesterol from membrones. Any variation in
apoA! composition may modify the plasma lipid profile and be involved in
athcrogenesis. The concentration of plasma apolipoproteins in the nephrotic syndrome
generally reftects the aherations in lipoprotein metabolism. Thus, there are clevated
levels of apo B. C-ll, and E, which are associated with VLDL and LOL: on the other

hand, the levels of the major apolipoproteins associated with HDL. apo A-l and A-lY,

pre usuplly normal (Radhakrishnan ct al., 1993).

Recently, Santucci ct al. (2011} investigated Apo Al composition in plasma of 6
children with nephrotic syndrome. Using the non-denaluring two-dimensional
clectrophoresis (Nat/SDS-PAGE), mass speciromelry, westem blot and pull down

experiments, Santucci and colleagues (2011), characierised Apo Al proteins and
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deflincd putative interactions. The study showed that apoA | isofomts were tnuch more
present in plasmd of ncphrotic paticnts compared 10 normal individuals., These
findings show that apoA|l plasma in nephrotic syndiome is heteropencous in lemms off
molccular weight. Overall, the findings sugpest thal frapmentation and transport of

Apo Al nay be involved in the pencral disorder of lipid inctabolism that

characterizes nephrotic syndrome.
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CHAPTER THREE

MATERIALS AND METHODS

3.1  Study sitc and population

This study was carricd out at the Pacdiatric Nephrology Clinic and children’s words
of the University College Hospital (UCH), Ibadan. The Hospital is localed in Ibadan
North Local Government Area. Ibadan; IBNLGA (Appendix [). IBNLGA is onc of
the five LLGAs that constitute the main badan. The University College Hospital,
Ibadan serves as a referral centre for the residents of Ibadan and the people of the
South-\Weslem sepgion of Nigeria. The people living in this region arc mainly Yoruba
cthnic group in Nigeria. Estimated 15-20 new cases of nephrotic syndrome arc scen at

the Paediatric Ncphrology Clinic ol the UCEH, Ibadan ycarly.

Chifdren ape less than 18 ycars arc the main population of inlerest for this study.

According 10 2006 Census, they constitutc about |3 -~ 20% of the population of

Nigeria. University College Hospital is onc of the moin centres where children with

rcnal discascs are vvealed in the south.west of Nigeria,

3.2  Study design and subjecls
This research was pre and post quasi-experimental study in design. It involved ape-
scx-malched 42 cascs and 42 controls. Cases were children who presented with

symploms, signs and laboratory features of nephrotic syndrome while the control
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‘group comprised apparently healthy children. who came for routine check up or minor

surgeries at the clinics without symptoms suggestive of renal diseases.

For cases;
* Jnclusion criteria were;
o Children aged 0 to IS years

* Diagnosis of NS based on the presence of

o High total cholesterol - >220meg/d|

o Massive proteinuria {3 or more pluses)
o Hypoalbuminaemia— serum albumin < 2.5g/d!
o \WVith or without ocdema
* Exclusion criteria:
o Abscnce of onc or more of the fcatures stated under inctusion
criteria.
* Presence of liver disorders. scvere protein energy mainutrition and
paticm who had paracetamol poisoning.

For the control group:
o Inclusion criterion was the absence of symptoms, signs and

Inboratory findings {(nonnal urinalysis) suggestive of renal diseascs,

o ‘The main exclusion criterion was presence of symptoms. signs and

laboratory findings (nosmal urinalysis) suggestive of renni Jjseases,

liver disorders, severe protein energy malnutrition

3.3  Sumplc sizc coleulation

Joven ct al (2000), reporicd that 26.0% of the paticnts with nephrotic syndrome and

7.4% of healthy contro} subjects had hyperhomocysteinaemia. Substituting the above
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proportions of subjects wilth hypcrhomocysicinacmia in the formula for calculating

sample size for comparisons of two proportions, the number of nephrotic patients and

controls to be studied was calculated os below:

y 2 A2 2P0 - F) +2,{AQ - P)+ P,U- A)Y'
(P - B
. Where,

N= number of subjects in cach group

Z, = lype | error, at level of significance of 0.05 (95% confidenceinterval) = 1.96
Zp =type 1l error, at Power of 80% (that is {#=0.2) = 0.84
1 = Assumed proportion of patients with Hyperhomocysteinaemia, 0.26

P2 = Assumed proportion of control with Hypcrhomocystcinacmia. 0.074

Thereflore,

N o 9 [1962(0.093)(0.907) +0.84//0260.74) +00740926) _
0.186

A minimum of 16 cases and 16 controls were required for the study.

In order to

adjust for non-participation or drop-out rote of 20%, opproximately 20 cases and 20

conltrols were the minimum number of subjects required (or this study.

3.0 Samipling procedures

Consecutive patients with diagnosis of ncphrotic syndrome seen ot the Pacdiatric
Ncphrology Clinic svho fulfilled the aboye stated inclusion criteria were enrolled as
cases. The control group were selected among apparently healthy children who come
for routine medical check-up {such as school entrance cxamiination) and minor

surgical procedures such as hemioraphy, clcfl lips repair and lipoma excision.
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3.5 Conduct of the study

Parents of all eligible children werc approached for consent to participate in the study
at first visit. Children whose parents gave consents were intcrvicwed by the
investigator using a strucisred questionnaire (appendix V1IL) that contained items on
decmographic charactcristics of cach subject. Blood and urine samples were collected
for estimntion of plasma homocysteine, lipids. scrum albumin. serum protein. serum
creatinine, serum folate, viiamin By,, vitamin Bs and urinary protein. Those whase
test tesults and clinical features met the inclusion criteria were given another
appoiniment on which day he or she was asked 1o fast during the previous night.
About SmL of fasting blood samplc was collected and dispensed into an anticoagulant
containcr and plain bottle. Afler the results were reviewed, all patients who had high
level of homocysteine were given Smg of folic acid wblct (Dr Meycr's Folic acid by
VITABIOTIC) and a t1ablet of vitamin 8 coniplex daily for a period of three months
under the supervision of the Consultant Pacdintric Ncphrologists. Patients werce
followed up at intervals of 2 weeks during this period in order to replenish their stock
of vitamin supplements. Repeated phone calls were made by the investigator at least

once weekly 10 remind the carcgivers or mothcis of the need to adhere 10 the vitamin

supplements.

Al three months another Sml fasting blood samples were 1aken 1o repeat all the
biochemical parameters determined at baseline. Other clinical data relcvant 1o this

rescarch were obiained at baseline and end of the three months follow up:

36 LABORATORY PROCENDURES
Al laboratory procedures were carricd oul under Good Laboratory Practices

All blood samples were convened 19 the laboratory and centrifuged within 1 hour

afler collection.
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3.0.1 Dectermination of plasnia total cholesterol

Plasma cholesterol was detennined using Enzymatie Colorimetric End Point incthod,
ChOD-PAP (Vil Diagnostics SPb f.1d. Engelsa prospect 27. bld 12B. 194156, St.

Pelersburp, Russia). This method was based on the mcthod of Allain (1974).
Principle:

This involves enzymatic hydrolysis and oxidation. The indicalor guinonciminc is

[ormed from hydrogen peroxide and 4-aminophcnazone in the presence of phenol and

peroxidise as shown below:

Choleslero! esters "okl o

»Cholesterol + Fatly Acids

Cholesterol + Q; Sr==wondne  holesicrol-3-one + H:0

211:02 + Phenol + 4-Aminoantipyrine ™™=, Red quinoncimine+ 2H:0

The optical density of the colour of the formed quinoncimine was measured &t a
wavelength of 500nm wusing a spectrophotometer SP-850 (Melerck  UK),
Commcreinlly avaitablc human quality contiol samples as well as stendardized pooled
plasma of known concenttations \were included as quality control samples for cach

assay. Cholesterol coneentration in a sampie is progar:ional to absorbancc increase

mcasured 81 500 nm duc to the red quinoneimine production.

Assay procedure: conlent of test tubes T1, T2 and T3 were

Ti T2 T3
Reapent | 2.0mL 2.0mL 2. 0mL
Sample 0.02mL -
Calibrator (standaid) - 0.02mL
Bi-distilled watcr . : 0.02nL.
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Reagent |, Sample, calibrator (standard) and bi-distillcd water were pipeticd

into tcst lubes as shown above.

The mixtures were incubated for § minutes ot working temperature (37°C).

Absorbancc of the samplc (Aumye) and calibrator (Acjenes) Were read against

rcagcnt blank at 500nm spectrophotometcr SP-850 (Mctcrtek UK).

Calculation:
Conc of (test)=  Optical density of samplc x Concentration of siandard

Optical density of standord

3.6.2 Dctcrmination of triglycerides

Plosma triglyccerides levels were determined by enzymatic colorimetric method using

test kit (Vitol Diagnostics SPb [td. Enpclsa prospect 27, bid 120, 194156, St.

Petersburg, Russia).

Principle:
This involves an cnzymalic lipolysis of the triglyceride content of the sample with

lipascs. The indicator -is. quinonecimine formed (rom hydrogen peroxide, 4-

aminoantipyrine and 4-chlorophenol under the catalytic influence of peroxidise as

shown below:

Triglycerides 2™, glycerol + fatty acids

Glycerol + ATP i i glycerol-3-phosphatc + ADP

Glycerol-3-phosphate + 0, S==diphacive cwdse  dihydroxyacetone phosphate +

2H,0,
211;0; + 4-Chlorphcnol + 4-Aminoantipytine Treaine o Red quinoncimine + 4H:0
The optical density of the colour of the formed complex was rncasurcd gt o

wavclength of 300nm using o spectropliolometcs  SP-8350  (Melerick  UK).

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

0



Commerciglly vai j
Y available hymap quality contro) samples as well gs standardized pooled

plﬂsmﬂ of Known .
concenlr .

assay.

Assay procedure: content of yest tubes T1, T2 and 13 were

TI L T3
Working rcagenl

2.0mL 2.0mlL

. 2.0mL
Sample 0.02mL
Calibrator . 0.02ml
Bi-distilled water 0
02mL

* Reagent 1, Sample, calibrator and bi-distilled water were pipetied into test

tubes as shown above,
*  The mixture was incubaied for 5 minutes al 37°C

o The absorbance of the sample {Asmie) and calibmtor (A upe) Mere read

againsl rcagenl blank (T3).
Calculation:
Triglycerides concentration = (Asamspid Acsiiemar X 250) — 10 mp/d|
Where Awrpic= absorbance of the sample
Aoslivrmas™ absorbance of the calibrator
250mp/dl - triglycerides coneentration in the caltbmtor

10mg/dl — frec plasma glycerol correclion

3.6.3 Dctermination of DL cholesterol

HOL cholesterol levels werc delermined by Phosphotungstate  mpppesiym
precipitalion method using test kit (Vital Diagnostics SPb Ltd. Engelsa prospect 27,
bld 128, 194156, St. Petersburg, Russia).
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Principic:

Chylomtcrons, very low-densitly lipoproleins (VLDL) and low-density lipoprotcins
(LDL) were precipitated by phosphosphotungstate  and  magnesium. Afler
centrifugation supemaisnt contained only high-density lipopioteins (HDL). The
mixture was allowed o stand for IS minutes ot joom (emperature before
centrifugation with Centaur centrifuge (England) at 3000 revolution per minules for
10 minutes. The IIDL concentration was measured on the same method as the

concentsation of 1ota! cholesticrol (Allain er af., 1974).

Commcicially available human quality control samples as well as standatdized pooled

plasmn of known concentrations were included as quality controls for cach assay.

Assay procedure: content of 1est ubes Th. 72 and T3 wese
l. Sainple Precipilation

LA L T
Sample 0.1SmL . .
Distilled water - - 0.15mL
Reagent | 0.3mlL 0.3ml 0.3mL
Catibrator - 0.15mbL .

e Sample. distillcd water and 1cagent wese pipeticd in1o test tubes.
The mintures were incubated & working temperature for 10 minules.

The sample was centrifuged &l 3000g for 10 minutcs ot rOOM (cmperature (| 8-

25°C).

« The solutions for calibrator and 1cagent blank do not require cenuiifugation,
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2. ’
HDL Assay: content ol1cst tubes T, T2and T3 were

TI T2 T3
Supemalant 0.2mkL
Reagent Blank Solution ~
. 0.2mL
Tols) Cholesicry) Rca
gent 2.0mL 2.0

.OmL 2.0mL
Calibrator Solution - 0.2mL

.2m -

* The supematant,

re
agent blank and total cholcsterol reagent were pipetied into
the test jubes as shown.

T C ek
he mixtures were Incubaicd at §8-25°C for l1Ominutcs.

Tl i i

¢ Samplc Optical Density (ODavegte) and the Standaid Opiicoal Dcnsity
(OD,y) \were read agoinst reagent blank.
Calculation

In (plasmn):

€ = OD aspi/ODyy ~ 50 (mg/dl):
Where:

ODumpie = Sample optical density
OD,u = Standord optical density

30mpg/d| ~ Cholesterol concentration in Calibmitor,

3.6.4 Dcicrmination of LDL chelesterel

The Fricdewald formula was used 10 calculale the Low Density Lipoprotein (LOL)
cholestcrol conceniration, except in subjects with serum iriglyceride |evels
>8.0mmol/litre (Fricdcwald ctal.. 1972), expressed as:

LDL cholcsicrol = total chiolesterol - (high-density lipoprotein cholesterol +

[iriglycerides + 5)).
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3.6.5 Dctermination of total prolcin
Total protein was dctermined using Biuret method described by Keohn (2002)
Principle:
Cu'’ + Protein — Cu-Protcin Complex
Polypeptide containing at lcast two peptide bonds reacts with Biuret reagent. In
olkalinc solulion, cupric ion forms a violet coloured complex with protein nitrogen.
Absorbance measured o1 $520-560nm is proportional 10 the tolal protein concentraiion

\n a sample.

Reoagents:

Reagent | —~ Monorcagent

Sodium hydroxide 500mmoi/L
Polassium-sodium lariralc 80mmol/L
Potassium iodide 7Smmol/L
Copper sulphotc 30mmoV/L
Calbrator
Albumin 20g/L
Nacl \S4dmmol/L
Reagenis preparation

). Prcpamation of Working Reagent:

Ditute Reagent 1 was diluted with water al the proportion 141,

2. Calibrator was ready' for usc.
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Assay procedure: coritent of testtubes T1, T2 and T3 were

T T2 T3
Sample 0.lmL . -
Working reogent $.0mL 5.0mL 5.0mL
Calibrator 0.1mL -
Bi-distilled woter . . 0.1mL

The sample, working reagent and colibrator wete pipetied into the lest wbes as

shown.

o  Thc mixture was incubated for 30 minutes at 18-25°C.

Absotbance of the Sample (A jaroi) and Colibeator (A mas) Were read ogainst

rcagent blank at S40am.

Calculntion:

Total protein concentralion = A ympid/ Acatsnis X TOB/L
Where:

Al = Absorbancec ol the Sample
Aaipea = absotbance of the calibrator

70g/L. - Total protein concenuation in the Calibrator

Unit conversion: 1g/L = 0.1g/d\.

3.6.6 Dctermination of albumin

Albumin was measured using Colorimetric method with Bromocresol Green
described by Maruthamuthu and Kishore (1988)

Principle:

Albumin concentrotion is proportional 10 absorbance increase at 628am due 10 the

albumin bromocresol green complex formntion.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

SS



Reagent § ~Monorcagent

Acctate bulTer, pi| 4.2 $0.0mmoVL

Bromocresol Green 0.10mmolrL

Surfactan 26g/1
Calibrator

Albumin 60g/L

NaCl 154mmol/L.

Assay procedure: ¢ontent of tes Wubes T1, T2 and T3 were

Tl T2 T3
Sample 0.0lmL
Reagem | 2.0mL 2.0mlL 2.0mL
Calibrator 0.0imL
Olm
Bi.distilled water
- 0.0ImL

¢ The sample, reagent | and calibrator were pipetied into the test (ubes
as

shown,

» The mixture was incubated (or § minutes at 18-25°C.

* Absorbance of the Sample (Awncic) and Calibrator (Acabraes) WS read ogDinst

rcagent blank ot 590nm.

Calculation

Albumin concentralion = Aumpie/A calibras X 60g/L
Whecre:

Aureplo® Absorbance of the Sainple
A cudraor = absorbance of the calibrator

60g/L — Albumin concentration in the Calibralor

Unit conversion: 1g/1 = 0.1g/dl
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J.6.7 I)ctcrminntiOn of creatininc

Ceealinine was dctermined UsiNg Fixcd-lime JalTe mcthod

. without deproteinisation
described by Lamb ct al., (2006).

Principle:
In alkaline mediom Creatinine fonns g

red coloured complex with picric acid. The

ratc ol absorbance :
nce : 2
tNCrecasc (s proportiona| 1o the creatinine concentralion in i

Reagents:
Rcagent |
Picric acid 20mmol/L
Reagent 2
NaOll 260mmol/L
Surlactant 26p/L
Calidbrator | 7. 7mmol/LL (2g/L)

Reagent preparation:

Prcparation of Working Reagent

[
Equal volumes of Reagent | and Reagent 2 weee inixed. The mixtures we
] A \ m

incubaled a1 37°C for 30 minutes before the test exccution.

Prcparation of Calibartor

* The requircd quantity of the Calibmtor was diluted with bi-distilled wyter i
ater in

proportion | + 99
Calibrator concentration aRer ditution = 177pmol/L (2mg/dl)

Assay procedure: contenl of test wbes T1, T2 and T3 weie

Tl T2 -
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Working reagent 400pl 1001l

400pl
Sample 80p! - -
Diluted Calibrator - 80! -
Bi-distilled water . » 80p|

The working rcagent, sainple and calibrator were pipetied into the test tubes as

shown

The mixtures were incubated for | minute a1 37°C.

Absorbance (A} was read

Absotbance (A>) was rcad in 60 seconds.

Absorbance for the sample and calibrotor was calculated AA = Ay — A,

Calculation

Creatinine concentmtion = A goeae /0A G X F77mol/L

Where:
AN e = Somple Absorbance change
AAcy = Calibcator absorbance change

177umol/L —creatinine concentration in Calibrator

3.6.8 Crealininc clenruuce
The creatinine cicornnee was calculaled from scrum creatininc, using the Cockerofl
and Gaull formula (Cockcroftand Gault, 1976). Nosmal renal (unclion, mild and

modcrale-scvere rennl failure were defined as creatinine clcarance:; 290 mL/minv/).73

m?, 60-89 mL/min/i.73 m’: 15 .59 mL/min/L.73 m® respectively.
CiCl = (140 _age) x 1IBW] 7 (Scr x 72) (x 0.85 for females)

IBW = Idcal body weight
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3.6.9 Determination of serum urea

Principle:

A iopid and rcproducible method is described for measurement of urea in serum
(without deprotcinisation). Urea is colorimetrically detennined with dincetyl
monoxime and thiosemicarbazide in the presence of sulphuric acid. phosphoric acid
ond ferric chloride. The sensitivity of the colorimetnic reaction and stability of the

colour are enhanced over cxisting related procedures and the serum blanl; -diminished,

cnabling urca (o be precisely measured in micro amounts (1-5u1) of serum.

Reagents: Prepare

. (Acid-femric solution. To 300 ml of concentrated sulphuric acid and 600 mi
distilled, 100 m! of concentrated phosphoric acid was added. In this solution
100 mg fervic chloride was dissolved,

2. Diacetylmonoxime (DAMO)-thiosemicarbazide (TSC) solution, 1n distilled
water 500 mg DAMO and 10 mg TSC were dissolved and diluted to 100 ml

3. Chroinogenie reagent. I'wo parts of Reagent 1 was mixed with one part of

Reagent 2 immedintely before use

Procedure:

To Sp!of serum, 3 m! of chromogenic reagent was added followed by 0.1 m! of Bry)-
35 solution (Sigma Chemical Co.). This was mixcd vigorously and heated for 5 min in
3 boiling water bath, It was cooled and absorbancc was measured 31 525 nm pgoinst a
blank composed of Su! of distilled water plus 3 m! of reagent 3 and 0.1 ml of Brij-35
solution. A standard curve was prepared with varying concentrations of urea (0-150

amo!) in a final volume of Spl of distilled water. Serum blanks was prePdred for each
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sample. 101 of urcase solution (Type Vil Sigma Chemical Co. 0.1 mg in | ml

distilled water) was added to 10pl of serum. incubated for § min at 37°C.
The correct blank absorbance for use in calculation was obtained by mulliplication
with the dilution factor (X2).

For ordinary purposcs correct for serum blank by subtracting 0.4 nmol (0.08 mmoVl

when using Spl serum) fiom the result read off from the standard cunve,

3.6.10 Determination of plasima homocysteine

lasma homocysteine level was delermined using an cazyme immunnassay method

described by Frantzen et al.. (1998) using test kit from Axis-Shield Diagnostics |.1d.
UK.

Assay principle:

Axis Homocysleine Enzyme Immunoassay (EIA) s an eitzyme immunoassay for the
detcnnination of Homocysicine in blood (Frantzen et al, 1998). Protcin-bound
Homocysteine is reduced to e Homocysteine and enzymatically eonverted to S-
adenosyl-L-homocysicine (SAH) in o scpamie procedure prior 10 the immunoassay
(Sundrchagen E. Axis Biochemicals ASA. Enzymatic assay for homocysicine and a
kit therefor. EP- 623174/1)S5631127). The enzyme is specilic for the L-form of
homocysieine. whieh is the only form present in the blood-

Reduction

llomocystcine (Hey), mixed disulfide and protcin-bound forms of homocystewne in
the sample are reduced to free homocy'steine by usc of dithiothreitol (DTT).
Prot-SS-ticy

*Ri-sS-Hcy _ OTT  Hey

Icy-SS-Hey

*R1 is any thiol-residue
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Enzymaltic conversion

Homocysteine in the test sample is converted o S-adenosyl-L-homocysteine (SAH)

by the use of SAl| hydrolase and excess adenosinc (Ad).
Hey + Ad

SAl-hydrolase SAH + H;0

The following solid-phase enzymc immunoassay is based on compelition between
SAH in the sample and immobilised SAH bound to the walls of the microtitre plate
for binding sites on o monoclonal anti-SAll antibody. Afler removal of unbound anti-
SAll ontibody. a sccondory rabbit anti-mouse antibody labelled with the enzyme
horse radish peroxidisc (HRP) is added. The peroxidisc aclivity is measured

spectrophotonictrically afler addition of substrate, and the absorbance is inversely
relaled to the concentration of Hey in the sainple.

Procedure;

All solutions and microtitre strips ace cquilibraicd o room temperature belore use,

The kit was left at room tempcrature ovemight. Calibrators were run in duplicate and

a new calibration curve was perforined for each run to avoid fun-10-run variations

using coated microtilre plotes.
Saniple pre-treatment procedure
. Somple pre.trcatment solution was made up no morc than 1 hour prior (o the
stort of the assdy as instructed by the manufacturer
Volume needed per 10 samples.
Reogent A — 4.5mL
Reagent 8 -0 255mL
Reagent C - 0.25mL
Mixed

2. Calibrotors and samples/controls were diluted in glass Lubces as follows
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3.

4.

Twenty-live microlitrc calibrator/sample/control + 500ul sample pre-
treatment solution. The mixture was mixed well. The mixture was incubated

for 30minutes a1 37°C (covered with parafilm during incubation).

Before the samples hove cooled, 500pL Rcagent D was added, mixed and

incubated for | Sminutes at 18-25°C.

Then 500uL Rcagent E was added and mined well. The mixture was

incubated for 5 minutes at 18-25°C.

Micotltre plate procedare

3.

Diluted 251l of calibrator/sample/control was pipctted from step 4 into the
wells of the SAH coated microtitre strips.
Two hundred miciolitre of Reagent I was added 10 each well and incubated

for 30min a1t 18-25°C. The plate was covered with the enclosed lid during

incubation.

. The plate was then washed with diluted wash buffcr {{BUF/WASH) + purified

waler) using 3 x 400pL. The wells wete emptied on paper lowels alter

washing to remove excess buffer

One hundred microlitre Reagent G was added 0 each well and incubated for

20min at 18-25°C

This was washed with diluted wash buffer [(BUF/WASIH) + purified water]

using 3 x 400uL, The wells werc emptied on paper towel

10. One hundred microliie Reagent 1! was agded to cach well and jncubated lor

10min ot 18 -25°C.

1 1. One hundred microlitre Reagent S was ailded 10 each well.

12. This was shaken and absorbance of esch well 1cad on # microplate jeader al

450nm wavelcngth within 13minutes.
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P i D 0
reparation of Standaid Curve (Appendix 1) A serial dilution of a known

concentration of standards were prepared as shown below

Standard Tubes pmol/L ODSe1 A OD Set B
Si 2 2.438 2.366

S2 el 2272 2.155

S3 8 1.972 1.775

S4 15 1.375 1.164

SS 30 0.870 0.740

S6 50 0.616 0.524
Calculation:

From the calibmtion curve of absorbance against concentration of the standards. the

concenteations of the samples were calculaied.

3.6.11 Delcrmiaation of vitamin B;; (cyanocobatamin)
Vitamin B, 3 concentration was determined using HPLC

Principle:

HPLC system uses a mobile-phase pump. a reagent pump, an guto-sampler, a detector
and a data sysicm for data processing and system control.

The sysiem is a chromatogzaphy, in which the cluent is filtcred and pumped through
the column, then the sample is loaded and injected onio the column and the e luent is
monitored using s detector, snd the peaks are recorded. The pump of the sysiem must

be able to genemtc high pressure, pesforming s pulse-free outpul and defiver flow

rBles rangrng (rom 0.1 1o 10 mUmin.
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Sample Preparation:

Into a set of clean beakers, 1.0mL of the sample was pipetied.

S N e
enty-five milifirre of 0.211CL was added and warmed on a walcr bath for
30 minutes.

Then cooled and the P! adjusted 10 6.0 using NaO¥ 1,

To this was added IN HC] 1o lowcer the pH 10 4.5, then, transfered into a set

of 50.0mL centrif; uge tubes.
Mixturc was shaken for 30minulcs.
This was transferred and centrifuged for 20minutes at 2000ipm.

The supernatant was collected and stored for HPLC determination of the

analytes as follows

o On the insbument and the pump the mobile phase was selected and Lthe

stationary phase fixed.

© Mobile phase was a mixture of Acetic acid + KMnO. + HiO,).

o Siauonary phase (Zorbax Sil 222)

o Flow rate (1.SmUminutes)

o Column tempenture (35°C).

o Wavclenpth(450 - 500nm)

o All these werec compulted on the sollware,
Belore running on the insuument, | OmL of acetic acid (specirosol) was added
lo cach samplc, mixed and then 0.5mL of 3% KMnOu soiution.
It wos kept for 20minutes and then 0.5ml. of 3% 11:07 and mixed
Then the samples of unknown concentration were run on the ${PLC,
The onolytical data was Oufomatically displayed on the rcadowt of yhe

computcr for Processing and priniing.
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3.6.12 Determination of folate

Prcparation of Rcagengs

Asco 1 ! -

follow
cdby 5.0mL of (Specirosol or HpLC grade).

Five pram of '
g 0] methcny) tctrahydrofolic acid was dissolved in 250mL of ylira

purc water and covercd propcﬂy.
Sample prepanation

Five mililitre of HCI was added and shaken for J0minutes

* The samples were spin at {500 rpm for 30minutes.

e The supematant were transferred to o set of clcan vials and stored (o
-

determination of the folate on HPLC as follows:

o Folate working standard was Prepared in Diglutamatetrihydroc hlor; de
solution in the foltowing concentrntions:_ 0.0, 2.0, 4.0, 6.0, 8.0 ppb,

0 The mobile phasc (i.e. methanol solution) was preparcd.

0 . Thc stationary phase was s¢lecled (Zorbax SiL).

o The reagents were circulated,

o The necessary information pertaining to the identity of the samples,
dilvtion factor of the samples, standanls, low rote (1.0mU/min),
column temperature (40°C), detector, wavelengih were entered (EM =

260nm, Ex 358nm).
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r o The working standards were run on the insirutnent to obtain R? or
_ standard cquation for the calculation of the concentration of the
unknown using the intcrphascd software.

o The concentration of the unknown samplc was displayed on the

compuler read out for printing.

3.6,13 Deterininatlon of apolipoprolcin Al

Apo Al is based on turbidimctric mecasurement using test kits from DIALAB
production und Vertricb von chemischtechnischen Produkten und Laborinstrumenten
Gessellschofi m.b.H. A - 2351 Wiener Ncudof Ausiria.

Principle:

The assay of APO Al is based on turbidometric. Turbidity is caused by the formation
of antigen-antibody insoluble immune complcxcs. The formation of the complexes is
accelerated and enhanced.

Assay Procedure

Physiological saline (0.9%) was used in the preparation of the difterent dilutions of
the APO Al standard, saline (0.9%4) was uscd as zero point.

Calibration Curve (Appendix |1V): Apo Al/A2/B Colibrator Iigh was used to

generate a calibmtion curve by making 1:10, 1:20, §:40, 1:80 and 1:160 dilutions with

0.9% saline as diluents.

Tubes | 2 3 4 5 6
Standard mg/dl 0 10 20 40 80 160
Stage |

Dilute Colibmator N/S | 17160 1780 140 20 110
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Stage Il

900u! 900l
. 900ul - 900ul  900u1 90Ol

Diluted Calibrator from Stage | 10ul 10pt ol 10pul

The above was mixed
*ed and absorbgnce Al of calibratey standard was read at 340nm

Absorbancc

Antibody reagent gdded 60ul

This was mixed. incuba j
incubaled for Sinins at ssay temperature (18 — 37°C),

The absorbance A2 was read at 340nm

Calculation;: AA=(A2 A

The A2 - '
4A = (A2 ~ Al) of the calibrators versus assigned concentmtion valucs were

plotted on a lincar-linear graph paper. The AA optical densitics of samples and

control(s) were read in mg/di on the reference cusve.

Samples yiclding absorbance above highest calibrator were retested after fusther

dilution.
Al 0 0.006 0.042 00313 0.048 0073
A2 ~_ 0.084 0.100 0.120 0.220 0.322
A = (A2 - Al) 0,078 0.088 0.157 0.172 0.249
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3.7 ANTIIROPOMETRIC MEASUREMENTS

3.7.1  Waist and Hip circuniference

Each child’s waist and hip circumfcrences were measured using a non-streichable
tape (Bulicrfly. China). Every child was made to stand upright. The waist
circumference was taken at the level of the umbilicus (see Appendix VI1). while the

hip was taken at the level of the greater trochanter (sec Appendix VIE). All readings

were laken 1o the nearesl centimeltre (cm).

3.7.2 llcight and \Weight

Height and weight of each child were measured according to standard World Eealth
Organization (W1HO) prescribed procedures. The height (cm) of each child was
measued using a graded stadiometer (Creative Health Products. Plymouth, Mich,
USA) made of a vertical calibrated rod and a perpendicular movable hcadpiece on the
calibrated wod (Appendix VI). The child was asked to stand barcfooled on the
measuring board, with histher back and hee! 10 the instrument, arms at the sides, hcels

close together and the eye looking straight ahead. the perpendicular movable

headpicce was then lowercd snugly to the crown of the head (vertex),

The weight was measured using a baitery powcred digital scale (Seea, Inc, Columbia,
MD. USA). Though this equipment is scl{-calibmling. zero error of the weighing
scale was checked against a standard tare daily for the purpose of recalibration, The
children were weighcd weasing only under-wears and barefooted. They' were asked 1o
stand at the centie of the platform with hand to the sides and the weight was recorded
10 the nearest 0.1kg. Pasticipanis’ weight measurements were carried out when all

oedema had resolved, that is there was no more clinical evidence of ocdema. These

weights wee assuined 1o be the actual weights ofthe patients (dry welght).
'CE
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3.7.3 Body Mass Index (BM])

Body mass index for cach child was calculated as weight (kg) divided by height (m)

squared (kg/nm?).

3.7.4 Skinfold Thickness Mcasurcments

Skinfotd thickness readings were measured on the right side of the body at triceps.
biceps, detoid, subscapulac, abdominal, thigh and call using the Lange Skinfold
Caliper (1985 Beta Technology inc. USA). At thesc sites the skinfold was pinched up
firmly between the thumb and (orefinger and pulled away slightly from the underlying
tissues before applying the callipers for measurements (Appendix V).
o Triceps: - mid way between the Olecranon and tip of the acromion with the
II' upper arm hanging vertically,
I. o Biceps: - over the mid portion of the biceps muscles.
o Subscapular at just below the tip of the inferior angle of the subscapufar at an

angle of 45° vertical.

3.7.5 Wody fat proporiion

The children’s body fat piopor.ions were calculated from the (ormuta of Deurenberg

cral. (1991).
Child Body Fat % = (.51 x3M1) - (0.70% Age in years) = (3.6x gender) + 1.4 (Where

maje gender = 1, female = 0). Lean body mass was estimoted by subtracting the

estimated body (a1 from the body weight (kg).
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3.8

Dctermination of socioeconomic class

T
Socioeconomic index scores were awarded to each child. based on the occupations

and educational attainment of the parents or their substitutes as described by Oyedeji
(1985).

For occupation:-

Class | was allocated to senior public servants, profcssionals, manegcrs. argc scale

tradets, businessmen and contractors.
Class 2:- Intcrmcdiatc grade pubdlic servants and senior school teachers.
Class 3:- Junior school teachers, drivers and ariisans.
Class 4:- Petty naders. labourers. messengers and similar grades

Class 5:- Unemployed. full-time housewives, students aad subsistence farmers.

For the educationat scale:-

Class | was awarded to University graduatcs or cquivaicnts;
Class 2:- School certificate (Ordinary Level GCE) holders who also had teaching
or other professional tmining.

Class 3:- School certificate or grade Il teachers’ ccrtilicate holders or equivalents.

Closs 4:- Modem three and primary six centificates

Class 5:- Those who could either just read and write or were illiterate,
The mean of four scores (two for the father and two for the mother) 10 the ncorest
whole number was the soclal class assigned to the child- For example, a fother who
was @ univessity lecturer scored 1 for his occupation and | for his education as a
graduate. His wife who was a business-woman with the secondary school certificate
level of edueation scored | for her occupation and 3 for her education. The tota) of
these four scares would bc 6 with an average of 1.5; when 1aken to the nearest whale,

the number was 2. Thus the social classassigned to this child was 1.
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In this study, average score of { above was assigned class | (upper class), scores of 2

and 3 above were assigned class 2 (middIc class) whilc scotes of 4 and 5 nbove were

assigned class 3 (lowerclass).

39  DATA ANALYSIS

Data were analysed using Statistical Package for Social Scientists (SI’SS) 17.0 for
Windows (SPSS Inc.. L, USA). All continuous variables were checked for normality
using the Shapiro-Wilks 1cst and those found 10 be non-parametric in distribution
were identilied. Unpaired two tailed Student ¢ test was used to detect significant
differences between cases and control (because they were independent groups). Paired
: r lest was used to assess the diflerences in paramciers measured before

- supplcmentation and repeats at 3months among the cases (nephiolic syndrome

patients). Speaman Rho correlation analysis method was used to assess correlations

berwcen variables because of the non-paramctric nature of most of the measurcd

paramelcers,

The differences in prevalence of high or low plasma levels of homocysicine, folate,
vilamins Bs and B3 in the study groups were analysed using Chi square test. The
distribution of low levels of vilamin Be vitamin By and high level of tHcy was
asscssed by dividing viuwnin levels into quartiles and calculating the differences by
1the chi-square test. Corrclation coellicients (r) were calculated to determine the
relntion between tHcy, viwnin Bs. vitamin Bys, folate, serum albumin, ¢GFR 1In
palients with the nephrotic syndrome and control. Since many of the variables thal
could influence the ciiculating levels of homocysicine were found significantly
different between the nephrotic syndioine and control groups by univariaic analysls,

the relationships of homocysteine with folale, vitomins and Apo Al among the
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-ﬁmti’c syndrome group was examined using mullivariate analysis. P values lower

than 0.05 were considered statistically significant.

3.10 Ethical consideration

Participation in the study was completely voluntary and based on informed consent.
Pasticipants were made 10 understand that they were frce to withdraw their consent at
any time and they would not be denicd their due treatments according to the UCH
protocol. Privacy of participants was ensured by using a serial number on each of the
questionnaire uscd to collect infonnation, rather than a name. Qnly the rescarcher
knciy the identification, and this information was kept secured. The data were not
discussed with anyone, except the paniicipant’s doctor, when required. The study was

not responsible (or payment (or the treatments of any illness detected at the time of
the data collection. However, results of taboratory tests carricd out as pant of this

research relevant to their (reatments swere made available at no cost to the participants.

The research was risk fiee, as all that was required wcie anthropometeic

measurements, blood sampling and liliing ol a form.

Ethical appioval (or this study was obtained [rom University of ibadan / University
Collcge liospital Ibadan, Cthics Committce, IAMRAT College of Medicine.
University of lbadan, lbadan (Appendix VL. Writien informed consent was obtained
from the parents or carcgivers of each child (Appendix IX), Verbal accent was

obtained from all the children before blood sampling and measurements were taken.
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CHAPTER FOUR

RESULTS

4.1. Socio-demographic characicristles and clinical features

The social and demographic chaiacteristics of the siudy pariicipants sere as shown in
Table 4.1. Study participants compriscd 42 children with diagnosis of nephrotic
syndrome (cases) and 42 healthy children (controls). There were 27 (64.3%) males
and 15 (35.7%) females among cases and controls sespectively. The ages of the case
and control groups ranged from 40.0 10 140.0 months and 41 10 140.0 respectively.
There was no sigmlicant diflerence in the mean age of nephrotic syndrome (103.5
232.7 months) and conirol (100.9 294 months); p = 0.740. The mean ages of
mothers (38.5 £6.4 years) and fathers (48.5 £10.9 ycars) of children with nephrotic
syndrome were significantly higher than the mean ages of mothers (32.5 £7.5 years)
and fathers (38.9 £6.4 years) of the controls. The distribution of study participants by
pareni marital satus was not dilferent in the nephrotic syndrome gioup compared
with the contro! group (Table 4.1). The number of mothers’ children ranged from | 1o
7 among nephrotic syndrome ond | 10 6 among control group with median value of 4
children for nephrotic syndrome and 3 children for control group. Also, the

distribution of paticipaits by parents’ s0ciocconomic Stafus was nol difTerent among

cases and conteols as shown in Table 4.} (p=0.7-14). About two-third of the children in

ephrotic syndrome (61.9%) and slightly over half of the control (54.8%) came (rom
rol{c syndrome (O1.

niddle socioeconomic class while only 1 (9.5%) came iom high socioeconomic
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Table 4.1: Social and deniographic characleristics of the study purticipants

_Chornctcrisﬁcs Ncphrotic syndrome  Controls
(n= 42) (n=42)
Sex (Malc/chalc) 27115 27718 NA
103.54£32.7 00.9+£29.4 0.740
Mean age in months (mcan £S0) 4294
Mcan mothers age in years (mcan £SD) 38.5+6 4 325475 0.002

Mean fathers age in years (mean £SD) 485 £10.9 38.946.4  0.000

Parcnts’ marilal status, n (%)

Never marned 6(14.2) S(11.9) 0.949
Married 34 (81.0) 35 (83.3)
Divorced 2(4.8) 2(4.8)

Median number of mother’s children 40-7 3(1-6) 0.001

Parents’ social class. n (%)

High 4(9.5) 4(9.5)  0.744
Middle 26 (61.9) 23(54.8)
Low 12 (28.6) 15 (35.7)

NA -~ Not Applicable

n = aumber of subjects
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Figure 4.1: Distribution of stucly participants by their position among mothers'
children
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ﬂﬁllz.’.1!§'ldi'6*r clinical features among the nephrotic syndrome group
zﬁ;iblc 4.2 shows the major clinical features ol nephrotic syndrome. The entire
ncphiotic syndrome group presented with [acial swelling for a period ranging from 2
to 120 days. In addition 22 (52.4%) had gencralized body swelling, diminution in
urine (28.6%), cough (9.5%) and abdominal swelling (7.1%) were major clinical
features. About two-third (66.7%) had been admiited to the hospitol for illnesses other

than nephrotic syndrome within one year preceding their participation in the study.

4.3. Distribution of NS and control by the degree of proteinuria and
bypoalbuminacmia

The distribution of study subjects by the degiee of proteinuria assessed qualitatively
and levels o{serum albumin werc as shown in Table 4.3. Before supplementation,
majority (76.2%) of the NS paticnis had proicinuria of 3 pluses (+++), 23.8% had 2
pluses {(++). After supplementation (a1 three months), none of the NS had gone into
remission. In the control group on the other hand, there was no one with significant
psoteinuria. Hypoalbuminaemia (<2.5g/dL) was found in all the NS patients. Only

two (4.8%) of the subjects in the control group had serum albumin less than 2.5mg/dl.
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Table 4.2: Major clinical features of 42 paticats with Nephrotic Syndrome

Clinicnl features n (%) Mcdian duration in days (Range)

Main presenting symptoms

Facial swelling 42 (100.0) 36 (2-120)
Gencraliscd body swelling 22 (52.4) 36 (2 - 120)
Abdominal swelling 3(7.1) 17 (3 -31)
Diminulion in urinc 12 (28.6) 4 {10 =~ 36)
Cough 4 (9.9) $(7-90)

Past hospital admissions

Yes 28 (66.7) 6(1 - 15)
No 14 (33.3) .
n = number of subjects
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hy poalbuminacmia

Table 4.3: Distribution of NS and control by the degrec of proteinuria and

Nephrolic Control
Urine and serum prolein Syndronic
n= 42 % n=42 %
Degrce of proteinuria
Negative/Trace 0 0.0 42 100
1 plus (+) 0 00 0.0
2 pluses (++) 10 238 0.0
3 pluses (+1+) 32 76.2 0.0
Serum albumin (g/dl)
>2.5 0 0.0 40 95.2
2.0-24 24 57.1 2 4.8
1.0-1.9 16 J8.1 0.0
<1.0 2 4.8 0.0

n = number of subjects
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$,4. Distribution of NS patients and controls into the upper-, inter- and lower-

quartiles of the distribution of homocysteine

The distribution of patients and controls in the four quartiles of the distribution of
homocysteine were as shown in Table 4.4. Majority (95.2%) of the panticipants in the
nephrotic syndrome group fell into the upper quartile of the normal distribution for
homocystcine compared with 26.2% in the control group. NS patients were 80 times
more likely to have homocysicine level in the upper quartile than the control
(OR=80.0, 95% CI = 9.24, 92.46; p<0.001). However for scrum folate. vitamin B;)
and Be, therc were no signilicant difterences in the distribution of plasma level into

quartiles between the 1wo groups as shown in Table 4.4.

4.5. Prcvalence of high ptasma homoeysteine and low sitamins in the study
pariicipants

Prevalence of high plasma homocysteinc and low vitamins in the study' participants
are as shown in Table 4.5. Tweniy-four subjects in the nephrotic syndrome group and
only 3 panicipants among lhe conlrol group had high plasma tlicy giving the
prevaience of hyperhomocysteinacmia as 57. 1% and 7.1% respectively. The nephrotic
syndrome group was 17 limes more likely to have high level of t(Hey compared with
the conteol group. Six (14.3%) of the children with nephrotie syndrome and none of
the contro! children had low serum folate, Four (9.5%) participants in cach of the

nephiotic syndrome and controf groups had low vitamin Bi2-
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W

' able 4.4: Dislribuiion of subjccls based on quartile yalues of hoinocysleine,

f‘olatc'. vitamins Bs and By; for control

Variables No of paticnis (%) Noofcontrol (%) P OR  95%Cl
n = 42 n= 42
Homocysteinc
=971 P (24) 16 (38.1) - I -
4.2-6.0 E (2.4) 15 (35.7) 0.522 .14 0.07.20.02
>6.1 40 (95.2) 11(26.2) 0.000 80.0 9.24, 92.46
Folale
<9.4 16 (38.0) 10 (23.8) - I -
9.5~13.5 24(57.2) 22 (52.4) 0.602 0.68 0.26.1.82
213.6 2(4.8) 10 (23.8) 0.014 0.13 0.02.0.69
Vitamin Bj;
<234 8 |7 (40.5) 10 (23.8) ] 4
234.9 —438.1 25(59.6) 21 (50.0) 0624 0.70 0.26.1.85
>438.2 0(0.0) 11 (26.2) 0.000 00 0.0
Vitamin B,
<66.9 15 (35.7) 10 (23.8) - ! 2
67.0 - 90.4 26(61.9) 22 (52.4) 0.804 0.79 0.30.2.10
>90.5 1(24) 10 (23.8) 0009 0.07 0.01.0.61

n = number of subjecls
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Bs and low vitamin B,

ble 4.5: Prevalence of hyperhomocysteinacmia, low serum folate, low vitamin

Vasiables

Nephroatic syndrome  Controls

(n= 42)

(=4

OR (95% CI)

High tticy (>10pmolil)
Low fotate (<3.4ng/mL)
Low vilamin B¢ (<20.0nmol/l)

Low vitamin By, (<133pg/mL.)

24 (57.1%)

6(14.3)

4 (9.5%)

3(7.1%) <000l
0(00) 0026
0 .

1(9.5%) 1.000

17.3 (4.6, 65.1)

n = naumber of subjects
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4.6. Bascline anth ropometrics nnd skinfold thickness

Anthropometty and skinfold thickness mcasurements of study parliciponts before
supplenicntalion werc as shown in Table 4.6. The mcan dry body weight of children
in the nephrotic syndrome group (27.9 £7.9 kg) was not significantly diffcrent from
the corresponding value in the contiol group (24.7 £7.3 kg): p = 0.082. However, the
ncphrotic syndrome group had a significantly lower mcan height (110.3 £26.0 cm)
compared with contral group (127 £20.3 cm); p = 0.004. The mcan Body Mass index
(BMI) of the ncphrotic syndrome group (17.3 tl.6kglm3) was significantly higher
than the control group (15.9 +12kg/m’); p <0.001. The mcan waist and hip
circumferences of the nephrotic syndrome group (57.948.5cm; 62.6 £10.5cm) were
not significantly diffcrent from the comparative values in the control group (54.9
£9.0cm; 60.6 £11.7cm). There were no significant differences in the mean skinfold
thicknesses mcasured at deitoid, sub-scapular. biceps. triceps, abdominal, thigh and
calf areas in the nephrotic syndrome group comparcd with the mean values obtained
8l the corresponding sites in the control group (Table 4.6). Convcrscly, the skinfold
thickness at the hip arca was significantly lower in the ncphrotic syndromc group (6.8

23.3mm) than conirol group (9.1 £3.0mm); p = 0.004. The mean t0tal body [at

percentage was also significontly higher in NS (18.0 £3.8%) than the control

(16.242.7%); p = 0.015,
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Table 4.6: Basclinc anthroponictrics and skin-fold thicknesses of study

participanis
Biophysical parameters Nephrotic syndrome  Conirols 5
(n= d2) (n=42)
Mecan dry weight inkg 27.9£79 247273 0.082
Mcanhcightincm 110.326.0 127£20.3  0.004
Mean Body Mass Index in kg/m’ 17.3£1.6 15.9¢1.2  <0.001
Mean waist circumfcrence in cm 57.948.5 549490 0.159
Mean hip circumference in cm 62.6+10.5 60.6£11.7 0535
Mean Skin-fold thicknesses
Deltoid arca (mm) 7.9+3.5 74422 0451
Sub-scapular area (mm) 6.642.1 6.4+1.6 0.670
Biceps arca (mm) 4.8+1.3 55¢1.8  0.055
Triceps arca (mm) 7.5+£2.4 76£1.8  0.896
Abdominal area (mm) 5.7+2.0 6.5+£1.9 0.109
Anterior right thigh area (mm) 9.3£3.8 8424  0.258
Right lip arca (mm) 6.8+3.3 9.1£3.0  0.084
Right calf area (mim) 9.1d.1 89+2.7  0.865
18.0+3.8 16.24¢2.7  0.015

Estimated body fat, BF (%)

n = number ofsubjccls_
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4.7: Physical excrcises ang| Intake of fat-rich foods and salt

Table 4.7 shows responses of the study participants and caregivers to questions on
exercisc, intake of fot-rich foods and 1able salt before the swudy. The distribution of
participants by frequency of their involvement in excrcise sufficient 10 make them
breathe fastcr or increase heart beal (>20 minutes) was not difterent among 1he
nephrolic syndrome group and control. Majority (52.4%) in the ncphrotic syndrome
group compared with control (35.7%) occasionally or never took part in sufficicnt
exercise. Similarly. there was no signilicant difference in the distribution of
parlicipants by the number of cggs pasticipants atc when he/she had omclletes or
sceamble eggs. About two-third of the nephrotic syndrome group (57.1%) and slightly
over half of the control (52.4%) would <3t an egg when they had omeletics or
scramble eggs. The NS patients were fess likely to cat two eggs compared with
control (OR=0.11, 95% CI = 0.02. 0.78: p=0.036). Slightly over haif of the nephrotic
syndrome group (52.4%) compared with 95.0% of the control reported the use of
cow’s full cream milk in at least three diets per week. The NS paticnts were less likely
to use cow's full cream milk compared with contiol (OR = 0.06, 95% CI = 0.01, 0.46;
p <0.001). However, over half (52.4%) of the nephrotic syndrome group compared
with 23.8% of control group did not usc any fat-rich spread over their foods (such os
bicad and sandwiches). The NS patients were less likely (o use bulter as spread
comparcd with control (OR = 0.20, 95% CI = 0.23, 0.86; p = 0.006). In both groups,
palm oil was usunlly used to cook food for the study paricipants: 59.5% of the
nepheotic syndrome and 71.4% of contro] groups. All caregtverss of participants in the
control group reposied that they added salt 10 food cither during of after cooking with

majority (95.2%) doing 50 during cooking while many (40.5%) of the nephrotie
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Table 3.7: Exercise and inlake fal-ricl;

mont(hs before (he slucly

foods 2inong study participants three

Nephrolic

Dictary pasternv/lifestyle Syadudme Comn;ls OR  95%Cl b
(n=4y) 71
How often docs your child 1ake
exercise sufticicnt to make him/her
breathe faster orincrease heas beat?
(>20 minutes)
chSionally or never 22 (524) |5(3$.7) ] ) A
Orceor twice a week 4(9.5) 2(48) 034 0034.11  0.564
Thice times a week or more 16 (38.1 ) 25(59.5) 0.44 0.18,1 08 0.114
How many eggs docs your child cat
when he/she has omelletes or scramble
eges?
Oncegg 24 (57.1) 22(524) 055 0.14207 o0.116
Two cpgs 2(4.8) 9(214) 0.1l 0.02,0.78 0.036
More than 2 eggs 6(14]) 70167 043 008217 0529
Do not eat a1all 10(2).8) 4(9.5) | - .
Wha! kind of milk does your child
of .en (a1 least 3 diews per week) use?
Cow’s full cveam 22(524) 40(95.0) 0.06 0.01.0.46 <0.001
Cow’s skimmed 10(23.8) 1 (24) 1.0 0.05.830 0458
Do not use milk 12(28.6) 1(2.6) | 2
Whal type of spread does your child
usc 10 eat bread. sandwiches...?
Buller 7016.7) 16(38.]1) 0.20 0.23.0.86 0.006
Margarine 13(31.0) 16(38.1) 037 013105 0.073
le/she doesn( use spread 22(524) 16(238) |
What type oil do you most oflen use
for your cooking?
Palm oil 25 (59.5) 3{(714) 061 025151 039
Vegetable oil such as com, 17(40.5) 12{28.6) ' - .
When do you usually add seit (0 your
child’s food?
During cooking 23(S4.7) 40(95.2) 057 008436 0.08¢
Afler cooking 2(48) 2(48) | i .
n = number of subjects
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4.8, Serum protcin. crentinine, urco and estimated glomerular filtration rate
{cCIR)

Table 4.8 shows the secrum creatinine, serum urca, cGFR, scrum atbumm and serum
1otal protcin of the ncphrotic syndromc and control groups. The mean serum
crealinine and eGI'R in the nephrotic syndrome group (0.7+0.4mg/dl and
78.0£33.9mL/min/).73m? respectively) were not signiticantly different from the
respeclive  value in the control group (0.5%0.2mg/dl, (p = 0.057) and
86.5£38.4mL/min/1.73m?, (p = 0.284). NS paticnts had a significantly higher mean
urca (46.5%15.2mg/dl) comparcd with the values in the control group
(31.0£10.Img/dl), p <0.001. On the other hand, the mean total serum prolcin and

albumin conccntrations in the nephrotic syndrome group (4.9:1.1g/dl and

2.221.1g/dl) were significantly lower than the cosresponding values in the contiol

group (6.520.6g/dl and 4.540.5g/dl); p<0.001 for cach.

4.9.  Plasina lipids and apolipeprotein Al

The mean plasma lipids and apolipoprotcin Al concentrtions of study participants al
baseline were as shown in Table 4.9. Mcan total plasma cholesterol, LDL cholesictol,
triglycerides and Apo Al concenirations as well as total chofesterol to |IDL ratio in
the ncphrotlic -~ syndrome  group  (235.9494.7mpg/dl;  191.9291.2mg/dI;
161.5%1 14.4mg/dl; 173.8+43 4mg/dl and 6.6+£3.6 rcspectively) were significantly
highcer than the corresponding valucs in the control group (55.0470.6mg/dl;
122.5£70.2mg/dl; [08.4£52.6mpg/dl; 136.7£56.9mp/dl and 2.4+l.) respectively).

However, therc was no signil'zcnm dilVerencc i1n the mean HDL cholesterol levels of

nephrotic syndrome and control groups.

AFRICAN DIGITAL HE/s.aﬂ REPOSITORY PROJECT



Ta

ble 4.8: ] i
8: Scrum progein, crealinine and creatinine cl

caranccamong sludy

parlicipants
~ Analytes
Y Nephrolic syndrome  Controls P
. (n=42) (n= 42)
Serum creatinine (mg/dl) 0.740.4 0.540.2 0.057
U L
rea (imp/dl) 46.5£185.2 31.0£10.1 «0.00]
Eslimoted GFR (mL/min/t.73m?) 78.0£33.9 86.5£38.4 0284
Scrum albumin (g/dl) 2.2¢1.1 4.540.5  <0.00]
Totat serumn protein (g/dl) 4.941.1 6.5£0.6 <0.001

n *= number of subjects
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Table 4.9: Boscline plasma Jipids of study participants

Plasma lipids

Total cholesicrot (mg/dt)
LDL cholesterol (mg/dl)
HDL Cholestcrol (mg/dl)
Triglycerides (mg/dl)

Total Cholesterol/HDL ratio

Apolipoprotcin A§ (ing/dl)

““Munn-Whilney U test

n = number of subjects
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Neplrotic syndrome Controls P
(n= §2) (n=42)

235.9494.7 135.0£70.6  <0.001

191.9491 2 122.5£70.2  <0.001
12.74£10.2 9.848.3 0.163

161.5%114.4 108.4£52.6  0.014°
6.6+3.6 241, <0.001

173.8243.4 136.74¢56.9  <0.00]



L3 om [}

bascline

The bascline j
fevels of plosino hoinocysteine, serym folate. vitamins Bs and Biz (or

1i
ncphrotic syndrome group and control gre as shown in Table 4.10. The mean totol

homocysteinc of | 1.2£2.8umol/L. in the nephrotic syndrome group was signilicantly
higher than respective inean value of 5.5£2.3 ymol/L in the contro] group (p<0.001).
The mecan scruin folote ond vitamin By; concentrations in the ncphrotic syndrome
group (9.1£3.9ng/mL and 268.5:95.7pg/mL respectively) were signilicantly fower
than corresponding vatues of 11.243.Ing/mL and 316.44117.2pg/mi in the control
group (p = 0.009; p = 0.043 rcspeclively). Conversely, the slight reduction in the
mcan vitamin s coilceniration in the nephrotic syndrome group (72.4213.1 nmol/L)

when comparcd wiih respective contiol value (75.8+15.2nmol/L) was not statistically

signilicani,

4.1 1: Socio-econoinle status and mean plasma homocysteine

The mean plasma homacysteine concentmtion in NS and control group classilied by
parents’ socio-economic class are as shown in Teble 4.11. The mean plasma 1Hey
concentrations in the middic and low socio€conomic classes of NS were significantly
higher then their corresponding control group, while the diflerence in the high socio-
class was not siatistically significant. Within cach groups (that is NS and control),
comparison of the three social classes did not reveal any sintistically significant

differences ncither in the nephrotic syrdrome nor control group respectisely.
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Analytes Nephroiic syndrome Conirols

(n=42) (n=42)
they (umolnL.) 112228 55823 <0.001
Folate (ng/mL) 9.123.9 11.243.1 0.009
Vitamin By (nmol/L ) 72,4213, 75.8415.2 0.264

Vitarni
Warnin By; (pg/mL.) 268.5+95.7 JI6.4£117.2 0.043

N = numbcr of subjecis ¥
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I al’l o I.

Socio-economic class Nephrotic Syndrome Control p

- ﬂ:“ 2 Mean n=42 Mean S

ol 8.363.54 4 5.04£2.04 0,262
2% 11.0122.71 23 6.03x2.8! 0.000

Low 12 11.95+2.77 15 5.03£1.52 0000

*P valuc 0.187 0.232

*Compared valucs within cach group
N = number of subjects
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4.12, Scrum crealinine, estimatcd GFR

and protcin lcvels before and after
supplementation

Changes in scrum cecatinine, serum urea, estimated GFR and proicin levels afler

supplementation arc as shown in Table 4.12. Afler the 3moniths vitamins (folate,
vitamin Be and Bya) supplementation there were significant reductions in the mean
scrum creatininc and urea concentrations with mean decrease of 0.2:0.4mg/dl and
15.545. Img/di respectively. On the other hand, the mean total protcin and albumin
increascd following 3Imonths of vitamins supplementation by mean of 0.420.8g/dl and
1.621.2g/d1 respeetively. The increase in estimated GFR 3months after vilmnins

supplcmenintion by 4.741.8mU/min/l.73m? was not statistically significani

4.13. Plasma lipids and apolipoprotcin Al levels before and  ufier
supplementation

The mcan plasma lipids, apolipoprotein Al, beforc and nfier vitamin and folate
supplemeniation were as shown in Table 4.13 The mean tolal cholesicrol. LOL
cholestcrol, triglycerides and Apo A 1 concentrations as well as TC/HDL ratio reduced
significantly by mecan wnlucs of 6.223.0mg/dl, 40.2216.3mg/dl. 42.2+105.6mg/dl,
21.745.4mg/dL. 2.9x1.6 respectively afler supplementation. Although. these was slight

reduction in-the 11DL. cholesterol level b 1.947.2mg/d1. this was not stalistically

significant.
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Table 4.12; Scrum protcin. ercatinine and creatinine clearance pre and post vilamin and folate sy pplementation in nephrotic sy ndrome

patiealts
i " . : Nephrotic Syndrome Soniral <)
R :l‘s:“lznc cr:n:f[; :mcnl Mean diffesence % chanpe P n=442
Creatinine (mp/dl) 0.720.4 0.5:0.] 0.240.4 28.6 0.027 0.5x0.2 1.000
Urea (mp/dl) 46.5+152 31.0x10.t 15.5x5.1 334 <0.001 31.0%10. 1.000
¢GFR (ml/min/1.73m°) 78.0:33.9 912430.7 4.71.8 6.0 0.165 86.5+38.4 0.555
Albumin (p/dt) 2.5%1.1 4.1£0.7 1.62].2 64.1 0.002 1.520.5 0.007
Totsl protein (g/d) 4.921.1 5.3z1.1 0.440.8 8.3 <0.001 6.5£0.6 <0.001
*Compared mean values of af ‘er supplementation with control.
n = number of subjects
9S
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Tablc 4.13: Plasma tipids before and after vitamins supplementation

B : Nephrotic Syndrome Control
Plasma lipids Baseline After suppicment Mecan dificrence % mean A=y’ P
n =42 n=34 ’ difTercnce P =
TC (mgydl) 235.9494.7 188.2+51.3 6.2+3.0 21.] <(.00] 155.0270.6 0.025
LDL (mg/dl) 191.9:91.2 154.3+£50.6 40.2+16.3 21.2 0.018 122.5+£70.2 0.025
HDL(mg/dl) 12.7£10.2 10.4£8.8 1.9+£7.2 15.0 0.928" 9.8:8.3 0.761
Triglyccride {(mg/dl) 161.5«114.4 117.6237.6 42.2+105.6 26.1 0.023° 108.4+52.6 0.377
TCMAHDL 6.643.6 3714 29+1.6 12.5 0.025 24211 <0.00!
Apo Al (mp/dl) 173.8+43.4 152.1+37.9 21.7+5.4 12.5 <0.00t 136.7+56.9 0.163

"Wilcoxon Signed Rank Test used

*Comparcd mean values of sfter supptementation with control.

n = number of subjects

36
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levels
before and after SUPplemenggtion

the mean plasma homocysteine significamly

dccmnsc | . \
. !0”0"'"8 prlc'“c"m"m‘s with folate and vitamin B by 6.113.0 umol/l as
. . m a

shown in Table
abie 4,14, On 1he other hand. (here were significant increases in 1he levels

ol scrum Hami
folak. vitamin B, gnd Biz by 2422.1ng/mL, 11.1£15.6nmol/L and

41,3223, 1pg/mL respectively (Table 4.1 4 ).
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]rfnhlc 4.14: Plasma Homocystcine, Serum folate, vitamins By and Bg before and after vitamins supplcmentation

Nephrotic Syndrome Control
Analytes Bascline Aller supplement Mean difference % mean 0= 42 P
n =42 n=134 i di(Terence P v -
tHey (umol/L) 11.2£2.8 S.1£!1.5 6.1231.0 52.6 <0.00! 5.5423 0.364
Folate (ng/mL) 9.1£39 11.5£4.2 2.4+2 ] 26.4 <0.001 11.2=23.] 0.721
Vitainin Bs (nmol/L) 72.4£13.1 §3.229.2 11.1£15.6 153 <0.001 75.8+15.2 0.011
Vilamin B8z (pg/mL) 268,5£95.7 309.8+£104.2 $1.3£23.1 154 0.023° 108.4+52.6 0.377

n = number of subjccts
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4o |So i g Ay
Biophysical param ¢ery In NS andl control clessified by homocysicine levels

tHcy above and below 10umolL in NS gnd control gy0ups were as shown in Table

4.15. The Tablc shows thot there WEIC no differences in the mean age. weight, height,

BMI and waisy circumfcrence of those hose tHcy levels were >10.0hmol/L

comparcd with those whose tHey were <10.0 pmoliL in both groups. Similarly, all the

skinfold thicknesses were ot signilicantly different between those whose tHey levels
were >10.0 pumolrsl, compared with those whose tHey levels were <10.0 imoliL
cxcept in the deloid nres. In the dclioid arca, the NS with tticy >10.0pmol/L had
significontly higher skinlold thickness than these with tlicy <10.0 pmolL. On the
olher hand. there were no significant diffeeences in the mean agc, weight, height,
BMI, waist circumference, hip circumference and all skinfold thicknesses of those
who had tlicy >10.0 pol/L anil those whose tHey were <10.0 nmolA. among the
control group. However, the mcnn cstimated body' fat proportion of NS whose tHcy
levels were >10.05mol/L was significantly highcr than those whose tiey were <10.0

pmol/L.
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ble {.15: Bi i :
ophysical Paranieters in (NS and control classificd by komocystcine

Estimated body fat, BF (%)

evels
. N$ Contro!
- Biophysical parameters tHey <100 1Hey>100  tHey <10.0 tHcy >10.0
“Mean age in months IOl: : - — o —
O304 1092326 105.8£10.5 101.}1£30.0

Mean diy weight in kg 26.8¢79 302483 23.0£).7 25.647.3

Mean heiglit in cm 125£16.7 1334268  124.0:8.7 11462273

Mean Body Mass indexinkg/m' 169414 178518 159407  15.64]2

Mean wois( circumference inom 567488  60.846.7 62035  55.649.3

Mean hip circumference inom  59.8:10.1°  67.049.4° 66.748. | 61.6:12.3

Mean Skin-fold thicknesses
Deltoid arca 7.2833°  9.8s4.5° 19827 7.0£2.0
Sub scapular arca 6.7£2.8 72418 7.5+£23 6114
Biceps arcq 4.8¢) 4 4.621.2 6.2¢2.0 53¢1.8
Triceps area 7.1219 8.0:3.0 2.7%£1 .5 13+1.8
Abdominal area 5.2¢1.9 6.3:23 6.8:53 6.4+2,0
Anierior right thigh arca 9.2844  10.743.8 8.720.2 19225
Right hip area 13242 67424 9.940.5  8.743.
Right calf area 9.3£34 9.746.5 11.1£0.6 8.5£2.7

15.3£26° 19.1x33° 16.1£2.7 17.2¢2 4

*p<0.05

N = pumbcr of subjects
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4.16. Biophysic: i
Physical paranicters in NS ynd control classificd by homocysteine levels

at upper Quarlile of distribution

The comparison of mean biophysical parameters betwecn subjects who had tHcy 26.1
pmol/L and tHcy <6.1pmol/l. in NS and control groups wcre as shown in Table 4.16.
The Table shows that there were no diflerences in the mean age. weight, height, BMI,
waist and hip circumferences as well as ail the skinfold thicknesses of those whose
iHcy levels were 26.1 pmol/L coinpared with those whose tifcy were <6.1 pmol/L.
Similarly in the control group, all these parameters were nol significantly different
between those who hod tHcy 26.1 pmol/l. compared with those whose tHcy were
<6.1 pmol/L except the skinfold thickness in the biceps arca whcre the contiol group
with tHecy 26.1 pmol/L had significantly higher skinfold thickncss than those with

thicy <6.1 pmol/L.
4.17: Biochcinical parameters in NS and control classlficid by homocysteine levels

Tables 4.17 and 4.18 arc showing the biochemical parameters in NS and control
classified by homocysteinc Icvels. Within the NS group, there were no significant
dilferences in the values of albumin. creatininc, total cholesterol, triglycerides, HDL,
LDL, lolate, vitamin B, and vitamin By; in thosc whose tHcy levels were >10.0

pmol/L compared witly those whose tlicy were <10.0 pmol/L. Conversely, in the

control group those whose (ticy were >100 pmol/L had signiticantly higher mcan

plasma creatinine (0.8+0.2 hmol/L) than those with tllcy <10.0pmol/L (0.540.1

umol/L); p = 0.013. Also among control, the subgroup with ticy >10.0 ymol/L had

significantly lower mcan vitamin Bs (52.820.9 nmol/l, versus 77.3£14.3 nmoUL; p =

0.007) and vitamin Buy {124.6£10.1 pg/ml. Verus 3314108.0 pg/mL: p = 0.001)

compaied with the subgroup who had tlcy < 10.0 pmolA. (Table +.17).
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1
able 4.16: Bivbhysical parsmcters in NS and control dassificd by hontocysteine

Ilgs'cls-a‘t upper cuartile of normal distribution

Right calf area

Control
RRE 012 2 ey (Hcy26.1 (Hcy<6.1  thicy 261 thicy <6.1
n=40 ne?2 n=1{l n=ll
~ Mean oge In monihs 10565312 9463433  858£307 107.0526.7
Mean dsy welght in kg 285:8.1 22.819.5 263199  25.1260
hMeanhclght incm 129.2¢21.0 9604150  118.8¢350 114.02233
Mean Body Mass Index in kg/m?  17.220.6 18.8£2.) 16.4419  15.8¢0.8
Mean walst circumference incm  S8.52648.2 52.0:7.2 59.0x123 54977
Mean hip circumf(erence in cm 629+10.4 55.0:94 64.2£16.2 61.1%103
Mean Skin-fold 1hicknesses
Deltoid oren 82440 100434 73120  7.0:2.)
Sub-scapular area 6.9+2.4 6.411.8 64214 6.2+1.6
Biceps area 0. 741.3 4.2+1.2 6.54.18* 5.0£1.6°
Triceps erca 7.542.4 6.4£30 7.7£1.5 7.341.8
Abdominal arca 56422  59¢1.3 72122 61219
Anterior right thigh orea 9.75¢42  11.0+18 Wgels - Gp3d
Right hip ares 7.143.6 621414 9.0£2.2 8.8+1.)
9.6:4.8  43%10 90438  B6+22

*p<0.05

n = number of subjecls
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=y

homocysteine levels at cut off

able 4.17: Bischemical parameters in NS and control classilici by

= number of subjecis
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. . Control
Biochemical paramctes  tHey2100  1Hey <100 iHoy 3100 1Hey <100

| ne 22 n=20 nel ne=39
Albumin (mg/dL) 28412 2.2+1.0 4,220, | 4.40.6
Creatinine (mg/dL) 0.720.5 0.540.2 0.8:02° 0.520.1
Total Cholesteral (mg/dL)  237.5:108.7 233.8474.6 149.3434,1  155.4273.0
Triglycerides (mg/dL) 150721110 168.3x621.1 155.5¢660 10832544
HOL (mg/dL) 10.848.0 14.3£11.7 11.3£9.2 10.1£9.0
LOL (mg/dL) 196.6299.8  185+80.7 106.9£30.1  12).6472.4
Folate (ng/mL) 152.8£360  150.8£41.6 176.6£1.2*  173.4+28.0°
Vitamin Be (nmol/L) 74.08137 7024122 52.8:09"  77.5¢14.3°
Vitamin By, (Pg/mL) 277.4¢984  256.5491.4 124.6£10.1*  331.1£108.0°
*p<0.0$



40 lao BiDChQ i 3
micol parameters in NS and control classtlied by homocystcine levels

al upper quartile of normal distribusion

Within the NS group (in Table 4.18), there were no significant dilTerences in the
values of albutnin, creatinine. total cholestcrol, triglyceride, HDL, LDL, folate,
vilamin Bs and vitamin B;; of those whose 1Hcy levels were 26. Ipmol/L. compared
with those whose tHcy were <6.1pmol/L. llowever, within the control group, the
subgroup with tl-fcy 26,1 pmol/L had significantly lower mean vilamin By (63.4£13.7
nmol/L) and vitamin B2 (234.0££27.9 pg/mL) compared with 80.2+13.3 amol/L (p=
0.001) ond 345.6299.7 pg/mL (p = 0.004), respectively in the subgroup with tllcy

26.1umol/L.

4.19. Levels of homocysicinc and GFR

The distribution of subjects by level of homocystcine and rcduction in GFR are as
shown in Table 4.19. Among NS group, 84.6% of thosc who had modemitc-severe
reduction in GFR also had hyperhomocysteinacmin with significant increased sk
compared with those whose GFR was 290 mL/min/1.73 m? (OR = 12.38, 95% C[ =
1.83. 83.77). A higher proportion of the NS who had mild reduction in GFR (56.3%)
compared with those whose GFR was 290 mU/min/t.73 m? (30.7%) had
hyperhomocysicinacmin. though the difficrence was not significant (p = 0.318),
of those who had moderase-severe reduction in GFR

Among the control group, 33.3%

had hyperhomocystcihaemia while only 9.1% of those with mild reduction in GFR

had hyperhomocysicinacmia,
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ble 4.18: Biochentical

Paramcters in NS an¢

control

clossificd by

n = numbcr of subjecls

AFRICAN DIGITAL HEAL1iI-|0§EPOSITORY PROJECT

homocystcine levels at upper quartile of normal distribution
| NS Control
Biochemical parameters tHey 26.1 Hey <61 tHey 6,1 tHey <6.1
I n=40 nw2 n= Il n= 3l
Atbumin (g/dL) 2.541.1 3513 4.610.3 4.420.6
Creatinine (mpg/dL) 0.6:0 4 0.6:£0.} 0.6:0.2 0.5+0.1
Total Cholesicrol (mg/dL)  241.1494.0  133.5¢19.) 155.8219.2 154.6281.8
Trigtyccride (mg/dL) 160.4£116.8 11545312 130.4£76.6 105.0£46.0
HDL (mg/dL) 12.4210.0 12.0£5.7 10.0:8.8 102191
LDL (mg/dL) 196.6:90.9 98 4+ 184 119.7£25.2 123.4280.7
Folate (ng/mL) 150.3£372.7  184.5¢40) 167.7128.9 175.7£26 .4
Vitamin B, (nmol/L) 72.1£13.2 77.9+13.3 63.4+13.7¢ 80.2£13.3°
Viamin 8, (pg/mL) 26624953  313.94129.0  234.0£127.9° 345.6199.7°
*p<0.05



Tablc 4.19: Distributi :
.C“: 9: Distribution of subjects by leve] of homocystcine and reduction in

GFR cf thicy thicy

R >10.0pmol/.  <10.0pmol/L P  OR  95%Cl
n (%) n (%)

Nephrotic syndromc

(NS)
15- : It (84.6) 2(15.4) 0.0t5* 12.38 .83,
S9ml/inin/1.73m" 83.77
60 - 9(56.3) 7(43.7)  0.3I8* 389 062,
89mL/inin/1.73m’ 13.46
>90mbl/min/1.73m*>  4(30.7) 9 (69.3) ] . :

Control
i5 - 2(33.3) 4 (66.7) 0.514* 5.00 0.35.
59mU/min/l.73m’ 38.91
60 - 1 (9.1) 10 (90.9) t . .
89ml/min/1.73m’
>90 0 (0.0) 25(100.0) 0.032° - .

mUmin/).73m? = —
*Fisher's exact test used, 15 - 59 mUmin/1.73 m™: Moderate — severe reduction

——

in GFR; 60-89 mL/min/1.73 m?: Mild 1eduction in GFR; 290 mUminsi.73 m;

normal

n = number of subjecls
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4.20. Change in homoeysteinc after vitamin and folate supplementution in
ncphrotic syndronic patients classificd by bascline levels

The mean plasma homocysicinc pre and post vitasnin and folate supplementation in
nephrotic syndrome paticnts classificd by bascline levels are as shown in Table 4.20.
Among NS with Hey above 10.0pmol/l, pre-supplementation mcan tHcy
significantly reduced ltom 13.3%].3pmol/L to S5.4x1.5pmol/L posi-supplementation
(p<0.001). Similarly among NS who had tlicy of £10.0pmol/L. there was a reduciion
in the mean tHey from 8.3+ 1 .6umol/L. pre.supplementation to 4.841.5umol/L. posi-

supplcmentation (p<0.00!).

Moreaver, grouping the NS into 1wo groups (using pre-supplementation tlicy cut-oft
of 26.1umol/L and tlicy <6.1pmol/L), shilc the tHcy 26.1pmoll. group had
significant reduction in tlicy following vitamins supplementation, thcre wes no
signilicant difference in thc pre and post supplemeniation tkicy in the titcy

<6.1pmol/L group.

Figurc 4.2 shows the graphical plot of the magnitude of reduction in plasma tlicy
(hat 1s pre minus post supplemcntation) and the baselinc (pre-supplementation)

homocysteine. The magnitudc of the reduction following vitamin supplemcntation

appcars 10 inctease with increasing [evel oftlcy beforc supplementation.
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Table 4.20: Plasma homocysteine pre and post vilnmins supplementation in

ncphrotic syndrome patients classificd by bascline levels

Bascline homocysieine ki Posl. Mean
supptementation  supplemeniatsion  difference
Classificd by cut-ofT
\Wicy >10.0pmok/L 13.3£1.3 5.4%1.5 79:20  <0.001
thicy <0.0pmol/L 8.3¢1.6 4.8+1.5 35:23  <0.00)

Classifcd as below or
above upper Quartile
ey 26.1 pmo¥/L 11.5£2 4 5.121.5 6.422.6 <0.00%

ey <6.1umol/L 51223 4,120.6 0.940.7 0.573
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Reductioly 1n

tHey (Hmol/L)
14
. y*=0843x-3278
= R*=07]9

0 5 10 5
Baseline tHey (3tmol/L)

Figurc 4.2: Graphicel plot of the magnilude of reduction in plasma tilcy (that is

prc- minus post- suppicmentation) and the bascline homocystetnc
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4.21. CoefTicient Correlation of homocystcine with age, scrum folate, vitawnin
Be vitamin Byy, albemin, estimnied GFR in nephrotic syndrome paticnts and

control at bascline

CoefTicient correlations (r) between plasma homocystcinc level and each of age, BMI,
sceum folate. vitamin By, vVitamin By;, albumin, estimated GFR in nephrotic syndcome
patients and control before supplcmentation are as shown in Table 4.21. There was a
weak but significant correlation between plasma homocysicinc level and cach of
scrum aibumin (r = 0.347, p = 0.024). scrum creatinine (r = -0,336, p = 0.039), cGFR
(r = 0.444, p = 0.020). scrum folaic (r = -0.607, p = 0.027) and vitamin B; (r = -
0.185. p = 0.045) among the ncphrotic syndrome group. In the control group.
homocysicine signilicantly cosrelated with sesum albumin (r = 0.566. p = 0.029),
serum Crcatinine (r = -0.330, p = 0.035) and ¢cGFR (=032, p = 0.037). The
correlations between plasma homocystcine and each of secum folate. vitamin B3,

albumin and cstimated GFR are also demonstrated in scatter plots in Figures 4.3, 44,

4.5, 4.6and 4.7.
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Tablc 4.2[: att
itamin I Co;m 'Hion of homocysteine with age, scrum folate, vitamin R,
vitamin " : : .

', ATHUMIN, estimated GFR i ncphrotic syndrome patients and

control at hascline

Variables Nephrotic syndrome paticnts Contro}
( p R P

Age in years -0.89 0.237 0.154 0336
8M 0.272 0.082 0.156 0.322
Scrum albumin 0.347 0.024 0.566 0.029
Creatinine -0.336 0.039 -0.330 0.035
Estimated GFR 0.444 0.020 0.323 0.037
Folote -0.607 0.027 -0.1] ] 0.416
Vitamin B 0.084 0.597 -0.292 0.061
Vitamin B)a -0.185 0.845 -0.253 0.106
Apo Al 0.051 0.751 -0.087 0.586

Note: Spearinun rho correlation was done hecause of the non-parametric nafure

of many of the vnriables
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Figure 4.3; Scatier plot of plasma homocysicine and estimated GFR among NS

patients
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Figure 4.4; Scatter plot of plasma homocysteine and estimated GFR among contro)
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- Figure 4.5: Scatier plot of plasma homocysicine and atbumin among NS patients
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l- igure 4.6: Scattcr plot of plasma homocysteine and folate among ‘NS patients
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Figure 4.8: Scatier plot of plasma homocysteine and Vitamin B,y among NS patients

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

116



2: Relntionship
. P of plasma homocysicine with folafe, vitamins and Apo Al

L
fnl&ong the pephrotic syndrome group

The relati i ]
lationship of homocysteine wiih folate, vitamins and Apo Al among the

ne ]
phratic syndrome BFOUpP was as shown in Tabje 4.22, A statistically significan:

Independent rclationship was found beiween homocysicing and vitamin By; (B = -

(4] -
0.64, 95% C1 = -§.20, -0.08) afler controlling for serum level of folate, vitamin Bg and

ptasma Apolipaprotein Al.
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arinbles B 95% Cl of P
itamin B); (pg/mL) -0.64 -1.20. -0.08 0.027
Vitamin By (nmol/L) 0.84 -0.40. 2.09 0.180
Tolate (ng/ml.) -0.17 -0.39, 0.05 0.127
Apo Al (mg/dL) 0.00 0.00, 0.01 0.275
| Constont 0.95 -0.25.2.14 0.119
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CHAPTER FIVE

DISCuSSIoN

S.1. Socio-dcmographic characteristics of stuily subjects

The results of this study showed thet the chifdren with nephrotic syndrome and the
apparcntly heolthy contro! were relatively similar in oge. gender, socio~cconornic,
family and cultutal background. The similaritics in oge and gender characteristics of
NS and control group could be atiributed to the moiching donce during the sclection of
parlicipants at the design siage of this sludy while the lock of differences in socio-
economic, family and cultural background may imply the fact that the 1wo proups
were sclectied from the same population. Though the NS group was selecied from the
hospitol. they are likely to have lived in the same or similar community as the control
group. However, the mean ond age tange of the NS paticnts in this study is similor 10
those studicd by Asinobi et of (1999) ond Anochie et af (2008), s [badon and Port
Harcourt in Nigerio respectively. The fact that the NS paticnts and contro! groups
were compatablc in age, gender and socio-cconomic background provide the basis for
further comparisons with no signilicant concerns for the cofounding cffects of (hese

factors. The relafively highcr number of malc thon femalc patients recruited in (he

study agrecs with the reposls from the samc hospital and other teriiory heolth facilitics

i) Nigeria. Ibadin and Abiodun (1998) in Benin and Asinobi et. al., (1999) in Ibadon

showcd 1hat nephrotic syndromc could be Iwice mofe common in boys than girls.

119
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lfomacysicinc (tHey) concentations arc known 10 increase with age o Niderian

children (Adcbayo ef af., 2008). the plasma level approximately doubles the valuc of

childhood by adulthood, However, the increasing trend in the level of homocysteine

with age previously described was not apparent omong the study pasticipants because

of the relatively narrow age range (mcan age = 103.5+32.7months for NS and
100.9+29.4months for conuol). Afler puberty, males have higher mean tliey
conccntrations than fcmalcs (Must et al., 2003). These is also a known gende?
dificrence in tEicy with male having slightly higher level but it becomes less apparent
with increasing age (Jacques ct al., 1999, Musi et al., 2003). Other factors considered
as past of the baseline characteristics of participants in this study included the number
ol children in the family. The patients’ mothers (ncphrotic syndrome) had slightly
higher numbee of children than control. This implied that those childicn with
ncphrotic syndrome are more likely to come from a rclatively larger family size. Both
patients and control majorly came from the middle sociocconomic class background.
Data {rom this sludy showcd no rclationship betwcen tticy Ievels and the socio-
cconomic status of the parents when NS paticnls and healthy children groups were
considered separately, However, the level of ttcy was significantly higher in NS than
control among those from low and middle socio-¢cconoinic background but this

difference was not observed among those from high socio-cconomic subgroup. in

adults. few stdies (Kim d al., 2003, Tover ct a),, 2003) have cxamined the

Jationship betwcen tHey jevels and the sociocconomic slatus with controversial
relation -

: ildren.
results while limited data (Batty and Leon, 2002) exists Lud
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5.2. Dingnostic features gpq urinalysis findings i1 presentntion

Ex b in thi
peciedly, all the NS paticnts in this study had cvidence ol ocdema at presentation,

psgspicslicroleas, prolcinuria, and hypoalbuminaemia which typically definc

nephrotic syndrome in children (Bergstain, 2000), While no onc among the control

had any of the clinical features of nephrotic syndrome, as many as 23.8% had tMces

of protcinuria and mild hypoalbuminacmia (2.0 10 2.dmg/dl) was found in 4.8%.

These findings are not unusual as some physiological factors such as redistribution of

fluid, posture, dict. exercise and drugs (especially sicroid) could cause a slight loss of
protein or reduction in serum albumin (Maync, 1994). In this study, though there were
no differences in the frequency of physical exercise and dictaty pattemn between NS
patients and conlrol in three-month period preceding the study. it could also be
possible that inforination given by parcnts was not comprchensive ecnough 1o show
any differcnce. Assessments of weight and height after patients were adjudged 10 be
free from oedema showed that there was no dilference in the mean dry weight but the
control group were averagely taller (in height) than their NS patients counterparts,
The relatively tower height of the NS patients compared with control may have bheen
the consequence of the long slanding nature of the discase. The average duration of
iliness omong the NS patients was as long as four months. Children suffering from

long standing illncsses such as renal discases orc known to have some degree of

growth retardation (Mchis ctal., 1989, Nicsel ct al.. 2008).

5.3. Mcasured anthropometrics. cstimated body ful and dictary patlern

This study revealed that the NS patients had averagely higher body mass index, body

fat tion and skinfold thickncss at right hip areas than their contiol counterports
al propor

These findings suggest that the NS patients hove the tendency to have increascd fot
€SC findin

Istrsbution (n
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ck . Studie
ground. Studics have also s| 10w that boly fat distribution (measured by skinfold

thickness) and!/ '
ickness) and/or body fat proportions are good indicators for atherosclerotic risk in

aduhhood {Bonora et al., 1992, Gutin ct ol., 1994). It is however, unclcar from the

present study how much of atherosclerotic risk could be attribuicd to the degree of

adiposity ond fat distribution among NS patients as no specific evidence of

atherosclerosis such as measure of brachial artery Now dilatation or arterial wall

thickness was measured as in previous sudy (Amadottir ¢s al., 2001). Important

factors that can explain the differences observed in the fat distribution and body fat
propostion arc the pattern of fat intake and physical exescise. However. the data
showed no statistically significant differences in frequency ofexercise and fat intakes
between NS patients and control but the control gsoup were more likely to cat two
cggs and uscd butter as spread o n mcal than their NS counterparts. The reason for
this is likely to be the foct that many of the NS paticnts may have been counselled
against excessive intake of cholesterol-rich foods and use of fat-rich spread in their

mcal by the attending clinictans.

5.4. Scruin protcin, creatinine and estimated glomerular filtration rate (eGFR)
This study showed that scrum creatininc of NS paticnts and heslthy children were

not significantly diflerent, “This linding was corroborated by the similarity in the

values of cstimated GFR among NS patients and control. Scium creatinine and GFR

being indices of renal function werE ckpected to be aflccted in paticnts who have
i

- ~'ndiome with increase in scrum crestinine and
renal diseases such as nephrotic 5}

d o { l n USCIC mclﬂbOﬁSlﬂ. lls p,’odu lion is
r I (: ni IS dcrlved mom L C

| Ilv constani, ond ils cxcretion is primarily through glomcrular filiration,
relatively constant,

become important in renal insufliciency. In contrast to
jon May
although tubular sccretion
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o) H .
the concentration of blogd yrep nitrogen, this is aflected by state of hydmation and

nitrogen balance, the serym creatinine Jevel s primarily influcnccd by the fevel of

glomerular function (Kon and Ichikawa, 2004). 11 is also known that the St T

2 ninc s of Valu only in estimating the GFR in the sleady stalc, A paticnt

may have a normal creatinine level without cllective renal function very shortly afier

the onsct of renal diseasc, [n this clinical selling. scrum creatinine may be an

\nscnsitive measure of decreased renal function because its level does not rise above

nomal until the GFR falls by 30-40%. This may explain why the scrum creatinine

levels of many of the NS paticnts in this study did not cxcced 2.0mg/d!. Moreover, the
precisc mcasurcment of the GFR could only be accomplished by detcanining the
“clearance” of a substance thnt is freely filtered across the capillasy wall and that is
ncither reabsorbed nor scercted by the tubules but this was not donc in this study. As
the GFR dcclines, an increasing proportion of the total creatininc in the urinc is
sccreled by tubules. resulling in a creatininc clearance that progressively
overestiimates the actual GIFR. Therefore, it is reccommended that changes in (enal
function should be monitored by scrum creatinine concentrotion when the seqm
creatinine level exceeds 2.0 mg/dL (180 pmol/L). Nonc of the children who took pan

tn this study had serum creatininc level above the recommended.

The fact that estimatcd glomerular (ifiration rate of the nephrotic syndrome patients

‘onificandy difterent, suggests that the paticats® renal function
and conirol were nol signi'ican

.o aprmal (healthy) children. Though # was difficult 10 establish the
werc similar

hs. 11 is not unlikely that many of
: as about four mont
longest dyration of symplom W

: before the parcats or caregivers sought help in
the paticnts may have becn il long

health facilities. Rccent revicew of the burtien of kidney discases in Nigeria showed
ealth facilities.
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that most paticnts present late 1o the hospital and they may attempt to deny it for

reason of nol wanting to be blamed (Ok unola ¢y al., 2032)

w plasina - 1 i
Low plasina albumin nnd/or low (o1g] protein are onc of the cardinnl lindings in

lo i b
glomerular discnscs because of the disruplions in the ulirafiltration sysicm of the

glomeruli in the Kidneys. ‘The low level of plasma albumin among the NS palicnis was

therefore required as pan of the diagnostic criteria for NS and cxclusion criteria for
the control group. This study also showed significant increase in GFR and reduction
in the levels of creatinine and urea from the pre to post- vitamins supplcmcntation

valucs. Physiologically. thcsc changes imply improvement in renal function among

NS palicnts.

S.5. Plasma lipids und apolipoprotein Al

Previous studies (Abdurrahman ct nl., 1984, Erusmus ct al.. 1990, Ahancku ct al.,
1999) have suggested that Nigerians with the nephrotic syndrome may represent a
risk proup for the development of ischacmic heart discasc because of the various
degrees of dyslipidacsmia ond dyslipoprotcinocmia found among them. Similarly, in
the present study, the level of otal cholesterol. LDL-cholcsterol. wiglyceride and
apolipoprotein A1l in NS patients were higher than their healthy counierpants, These

{indings were similar 10 previous reports fiom the szme hospital by Agbedana ¢s af

(1990}, which showed that plosma lipid concentrtions within the childhood nephrotic

syndrome group varies with clevation of both triglyceride and cholesterol. ynlike the

port by Agbcdang e al. (1990) the meon levcls of HDL-<cholesterol and Toial
rc Y AR L :

Cholesicrol/IDL ratio \Were similor in both Broups. The significant jncrcase in
olesic

apolipoprotein Al concentiation suggests the presence of an Apalipoprolein A-rich
IPop

high density lipoprotcin pagticle In children with nephrotic syndrome as speculated jn
Igh density h

y (Agbedona ef al., 1990). Abdurrahaman e1 ol. (1984)

carlicr report in this communtt
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childhood pephrotic
p syndromc bug the changes in HDL-cholesterol and apolipoprotcin

Were not jnvestigated. 1
Later, a similar but variable |evel of clevated total cholesterol

in ncphrotic
syndrome paticnts arc still lacgely unclear. Increasc in synthesis of lipoproicin by the

liver, i : i
» 10 responsc 1o the massive protein |oss, Was supgested from liver perfusion

experiments in rats with induced ncphrosis (Marsh, 1960, AMarsh and Drabkin, 1960).
Previous studics have shown that the severity of risk of atherosclerosis is related to
the 1IDL concentration and 1o the ratio of HDL~holesterol to 1otal cholesicrol.
Though it is difficult to make reasonable prediction of risk of developing coronary
hcan discases in later life from the findings of the present study, a significant
reduction in the levels of total cholesicrol, triglycerides, LDL-cholesterol, Total
Cholesterol/HDL ratio and apolipoprotecin Al were obsened afler three months of
doily vitamin supplementation. It is likely that the reduction in the level of lipids ond
lipoprotcin Al observed in this study were direct cffects of vitamins supplements
given to NS paticnts and lcss likely to be a result of overall improvement in the

discasc condition. To the best of the rescarcher's knowledge, the only drug given to

the paticnts who participales in the study apart fiom their regular prednisolonc was

the vitamin supplement. A counfer argument inay op! that the patients could have had

reduction in the level of homocystcinc as 3 result of the unprovement in their renal

function. It is worthy of noic that nonc of these paticnts had significantly impared

renal function at basclinc. Moseover, Papandreou ¢/ al (2010). scporied simifar

finding healthy children in Giecce. Afer the 2-month intervention with folate
indings among

supplement, tHey levels were significantly decreased: folate levels were significantly
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increascd, while (o1al cholesterol joyeis were significantly improved fiom 183.8 to

160.8 meg/dL (Papandseou

! dal, 2010), The authors concluded that folate

[J lion
suppicimcnia reduces ] jcy, scrun {olate, and total serum cholesterol fevels in

hyperhomocyscinaemic ¢hildren as inthe present syudy.

In other renal diseases, carlier studies on cffects of vitamins supplementation on lipids

and homocysicine, though among aduli populations, gave controversial repoits.

McGregor et al (2000), ircated 2] patients with end-stage renal discase (ESR D) with §
mg/d folato for 3 nonths. The authors conciuded that folasc supplements given to
paticnts with ESRD reduced serum plasma tHcy and may improve lipid profile (levels
of total cholesterof, low-density lipoprotein, and iriglycerides). Verhaar and
collcagues (1999) examined theefTeets of folate supplements (S mgrd) for | month on
endothelium function and blood Jipid profite. The researchers suggested that oral
supplementation with folate may improve endothelium function and serum cholesterol
levels. in contrast, Olihof et al (2005), reposted that ol supplcinentalion with folatce
(0.8 mg/d) for 2 wecks in healthy adults did nol seem lo alfect blood lipids but
reduced scrum (Hey levels. The most important factors involved in the endothelial
dysfunction in the ncphrotic syndrome ate LDL-<holesicrol, total cholesterol and

librinogen oand their trea!Ment is nccessary to prevent atherosclerosis in patients with

ncphrotic syndrome (Caraba and Romosan, 2007).

In a previous study by Boyes ct al (2003), the relation belween homocysteine and

lipid :dotion was onalyzed in hacmodialysis paticnis and it was found (hat
1PId pcroxida

: hile decicasing ox LDL antibody: vitre, although it did not reach the
peroxidation whilc de

I Despite the fact thol previous studies were not able to show an
nommal |evel. Despile
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(Thambyrajah ¢t g, i
y ctal., 2000). it has peen demonsirated recently (Buccianti ct al,, 2002),

that folic acid, in gdditio :
a N 1o reducing homocysteine concenlralion, improves

cndothelial function jp hacmodialysis palicnts

All the NS patients in the present siudy were on steroid 1reatments (oral prednisolone)
throughout the threc-monily period and nonc had remission. It is therefore difficult to
atiributc the improvement in dyslipidacmia wholly to the delinitive trcatinents
reccived during the study. ft is worthy to note also that while there was significant

reduction in other parameters there was no significant change in the level of HDL-

cholesterol during supplcmcniation.

5.6. Plasnin homocy steinc, folate, vitamins Be and By;

This study showed that patients with the ncphrotic syndrome had high plasma lcvels
of IHcy. low scrum levels of vitsmin Bs and low serum levels of vilamin B3 more
frequently than hcalthy individuals. The two most obvious explanations for
hyperhomocysteinemia in nephrotic syndrome paticnts would be a block in
homocysteine remethylation and a disturbance in cysteinc disposal. Suppont for the
first one is based on trials showing that successful homocystcinc-lowering regimens
In chronic kidney disease always include folate. Randomized trials have shown that
different forms of folate and diffcrent routes of administration are cqually ¢flective in

lowering plasina homocystcine in ESRD paticnts (Abdelfatah ctal., 2002, Ducloux et

al. 2002). Suliman el ol., (1999), proposed that a block in decarboxylation of

cystinesulphinic acid the intermcdinlc between cYsteine and tsurine, contributes to

hyperhomocysicincnia in CRF.

Morcover, the relationship betwcen Hcy and its Metabolic cofactor vitamins has not

been (ull lored in patients with NS and contoversial results have been reported
cn fully explo
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so far. ‘
r. Some studies showcd that plasma IHey levels were decreased (Amadotir et al.,

2001), equal {Dogra cs gi, 2001) and increased (Joven et al., 2000 in NS patients

comparcd to patients withous NS and similar rena] function (Amadotiir et al., 200},

Dogsa et al., 2001) or 10 hcalthy conirols (Joven er al, 2000). There is sufTicient

evidence thot plasma homocysicine is clcared from the body by urinaiy excretionafler

glonterular filtration, just like creatininc. However, the amount of homocysieine in the

urine is minimal (about 6umol/day) (Rcfsum ei al., 1985). From a nosrmal GFR of
|80L/day and a (rce homocysieine concentrotion of JumoV/L, it can be calculated that
99% o the filtered homocysieine is rcabSosbed (van Guldencr. 2006). The exacl
tocolion of this uplake and the mctabolic fate of homocysteinc in the tubules are
unknown. Homocysicine tronsulfuration and remcthylalion enzymes ore present in
human kidney tissue, indicating that metabolism of homocysicine within the Kidney is
possible. Studies in rats but not human have shown that homocysieine is takcn up and
metabolized by the kidney (House ci al., 1998). Renal plosmo flow docs not largely
afTect GFR in humans (due lo filiration disequilibrium), this is contrary (0 the general
finding that plasma homecysicine is rclated o GFR. Also. a larger study failed to
establish a relationship between homocysteine and cffective plasma flow (Veidman ct

al., 2005). Thus an intrenal homocysicine disposal has not been proven.

The results of this siudy also showcd that children with nephrotic syndrome have had

lower levels of seruin folate, vilamin Biz and vitomin Be compared with their age and

matched healthy children. Low: plasma lcvels of vitamin 8y might be due (o0
sex-

' joss i hrotic syndrome The low level of vitamin Bs in this study was also
urinary loss in ncp ' :

found in some other small sized studies of children with NS (van Buuren el ol., 1987,
ound in

p . The loss of vitamin B¢ profein cariers in the usinc
Mydlik and Derzstova, 2001).
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il

might i B .
ght influcnce vitamin B, gupys, Vitamin Bs dcliciency conlributes 1o

thromboilic risk in NS.

increase

In the current study, a plasina tllcy levcl was imvcrscly correlated with scrum folate
and vitamin B2 concentrations and this is consistent with the findings ol other studies
in children (Tonstad ct al., {996, Osganian ct al.. 1999, Bates c1 al., 2002). Reduced
nutritional intakes in children may explain the decreasc in sefum level of this vitamin
(Bjorke ct al.. 2003). There is a higher prevalence of folate deficicncy and infectious
diseases in Africans both of which impair folate assimilation (Roscnblan and
Whiichead. 1999). Neverthcless, the influence of vitamin Bz \was less marked than
the influcnce of folatc. Thesc findings indicate the need of folate 1o be adequale (n
children's diet to contain adequate folatc. This could be achieved by increasing
vegelables and fruit consumption, both good sources of folate. which will reduce 1Hcy

levels and increase lolate levels as reported in previous study (Stanger ci al., 2003).

The lindings from this study also showcd no comrefation betwccn BMI and tHcy
levels, but body fat proportion. was on the average higher among NS paticnis \with
tHcy: level >10.0pmol/l. than those who had tlHHcy £10.0 umol/L.. This difference was

not found among ‘e healihy children. These data are at variance with report by

Gallisti ¢f a/ (2000), who reporicd a significont coinelation beiwecen BAI and 1Hcy

concentrations. Also other workers conlimmcd a signilicant corrclation beiwcen BAMMI,

a messure of ovenwcight and obesity and hyperhomocysicinacniia (Gallisti ci al.,
2000, Zuc ct al., 200S). Moreovcr, in this study hcalthy children with tHey above
10.0umoVL had significantly lower valucs of scrum folatc, vitamins Be and B4 than

the children with tHicy levels <) mmol/L,
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Folate deficiency
IENCY occurs al all ages and js usually a result of poor diet in children.

These findi i
se tindings suggest that these children should be in concem for possible medical

problems r i
cgarding conscquences of hyperhomocysicinaemia in later tife, Adequate

dict
ictary folate maybe recommended for these individuals. In addition to poor dictary

intake of i . <o
folate itself. deficient intake of other B vitamins can contribute to folalc

deficiency. These vitamins include (31, B2, and B3 which are all involved in folate

recycling.

In this study, in patients with NS and healthy children there were ncgative comrelations

between tlicy and creatinine cleasance. The data also showed that plasma (Hcy
L correlates with serum albumin as previously repoited by Bostom ¢t ai. (2001). This is
also sugpested by the linding that the plasma lcvels of tHcy in the NS patients are
independent of both creatinine clearance and scrum albumin, The low serum leels of

vitamin B2 and B that was observed in the NS patients certainly contributed 10 the

development of hyperhomocysicinacmia. It is possible that other features of the NS,

for example the loss of vitamin 8s protein carriers in the urine. might influcnce

vilamin Be status.

s ——— ..t

| S.7. Elfects of vitamin supplementatlon

Some o the major findings of this study wete the reduction of plasma cholesterol and
homocysicine levels, both of which are known to be risl Iactors of cardiovascular

disease (CVD) in adults and children. In addition, vitamins supplementation was

significantly associated with rise in seium albumin, folate, vitamin Bz and vitamin-

Be These findings agree with preYious Studics which showcd that treatment with folic
¢ NCSC ng

acid reduce plasma (Hcy levels (Refsum ct al. 2004, Araki ct al.. 2006. Anderson c

al., 2010). Araki ct al (2006), caslicr showed among 32 hcalthy male japoncse

| lementation as shoit as 2 weeks decreased
|l-; voluntcers aged 20-29 years that folaie supP
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T homocysteine concennation signilicantly and increased the concentraiion of

serum and red blood cell folate. The participants in this study had the benefit of
receiving both folale and vitamins 8 complex supplementation for 3 months.
Thercfore, marked reduction in the levels of plasma homocysteine found in this study
was not sutprising. Aput from the ameliorative effects of folate on homocystcine,
folate supplements have been found 1o improve vascular function in children with
vascular discases (Pena et al., 2004, Schroder ct al., 2004). [t has also been shown o
improve endothelial dysfunction in children with vascular discases (Pena et al.. 2004,
McKenzie et al., 2006). The use of Smg folic acid in this study was purely based on
the clinicians’ experience. llowever, Anderson et al., (2010), had shown in a ptevious

study that the decrcase tHey was not dependent on the dose of folic acid given 10

patients.

It appears that folate is the most impoitant supplement needed by children with
nephrotic syndrome bocause of the consistent association beiween high levels of
homocysicinc and low serum folale in this study. The use of combination of folate

and vitamin B3 supplements was benelicial. Dicikes ef al., (1999), in another swudy

potied that the close intemelation between vitasnin By and folste meiabolism
re

justified why' vitamin 8,, supplemeniation eflectively decreascs both plasma tlley in

licnts with renal disaase who had low Bg levels. Moreover, vitamin By
patients w

I are useful in folate Liealed patients to prevent cobalamin deliciency and
supplements

its neurological consequences (Billion © al. 2002). In addiwion vitamin B,
i

shown to obolish the increased 1isk of thrombotic event
W

supplcmentation has ttn -

| )., 2007

both anterial and venous in potients with NS (Podds ¢1 0 )

lead lo impaired cell division and alterstions of protein
n lea

deliciency €3 = '
Folate Y etsion of homocysteine Lo methionine (Figure
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2.2). The elevated plasma homocysicine Ievels observed in this study is asa result of

fow scrum concentration of folaic (Sclhub and  Miller, 1992). Under normal

abol: : . .
gARolic cifcumstances 50% of homocystcine derived from mcthionine is

1emethylated to methionine. The remethylation ol homocysteine requires two key

cnZymes: mecthionine synthose (MS) (E.C2.1.1.13) and methy leneictrahydrofolote

reductase (MTHFR). 1y uses vitamin B, as a cofactor and 5-mcthyltetrahydrofolate as

a incthyl donor. The MTHER is nceded In the formation of S-methyltctrahydro folate.
When there is an excess of protein or methionine. homocysteine is mclabolised by
irteversible transulfuration pathway, which degrade homocysicine 10 cysteine. In the
transulfuration, homocysteine is first sulf<onjugated 10 - cystathionine by
cystathionine beta-synthasc (CfS) (E.C.4.2.1.22). Cystathionine is further cleaved
into cystcine and alpha-ketobutyrate by cystathionine y-lyase. Both enzymes need
vitamin B as a cofactor. Cysteine may be utilised in the protein synthesis or as a
precursor o [ the antioxidant glutathione. When homocysteine accumulates and cannot

be inctabolised due to low concentmtions of fofate and vitamin Bz or vitamin Bs 11 is

excreted from the cells feading to clevated concentrations of homocysteine in the

plasma or in the urine (Ucland ct al., 1993).

Overall, findings from the present study are of public heahh importance, considering

| the fact that cardiovascular discases arc grodually becoming a common cause of death

in adults Nigerions. With increasing survivors among children sutlering from

: i -¢. o1v that the risk of cardiovascular diseases may be
f nephrotic syndrome, 1t 1S not unlikcly tha

heightened by the prevailing hypethomocysteinacmia il the situation Is not addiesscd
cightcned by

carly,
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CHAPTER SIX

SUMMARY AND CONCLUSIONS

6.1. Summ:ry of findings

In this study thc prevalence of hyperhomocystcinacmia (plasma homocysicine
conccenlration > 10umol/l.) among children with nephrotic syndromc was detcmiined,
concentration of plasma homocysteinc in children sullering from nephrotic syndrome
was compared with thosc who wcre apparently healthy and efTects of giving oral Smg
folic acid and a tablet of vitamin B complcx daily to children with nephrotic
syndrome on plasma homocystcine. lipids as well as Apo Al. The resulis this research
showcd that:
. The prevalence of hyperhomocysteinacmia was 57.(% and 7.1% in NS
palicnts and healthy children respeciively.
2. Thc prevalence of low scrum folate (<3.4ng/inl.) among NS paticnls was
14.3% while low scrum vitamin Byz (<! 33pg/mL) was found in 9.5% of both
NS patients and heatthy children. None of the study participants had low
scrum vitamin By (<20.0nmol/L).
3. The average level of plasma homocysteine in NS paticnt was higher than
healthy children.
4, The average teduction in total plasma homocysicine was 6.1 pmol/L afler daily

vitamins supplemcntation for 3 monihs.
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5. NS Patients with high level of homoc)steine (1Hcy > 10.0) had relatively high

values of hip circumference. skinfold thickness in the deltoid arca and body fat

propottion,

Plasma homocysltcine had posilive but weak corrclations with albumin and

GIR. llowcver, the correlations of between homocysticeine and vitamin B,; and

folate inverse and rclatively weak as well.

6.2. Conclusions

From the above findings. the following conclusions may be drawn:
1. Many  Nigerian  children  with  nephrotic ~ syndrome  have
hyperhomocysticinacmia, o known independent risk factor for cardiovascular

discascs and the severity increases with decreasing glomerular filtration rale,

2. The clevated plasma homocysteine among children with ncphrotic syndrome

is associated with low scrum folatc, cyanocobalamin and pyridoxine.

3. tlicy if established during carly life, may be modulatcd by dict and lifestyle,

thereby providing opportunity for public health intervention,

4, Nephrotic syndrome poticmt may benefit from folate and vitomin B3
fortification of foods to reduce tlicy, Possibly in the prevention of future

athcrogenic discase.

€3. Furtherstudics
). Long term prospective studies in NS paticats arc desirable to define the ctfect

of vitamin supplcmcntation on lipids and lipop1otein abnonnalitics.
2. Information from this study provides useful dain towards various stages of

Manning clinical trials © 1est the clficacy and cflcctiveness of vitamin B
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6.4.

1S

supplementation in children with ncphrotic syndrome. In such instances, it has
provided the basis for ensuring that the research question is clearly formuloicd

ond clinically relevant to the target population.

Liniitntions of study findings

- Sixteen percent of eligible patients wcre unable 1o complete the three month

follow up period and data on effect of vitamin supplementation wcrc not

collected.

. Masma tHcy levels arc also influenced by genetic variables. This study is

limited by the absence of measuring the MTHFR polymorphism.

. There was no evidence from the data 10 show that changes in level of ey

over the three-month period among NS patients wouid not have hoppened
irrespective of vitamin supplementation. For cxnmplc. NS potients may, on
the overage, improve or deteriorate between the [est day they were reciuited
and the day a repeat blood sanplc for reassessment of tHey. Howcever, within
the fimit of information collecied and reported by study participants, the only
measurable change during this interval was the vitamins supplementation. The
pre- ond post-nature of the study design, in which ecach patient served as
control for histherself strengthen the claim that change in tHcy could not have
been as o result of unmeasured baseline characteristics such as concomitant
mcdications, lifestyle, diet and pgenetic factor (MTHFR 677C3T

homozygosily).
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APPENDIX 1T
QUESTIONNAIRE

EFFECTS OF VITAMIN  SUPPLEMENTATION ON  PLAGMA
HOMOCYSTEINE AND APOLIPOPROTEIN Al LEVELS IN CHILDREN
WITH NEPHROTIC SYNDROME IN IBADAN, NIGERIA

Study number: llospital number; Date cnrolled: ___ /[
Mother’s phone: Father's phone*
Date of bitth: / / Agc (months);

Gender Males:l. Females2

Homec address (please describe the way 1o get there):

Date first scen in UCH:  / /

- - v

Presenting complaints:

! Duration in days

2. Duration in days

3. Duration in days

. . 2.¥% Duration in days

Other symptoms
(specifyy:

Past admisslons? [ | Yes=I, No=2. |fyes, how many? | |
taemoglobin [ ] A=], AS=2, AC=3, SS=1, SC=5, CC=6, SPpthal=7

d
Position of patlent among mother’s children: | ',

Family hlstory: Number of siblings: |
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Morital Status of parents

Not yel mastied = | If Married

Morried w2t = Monogamous =1 [ |

Divorccd/Scparated =3
Widowed =

Polygamous =2

Mother's age: | | Iyears Fother'soge: | | Jyears

Education:
No formal cducation =3
Primary/incompletc sccondary =4  Father’s cducstion: | |

Sccondiry/Tcchnical/Grade Il =3 Mother’s education: | |
Post sccondary bul not University = 2

Universily/Postgradunte = |

Occupation:
Unemploycd. fulltime house wife, student, subsistence farmer -5
Petty trader. labourer, messenger, simiar grades = 4§
Junior school teacher, driver. artisan =3
Intermediate giade, public servant, senior school 1cachers =2

Senior public servant. professional, manager. contractor, large scole trader = 1
Mother’s Occupation: | | Father's Occupation: i

Dictary asscssmenl
|. Over the last three months would you say your child’s weight has?

a, Rcmoined about the sme

b. Beengoing up

c. Been going down

2. How often do you (your child) take part in excrcise (sulficient 1o make you

slightly. breathless and your heart beat (aster) which lasts for 20 minutes or
moie?

3. Occaslonally or never

b. Once or twice a week

c. Thrxetimes a week or more
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3. When you have omeletes or scrumblcd cggs how man

- d .
chiid? ¥ cggsdo you give your

a. lcpg
b. Eggs

c. Morethan2
d. Do not eat omelettes or scrambled cggs
4. \Whattypc of cheese do you cat most oftcn?

&. Full far (stilton, gorgonzola. ctc.)

&

Chceddar typce (cheddar, cheshirc clc)
Low fat (cottagc chcese, cdam. bric, cic)

Soft, cream or processed cheesc

o &8

tlalf fot cheeses
. Do not catchecse
5. What kind ofmilk do you usually use, for example, in tea, colfee, on ccreals
cic?
a. Cow's full cream
b. Cow's semi-skimmcd
c. Cow’'s skimmed
d. Soyaor non dairy typ<
¢. Do not use milk

. Othertype
6. Whal 1ype of spread do you normally use for your child, for examplc, on

bread. toast, sandwiches ctc?

a Buller

o

. Margerine

Olive oil based spresd
Low Fat Spread

Very low or “litlle’

& 90

Cholesterol lowering spread e.g. l3enecol

™ - oo

Do not use spread
h. Other 1ype

7. Which of the lollowing is your food normally cooked in?
a. Palm ol

b, Buuer

in
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Margarine

Vepetable oils €.g. comn oil, sun[fower oil
Olive Qil

f. No fatused

| 8. Isthe bread you normally cat
2. White

1 SR

b. Brown
c. Wholemcal/gronary
d. Othcrtype

9. What type of salnd dressing do you usually use?
3. Oil & vincgar/vinaigreltc
b. Mayonnsisc
c. Salad Crcam
d. Low caloric dressing
¢. Do not use solad dressing
10. Which of the following do you usually drink?
a. Fruit squashes
b. Suger free/low sugar squashes
c. Fruitjuice
d. Caibonaicd diinks (c.g. colas, lemonade, ctc.)
¢. Low caloric carbonated drink (e.g. dict colas, clc)

f. Other ype
I L. Do you usually add salt to your food?

a. Incooking
b. Atthe table
c. Do not add salt
d. Use sail substitute
12. Do you egularly take any dictaty supplements?
a, Combined multi-vitasnins & mineral supplement
b. Individual vitamin supplemcni(s) e.g. vitamin C, vitamin €
c. Individual mineral supplement(s) e g. iton, calcium
d. Fish oils eg. cod liveroil

Garlic

=0

Do not take supplements
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_Ig'\'anl Clinical findings on (ke day of carolinent

Parameler

s Batc Present Abscnt Comment

Cyanosis

Dehydration

Dyspnoen

X-ray evidence of

pneumonia

Fever

Other relevant signs:

Anthropometry:

Parametcr Dote Reading | Resding2 | Reading 3 ]
Weight at entolment (kg)
Height (cm)

Waist circumference {cm): I

Hip circumference (cm)

Skinfold thicknesscs L

o Sub-scapular arca

o Dehoid area

o Triceps area

e Dicens arca

e« Abdominal area

e |lliparea
o Thigh ares
o Coif aren I
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_aboratory (indings:

e

Set 1§

Set 2

4 Not

| Parameter

Serum sodium

Date values

Date

values

done?

Comment

|

Serum potassium

Scrum bicarbonate

| Serum uren

Serum chioride

Serum calcium

Serum phosphate

Serum crcatinine

Scerum albumin

Total Serum

protein (mg/dl)

Serum cholesterol

Serum LOL

Serum HDL

Serum TG

Serum

Homocysteine

Cilinical diagnosis:

Treatments being given:
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APPENDIX (1l

Apparatus and Reagents for Determinntion of Vitamia B {(cyanocobalamin)

ant serum Fulate

Apparatus and reagents for vitamin 8,2

o Beakers
s Pipcitc
e Shaker

e Centriluge

¢  KMnOj solution

» HCL solution

o Vilamin By; standards
e Acetic acid solution

o H:0; solution

e H:SO4solution

Appaiatus and reagents (or folate:
o Glass vials
= Micropipetics
e Haond gloves
e Syringe, shaker
o Cenlrifuge
o Cenlirifuge lobes
o Ulirapurc waler
o Ascorbic scid

o 35,10-mcthenylhetrahydrofolic acid, hydrochloric acid

o Digluamatc tri-hydrochloride.
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APPENDIX IV
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Figure 6.I: Standard hoamocysicine cancentralion and absomonce
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SerumApe Al Conconmriion

€0.05

Appendix V

L! gl |
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Figure 62: Swandard apo At concentration and absorbance
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Appendix VI

Picture of the stadiometer
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Appendix Vil — SKINFOLD THICKNESSES AND CIRCUMFERENCES

TRICEPS AREA SUBSCAPULAR

BICEPS AREA

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Appendix VI (Continued)

THIGi{ AREA CALF AREA
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AP'PENDIX IX

INFORMED CONSENT FORM

Title of research:

EFFECTS OF VITAMIN SUPPLEMENTATION ON PLASMA
HOMOCYSTEINE AND AFPOLIPOPROTEIN Al LEVELS IN

CHILDREN WITH NEPIIROTIC SYNDROME IN IBADAN,
NIGERIA

Names and afliliation of rescarchers;
Investigator: Bose E. Orimadcgun

Depanment of Chemical Pathology

University of Ibadan

Supervisor Prof. E. O. Agbedana

Dcpariment of Chemical Pathology

University of Ibadan

[Purpose of rescarch:

The purpose of this rescarch is 10 lind oul if Nigerian chllidren who develop nephrotic
syndrome also have abnormally high level of homocysteine, a derivative of an amino
acid in the body which could be harmful and also worsen iliness in those wilh
nephrotic syndiome, The research also hopes to lind out if the use of folic acid,
viamin B,z and vitamin D¢ could lower high homocysteine in patients with nephrotie
syndiome. If this is \rue, it means such cheap and safe drugs can d¢ used to help

(reduce motbidity and monaiity) Nigerian children with nephrolic syndrome,
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Proccedure of tlie research:

If you agree that Your child participates in this research, your child will be cxamined.
you and your child will be asked some qucstions peitaining to the illness and general
well-being of your child. Your child will be required to come fasting (no mecal after
dinner) until blood sample is collecled the following moming. 3 millilitre of blood
wiii be taken using sterile needle and syringe in a monner that will cause veiy little or
minimal pain. Your child will be requircd 1o take a tablet of folic acid (5Smg) and one
lablet of vitamin B complex daily for the ncxt three months. You will be required 1o
bring him/her to the hospital for review at interval of 2 weeks during the period of the
3 months vitamin supplementations. These visits are dilferent from the requircd
regulor Nephrology clinic attendance but it will be schedule such thal it coincides
with the appoiniments givcn by the Consultant Nephrologist. You may nlso bring the
child for review (s) at any time in casc you need usgent sitention for nny reason or
you observe any unusual symploms dusing the study period.  Another SmL of blood
will be collected 3months aficr vitamin supplcmcnlation. Please, nose that the vitamin
supplements %o be given as part of the study arc NOT mennt to replace the actual
treatment for nephrotic syndromc prescribed by the Nephrologist. These drugs are

harmless and hope 1o reduce high level ol homocysicine.

Expecled duration of resescch:
Your child is expected 0 be pait of this study for just a period of 3 months. A Rer this
period fusther treatment of the illness will be based an the decisions of the Consultant

Nephisologist,
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Foreseeable Risks ind Discomfor(:

The use of Folic acid and Vitamin 8 complex as supplcments in health and disease

has been shown 1o be harmless bu bencficial. You child is not expecicd to experience
any significant side c{fect or unusual symptoms during the study. The onfy thing you
or your child stands 10 losc by participating in this swudy is time ioken for the

interview and examination. The researcher will ensure that this time is minimized and

your time will not be wasled.

Cost to the participants:

You will not need topay for tests and drugs meant for the purpose of this study.

Benefits of the study:

The goal of this study is to provide data that may be used to formulate policies and
straicgies 10 reduce morbidity and monality as well as improve case management of
ncphrotic syndiome thiough cxplorotion of the relationship of plasma homocysteine
and rclevant biochemical paromctees in nephrolic syndrome patients and the
assessment of the implications of giving folic acid and vilamin B supplements 1O
children with nephrolic syndrome who have hypercholesterolaemia. it is hoped that
the measured outcomes from this study will provide daia that will be made available
to_physicians, policy maokess, local and national govemment, non-govemmental

organisation involved in the case of palients with nephrolic syndrome.

Conflidentiality
All information collected in this study will be given code numbers and no name or

other idenlity tracaable o your child will be recorded. This information cannot be
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"ﬂk ' 1
¢d 10 you o your ward in anyway and Your child’s name or identificrs will not be
used in any publication or rcports from this study. As part of our eftorts 1o conduct

proper research, officials of the ethical rcvicw board may have access (o these

records.

Voluntarincss and alternative to participation

Your child’s participation in this study is entirely voluntary. You also have the right
1o withdraw you child’s participation at any given 1ime if you choose 10 do so. We
will likc to assure you and your child that if you choose not to take paricipatc or
withdraw from the study your child/ward will still reccive all the necessary treaiment.

However, we will appreciate your help if youfyour ward voluntarily respond 10 wke

part in the study.

Due inducement:
You will be refunded only your transportation costs st cach visit made (o the clinics
for the purpose of this study. No paymcnt or gift will be given 10 you or your child for

laking pant in the study,

What happen after study Is completed?
Your child will continue the normal clinic altendance and treatments (which will not
slop even during the study period) after the research is over, Any of the results or

outcome of this study that may benelit your child will be promplly madc available to

the physicisas for immediate decision making
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Sharing of benefits:

The i i ‘ i
¢ immcdiate benefits of this study were as slated above. On the long teem, the

principal invesligotor hopes o present the data for the award ola degree,

Conflict of intcrest: Nonc to be declared.

Person to Contact for answer (0 any qucslion:

Bose Etaniamhe Orimadegun

Address:

Department of Chemical Pathotogy

College of Medicine.

University of |badan,

Ibadan, Nigeria

Mobile phone number: 08060660894

e-mail: beorimadegun/@lyahoo.com

If you have any question aboul your right to participatc or clhical issucs relating to
this study you can contact:

The Chalrmac

University of Ihadan/University Collcge !lospital Joint Ethlcal Review
Commlitee

IMRAT

Collegeof Medicine,

University College |lospital

(badan.
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Statement of investipator obtaining the consent:

I have fully explained this rescarch o Mrs/Mr

On or both parent (s) of and

have given sulflicient information. including about risk and benefits, to make an

informed decision.

Name¢/Signature of i nvestigator Date

Statement of person giving the consent:

| (names) £ N\ the father/ mother/

guardian of have

sead or had the description of the research read o me or have had the deuail transioted
into the language | understand. | have also talked it over with the doctors and
snvestigator. | understand that my ward’s / child's participation is voluntary. | know

cnough about ilic purpose, methods, risks and bencfits of the research study to judge

that { want my child to 1ake part in it. | have received a copy of this consent form.

Dale: Signature/Thumb printing

Witness's signatuie/thumbprint Date
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