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ABSTRACT 

Ncphrolic Syndrome (NS), a condition characterised by proteinurin. hypoproteinacmio, 

and hypercholcsteroloemio resulting from drunogc to the kidneys' glomeruli blood 

vessel, is o common childhood disease worldwide. Elevated Totol I lomocystcinc 

(tHcy) hos been proposed as a major contributor to morbidity and monolity in children 

with NS ond lowering ti Icy level moy improve survival in children. TI1ough childhood 

NS is prevalent in Nigeria, evidence or hyperhomocystcinoemio ond the elfecLS of 

vitamin supplementation on tHcy and lipids ore scanty. Therefore, this study ,vos 

conducted to c,•oluote plasma tHcy, lipids nnd apolipoprotein-A I in NS before and 

oner vitamin supplementation. 

Using o pre-post. quosi-cxpcrlmcntal design, 84 children (42 11 ith NS and 42 oge-scx 

ond matched controls) were consecutively rt-cruited at the University College Hospital, 

Ibadan. A structured questionnaire 1vos used to eollC(t elinicol ond anthropometric 

doto. \Vcight ond height were measured using a weighing scale and stodiomcter. All 

children with NS wen:: gi11cn S mg folate and one tnblet or vitamin-B-complcx doily. 

Blood samples collC(tcd ot baseline and 3-month post supplcmenllltion, were onolyscd 

for ti Icy using enzyme immune-assay: Totol Cholesterol (TC) and triglycerides using 

enzymatic colorimetric method; 1 ligh Density Lipoprotcin Cholesterol (HDL-C) with 

phosphotungstntc mngncsium precipitation; nnd Apolipoprotein-A I (Apo-A I) by 

turbidimetric method. Scrum folote, pyridoxinc (86) and cyonoc:obalomin (Du) ,1crc 

determined using high performance liquid chromatography and Scrum Crentininc (SC) 

with fixed-time Joffe method. Low Density Llpoprotein Cholesterol (LDL-C) wos 

esthnotcd by means of Fricdcwald formula. Dal11 were analysed using descriptive 

suuistics, S1udcnt's I-test and lvtnnn-\Vhitncy U test ot p • 0.0S.
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The mean age for NS nnd control were 103.5 :I: 32.7 and 100.9 :I: 29.4 months 

respectively. The mean D�II of NS (17.3 :I: 1.6 kg/m2) was significantly higher than 

that of control (15.9 ± 1.2 kgfm2
). At baseline, NS hod significantly higher value than 

control with respect to tHcy ( 11.3 :I: 2.6 µmol/L versus 5.5 :I: 2.3 11mol/L). TC (238.8 :I: 

93.9 mg/dL versus 155.0 :I: 70.6 mg/dL), triglycerides (161.5 :I: 114.4 mg/dL versus 

108.4 ± 52.6 mg/dL), LDL-C (191.9 ± 91.2 mg/dL versus 122.5 ± 70.2 mg/dL) nnd 

Apo-A I ( 173.8 ± 43.4 mg/dL versus 136. 7 :I: 56.9 mg/dL) but no significant difference 

in MDL-C. In addition, NS hod significantly lower values than control for folntc (9.1 ± 

3.9 ng/mL versus 11.2 :I: 3.1 ng/dL) and eynnocob:ilamin (268.5 ± 95.7 pg/mL versus 

316 ± 117.2 pg/mL). The conccntrnlions of pyridoxinc (NS: 72.4 ± 13.1 nmol/L; 

control: 75.8 ± 15.2 nrnol/L) and crcatinine (NS: 0. 7 ± 0.4 mg/dL; control: 0.5 :I: 0.2 

mg/dL) were not significantly different. Vitrunin supplementation significantly 

lowered tHcy by 52.6%, TC by 21.1%, triglycerides by 26.1%, LDL-C by 21.2%. 

Apo-A I by 12.5%, creatininc b)' 28.6%; but incre.iS<:d folote by 26.4%, 

cyanocobalamin by 15.4% and pyridoxine by I 5.3% when compared ,vilh the 

respective baseline values. 

Elevated plasma homocysteinc and othcrogenic lipids were nssociatcd with lo,v serum 

folntc and cynnocobnlrunin in children with nephrotic syndrome. 1l1ese nbnonnnlilics 

wen: improved by supplcmentntlon with oral vitnmins. 

Kcy,vords: Nephrotic syndrome, Vitrunln supplcmcntntion, Plosmn hon1ocys1eine 

\Vord counts: 483 
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CT-fAPTER ON£ 

INTRODUCTION 

I. I. Bockground

Nephrotic syndrome (NS) is a disease of the kidneys charnctcrisc:d by lhc presence of 

hypcrcholcstcrolemin. ma.sshc protcinuria, and hypoalbuminaemia wi1h or wilhou1 

oedema (2000). The causes of NS may be primory or secondary. The tcnn "primary" 

indicalCS tha1 the diSC4SC is limited to the kidneys and ii is of unknO\\n nc1iology. 

Secondary nephrolic syndrome is present when 1he disease has cxin:i-renal cause 1101 

dependent on 1he renal abnonnality or has a specific aetiology. Secondary nephrotic 

syndrome may result from complications from sys1cmic disc:nscs such as diabc1cs, 

infections and drug or heavy mcllll poisoning (Ocrgs1oin, 2000). Nephrotic syndrome 

is primarily II paediatric disorder and It is IS limes more common in children than 

adults (Bergslllin, 2000). Worldwide, the estimated annual incidence of ncphrotic 

syndrome is 20 to 70 ca.ses per I million children and J c11sc� per I million adults 

(Oergstain, 2000). According 10 Ocrgstain (2000), approximately 900/4 of children 

\I ith ncphrotic syndrome hllvc idio�thlc ncphrotic syndrome. In Nigeria, the 

prcvalcnct of nephrotic syndrome is about 14.6% among hospilllllS(d children (L�c 

and Eke, 1994) and the incidence is hlghc�l in children aged I 10 6 )cars NS is 111 ice 

more common in bo)s than in girls in II typical Nigerian hoipilnl (lblldm and 

Abiodun, 1998). 
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llomocystcinc is a thiol-containing amino ncid produced by intraccllulor 

demethylntion of dietary methionine (Rcfsum ct oL, 2004). I lomocystcinc is 

ren1cthylotcd forming methionine or cntobolised 10 form cystothionine nnd cysteine. 

TI,c rcrnethylotion reaction is dependent on the cofactor nctivity of folatc and vitornin 

B12 (Klee, 2000). Thus the dclieicncies of folotc, vitamin 8 12 ond sometimes vitamin 

86 hove been shown 10 rc:5Uh in hypcrhomocys1cinac1nin (Vcrhocf ct al., 1996). 

Reduced and oxidiied fom1s of homoc)'steine are present in plasma. and their fo.sting 

plosmo conccntrotions, denoted totol homocystcinacmio (tHcy), ore thought to be o 

n:Oection of intracellular metabolism and cellular export of homocysteine (Refsum et 

al., 2004). l-iyperhomocys1einoemio has been reported to be an independent risk factor 

in the oc1iopa1hogcncsis of coronary. ccrcbrovo.sculnr. und peripheral vo.scular diseases 

in population-based studies (Malinow, 1994, 8oushcy et ol., 1995, Hoogevecn et al., 

1998). 

Cardiovascular disease (CVD) is on importnnl cause of death in patients ,vith chronic 

renal diseases including ncphrotic syndrome. h is recognised that ncphro1ic syndrome 

patients ore 01 higher risk of arterial nnd venous thrombosis. There is evidence of 

accclcrotcd nthcrosclcrosis in these patients (Ordonez ct al., 1993). The 

01hero1hrombo1ic risk pallcm of the NS closely resembles those reported in  other 

diseases nssociotcd with hyperhomocystcinocmia (Ooushey ct al., 1995, den Mcijer c t  

al.. 1996, Pio lot ct al.. 1996). 111c markedly lncrenscd le, el of plasma total 

homocy�tcine (ti Icy) in chronic reno I dis�scs hos been suggested us on independent 

risk foctor for the development or premature coronary heart disease (Cl ID) in such 

conditions (Casanucva cl al., 2003, Chamberlain. 2005). Moreover, patients with the 

ncphrotic syndrome rrcqucntly have low circulating lcvcli or vitamin 86 ond rolatc, 
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which are nssociated ,vith o heightened risk for venous and aneriol thrombosis 

(Monnerot and lloyoz.. 1997, Poddo el al., 2007). 

I lypcrlipidoemia is o major fc:uurc in Nigerian children with Ncphrotic syndrome. In 

a study of forty-eight Niscrion adults consisting or 28 patien1s ,vi1h nephrotic 

syndrome and 20 control subjects, the plasma levels of low density lipoprotcin (LDL) 

cholesterol and very lo,v density lipoprotein (VLDL) cholesterol were all reported 10 

be significantly elevated in patients with nephrotic syndrome when compared wi1J1 

healthy controls (Adigun ct al., 1999). TI1c significnnt increase in LDL cholesterol 

and the reduction in the ratio of high dcnsi1y lipoprotein (HDL) cholesterol 10 lotlll 

cholesterol, despite the high HDL cholesterol, probably suggested on increased ri.sk 

for developing coronary heart disease in  Nigerian adults sulTcring from nephrotic 

syndrornc (Adigun et nl., 1999). IIO\\Cvcr, the links among plasma homocysteine, 

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

nephrotic syndrome:. 

In mnny developed and developing countries. studies hove demonstrated elevated 

fasting scrum ti Icy concentrations in patients with chronic renal insufficiency with 

ncphrotic syndrome and low levels of proteinuria (Chauveau ct al., 1992. I lultbcrg ct 

ol., 1995, Amadonir el al., 1996, Hong cl al., 1998). TI1is elevation is present in 1he 

corly s111gc of Chronic Renal lnsuOiclcncy (CRI) and incrcnscs in pnmllel with the 

degree of reduction in renal function (Chnuvcau ct nl., 1992, Hultberg cl ol.. 1995, 

Amadon Ir cl nl., 1996, I long ct al., 1998). TI1c incrcnsc in fasting ti le)' conccntmtlons 

is mainly due 10 the reduction in plasma homocystcinc clearance, nllhough the cause 

of this dccrcASC is still unknown (Guuonnsc:n ct ol., 1997), 1-lo\\cver, studies which 

examined the relationship bc11,c:cn circulnting ti Icy and risk of cardlovascular 

disco� in ncphrotic syndrome among children ore scorcc. 
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It is evident from literature thDI the roles of homocysteine in the pathophysiology, 

pathogenesis and mnnifestalions of nephrotic syndrome ore still largely under 

invcstigolions. h is nol clear from lilemture whot interactions exist bet\veen 

homocystcine ond lipid mc1nbolism in ncphrotic syndron1e patients. 

Hyperhomooystcinnernia moy be an independent risk factor for cardiovo.sculnr 

diseases including otherothrombosis in several clinical settings with renal dysfunction, 

but its prevalence and correlation with any of the biochemical components of the 

ncphrotic syndrome especially lipids have not been ndcquotcly investigated. This 

study \\'OS carried out to determine the plasm:i level of homocysteine, examine the 

correlations of plasma homocysteine with albumin, crcotinine and lipids and cvoluotc 

the elfccts of folotc, vitamin 06 and vitnn1in 012 supplementation on plasma 

homocys1cine in patients with ncphrotic syndrome. 

1.2. RATIONALE FOR TIIE STUDY 

The foci that ncphrotie syndrome contributes significantly to childhood morbidity nnd 

monolity in Nigeria is ,veil known. \Vith the transition in the pattern of diseases in 

Nigeria from mainly infectious disenscs to non-infe<:tious disc-OSes it is anticipated 

that childhood morbidity will be largely dominated by non-<:ommunic:able diseases 

like nephrotic syndrome and cordiovosculor diseases in the near future. I lowcvcr, 

despite the obundonce of data on homocystcinc mctnbolism, mainly nmong the 

Coucosions, the pnthogcncsis of hypcrhomocysteincmia and Its relntionship with other 

mctnbolitcs in rcnol disense remain unclc�r. There is considerable controversy 

surrounding the extent ond mcchnnisms of the role of the kidnc)' in  homOC)'Stcine 

metnbolism. It is not clear from existing literature whnt intcmctions ore present among 

plasma homocyslcinc, lipids and other mctnbolhes such os opollpopro1cin A, 

crcatininc and albumin in children whh ncphrotlc syndrome. 
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Elevation of plnsn1a ho1nocysteinc (Hey) is independently nssociatcd \Vith adverse 

cardiovnsculor and non-tllrdiovo.scular outcomes (Vollset ct al., 2001. f'crcchidc and 

Radulescu, 2009, Bao et al., 20 I 0, Ciaccio and Bellin, 20 I 0, Gokkusu et al., 20 I 0) 

but reports on its prevalence and correlation with other biochc1nitlll components of 

the ncphrotic syndrome ore still controversial. A better understanding of this deranged 

stnte \\'Ould advance current knowledge of renal physiologic processes, as well I\S

efforts 10 !ind an effective therapy. Also by understanding the effects of folate, 

vitamin B6 and 812 supplcmcntotion on plasma homocysteine in children suffering 

from ncphrotic syndrome may place physicians in  better position to make appropriate 

treatment policy. 
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1.3. OBJECTIVES OF THE STUDY 

1.3.1. General Objectives 

The general objectives of this study \\'Crc to comp:ire the concentration of  plnsmo 

homocystcinc in children suffering fron1 ncphrotic syndrome \Vith those \,ho ore 

apparently he:ihhy ns wcll ns nsscss the effects of giving doily folic ncid, vitamin 811 
ond 86 on pln.smn homocys1cinc in childhood ncphro1ic syndrome. 

1.3.2. Specific Objectives 

The specific objectives or this study '"ere 10: 

I. Dc1cm1inc the prevalence of hypcrhomocystcinncmia (pl:isma homocysteine

conccn1r:11ion > I 01unol/L) omong children ,vith nephrotic syndrome.

2. Compare the prevalence of low scrum folotc (<3.4ng/mL), low vi1an1in Bu

(<133pg/mL) nnd low vitamin O, (<20.0nmol/L) among children ,vith

ncphrotic syndrome nnd control.

3. Compare me:in plnsmo homocystcinc in children suffering from ncphrotic

syndrome with control.

4. Determine the clTc:cts or oral vitamins (folate., 012 ond 86) supplcmenllllion on

plnsmo homocysteinc in children ,vith nephrotic syndrome.

5. Compare some biophysical parameters (anthropometry and skin fold thickness)

between children with high and normal homocystcinc levels in NS nnd control

groups.

6. Compare somt biochemical parameters (lipids, albumin, crcntinine nnd

vilOlnins) bc1w ccn children w ilh high nnd normal homocys1cine levels In NS

ond control groups.

7. Find out the com:lotion between plasma homocystcine and any or the plosn1a

lipids, apolipoprotcin A I, albumin, crcotininc, and estimated glomcrulor

filtrntion nitc (GFR) in  ncphrotic syndrome ns well os control.
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1.-4. Study hypotheses 

This s1udy \VOS carried oul 10 1cs1 the following hypothesis; 

I. Thot 1he menn 1otol plo.srno homocysteine ,viii be higher in children ,vith

ncphrolic syndrome 1han those who nrt oppnrently healthy.

2. Tool giving daily folie ocid, vitamin 812 ond Vitamin 86 will significMtly

lower the plosn10 level ofho1nocystcinc in ncphrotic syndrome patients.

3. Thnl lhe plos1na level of homocysteine in nephro1ic S)'ndrome potienlS

com:lotcs signilicnntly ,vi1h plosmo lipids. opolipoprotcin A I. albumin and

cGFR.
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CHAPTER TWO 

LITERATURE llEV1£\V 

2.1. Brief Historicnl Perspective 

Abnormalities in the ho1noc)steine metabolism with homocystinuria ,vere first 

described in 1962 by Carson and Neall on l\vo siblings from orthcm Ireland, both 

,vith mentnl retardation (Carson and Neill. 1962). Nearly si111uhnncously, Gerritsen 1:t 

ol., (1962) discovered an infant ,vith congenital anomalies, 1nentol re1ardn1ion ond 

failure 10 thrive, and provided definitive proof of excessive hon1ocystcinc excretion in 

the urine. T,�o yc:nrs Inter. another study sho1ved that the eystalhionine-Jl-synthnse 

\\OS locking in o liver biopsy s-pccimcn from nnother patient ,vith homocystinurin 

(Mudd cl al., 1964). TherenOcr, the relationship bct,veen folote and homocystcinc 

bee:lme a subject of discussion among scientists nnd low circulating folatc levels II ere 

reported in patients with homocystinurin nnd mcnlol rclnrdntion (Cllrcy cl nl., 1966). 

Two ycnrs Inter, Carey nnd co-workers ntso dcmonstralcd II decrease in urinary 

hon1ocystcine excretion by high-dose folote supplementation (Corey ct ol., 1968). 

TI,c first study suggesting that eleVlltcd homocystcinc might be o general 

cordio,•nscular dise:ise risk factor II as published in 1976 (\Vilckcn ond \Vile I.en, 

t 976). During the next IS ycors, there ,vcre few isolnted reports on the possibility or 

hypcmomoc)'stcinacn1ia being o Cllrdiovasculor disease risk factor. In 1991. on 

abnormally high level or total plasma homoc)'stcinc conccntmtlon become rccognited 

ns on Independent Cllrdiovoseulor discose risk factor (Clorl..e ct al., 1991 ), Ocsides the 
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role of hyperhomocysteinoemio os risk foctor for atherosclerotie vascular disense, 

elevated homocystcine level ,vos olso recognised ns o risk factor for venous 

thrombosis by lhe same scientists. 

l listoricolly, high blood cholesterol and hypoolbu1ninac1nia hove been the most 

discussed biocheinicol obnormolities characterising ncphrotie syndrome ond they ore 

thought 10 be responsible for many of the other pathophysiologicol changes 

documented in people sulTering from this condition with little or no attention paid to 

homocystcinc le,•cls. Just recently. some authors drc,v oltcntion to the fact that 

hypcrhomocystcinacmia may in fact be on independent risk factor for 

ntherothrombosis seen in several elinic:il settings with renal function impairment 

including nephrotie syndrome (Noth, 1998. Cottnnco, 2000). 

2.2. Romocystcine n1etabollsm in health 

Homocysteine (Hey) is o non-protein sulfur-containing amino acid that consistS of 

three main forms: a protein-bound fraction. n free oxidized fom, and n free reduced 

form ns shown in Figure 2.1 (Ntudd ct al., 2000). In healthy individuals. 

approximately 70-80% of total plasma I Icy Is bound vio a disulfide bond. 10 protein. 

primarily albumin, (bound Hey (bHcy)), "hile the rcmoining 20-30% c:>.istS In a free 

unbound form (free lley (n-tey)] with <1% in free n:ducc:d fonn (Refsum et al .. 1985, 

Mudd ct al., 2000). Sclhub ond l'vlillcr ( 1992) proposed that the estimotcd overage 

fasting plosmo totol llcy levels for healthy adult human subjects range from 6 to 12 

µmoVL, \\•ith umoderotc" hyperhornocysteincmia occurring ,,hen levels ore bct\\CC:n 

12 and 30 µmo/IL, ''lntcrrnediotc" hyperhomoc)'Stcinocn1io occurring \\hen levels ore 

between 31 and 100 µmol/L, and "seven:" hypcrhomOC)Steinemin occurring ,,hen 

levels arc greater thnn I 00 µ1110l/t,. Free Hey is composed almost entirely of 
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oxidized, disulfide-linked heterodimers (Hcy-cysteine) or homodimers (Hey-Hey, or 

homocysteine): ,vith pcrhops I 10 2% existing in o reduced sulfhydryl state (Uclond. 

1995). Free Hey is inherently unstoble. ond occumte levels may be difficult lo 

measure. Of i1nportnncc, only the !Hey fraction is thought to be freely filtered 01 the 

glomcrulus. 

Homocystcinc production occurs in all cells as a consequence of the nomiol 

methylation process. The volume of homocysteine distribution in healthy subjects \\OS

observed to be oppro:-:irnntcly 0.4LJkg. si1nilor to that in subjects ,vith severe renal 

insufficiency (Guuonnscn et (I/ .. 1997). lntmccllular I-le) levels rise ,vith enhanced 

intracellular Hey production nnd/or inhibition of introccllulor mclllbolisn1. To 

mo into in lo,v introccllulor levels of this pulllti'vely cytotoxic substnncc, Hey that is not 

rnclllbolizcd ,vithin the cell is exported 10 the plasn1n comportment {Christensen et al., 

199 I .  Sclhub, 1999). Colculotions bnscd on stc.idy-slote kinetics in henhhy oduh 

humans sho1, cd that 1.2 mn1ol of I Icy, or oppro:-:imotely S 10 I 0% of the 10101 doily 

cellular production, is delivered doily to the plosmo compnrtn1cnt (Mudd nnd Poole. 

1975, Rcfsum ct ol., 1998n). I lo\\cvcr. since I Icy is constnntly produced and exported 

by cells. it must also be constnntly cleared for plnsmn levels to remain within I 0% of 

boseline values. os they do in healthy human subjects but plnsmo ti Icy levels ore not 

kno,vn to be actively regulated (Guuormscn ct ol., 1994). 

1 lypcrhomocystcinocmio occurs \\ hen the regulation of intracellulor Hey levels is 

disrupted ond I Icy e'.l(port to the plosmn comp;irtn1cn1 is occclcrotcd ond/or normol 

Hey plosma clearance is decre:i.sed (Gunormsen ct al., 1994), Reduced ond 0:1.idiLcd 

fom1s of homoc)stcinc o.re present in plasmo, ond their fasting phismo concentrations, 

denoted toml homocys1cinncmi11, arc 1hough1 to be o rcncction of lntmccllulnr 

metabolism and cellular export of ho,nocystcine (Rcfsum ct ol .. 2004). 
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S-adcnosyhnelhionine nnd S-ndenosylhomocysteine ore 1he intennediotes in lhe 

tmnsmcthylnlion p3th,voy. In the remethylntion pnthwoy, homocystcinc is reconverted 

lo rnethionine by receiving o mclhyl group from 5-mcthyltctrohydrofolntc, the octivc 

form of folic ocid, or bctninc. Irreversible disposal of homocysteine occurs through 

the tmnsulfurotion pnthwoy. in which homOC)'Stcinc condenses with serine 10 form 

cystathioninc, ,vhich is split into cystcinc nnd crlphakctobutyrate. TI1cn: are several 

rnetabolic fates of cystcinc, such ns incorporation into proteins ond conversion to 

metnbolites such os 3-mcrcaptopyruvntc. cystcincsulphinntc. gommo-glutan1ylcys1cinc 

or cystinc. The sulphur end product of C)'Steine metabolism is sulphate, which is  

excreted by the kidneys. 

Homocysteinc hos three metabolic fates os shown in Figuurc 2.2. l-lon1ocys1cinc 

could: 

I. be remcthyloted to methionine (1.1cth·ntcd mcth) I cycle)

2. enter the cysteine biosynthctic pa1h,,11y (transulfuration pathway)

3. be released into the ci.troccllulor mcdiu,n - the plosn10 (activation to

homocyslcinyl tRNA)

�lcthioninc: is activated by ATP to S-ndenosylmethloninc (SAM). which serves os o 

univcl'Slll donor for methyl transfer reactions. S-adcnosylhomoc)stcine (SAi I) is 

produced os o product of methyl transfer rc.ictions thot utilize S-ndcnosyl ,ncthionine 

(SAM) os o methyl donor. L-1 lomocystcine is formed from the reversible hydrolysis 

of S-adcnosyl hon1ocyltlclnc (SAH). Levels of homocystcinc ore regulated by 

remethyl:ition of homocys1eine to methionine by the enzyme methionine S)nthl\SC

(MS) and ironsulfuratlon of homoc)'stcinc to cystnthioninc by the enzyme 

cystothloninc jl-synlhosc (Cl3S). llomocyMcinc rcmcthylatlon requires , homin 131l

ond S, 10-mcthyltctrahydrofolotc: (methyl THF), \\hich ls genemted by 5, 10-
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methylene tetmh)drofolate reductnse (MTIIFR). Homocysteine 1ronsulfum1ion 

requires villlmin 06, In the liver nnd kidney, some proponion o f  homocystcine is 

remethylnted to methionine through on ol1emo1ive pa1h,vny cotnlyscd by betnine: 

homocystcinc n1cthyhransfcmsc (BHMT). The third metabolic fate of ho1nocystcine 

is the direct cause of incrcoscd concenlrotions of 10101 homocysteine in the 

cxtroccllulor fluids like urine: ond plnsmu. 
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Proteln-homocyslelne nixed <lstMllde 

tiRi 11111

trtlli·S-S·Olitii HOIOOCyS ln&-cystelne mixed disulfide 

�111 �H1 Homocystne 
RC·CllrotrS·S·otrOlr�I 
anr an, 

Homocysleine (sullhydr)i fonn) 

Protein· 
bound 

(bHcy) 

Free, non
protein-bound 

((Hey) 

Figure 2.1: Homocystcinc (Ucy) and the major rclntcd disulfttles io normol 

bum110 plnsmn 

Adopted from Mudd ct al., (2000) 
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ATP 

I M1'1ionile I 

r
THF SAM Methyl 

DMG 
acceptor 

Methyklne 
BHMT Methylated THF 

MTHFR,Methyl
SAH 

product 
Betalne 

THF 

IHomoc:ystelneJ 
CBS m 

Ad9ll0sine 

Cystathionine m • Cysteine

Figure 2.2: Aomocystclnc melnbollsm Source: (Lentz, 2005) 

RM: rcmcthyla1ion, Thi: 1ronsmc1hyla1ion, TS: transulphurotion. i\doMcl: S

adcnosylmcthioninc, Adol lcy: S-ndcnosylhomocys1eine, 5-methyl TilF: S-mc1hyl 

tclrllhydrofolotc (i.e. the active form of folic acid) 
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Figure 2.3: Den,cth)'lntion or dictnry mctbioninc to bomocystcinc 
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2.3.1. The Acllvntcd 1\-tcthyl Cycle or Rcmcthylntion Pallnvny 

In the nctivntcd n1c1hyl cycle, homoC)Sleine is n:mcthylnted 10 methionine by transfer 

of n methyl group from N-S-mclhyl1c1111hydrofoln1c. cn1olyzed by ,nethionine synthase: 

or N-5-mclhyhctrahydrofolate-homocysteine methyltrnnsfcrase, nn enzyme that 

requires vitamin 012 os n cofoctor. This is the Inst point of the activated methyl cycle 

nnd the point shored ,vith the folntc cycle (Finkelstein, I 990). Tetmhydrofolate con 

accept one-carbon groups in either N-5 and/or N-10 nitrogen atoms. For instance, the 

transfer of a one-carbon group from serine produces glycine and NS-NI 0-

mcthylcnctctrahydrofolntc. This folnte cycle is closed ,vilh the reaction cntolyzed by 

mct11ylcnc1e1rnhydrofoln1c reductDSe, to produce N5-mcthyhctrahydrofolntc. In the 

li\>cr nnd kidney of rots, a substnntinl proportion of homocystcine is remethylnted b)' 

nn nltemnth•e route in which bctaine serves ns II methyl donor for 1hc reaction 

catnlyu:d by bc1nine-homocys1cinc mc1hyhrnnsfcrnsc (Finkelstein nnd Mortin. 

1984n). In humans. some c,•idencc indicates that o significant amount of die1ary 

choline can be utilized for bctninc-dcpcndcnt methyl transfer (Sclhub and t,,tiller, 

1992). 

2.3.2. The Trnnsulfuration Pathway 

C)stcinc is biosynthesized from methionine 1hrough the trnnsulfurntion p11th1,ay. n,e 

first three steps of this poth1vny arc shared with the activated methyl C)clc and lend to 

formation of homocystcine from methionine. In the tronsulfurn1ion p:ithwny, 

homocystcinc is the substrate of the vitamin 86-dcpendcnt enzyme cystothionine Jl-

synlh115C, which catalyses its condcnS3tion with serine to fonn cystothioninc. This ls 

the critical step in the p�th,,:iy bceousc it is lrrc\crslble under physiological 

condhlons; from this point on. homocystcine is con11ni11cd to folio"' this p:i1hway. In 

the la.s1 step of the lnlnsulfuration pnthw11y, cystathionlne Is clca\cd b>· Y·
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C)!>lathionase, nnothcr vitnmin 86-depcndcnl enzyme, 10 form 2-oxoglul.arolc nnd 

cyslcine. Excess cysteine is oxidized 10 Laurine and eventually lo inorgonic sulfates. 

Thus, in addition to the synthesis of cysteine, this p:ilhwny can cotobolizc effectively 

potentially toxic excess ho1nocys1eine 1hot is not required for methyl irons fer. 

2.3.3. Homocysteinc 'fbioloctone Forn1nlion 

A tbiro n1ctnbolic role for homocystc:ine is its oc1ivotion 10 homoc}Sleinyl tRNA, ,vith 

the po1en1iol production of the highly reactive dcrivolivc homocystcine lhioloctonc 

(Jokubo,vski, 1999). Homocystcinc thioloctonc forrnolion is o sign of inndcquolc 

mcth) lotion of homoc)'Sh:inc-1RNA to n1e1hionine-tRNA beatuse in mnny coses N-

1errninol methionine is released from the polypeptide ofter chain maturation. 

homocys1cinc converted by this po1h,vny con enter lhc cellular methionine pool 

(Medinn ct nl .. 2001). 

2.4. Regulation of pl:ismn ho111ocys1elnc 

S1udies ,vi1h isola1ed cells sho"' that homocystcine export into the extracellular media 

renects an imbalance bcl\vcen homocysteine production and n1e1obolism. either 01 101, 

or high homocysteinc conccntrolions (Uelond Cl nl., 1993). Al low homocys1eine 

conccntnuions. homoc)'stcine export roles ore higher because merhionine synthose 

nc1h•i1y i s  lower (ChriSlenscn and Ucland, 1993); for this reason, plnsmo 101al 

homocys1cinc is markedly inerc!IS(d with fololc or vilOmin 011 dclicicncy (Allen cl 

ol., 1990). On the 01hcr hand, 01 high homocysll:ine concc:n1rations, homocysteine 

export increases with decreased C)Slolhioninc �synlhosc activity (Nlillcr cl al., 1992). 

In spite of 1hc relevance of increased cxpo11 in explaining incre45ed 

homocys1einocmi11, 10 dn1c !here is no comprehensive s1udy ofhomocysleinc transpon 

across the pl11smo n1cmbronc, or idcn1llico1ion of the corrlcrs ln\olvc:d, ohhough the 
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involvement of o general, nonspccilic 1ronspor1er for neutral omino acid emux (such 

os the L S} stem) n111y be suspected. 

Human plasma contains both reduced and oxidized species of hornocystcinc. The thiol 

group of ho111ocys1cine allows ii 10 form n disullide bond "ilh other homocysteine 

molecules (lending lo formation of homocysteine), with free cystcine. or ,vith thiol 

groups of plosn111 proteins, such ns albumin. h is remarkable 1ha1 the oxidized fom1s 

arc oVer\vhelmingly in the majority (up 10 99%) ond reduced homocystcinc represents 

no more than I% of totol plosmo hon1ocystcinc (Jocobscn, 1998). TI1c sum of all lhc 

forms of homocysttinc existing in plasma is usually cnlled 10101 homocys1einc. 

Protein-bound homocysteine represents up 10 7S% of 10101 homocystcinc. 130th 

experimcntol ond clinical studies dcrnonstrnlc the presence in plosn10 of binding sites 

for ominothiols, which internet prcfcrcntiolly with hon1ocys1eine. A rapid equilibrium 

exists between free and protein-bound homocys1einc fractions in vivo. Thus, 

lr.>.nsilorily inerC35Cd free homocys1cinc, induced by an incrcnsc in homocyslcinc 

export or by methionine loading. becomes progressively bound 10 plasma protein in o 

redistribution \\hich lakes place in less than 24 h (Ucland ond Rcfsum, 1989). There is 

o tight regulation of homocys1eine metabolism based upon the very diOcrcnt affinities

of methionine synthase and cys1a1hionine �·synthase for homocystcine: the first 

enzyme sho\\'S IOI\ Km values for homocys1eine (below 0.1 mm). and the second one 

hos high Km values for homocystcinc (over I mm). Thus. nl low homocysteinc 

concentrations. methionine conscrvotion is favoured; ond al high homocystcinc 

concentrations. immediate and long-term drainage of hon1ocys1cinc via the 

tronsulfurntion polhwny is ensured (Finkelstein. 1990). Abnormnl elevation of 

homocysteine in plosma and urine ore the result or incn:nsed levels or homocyst0inc 

cxpon, ond this rcncc1s on imbalance bc1,,cen homocystcinc production ond 
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1ncU1bolism. Several congenillll nnd nutritional disorders, as ,vcll as renal failure con 

induce this situation. 

2.5. F11ctors that may afTcct bomocystcinc mctobolisn1 

Factors innucncing plasma homocysteine levels con be classified into demographic, 

senctic and physiological factors such as the metabolites of homocystcinc, as well as 

acquired dctcnninants includins habits. nutrition and diseases (Medino and Amores

Sonchcz, 2000). 

2.5.1. Demographic rnetors: Age, Gender and Ethnicity 

Tollll homocystcinc conccntrntions increase throushout life and approximately double 

from childhood 10 old age (Refsum et al., 2004). Aller puberty, moles have higher 

mean tHcy concentrations thnn females. The approximate gender dilT�rcncc in mean 

tHcy is 2µmoUL, but it becomes less with incrcnslng nge (Musi tt al., 2003). Adebnyo 

ct al., (2008) also showed thai tHcy concenirntion increased as a function of age in 

both sexes in a study of children aged IO to 19 yea.rs drnwn from secondary schools in 

Jos, Nigeria. 

DifTercnces in the prevalence of hyperhomocysteinacmfo hove been reported in 

viuious ethnic group�. Previous studies hnH: shown thnl plasma 1Hcy concentrations 

differ among ethnic groups (Jacques ct al., 1999), but the effect on the upper reference 

limit is relatively small between g.roups living in the some nrc:a and c11ting a shnilar 

diet (Jacques et al., 1999). In some regions of the world, in p.-irticular in developing 

countries. ti Icy eonccntrotions may be very high in the general population. For

example. in a group of pn:sumcd healthy Asian Indians, the 95th percentile "llS

SOµrnol/L, o finding thnt ,vas only pnnly explained by low cobnlnmln Matu� among 

the s1udy population (Nurk ct al., 200 I). 
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Asinn Americans hove significantly tower 1otnl homocysteinc (tHcy) conccnlrations 

thon whites whereas Hispnnic Americans have intermediate volucs (Cormel ct al .• 

1999). Another study reported higher conccn1ra1ions of tllcy i n  African AmcriCllns 

than in Europe3n Americnns, which may be related to the prevalence of nutrient 

deficiencies (Stabler cl ol.. 1999). In South Afric-0, plnsma homocystcinc 

concentrations were reported 10 be significantly lower in traditionall) living ndull 

block men thon in whiles (Ubbink cl al .. 1996). The reSCllrehcrs explained that blocks 

metabolized homocysteine more efficiently than whilc:s, even afler vitamin 

supplementation and sullllestcd the innuence of genetic factors. 

2.S.2. Genetic factors

Polymorphism in the genes coding for me1hylcnctc1rnh)drofolotc reductnse. 

methionine S) nthase and cys101hionine fl-synthase hove been implic:ited in 

hyperhomocystcinaemio (Fros.st ct al., 199S). The most common genetic defect 

associated with mild hyperhomocystcincmio is a point mutation. namely. a C to T 

substitution at nucleotide 677 (677C-T) in the open reading frame of the gene for 

methylene tctrohydrofolatc reduct3SC. 1l1is point mutation cnuses n substitution of 

vollne for alanine in the functional enzyme (Frosst ct al., 1995), giving rise to a 

thermo-labile variant of the Cl12) me with decreased total octh•ily (Drattstrom cl al., 

1998. Doiley and Gregory. 1999). ·niis is on outosomol recessive n1uto1ion, ond the 

frequency of the 677C-.T polymorphism vo.rics among racial and ethnic groups, ,vith 

10 - 13% of T/r homolygous and SO% err heterozygous nmong Caucasian and 

Asian populations and very IOIV incidence among African-Americans (Dranstrom ct 

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

Doiley o.nd Gregory (1999) suggested 1h01 the widely documented clcv111ions in 

plo.smo 10101 homoc)steine levels associated with 1hc homozygous Ttr scnotypc 
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might lend to a higher expected incidence of cardiovascular disease in 1hc TIT

population. However, little or no evidence has been found so for linking the TIT

genotype with increased rates of cardiovascular disease, although some repons seem 

to link the TIT genotype with increased incidence of certnin fonns of vasculor disease 

in selected populations (Refsum ct al., 2004). It was suggested thal on elevated plnsmo 

homocysteine level moy not necessarily be deleterious, but i i  could promote vosculor 

blockage under conditions predisposing to voscular cJiseose (Refsum et al., 200.i). 

Thn:c single-nucleotide polymorphisms. 677C-T, 1298A-C, and 131 rr-c (o 

silent mulotion), have been identified in the 1\/TJIFR gene (\Veisbcrg ct nl., 1998). 

The 677C-T mutation lends to moderate hypcrhomocysteinernin when associated 

with low plos,na folntc (Arruda ct al., 1997). The I 298A-C mutation was sho,vn to 

be relo1ed 10 hyperhomocysteinemio in association with the l,fT/ /FR 677C-T 

genotype. The percentage of individuals homozygous for the 677C-T mu101ion 

ranges bet,,ecn 14% and 18¾ nmong whites bu1 is considerably lo,,er in African 

Americans. of the order of 0-2¾ (Stevenson cl al., 1997). 

2.S.3. Physlologicnl f:1c1ors: llolc or S-ndcnosylmclbioninc 

S-adcnosylmethionine pla}s a cenlrnl role in the coordinated control of homocystcinc 

mclllbolism (Tchlivcts ct al.. 2013). S-Adcnosylmcthioninc is on allosh:ric inhibitor of 

rnethylcnctctroh}drofolatc rcducto.sc. on In vitro inhibllor of bctoinc-homocysteinc 

mcthyltronsfcrnsc and on activator of cysto1hionine P-synthasc (Finkclslcin and 

Manin, 1984b). The nbllity of S-adenosylmethioninc to oct os on c:nzymotic effector 

of homocysteinc mclllbolism provides o means by which rcmc1hyln1ion and 

trunsulfuration p;uhwoys c11n be coordino1ccJ (Sclhub, 1999). \Vhcn cellular g. 

odcnosyln1cthioninc concen1ro11011 is IO\\', the S}nlhesis of S-mcthyhetmhydrofolotc: 

will proceed uninhibited whert:\S cystn1hionlne synthesis will be suppressed, rc,ulting
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in 1he conservation of homocysteine for n1cthioninc synthesis. Conversely. when S

odcnosylme1hlonine concen1n11ion is high. homoc)Slcinc is di\cned 1hrough 1he 

tmnsutrumtion pathway because or inhibi1ion of S-mc1hyhc1mhydrorotatc synthesis 

and stimulation of cys101hioninc synthesis. Thus, although the primary effect or this 

coordinated control is the rcgulu1ion of cellular S-odcnosylmcthioninc conccntmlions. 

it nlso contribu1es 10 1hc mnin1cnance of a homocys1eine conccn1ra1ion comp:uible 

with the need for de novo mc1hyl groups. 

2.S.ii. Nutritional fuctor 

Plasma homocys1cine level is known to increase ofter meal in hu,nan. Ho\\•cvcr, a 

small meal may not influence 11 lcy conccn1m1ions in healthy people (Ubbink ct al., 

1992), whereas inlnkc of o large, prolcin-rich meal may increase 1he plasma tHey 

concentration by npproximn1cly I 0-15% ofter 6-8 hours (Nurk ct al., 200 I). Some 

nu1ri1ional disorders poten1iolly lend 10 on impairmcn1 or homocystcine metabolism. 

These include deficiencies of vitamin 012, rota1c and vitamin 06. ns 1hc de no\'O 

syn1hcsis or mc1hionine mclh) I groups requires bo1h vi1nmin Bu and folotc cofac1ors 

whereas 1he syn1hesis of cys1a1hioninc requires pyridoxal 51-phosphote (vitamin B6);

(Rcfsum cl al., 1998b, Medina ond Amores-Sanchez, 2000). Ahhough it hos been 

sho,vn 1h01 deficiencies of vitamin 012 ond folatc on: rclo1cd to increased plasma 

conccntralions of homot)stcinc (Rcfsum ct ol, 1985, Medino and A1norcs-Snnchez, 

2000), the relutionship of homocystcinc lc\cls 10 vitamin 8& Sllltus i� less clear 

(Selhub and Nliller, 1992). 

2.S.S. Diurnal ond Seasonal Vorlotions.

I lomooysteinc Is subject to diurnal variation, \\ ith tHcy conccntrotions being IO\\CSI in

the early port of the day ond highest in the evening (On:mncr cl DI., 2000). Plosma 

tHcy is probobl) 001 subject to seasonal voriotion (McKinley c1 ol., 2001). 
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2.6. Plasn111 Hon,ocystelne Norn111l Reference Values 

According 10 cxpcns opinion (Rcfsum cl al., 2004). rrefcn:ncc ranges. normally 

dclined as the cenlrol 95% conlidcnce inicrval of 1Hcy in presumably heahhy 

populolion vory wilh age, gender nnd ethnicity of 1he specilic populaiion s1udicd. 

Therefore, 1he reference range for ony populoiion needs to be dc1crmincd by CDch 

lobora1ory to conform to lhc chnroc1cris1ics of 1hc popula1ion being 1cs1cd. 

Funhermorc, lo,ver and upper reference ranges have 10 be csLDblishcd in countries 

1vilh mandatory food folic acid fonilicotion, like i n  1hc U.S.A ond Canada. In these 

countries. vitamin supplcrnen1a1ion has resulted in n considerable n:duc1ion of tHcy 

values in 1he general population. 

Tobie 2.1 sho11s plnsma total homocysieine n:fcrence ranges in healthy population as 

presented by Vilosec:i el al., ( 1997), and Fnure-Delnncf el al., ( 1997). In most of the 

U.S.A clinicol loboro1orics. 1hc cu1-on·valuc for adults (<65 years old) is 15 µmol/L. 

I lowcvcr, in lhc European countries. n plasma 1I Icy concentration of IO llmoVL has 

been used as the upper limit of1hc "normal" range. 

Ho11evcr, since 101.0I homocys1cinc is dcpendenl on renal funciion and cre:11ininc 

synthesis (vnn Guldencr c1 al., 200 I), the reference limits for tHcy nrc usually 

calculated nOer excluding persons with increased creatininc or impaired renal 

funclion. Another possibility is 10 estnblish di1Tcren1 reference lin1its for different 

crcatininc concentrations. for cX11mple, by use or o nomogrom. Such data on: currently 

not avoilable. The marked effect of vitamin status on the reference Intervals highlights 

the problem of delining "presumed hc:ilthy indlvlduols". In most adults who do not 

cat food fonificd with folic ncld, the upper reference limit is 15-20 µn10Vl or e\cn

higher (Nygard ct al., 1998). �1any of the studies conducted on1ong children put the 

IO\\Cr lin1it or pl:isma ll Icy 01 IO µ11101/L (Jacques ct ol., 1999, Jovcn ct al., 2000). 
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Table 2.1: Plasn111 Total Homoeysteine Reference Ranges in Healthy Populntion 

Age tHcy {µn10VL) 

Newborns (binh - 28 doys) 3.0 -6.0 

Child -1\dolcsccncc (29dnys -15ycurs) 

Aduhs ( 15-65 yenrs old): 

Male 

Female 

Elderly (>65 yeors old) 

Ccnlcnnrions 

Source: Refsum ct nl. (2004) 
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2.7. llon1ocystclnc metabolisn1 and Kidney functions 

Kidney hos been identllied as 1he major si1e for 1hc removal and me1abolism or 

homocystcinc in mommols (House ct al.. 1997). It hos been hypothesised that o 

metabolic channelling occurs leading homocysteinc, removed from 1he blood by the 

kidney, to be metabolised primaril) through the transulfumtion pa1hwoy. In human. 

1herc ore contradictory resuhs. Some data support 1his h)'pothesis (Hankey and 

Eikelboom, 1999, Medino ond l\mores-Sanchc:z. 2000) but ,•on Guldencr (2006) 

showed data 01 variance with 1hc hypolhcsis. This con1roversinl issue requires further 

research efforts. Renal impoirmcni commonly causes hyperhomocystcinemio. 

renccting 1he key role ofkidncy in homocysteinc clcaroncc from plosmn (Oostorn ond 

Lothrop, 1997): this foci mny contribute 10 1he high incidence of voscular 

complica1ions in pa1ients wi1h chronic renal diseases (Hankey and Eikelboom, 1999). 

In general, palicnts ,vi1h renal discnscs could hove normol plosma levels of 

methionine. bctainc Olld 0-vitomins, elevated levels of S·odenosylmc1hionine, S· 

adenosylhomoc) s1cinc. cysuuhioninc, cys1einc and sulpholc and lo,v serine levels 

(Loehrer el al., 1998, Herrmann e1 al., 2001). Some s1udics suggest that 

hypcrhomocystcinacmio in those with vitamin 1312 or folntc deficiency could be os o 

rc5ult of enhanced tissue export of I Icy (Gunormscn ct al., 1998). 

In contrast, h) pcrhomocystcinaemia in renal discnsc i� oficn rcln1cd to reduced 

plosmo Hey clearance (Guttormscn rt al., 1991). n,ough the underlying cause or this 

reduction remains unknown but involves a dcfec1 In n:n:il and/or cxtro•rcnol 

clcaroncc. The implicotion of  above information Is that the kidneys piny irnportont 

roles in I Icy clwnncc nnd mctobolism. 

Mori:ovcr, plasma homocys1cine strongly correlates with cs1imn1cd glo,ncrular

fil1ro1ion rate (OFR) in healthy individuals. llyperhomocys1clnacn1ill wns sho" n to
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occur ol o GFR of about 60mUmin and when end-stage renal disease (ESRD) hos

been reached (van Guldcncr, 2006). The prevalence of hyperhomocysteinaemill 

among individuals with this condition could be os high os 85 - 100%. Patients ,vith 

End-Stage Reno! Diseases (ESRD) usually hove 2-3 times higher level of ti-Icy, the 

prevalence of hyperhomocysteinoemio in this group of patient is usually above 90% 

(Sulimon et al., 2000, Sulimon ct ol., 2002). 

Although several processes mny explain the close com:lotion between kidney function 

ond the plasma 11-ley concentration, the exact mcchonism(s) by \\hich renal foilun: 

leads to hyperhomocystcinoemio ore not completely understood. Patients ,vi1h chronic 

kidney disease, cspceiolly ESRD. exhibit many abnonnolities in protein ond omino 

acid metabolism. One of these oherations involves on increased plasma concentration 

of the sulphur-containing amino acid homocystcinc. I lowevcr, it hos been reponed 

that the fractional extraction of I Icy across the kidney may be related to reno I plasma 

now (Goribotto ct of .. 2003). 

Hypcrhomocystcinocmio hos ottmcted a l01 of attention in renal policnts, not only 

because of its close relationship with renal function. but also because some 

researchers have impliClltcd hypcrhomocys1cinocmio as on independent 

cordiovnsculor risk factor (\Vinkclmoyer cl ol., 2005). On the contrary, hvo recent 

studies have found no significant or even on inverse o.ssociotion bet,,•een plasmo 

homocysteine level ond cardiovascular events ond monnlity In BSRD patients (Fuinno 

cl al., 2000, Sulimon ct al .• 2000). These discordant findings may hove been c.iused by 

strong confoundcrs which ore o.ssocioted with low homocy�tcinc le,·cls ond incrc35ed 

mortality, such os protein energy molnulrition ond/or lnnommotion (Sulimon ct of., 

2005). Ncphrotic S)'ndromc is one of the common rcnnl discMcs that mny niter 
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homocystcinc 1netabolism in children but data on this relationship are scarce among 

Nigerians. 

2.8. Ne11hrolic Syndrome 

Ncphrotic Syndrome (NS) is o disease of the kidneys characterised by heavy 

protcinurin (urine total protein excretion greater than 3.5 g./d or total protein/creatinine 

ratio greater than 3.5 gig) due to abnormal incrcnsc of glon1crulor permeability and 

hypoolbuminae1nin, hypcrlipidaernia ond/or oedemo (S1oycheff et al., 2009). 

Ncphrotic Syndrome occurs because the tiny blood vessels (the glomeruli) in the 

kidney become leaky (Deschenes, 2004). Disorders of site selective barrier, charge 

selective barrier, slit diophragn1 ond circulating permeability factors are 1hough1 to be 

the causes of proteinuria in patients with nephrotic syndrome. lvlost of the pntients 

,vith oedema have primary soil retention. Overproduction ond impaired calllbolism of 

lipoprotcins were proposed to be the causes of h)'perlipidncmia (Tognwo ct al .. 2004). 

11,c term 'idiopathic' ncphrotic syndrome (NS) is oOen used to describe o 

heterogeneous group of pro1einuric glomcrulopnthies lhat occur predominantly in 

children. The idiopathic NS is associated with complex disturbances in coagulation 

system and numerous obnormolitics of lipid ond hon1ocys1cinc metabolism which rnay 

increase the risl. of thrombocmbolic complications ond ntherosclc:rosis. Over the lost 

decade ii has become rccognitcd that some fonns of ncphrotic syndrome formerl) 

tlSSigncd os 'idiopathic' ore caused by mutations in genes that encode structural 

components of the glomcrulor filter os stoled in a review by Gubler (2003). ldiopnthic 

NS con be fomiliol or non-familial. 

Fomiliol, sporadic coses of these diseases hove been described and they ore clinicnll) 

chorac1cri�d by steroid-resistance and cvcntu11I progression 10 end-singe rcnnl failure 
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(Coridi cl ol., 2001, Knrle el ol., 2002). Non-familial forms of nephro1ic syndrome ore 

more common. Boscd on the n:nol biopsy findings, non-fomilinl idiopathic ncphrotic 

S) ndromc Clln be grossly subdivided into minimal change NS (MCNS) nnd rocal

segmental glomcrulosclcrosis (FSGS). As indicated by its name. renal tissue from 

MCNS pn1icn1s shows no changes under light microscopy. More explicitly, lherc are 

no signs of inflnmmalion, immune complex deposition or sclerosis. FSGS is 

characterized by collapse of the glomerulnr capillaries with sclerosis and hyalinosis 

and lhe formation of adhesions of lhc glomerular tuft. 

2.8.1. Ncphrolie syndrome :ind hornocystcinc metabolism 

Ncphro1ic Syndrome (NS) may alTect 1he metabolism of 1Hcy in two major '"ays. 

First, NS may result in  significant reduction in pl'1Sma 10101 Hey conccnlrution as o 

result or lhe reduction in albumin-bound I Icy as opposed 10 the free I Icy fraction. 

This is coupled with increased urimu, excretion of albumin-bound Hey. Many 

studies hllvc sought 10 determine plasma Hey conccn1ro1ion in patients with NS. 

How�er, the results of these studies have been con1mdic1ory. \Vhilc sonic studies 

ha\c reported elevated plasma I Icy levels in NS patients (Jovcn cl ol., 2000, Poddo cl 

al� 2007). others hiive shown no dilTcrcnce in the mean 101111 plasma homocystcinc 

concentration bc1"ecn nephrotic and non-ncphroilc syndrome JX!llcn1s despite o 

significant dilTercnce between groups In urinary protein 10 Cl'Cllllnlnc ratio ond serum 

1lbum1n (Do&,a Cl DI., 2001). More recently 1"0 publlc111lons dc:monstmtcd 

iip,i(lalttly �er plasma homocyr.tcinc levels In ncphrollc patients con,r,.,rcd with 

non-ncph,Olic p;uicnlf matched for reno I runcclon (Amodonlr c1 ol., 200 I ,  n,nciyJ.. ct 

al., 2/HJJ. 11,e reason for lhc dlITcrcncc, In the rciul11 or the n:f)<lrtctl .iudlcs h 

unceruin Jfc,wc-,cr, h may be: due to difference, In tho rn111nhullc nnd the undcrlylnu 

cau,n of protc1nu,la, tcvc,hy Qf hypo.1lhomlnncrnln, ur con,111nhon1 rcn.il 
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insufficiency (Friedman et of., 2002. Ferechidc nnd Radulescu, 2009. Perno et al., 

2009) which con potentially impact Hey melllbolism and its plasma concentration. In 

the plasma, the majority of Hey is bound 10 albumin, and only a small fraction is 

present in free form (Hortin ct al., 2006). Moreover, under normal conditions, 99% of 

filtered free Hey is reabsorbed in the proximal tubules (van Guldcncr, 2006). Thus. 

under physiologiClll conditions, disposal of I-Icy primarily depends on its intracellular 

1nctabolism (Fnrrell ct ol., 1995), ond contribution of the kidney to this proce� is 

relatively small. However, heavy losses of albumin in the urine and the consequent 

foll of the albu111in concentration in the plasma os in the case of NS con profoundly 

affect plasma concentration nnd metnbolism of Hey. Friedman et al. (2002), found o 

,veok association bct,\een scrum I le) and albumin concentrations but not with urine 

protein excretion. I lowevcr. the mean scrum albumin concentration was nc:irly 

normal, urinary albumin excretion ,,11s relatively mild and renal function ,vns 

significantly impaired in the study population. /\ positive corrclotion between scrum 

crcotinine, glomcrulor filtration rate. and homocysu:inc: concentration has been 

documented in previous studies (Amadonir ct of .. 1996, Bostom ond Lothrop, 1997). 

Second, NS may cause down-rci:ulatlon of C)Stothionine-�synthase (CBS) which tlln 

curtail conversion of Hey 10 cysteine and reduce production of hydrogen sulphide 

(H2S) which is an important endogenous signalling molecule. Hey is convened 10 

methionine by rc-mclhylotion ond lo cysteine vio tmns-sulfumtion (An1in1..0deh ct al., 

201 O). These reactions, which represent key pathways for disposal of Hey, ore 

co111tyscd by MTHFR and COS, respectively (as sho\\ n earlier in Figure 2.2). 

Recently. Aminzadeh ct of .. (2010) sho1,cd thot onimnls with NS used In their study 

exhibited signiliconl down regulation of CBS expression. This obscr,otion pointed lo

diminished I Icy 1nc111bollsm through trons�ulfurutlon po1h1voy and con�cquent 
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impainnent or Hey to cysteinc conversion. ll is impor1t1nt to restate lh:11 CBS is one or 

the cnzyrnes that catalyse biosynthcsis or endogenous hydrogen sulphide (H1S). 

Endogenous 111S is a recognized gaseous mediator with diverse biological errects 

which include regulation or cardiovascular and neurological runctions, modulation or 

inOammntory response and onti-athcrogenic nnd antioxidant actions (Belto1vski et al., 

2010). 1l1us, in addition to its impact on Hey mct.obolism, do1vn-rcgulation or CDS 

may contribute to odverse cardiovosculor and other complicotions or NS by limiting 

endogenous production or H1S. Fun her studies ore needed to explore this possibility. 

2.8.2. flon1oeystclne ruuJ plnsnui protein in ncphrotie syndrome 

High level of Hey hos been shown to be independently related to rnicroolbuminurill in 

o populotion-boscd study (I loogcvecn 111 al .• 1998). Generally, only t1vo studies ho\'e

explored the relationship bct,vetn homoc)steine and plasma proteins in accessible 

literature. Amadonir ct al., {200 I). in n study demonstrated that totol plasma 

homocystcinc ,vos negatively corrclotcd with scrum albumin ond positively correlated 

,vith urinllt)' albumin c;,,crction. Oogra and co-,vorkcrs (2001), reponed that 1vi1hin 

the ncphrotic group, hornocystcine 11as signincnntly corrcloted with scrun1 crcatininc 

and colcul:llcd GFR. but not with urinary protein or serum albumin. Tl1erc 1vos olso 

no change found in the plasma homocysteinc level despite signincant hnprovcmcnts 

in scrum albumin ond marked reduction in protcinurio consistent with remission of 

ncphrosis (Dogro et al .. 2001). The study populations in these t\\O studies ,verc adults 

with nephrotic S)'ndrome. O:ito on the relationship between homocysteinc ond plasma 

albumin in children ,vith nephrotic syndrome were scarce. 

2.8.3. Lipid metabolism in ncphrotlc syndrome pntlcnts 

Ncphrotic syndrornc is univcrsoll) characterised by nbnonnoliti� of lipids. These

disturbances or lipid metabolism a,c invariable footurcs, In patients \Vith NS, 
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dyslipidncmio constitutes signilicant risk foctors for atherosclerosis, Cardiovosculor 

Heart Discoscs (CHD) and progression of rennl insufficiency (Doucet ct al., 2000, 

Rifai, 2000). Patients ,vith nephrotic syndrome hnvc one of the n1ost pronounced 

sccondnry changes in lipoprotcin metabolism and the magnitude of the chnngcs 

correlates ,vith the severity of the diseases (Moulinc et al.. 1992). Lipoprotein 

obnormolitics o f  the nephrotie syndrome ore olso related to proteinuria (Rifai, 2000). 

On the other hand. hypcrhomocysteinaemia is a cardiovo.seulor risk factor pre.sent in 

patients ,vith ncphrotic syndrome ond renal failure but it is not directly associated 

with protcinurin (Joven ct nl., 2000). 

Studies hove sho,vn that signilicantly high le,·els of plasma lipoprotcin (n) (Lp(o)]. 

total cholesterol, LDL,-cholesterol apolipoprotein-8 (opo-8). and opolipoprotcin A-I 

occur in association ,vith clcvotcd I-Icy level among NS patients (Kuzma nnd 

Ros-zkowska. 2006, Kniazcwsko ct al.. 2009, Dwivcdi and Sarkar, 20 I 0). 

Abnormalities of lipids ore thought to frequently result from obnom1ol apolipoprotein 

B-100 {opoB) tmnsport (Koysen and de Snin-van dcr Vcldcn, 1999). In addition, 

qunlitotivc changes in HDL in conjunction with on Lp(o). may also occur (Koysen and 

de Sain-van der Velden, 1999). Overall, a combination of dyslipoproteinemia. 

hypoalbuminacmia, and hypcrlibrinogcnac1nlo ore recognized risk factors for 

cordiov11scular diseases reported in ncphrotic syndrome pn1icnts ond may collectively 

account for the lncrcosed incidence of cardiovnscular discD.Sc even in the absence of 

renal failurc (Kannel et al., 1987, Phillips ct al., 1989, Ordoncl ct al., 1993). 

However, the mcchonisms by which the Interactions of abnormalities of lipids, protein 

nnd homoc)stcinc rcsuh in cardiovascular complit11tion ore still under ln\cstigotion 

but lipid pcroxida1ion is being suspected. 
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2.8.4. Hon,ocyslcinc anti Lipid pcroxitlaliou in nephrolic $)'Ddrome 

Expcrimcntol and clinical evidence suggest that modcrntc hyperhomocystcinnc1nia 

moy predispose individuals to endothelinl dysfunction through o process thot involves 

generation of renctive oxygen species (Konnni ct ol., 1999). Po1en1iol mechonisn1s for 

predisposition of individuals to endo1heliol dysfunction include oxid:int actions. 

effects on cofactors, avoilobili1y ond/ or direct interactions 1vi1h the enzyme 

endo1heliol nitric oxide synthase (Bayes ct ol., 2003). Homocysteine contoins o 

reactive tl1iol group 1h01 con undergo disulfide exchange n:octions (Sengupta ct ol.. 

200 I) ond disrupt the folding ond processing of newly synthesized proteins in the 

endoplasmic reticulum (ER) (Lentz nnd Sadler, 1991, Lentz ond Sadler, 1993 ). The 

cellular consequences of this condition, known os ER stress, include dysn:gulotion of 

lipid met.obolism, octivation of inOommatory poth\\ll)'s, and in1paired insulin 

signalling (Austin ct ol., 2004). These processes on: os depicted in Figure 2.3. 

32 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



ER 
Stl'NI • • 

H:i1101 ystP111r 

Oxidative 
SU.II • • 

I t Superoxide I 

Uncoupled • __________ , 
NOS 

I 

I 

I 

I 

I 

I 

I l Nitric Oalde I : 
I 

l:.ndo1t1e1,11 

Oysfunc'.1or, 

I 

I 

I 

I 

I 

! Peroxynitrite I--- - -- - --- - -1

Figure 2.4: Possible mcch11nisms of cndolhcllal d)5funcllon, alhcrosclcrosiJ, 

and chromboslJ in hypcrhomocys1clnncn,h1 

Source: Lentz {2005) 
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2.8.4.1. Pathogenesis of damage or vascular walls in 

hyperhon1oeysteinaemia 

Nephrotic syndrome patients showed an increased tendency to develop cardiovascular 

disenses, moinly as the consequence or sevcml risk factors including increased 

oxidative stress. inna,nmotion, physical inactivity. vascular colcificotion. and 

endothelial dy�function. E.xisting data indicate thnt homocysteine induces dan1age of 

vascular 1valls either directly or through an oxidative stress response (Figure 2.4). 

Previous studies showed that the serum level or malondialdchydc and oxidiied lipids 

were significantly higher in NS patients con1pared 1vith non-ncphrotic subjects (EI

Melegy et al .. 2008. Dwh•cdi ond Sarknr, 2010). These results suggest the presence of 

oxidative stress in NS patients. In addition, these studies reported lower tollll 

antioxidant status (TAS) level in NS compared 11ith non-nephrotic subjects. 
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Homocystetne •• � 

Fi�ure 2.S: Homoeysteine can cause vascular d11m11ge either directly or 

through the generation or rcacthe 01ygco species 

Source: lcdina ti al., (2001) 
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2.9. Viton1ins ond homocystcine metabolism In ncphrotie S) adromc 

rhc intracellular mcll'lbolism of methionine, from ,,hich I le)' is dcrhcd. occur.. 

through enzymatic p:ith,vays 1h111 ore dependent on folatc, , it:imin 86 
and ,1itomin 811 

(Collonc:o. 1999, Collanc:o. 2000). High plasma le, els of tHc)' ore often consequent 10 

deficiencies of these vitamins, ,vhich m11y be compounded b)' inherited abnormalities 

of the CO2) n,cs involved in its metobolisn, (Cannneo, 1999). Hon,oc) steine. o sulfur 

nmino acid, i s  on CS5Cntiol intermediate in folote mcU1bolis1n, being centrol 10 both the 

D A nnd mc:thylation C)Clcs. As a result of the toxic nature of homocysteine. the 

concentration of homocysteine ,vilhin cells and in the plasma is I.cpl within very 

narro1v limits by the efficient functioning of thrcc enzymes. methionine S)nth:isc. 

1'1TI IFR. and cystathioninc synthase. Howe\'er. all of thc:sc cnz)mcs ore dependent on 

folatc, vi1a1nin 812
• and \'ill'lmin o.,, I!, en 11 ,nodest reduction in the stotus of any of 

these thrcc villlmins can disrupt the balance. causing on accumul111ion of intracellul:ir 

S-odcnosyl homoc)stcinc (SAH) as 1, ell os increased export of ho1noc)steinc into the

plllSmo (Ueland ct 111., 1993). 

The sole circulating form of fol ate Is 5-mcthyl·TI IF. and this is the form presented to 

cells in , ivo. 110,1cvcr, 5-methylTI IF is o poor substrate for the cnzyn,e 1h01 adds 

polyglull'lrnatc residues and ensures its retention In the cell. Thus, 11hcn 5-meth)'ITHF 

enters O cell, it n1us1 lose Its methyl group to ensure retention 1vl1hin a cell 

Essentially, 5-methylTHI combines with homocysteinc to form methionine and Tllf 

This is 11 comple� reaction. collllyicd b) the enzyme methionine S}nthosc, nnd 

requires folate as 8 co-substrate corr) in& the methyl &roup to be transferred and

vitamin 512 as 3 cofactor for the en,yme.

Once inside the cell, folote p;irticlp:ite� In tl\O metabolic C)Clcs· one in\ol\ Ins the

I f D"' A and Lhc other ln1 ol\ ina the supply of n,cthyl groups forsynt ICSIS O .,", 
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methylotion reactions. Overall, the) function as ncceptors ond donors of onc-c.1rbon 

units. The one-<:arbon units ore obtained from serine, glycine or formate. In DNA 

S)nthcsis. folote-linked one-carbon units ore incorporated into the C2 ond CS of

purines vin 10-fonnylTHF ond into p)rin1idines via the 5,10-mcthylencTHF

depcndent conversion of deoxyuridine monophosphatc (dUMP) to deoxyth)n1idinc 

monophosphate (dTMP). During the synthesis of dTMP from dUlvlP, the 

tctrah)droform of folatc also is oxidized to the dihydro-form. The cnZ)mc 

dih)drofolnte rcductasc (DI IFR) conl'cr1� this form b:lcl.. to 11 LF. 

In hcnllh and dise:isc states, homoc)steinc ltl'cls in plosmo ore n1ointained ,vithin 

narro,v limits b) the efficient functioning of methionine S)nthasc. 

mcthylc:nctcttoh)drofolate reducUISC (l\,ITllfR), t)SLOthionine 13-S)lllhasc, and (in 

li\.er onl)) bet.oine mc:thyltmnsfcmsc. TI1c first three of these cn7) mes require 

vit.omins either as cofactor or substmte. Folotc i s  a subs1rn1c for 111cthionine syn1hn�c 

ond MTI IFR. Methionine synthnsc also requires vito1nin 131? os cofactor. ond 

c:yslllthioninc requires vitamin O, (p)ridoxine). Thus, op11mall) lo" plasn1a 

homOC)Stcine depends not only on the cffic1cn1 functioning of these cnZ)n1cs but also 

on odcquotc , itllfllin st.at us. 

tlomot)Stc:inc metabolism is also offc:ctcd by pol)morph1sms 1n the genes encoding 

the cnl)mcs in,ohcd, of \\hich the thermo-labile {C67Tn ,oriont of r-.tTHrR is the 

best characterized polymorphism (Frosst ct al. 1995). People who ore homOZ)gous 

for the mutation tend to hove higher fasting plil.Sn10 homoc)stcinc concentrations and 

lo\\cr folotc concentrations thon hcterozygo� or ,.,,ild-t)pe groups {l\,lolloy ct ol., 

1997). SMcTHf has been rcponcd 10 reduce o,idati\.c dnmngc Lo hun1nn LDL hpid

through its free-radical scavenging activity ( akono ct al .• 200 I) 
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2.9.1. Abnor 111ali1ies or homocysleine 11nd B vilomins in the ncphrolic syndrome 

Lo\v levels of vitamin B6 hove been reported in o nun1bcr of previous studies in 

patients \\•ith NS (vnn Buuren ct nl., 1985). van Buurcn ct al., (1985), studied a group 

of 35 children with NS and showed 1h01 88% had lo,v ph1snm \•i1omin B6 regardless of 

the oc1iology of NS. van Buuren and colleagues (1985), e.�plained that this migh1 be 

due 10 enhanced urinary excretion of albumin-bound pyridoxnl phospholc in view of 

the severe protcinurio which characterises nephro1ic syndrome. Similarly, Poddn ct

al., (2007) studied vi1n1nin B6. B12 and folale in 84 pntients wi1h ncphrotic syndrome 

and 84 sex- ond oge-motched controls. the study showed 1h01 the circulating levels of 

10101 homocysteinc (ti Icy) were higher, vitamin 06 ond vitninin 812 levels \\Cl'C lo\\er 

in ncphrotic patients lhan in controls. The ossocintion of low vitamin Ob levels \1·ith 

the nephrotic syndrome wos described os independent of ony other alteration 

associated with the disease. It is possible 1h01 other features of the NS, for example 

the loss of vitamin B6 protein carriers in the urine, might inOuence vitamin B6 stntus, 

ollhough, similar to vitamin 812, most studies found no com:lotion between vitamin 

86 le\·cls and the degree o f  proteinuria in NS patients. 

In II multiccntrc cosc-<:<>ntrol study in Europe, low Ob levels \Vere shown to be 

independently associated with on increased risl.. of vascular disease and 

othcrosclerosis (Robinson cl al., 1998). In the ARIC study, the higher quintiles of the 

villlmin Bo distribution \\'en: nssoclntcd with protection towards corontlr)' heart 

disease compared with the 101\cr quintile (Folsom cl ol., 1998). In the same fashion. 

hypcrhomocystcinocmio observed in dinlysls patients hos been associated with

various factors. including deficiencies of vitamin Do and 01J or folic acid nprut from

I I I ""nee oltered metabolism and genetic defects (Oostom ct ol., 1999). It is
O\Y rtno C Cll,u , 
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,vell kno,vn 1h01 vilrunin supplcmen1s reduce the concen1ra1ion of homocysteine in 

hoc:1nodialysis patients (Shemin et al., 2001). 

2.9.2. Effects or folic acid supplements on homocystcine 

TI1e etTects of folic ocid supplements on plnsmn homocys1eine levels in various 

disease condi1ions hove been discussed in published li1ern1urc. \Vhilc mony studies 

hove explored the use of folic oeid in lowering homocys1einc In other rcnol diseoses. 

dntn on its use on1011g children ,vith NS arc scarce. 

Mnny investigators hnve reported 1hnt folic acid odministmtion in doses varying from 

I 10 IS mg/dD)' produces, on overage. o 20-40% reduction in the ti lc) levels in 

dialysis policnts. even in the presence of nonnol or elevn1cd folic acid concen1m1ion 

(Bostom et al., 1999). Chnuveau et al., ( 1996), sho,\cd 1hnt supplcmcnllltion of folic 

ocid o t  o phonnocologiC11I dose hos been sho1vn to reduce fasting plnsmo ti Icy 

conccnlrntions in CRI palicnlS. In o rnndomitcd ond conlrollcd 1riol, Molinow ond 

colleagues sho,vcd 1ha1 consuming bn:nl.fiist cerenl fortified with 499 or 665 µg of 

folic acid per 30 g of cereal for S wctks reduced fosling plasma tHcy conccnlrntions 

(Molinow cl ol .. 1998). In l)'Picnl \Vestcm populations, supplcmcntntion with both 

O.S-S mg doily folic acid ond obout 0.5 mg doily vilJlmin 011 should reduce blood

1Hcy concen1m1ions by oboul o quarter 10 o third (for c11nmplc. from about 12 ,,�110 

8-9 1,M) (Homocystclne Loi\ erin11 Trlalists' Collnbomtion, 1998). Similarly, another

study demonstrated 1h01 oral rolic acid supplcmen1n1ion 01 S mg three times ,veckly 

(together ,vith pyrido11inc (250 mg twice "eckly) and vitnmin 012 ( I mg 1wicc

weekly) allows O substontinl (40%) ond sustained (�6ycnrs) reduction in fasting

plnsmo tllcy concentrations wllhout any oppnrent side clTcclS In 78 CRI pMicnis

(J I 1999) In the snmc vein, Corolla cl ol., (2002), sho\\cd 1h01ungcrs ct o .. 
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supplementntion ,vith 5 mgfdny of folic ncid wns nblc to incrwsc significnntly both 

red blood cell folatc nnd scrum folntc levels and reduce tHcy level in Italian smoker

blood donors. Araki et al. (2006) studied the eITccts of folic ncid supplemcntntion in 

32 healthy mole Japanese volunteers aged 20-29 years. At the end of the 2 week 

supplementation period, the tHcy concentration decreased significnntly ond scrum ond 

red blood cell folntc concentrations incrcnscd. Anderson ct ol., (2010), loter sho1 1cd in 

nnothcr study that the decrease in tHcy ,vas not dose-dependent. 

Apart from its use in patients 1vith kidney discnses. the use of 5-

methyltctrnhydrofolatc or folinic ocid has led to a greater decrease in fasting plasma 

ti-Icy levels thon that observed 1vi1h folic acid supplcmen101ion in henrt disease (HD) 

patients (Perno et ol., 1997, Touam et ol., 1999). Although the use of the active 

reduced fonns of folic acid appcnrs 10 be preferable in I ID poticnis (Touom et al.,

1999), additional trials ore needed to confinn their efficacy, define their optimal dose 

and evaluate their safety in such patients. Gu11om1sen ct ol., (1997), explained 1h01 the 

homOC)Steine-lowcring eITect of folic acid was probably due to an improvement in 

the rc-methylotion path,vny of homocystcinc 10 methionine. 

Moreover. folote supplcmcnLDtion in hocmodiolysis patients hod no honnful 

consequences (particularly gos1roin1cs1inol distress), ahhouih doLD concerning long

term cvoluotion in such patients ore limited (van Guldcncr ct al., 1998). Since this 

supplcinenLDtion hos no opp3rent side effects, and is Inexpensive, nnd rennl patients 

arc considered to hove incrensed cardiovnsculnr risk status, rolatc thcmpy m11y be 

given. For haematological, neurological nnd immunologic.of reasons the co1nbino1ion 

of folote theropy with vitamin 812 (I rn&(dny) (Clio, I 998) and vi tom in 06 (50

ntg/dny) is rcconimcnded in such patients (t.lydlil-. ct ol., I 997). A more recent stud) 

hos observed that folic ocld treatment reduces LDL oxidation nnd regulates the 
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inflammatory response of peripheral blood mononucleor cells 1n 

hyperhomocystcinacmic subjects (Holven ct al., 2002). 

2.9.4. Effects or ,•itnmins B11 and 06 supplcmentnllon on ho111ocys1eine 

!\1ost researchers oficn combine che use of vicomins 812 nnd 86 in studies rclocing 10 

homocys1eine lowering effects. \Vhilc subslllntial evidence have been gencrn1ed on 

the e1Tec1ivcncss of folo1c and folinic acid, pyridoxine supplementation, on the other 

hnnd hos sho,vn no sisnilicant clTect on fnsting tHcy levels in J)llticnts wilh rcnol 

diseases in l\\'O previous studies (Amadottir ct ol .. 1993, Chouvcnu et nl .. 1996). 

Ho,vcvcr, itt hos been sho" n thnl giving folic acid and vitamin B6 supplements to 

healthy siblings of patients ,vith premature otherothrombotic diseases decreased 

occurrence o f  abnormal clcctrocordiogniphic tests. This was consistent with decreased 

risk of nthcrosclcro1ic coronory event in the same cohort (Vem1eulcn et nl .. 2000). 

Dierkes et nl .. (1999). in nnother study reported that vitamin 812 supplementation 

elTectively decreoses both plosmn tHcy in ESRD J)lltients with lo,v 811 levels nnd 

concluded thnt the findings illustrated the close lntcm:lotion between vilnmln 012 nnd 

folatc mctobolism. Vitnmin 1312 supplements ore useful in folatc trcalcd patients to 

prevent cob31n1nin deficiency nnd its neurologicnl consequences (Billion e1 nl .. 2002). 

On the other hand, vito,nin 06 supplcmcn1n1ion wns sho,, n 10 abolish the increased 

risk of thrombotic event bolh ortcriol ond venous in pn1ients with NS (Poddo cl ol .• 

2007). In the Atherosclerosis Risk in Communities (ARIC) stud), the higher quintiles 

of ihc vitamin ab dis1ribution ,.,ere ossoeiotcd wilh protection towards coronary heart

disease com pored with the IO\\Cr quintile (Folsom cl ol .. 1998). 
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2. IO Apolipoprotc:in A I

APO A I is the main protein component of IIDL APO A I acthatcs lecithin 

cholesterol ncyltronsfcrnsc which catalyses the cstcrifit11tion of cholesterol. The 

resulting cstcrilicd cholesterol con then be transported to the lher, mc111boliscd and 

excreted (Rifai, 2000}. Persons "ith :11herosclcro1ic voscular changes frequently 

c:1.hibit dccrcnscd le\cls of APO A I. E, en if the concentrations of apolipoprotcin B 

ore normal, n decreased APO A I level may be a risk factor for athcrosclcrotic 

processes. Decrcosc:d levels of APO A I also occur in dyslipoprotc:inoe111io, ocute 

hepatic cirrhosis and insulin-trentcd patients. Agbedono et al. ( 1990} found 1U1

elevated apolipoprotcin A conccntrotion in childhood nephrotic syndrome suggesting 

the presence of on Apolipoprotein A-rich high density lipoprotcin in nephrotic 

children. 

As a mojor component of the high-density lipoprotcin co1nple:1. ("good cholesterol"), 

ApoA-1 helps to clear cholesterol fro111 arteries. Oastoni ct al. (2006) reported that lhc 

out of nine French Conndnion men ,,ho \\Cl'C 35 ) e:us or more with o mutation 

(El64X) hod developed premature coronary artery disease. Apo A I Nlilono is o 

naturally occurring mutDnt of 1\po A I. It wos first described in 1980, as the first 

I.no" n molecular abnormality of apolipoprotcins (Franceschini ct al., 1981 ). Carriers 

of this ,nutDtion ho,e ,cry lo" IIDL cholesterol lc,cls. Oiochcmicall), ApoA-1 

contoins on c,tro C)Stcinc bndge \\hich causes h to c,ist os either homodimer or 

hctcrodimcr "ith ApoA-11. llo\\c,cr, the cnh:inccd card1oprotcc1i,c octivit) of this 

h. h l''cly depends on cholesterol emu,. cannot easily be replicated b)mutant, w 1c '" 

• 
Ill ts (Zhu ct al 2005). ApoA-1 t-tilono hos also been sho\\ n ,nother t)'Stc1nc mu n ·• 

small clinicol trillls 10 ha,c a stntisttcall) significant clTcct In reducing (rc,crsing)

plaque build-up on orteriol walls (Nissen ct al., 2003).
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Apo A I also plays some roles i n  other diseases. It protects against Alzheimer disense 

by a synergistic interaction with nlpha-tocopherol (Vollbnch et al., 2005). Apo A I 

binds to lipopolysaecharidc or cndotoicin, and hllS a rnojor role in the anli-cndoloicin 

function of I IDL. In one study, n decrease in ApoA I levels "as detected in 

schizophrenia pntienls' CSF, brain and peripheral tissues (Hullng cl al., 2007). 

2.10.1. Factors affecting Apo Al activity 

Apo Al production is decreased by cnlcitriol, and increased by n drug that antagonizes 

it. Exercise or stotin treaunent may cause on incrcnsc in H DL-C levels by inducing 

Apo Al production. but this depends on the GIA promoter polymorphism. 

2.10.2. Slgnilic:incc or Apo A I In rennl ,llscnses 

Apolipoprotcin A I (opoA I) is o component of the high density lipoproteins (HDL) 

that rcgulotcs the transport of cholesterol bct,�ecn the liver and peripheral cells and 

modulates the rcn1ovol of any excess of cholesterol from membranes. Any variation in 

opoA I composition may modif) the ph1sma lipid profile and be invol�cd in 

nthcrogcnesis. The concentration of plasrna apolipoprotcins in the ncphrotic syndrome 

generally rcnccts the nhcrotions in lipoprotcin metabolism. 1l1us. there ore elevated 

levels of apo O, C-11. and E. which ore nssocintcd with VLDL ond LDL; on the other 

hand, the levels of the major opolipoprotcins nssoclntcd with HDL. npo A·l nnd A·II, 

ore usually normal (Rndhakrhhnon ct nl .. 1993). 

Recently, Santucci cl ol. (2011) invcstigntcd Apo A I composition in plnsmo of 6 

children with nephrotic S)'ndromc. Using the non-dcmnurlng l \\O·dimensionol 

electrophoresis (Nol/SOS-PAGE), moss spcctromcuy, western blot and pull dO\\n 

experiments, Santucci and colleagues (2011), chnmctcrlsed Apo A I proteins and 
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defined putative interactions. The study showed that opoA I isofonns were 1nuch more 

present in plosmo of ncphrotie patients com�red 10 normal individuals. These 

finding.s shov,• that opoA I pln.smn in ncphrotie syndrome is heterogeneous in tt!nns of 

molecular ,,eight. Overall, the findings suggest that fragmentnlion and transpon of 

Apo A I 1nny be invoh•ed in the general disorder of lipid 1nc1nbolism 1h01

characterizes ncphrotic syndrome. 
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CHAPTER THREE 

I\IATERIALS AND l\'tETHODS 

3.1 Study site nod population 

This study \\'tlS carried out at the Paediatric Nephrology Clinic ond children's ,vords 

of the University College Hospital (UCH), lbodnn, The Hospitol is located in Ibadan 

North Local Government Aren, lbadnn; IBNLGA (Appendix I). 10 LGA is one of 

the live LGAs that constitute the main Ibadan. The University College Hospitol. 

lbndon serves as n n:fcrrnl centre for the residents of lb:idan ond the people of the 

South-\Vcstcm region of Nigeria, The people living in this region ore mainly Yoruba 

ethnic group in Nigeria. Estimated 15-20 new coses of nephrotic syndrome ore seen 01

the Pncdiotric Ncphrology Clinic of the UCI I. Ibadan yearly. 

Children age less than 18 Y= ore the main population of interest for this study. 

According 10 2006 Census. the} constitute about I 5 - 20% of the population of 

Nigcri11. University College Hospitnl is one of the moin centres where children \\•ith 

renal diseases arc treated In the south·\\'CSt of Nigeria. 

3.2 Study design nnd subjects 

This research was pre ond post quasi-expcrimcntol study in design. It involved oge

scx-motched 42 cases ond 42 controls. CIISCs were children ,,ho presented with 

S)'lnptoms, signs and laboratory features or ncphrotic syndrome white the control 
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group comprised apparently healthy children, who come for routine check up or minor 

surgeries 01 the clinics ,vithout S)'mptoms suggestive of renal di senses. 

For coses: 

• Inclusion criteria were:

• Children aged O to 15 years

• Diagnosis orNS based on the presence or

o High total cholesterol ->220mg/dl

o Mnssive protcinurin (3 or more pluses)

o l-lypoolbuminoemio - scrum albumin< 2.Sg/dl

o \Vith or without oedema

• Exclusion criteria:

• Absence or one or more or the features stated under inclusion

criteria.

• Presence of liver disorders. severe protein energy n1nlnutrition and

paticn1 who hod porncctamol poisoning.

For the control group: 

o Inclusion criterion was the absence of symptoms, signs ond

laboratory findings (nonnal urinalysis) suggestive of renal diseases.

0 1l1e m11in exclusion criterion wos presence of symptoms. signs and 

loboratory findings (normal urim1l)sis) suggest he or rcntll diseases, 

liver disorders. sc,crc protein energy malnutrition 

J.J S:unplc sil.c colculntlon

Joven et al (2000), reponcd thnt 26.0% of the p:1tic111s \\ ith ncphrotic syndrome and 

7.4% of health)' control subjects had hypcrhomocystcinncn1ia Substituting the above 
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proportions of subjects ,vilh hypcrhomocystcinacmio in the fonnula for calculating 

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

controls to be studied ,vns calculotcd ns below: 

. \Vherc, 

I\'= 2[2. J2µ(1- /J) + z, �J>.(1- P1 )+ P1(1 - P1 ) )
1 

(Pi - P1)
1

N= number of subjects in each group 

Z.. • type I error, at level of significnncc of 0.05 (95% confidence interval) • 1.96 

Zp -type 11 error. at Power of80% (that is 1}=0.2) a 0.84 

P 1 = Assumed proportion of patients \\•ith Hyperhomocysteinnemin.. 0.26 

P2 = Assumed proportion of control ,vith Hypcrhomocystcinocmio. 0.074 

- P.-P.
p - ' 1

.. 0 093 
2 

Therefore, 

(I .96J2(0.093){0.907) +0.84J0.26(0.74) + 0.074(0.926))1 

N • 2 =-----!-=---=-=----'=----!..-_;_--':...__.....:._--=..!... • 16 0.186 
A minimum of 16 coses ond 16 controls were required for the study. In order 10 

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

controls ,vere the minin,um number of subjects required for this study. 

3..1 Snn1pllni; (lrocetlurcs 

Consecutive pntients with diagnosis of ncphrotic syndrome seen ot the Paediatric 

Ncphrology Clinic \\ho fulfilled the obo,e stated Inclusion criteria \\tre enrolled os 

cnscs. The control &rOUP \\Crc selected nmong apparently healthy children \\ho come 

for routine medical check-up (such os school entrance cxon,inntlon) ond minor 

surgical procedures such as hcmiorophy. clcfi lips repair ond Ii porno excision. 
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3.5 Conduct or the study 

Parents of all eligible children \\'Crc approached for consent 10 pnrticipnte in the study 

Ill first visit. Children whose pnrents gave consents \\Cre interviewed by the 

investigator using n structured questionnaire (appendix VII I) that contained items on 

demographic chamctcristics of cnch subject. Blood nnd urine samples \Vere collected 

for estimation of plasma homocys1eine. lipids, scrum albumin. scrun1 protein. serum 

cn:atinine, serum folatc, Vi!Dmin 011, vitomin 06 nnd urinary protein. Those \vhosc 

test results and clinical features met the inclusion criteria were given another 

opp0in1men1 on \\hich day he or she wos oskcd to fn.st during the previous night. 

About 5ml of fasting blood sample \\'OS collected and dispensed into on anticoagulont 

contoincr nnd plain bottle. AOer the results \Vere revie\vcd, oll patients who hod high 

level of homoc)steinc \\'Crc given 5mg or folic acid !Dblct (Dr Meyer's Folic acid by 

VITA BIOTIC) nnd o tablet or vi!Dmin O complex daily for n period or three months 

under the super\ ision of the Consultant Pocdlotric Ncphrologists. Patients \\ere 

follo11cd up 111 intervals of2 \vecks during this period in oroer 10 replenish their stock 

or vilnmin supplements. Repc.ilcd phone calls ,,ere mode by the in\'estigntor 01 least 

once ,\cckly to remind the c:nrcgivcrs or mothers of the need 10 adhere to the vitamin 

supplements. 

At three months another 5ml fa.51ing blood samples were token to repeat all the 

biochemical parameters determined at baseline. Other clln,col data rclc, ant 10 thi�

research were obtained 01 baseline and end of the three months follo\v up .

J.G LAOORATORV PROCEDURllS

All IDbor.llOI)' procedures ,,ere ciirrlcd out under Good Laboratol'} Procticrs

All blood samples \\ere convened 10 the laboratory ond centrifuged within I hour

oOer collection. 

••

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



3.6.1 Determination or plasn1a totnl cholesterol 

Plnsmo cholesterol ,vas detennined using Enz) motie Colorimetric End Point rnethod, 

ChOD-PAP (Vitnl Dingnostics SPb Ltd. Engel so prospect 27. bid 128. 194156, St. 

Petersburg. Russia). This method ,v:is based on the n1cthod of Alloin (1974). 

Principle: 

This involves enzymatic hydrolysis and oxidation. The indicator quinonciminc is 

fonned from hydrogen peroxide nnd 4-aminophcnazone in the: presence of phenol nnd 

peroxidise ns sho,vn below: 

Cholesterol esters ,.,._. .. ,._ Cholesterol + fatty Acids 

Cholesterol+ 02 __. .- .Cholcstcrol-3-<>ne + H�02

21 '201 + Phenol + 4-Aminoantipyrinc ..__ .. Red quinoneimine + 2Hi0 

The optic:il density of the colour of the formed quinoneimine ,v:is measured ot o 

,vovelength of 500nm using o spectrophotometer SP-850 (Mctcrtck UK).

CommcrciEl!ly ovniloblc hum1111 quolity control s.implcs os ,�ell ns stnndnrdizcd pooled 

plasma of kno,vn concentrotions were included os quality control s:imples for each 

a.ssny. Cholesterol concentration in a snmplc is proportional to nbsorbancc increase 

me8Surcd 01 S00 nm due to the red quinoneiminc production. 

Assay procedure: content oftest tubes r I, T21111d TI ,,ere 

Reagent I 

Snmplc 

Calibrator (standard) 

Di-distilled \\atcr 

Tl Tl T3 

2.0mL 

0.02mL 

2.0mL 

• 

0.02mL 

• 

,, 

2.0mL 

0.02rnL 
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• Reagent I, Sample, calibrator (standard) and bi-distilled \\Dier were pipcltcd

into tcs1 lubes ns sho,vn above.

• The mixtures were incubated ror S minutes 01 ,,orking tcmpcraturc (37°C).

• Absorboncc or the somplc (Au,..,i.) and cnlibrntor (Aaiitnior) ,,ere read against

rcngcnt blnnk :11 500nm spcc1ropho1omc1cr SP-850 (t-.lctcrtck UK).

Cnlculntion: 

Cone or (lest) - Optical density of s;implc x Conccn1ra1ion or s1andord 

Optical density or stondord 

J.6.2 Detcrnlinntion of triglycerides 

Plosmn triglycerides levels ,vcrc dctcm1incd by enzymatic colorimetric method using 

test kh (Vilol Dlngno�tics SPb Ltd. Engclso prospect 27, bid 12£3. 194156, St. 

Petersburg, Russin). 

Principle: 

This involves an c11Z}n1a1ic lipol)sis or the triglyceride content or the sample with 

liposcs. The indicator is quinoncimine formed from h}drosen peroxide, 4. 

aminoantipyrine and 4-chlorophenol under the rolJllytic innucncc or pcroxldisc as 

sho,vn below: 

Trislyccridcs u,- glycerol + folt> acids 

Glycerol + ATP Ol)<m,Li.. glyccrol-3-phosphalc + ADP

Ot,<fflll.J.�• -Glycerol-3-phosphnle + 01 -=:.=::..:.:..;,;;;_ __ + dihydroxyncetonc phosphate +

• • • 

211101 + 4.Chlorphcnol + 4-Ammo:inupyrme l'clouJac Red quinoncimine + 4H20

The optical 

wavelength 

density or 1he colour of the formed cornplcx wos rnensurcd 01 0

of SOOmn using o spcc11opho1omc1cr SP-850 (Meiertek UK).

so 
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Coinmcrcially o voiloblc humon qu31i1y conirol samples os \\'Cll os s111ndordizcd pooled 
plosm3 or kno,vn conccnirations ,vcrc included os quality conlrol samples for C3ch 
assay. 

Assay procedure: c:ontcn1 oficst tubes Tl, T2 ondTJ ,,ere 
Tl T2 T3 

\Vorking reagent 2.0mL 2.0mL 2.0ml 
So1nplc 0.02ml 

Coli bro tor 
0.02ml 

Di-distilled wnier
0.02ml 

• Reagent I, Sample, cnlibmtor and bi-distilled ,,01er ,,ere pipeued inlo test
tubes ns shown above.

• The 1n lxturc was ineubnicd for S minuics 01 37°C.

• The nbsorbance of the sample (A..,..,..) and collbm1or (An1,11n,..) ,,ere read

against reagent blonl.. (TJ).

Calcula1lon: 

Triglycerides conccntr:ition a {Awort.lAcat� x 250)- IO n1g/dl 

\\1here A..,,r,1c • obsorboncc of the sample 

Ac.1,1:nio, • obsorbonce of the colibmtor 

250nig/dl-trig I) ceridcs conccntmlion in 1he calibrator 

I Omg/dl _ free plasmn glycerol corrcc1ion 

3,6.J Oeterniinntion or I IOL cholesterol 

IIDL cholesterol levels ,�ere determined by Phospho1ungsta1e n1ogncsium

prcc1p11011on me o 
. . . 

tliod usinn icst kit (Vilal Diagnos1ics SPb Ltd. Engclsa prospect 27,

bid 128, I 94156, St. Petersburg. Russin). 
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Principle: 

Ch)'IOmicrons, "cry lo,v-<lensity hpoprotcins (VLDL) nnd lo"-<lcns1t) hpoprotc1ns 

(LDL) \\ere prcc:1pit11ted by phosphosphotungstllte nnd m11sncs1111n. Ancr 

centrifugation supcm11tont contnincd only h1aJi-dcns1ty hpoprotc1ns (1 IDL). The 

mi,ture ,..,ns allowed to stand for IS minutes 111 room tcmpcnnure before 

centrifugation v,ith Ccntllur centrifuge (England) at 3000 rc,olution per minutes for 

IO minutes. The IIDL conccntmuon \\IIS 1nc:uured on the �c method as the 

conccntrotion of totnl cholesterol (Allain ti al, 1974). 

Comn1crcially nvnilnblc human qualit)' control 5311lplcs as ,,ell I\S stll!ldord12-cd pooled 

plnsn111 of kno,, n conccntrotions ,,ere included as qU3ht) controls for each MSO)

Assny procedure: content of test tubes TI. T2 and 11 \\ere 

I. So1nplc Prccipitlltion

Sample 

Distilled ,,oter 

Reagent I 

Calibrator 

Tl 

O.ISmL

• 

0.3,nl 

• 

n 

• 

0.3mL 

0 ISmL 

n 

• 

0.15ml 

OJmL 

• Sample, distilled \\Dier and reagent ,,ere pipetted into test tubes.

• The mi:>,turcs were incubated 01 ,,ori.ing temperature for IO minute>.

I 5 centrifuoed 111 3000g for 10 minutes 111 room tempcniturc (18-
• The snmp e ,�o o 

2S°C).

• 
r: I brotor and rc;igcnt bl3nJ.. do not require centrifugauon.

• 111c \OIUUOnS ,or CD I 
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2. HDL Assay: con1ent of test tubes Tl. TI nnd TJ ,,ere
T l T2 Tl 

Supcmntnnt 
0.2ml 

Rengenl Olnnk Solulion
0.2ml 

Totol Choleslcrol Rcogent 2.0mL 2.0mL 2.0mL 
Cnlibrntor Solu1ion 

0.2ml 
• 'Ilic supcm1unn1, rcogcn1 blnnk ond 10101 cholcslerol reagent were pipcned inlo

the tcs1 tubes ns sho,vn.

• The mixtures were lncub:ucd 01 18-2S°C for IOminutcs.
• TI,e Snmplc Opticol Density (OD..,,,,..) ond the Slandard Oplicol Density

(OD,111) ,vcrc rend ogoins1 reogen1 blanl...

Calculation 

In (plasma): 

C .. 0D-.JOD,ld x SO (nig/dl):

\Vherc: 

OD..,,,.,,. Sample oplienl dcnsi1y 

0D,111"' S1nndord optical density 

50mg/dl - Cholesterol concentration in Calibrator. 

3.6.4 Dctcrn,innlion of LDL cholesterol 

The Fric:de,vnld fonnula \\'llS used 10 cnlculnle the Lo\\• Density Lipoprotein (LOL)

cholesterol concentration, except in subjeclS 1vi1h scrun1 lriglyceride levels

>8.0mmoVlitre (IZricdc\\old ct nl •• 1972). expressed as:

lolal Cllolcstcrol • (high-density lipoprotcln cholesterol +LDL cholcs1crol • 

[triglycerides +- SI). 
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3.6.S Octcrn1lnatlon or total protclR 

To1nl prolcin wus determined using Oiurc1 mc1hod described by Krohn (2002) 

Principle. 

Cu"+ Protein -+ Cu-Pro1cin Complc, 

Pol>ptptidc containing 01 lcas1 t\\O peptide bonds rcncts ,vi1h Oiurct rc11gcn1. In 

olknlinc solu1lon. cupric ion forms a 1,1olc1 coloured complc, with protein nitrogen 

Absorbnncc n1co.surcd al 520-560nm Is proponionol 10 the 10131 protein conccn1m1ion 

In a \l\n1plc. 

Reagen ls: 

Rcngcnl I - Monorcagcnl 

Sodium h>droll.ide 

Po1assium-sodium 1ann11c 

Poto.ssium iodide 

Copper sulphate 

Cnlibm1or 

Albun1in 

Noel 

• 

Rcai;cnls prcpam11on 

1. Prcpam1lon of \Vorking Rcogcn1:

500mmol/l 

SOmmol/L 

7Smmoll. 

30mmoVL 

70g/L 

l54mmol/L 

Oilulc Re.igcnl 1 ,vns diluicd with water 01 the proponlon 1+-1. 

2. Calibrator \\1lS rc:id) for use.
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Ass.ny procedure: co111en1 of test tubes Tl, n and TI ,,ere 

Tl T2 TI 

Sample 0.1ml 

\Vorklng reagent 5.0ml 5.0ml 5.0ml 

Cnllbnuor 0.1ml 

Oi-dls1llled \\Dier • • 0.1ml 

• The sample, ,,orl..ing rc.1gen1 nnd colibro1or ,�ere pipcucd inlo lhc lest tubes os

shown.

• TI1c 1ni,.1urc ,vos incubated for JO minutes 01 18-25'C

• Absorbancc of the Sample (A""'lllo) ond Colibrotor (A..., ) "ere rcod against 

rcogcnl blank 01 540nm.

Colculn1ion: 

TolOI protein concentrolion A�Aa111tn1o1 x 70s/L 

\Vhere: 

A,.� Absorbnncc of the Somple

Au1,_ ab!.Orbtlnce of the et1llbm1or

70g/L - To1al protein conccnuution in 1hc Calibrntor 

Unit con, crsion: I s/L 0.1 g/dl, 

J.6.6 De1ermin111ion of albumin

Albumin \\QS n,easurcd using Colorimetric method \\ilh Oromocrcsol Green

described by Mnruihnmu1hu ond 1'lshorc (1988) 

Principle. 

Albumln concc:nuution is proportional 10 obsorbancc Increase 01 628nm due 1o 1he

olburnin bromocrcsol green eomplc, formolion.
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Rc11gcn1 I Monon:11gcn1

Acc1n1c bulTer. pl I 4.2

13romocresol Green

Surfoc1an1 

Cnlibnuor 

N11CI 

S0.0mmol/L 

0.IOmmol/L

26gfL 

60g/L 

154mmol/L. 

Assay procedure: con1cn1 of1cst tubes Tl, T2 ond rJ \\Cn:

Snn1plc 

Reagent I 

Calibrator 

Bi-distilled \\'Iller 

Tl 

0.01ml 

2.0ml 

T2 

2.0ml 

0.01ml 

11 

• 

2.0,nL 

0.01ml 
• The somple. reagent I nnd cnlibmtor \\en: pipetted into tho test tubes ns

ShO\\'O, 

• The rni>.turc \\llS rncubntcd for 5 minutes 01 18-2S°C.

• Absorbancc of the Snmph: (Aump1<) and Cnlibrntor (Ac.,""-) wns rend against
reagent blank at 590nm. 

Cnlculntion 

Albumin eonecntrnlion • A""'f'l,/A..i,tn. x 60g/L 

\Vhcrc: 

Allffll>I<• Absorbonee of the Sn,nplc 

Aw.br1111<"' nbsorboncc of the �libnuor 

60g/L Albumin conccn1n11ion in the Calibrntor 

Unil conversion. IWI O.lg/dl 
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3.6.7 Dctcrmln111ion or cre11tininc

Cn:otininc wns determined using Fixed-lime JolTe method "ithou1 deproteinisntion
described by Lomb ct nl., (2006).

Principle: 

In nlknline mcdhnn C�tinine ronns o red coloured con1plex with picric llCid. The
rote or obsorboncc increase is proponionol 10 1he crco1inlnc conccn1m1ion in 1hc 
sample. 

Ren gents: 

Rcngcnt I 

Picric ncid 

Rcngcn12 

NnOII 

Surfactant 

Colibrator 

Reagent prcpnm1ion: 

Prcpnm1ion or\Vorking RC11gcn1 

20mmol/L 

260mmoVL 

26g/L 

l7.7mmoVL {2g/L)

• Equal volumes of Reagent I and Reagent 2 ,ven: ,nixed. The mixtures \\Cre

incuboled 01 37°C ror 30 minutes before the test execution. 

Preparation ofCnlibra1or 

• The required quru11i1y or the Cnlibmtor ,1•ns diluted with bi-distilled \\'Iller in
proponion I + 99 

Cnlibr.11or concentration oner dilution .. I 77µmoVL (2n1g/dl) 

A edurc· contcnl of test tubes Tl, n and T3 were ssny proc 

Tl T2 

57 
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\Vorking reagent 400µ1 400111 400µ1 

S:imple 80µ1 • 

Diluted Calibrator 80µ1 • 

Bi-distilled "nlcr 80µ1 

• Ille \\Orl..ing rc:iacnt, sample nnd calibrulor \\etc pipetted into the tc�t tubes ns 

ShO\\n 

• The 1nixturcs \\Crc incubated ror l minute at 37"C.

• Absorb:incc (A1) \\D) re:id

• Absorbanec {A1) \\OS read in 60 $CCOnds.

• Absorb:ince for the sample ond cahbnuor "11S calculated O.A A1 A1

Calculation 

Crc:llinine conccntmtion .. o.A_. /o.Aai:,. l 7711mol1L 

\Vhcre: 

O.A..,,._ = Snmple Absorbnnce chnngc 

AAa1 = Calibrator obsorb3ncc ehnni;c 

l 77µmol/l -cre:itinine conccnlrotion in Collbrutor

3.6.8 Crc:itininc clco11111cc 

The crcntininc clc:iruncc ,,as coltulalcd from serum crentininc. u1,ing lhe Cockcron 

and Gault fom1ula (Cocl..cron and G:ault, 1976). Nonnnl renal function, mild and 

modcrotc•\c,crc reno I fRllure \\Crc defined as Crclltininc clearance; �90 mUminfl .73 

m1, 60-89 mUminfl.73 m1
• IS· S9 mUm1nfl 73 m2 �pccthcly.

CrCI ((140 age) x IB\\') /(Ser:.. n) (:,. 0.8S for rcmalcs) 

10\V Ideal body \\Cl&ill
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3.6.9 Dtltrmlnatlon of strum urta 

Principle: 

A rapid 11nd reproducible me1hod is described ror mco.surcmcnt or ul'C3 in scrum 

(\'•ilhou1 dcpro1cinis.ition) Urc.i Is colorimctrici,lly dc1cnn1ned with diocc1yl 

monoximc nod thlosemicorbai.ide in  the pl"C5Cncc or sulphuric ncid. phosphoric ocid 

ond ferric chloride. 111c scnshivil) of 1hc colorimctnc rcac1ion and s1abiht) of 1hc 

colour ore cnhnnccd O\'er exis1ing rel:11cd procedures and 1hc scrum bh1nl.-<lim1nishcd, 

cnobling urc:i to be precisely measured in micro amounl5 (1-SµI) of scrum. 

Rc11gcn1s: Prepare 

I. (Acid-ferric solu1ion To JOO ml or conccnlratcd sulphuric acid and 600 ml

distilled. I 00 ml or conccn1ratcd phosphoric acid \\'llS added. In this solution

100 mg ferric chloride \\GS dissolved, 

2. Oiactl) lmono,imc (DAl\lO)-thioscmic.irbu1dc (TSC) solution In distilled

"n1cr 500 n1g DAl\.10 and IO mg TSC \\ere dhsol\cd and diluted 10 I 00 ml

3. Chro1nogcnic rc:ii;cnt. 'l\,o p:irts or Rc.-igent I ,v:i\ m1i..cd wilh one p:irt of

Rcn11en1 2 in1mcdio1cly before use

Procedure: 

To SµI or scrum. 3 ml or chromoi;cnlc rcngcn1 \\'US nddcd rollo\\cd by 0.1 ml ofDrij-

JS solution (Sii;mo Chemical Co.). This ,,os mi,cd vigorously nnd heated ror S min in

0 boiling ,,atcr b:ith. 11 \\'.IS cooled Cllld absorb:lncc \\llS measured 01 525 nm oeoinst o

blank composed of  SµI of dis11llcd \\Oler plus 3 ml or rcngenl 3 and 0.1 m l  of  Drij-JS

solution. A stnndord cunc \\OS prepared ,,ith ,or)ing conccn1m11ons of  urea (0-ISO

. Ii I olumc or Sul of distilled \\Dier Scrum blnnl.s \YDS prcp:irtd for eachnmol) 10 n 10:1 ' r 
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sample. IOµI of urcnsc solution (f)pc VII. Sigma Chemiail Co_ 0.1 mg in I ml 

dhtlllcd ,..,otcr) WO!> 11ddcd 10 10µ1 of scrum, incub:itcd for s min 01 J7•C 

1 he correct bl:inl. ob10rbancc for use in ailcul.i11on ,,as ob1aincd b) multiplication 

,..,ith the dilution factor (X2). 

I or onlinor) purp0$Cs tOrTCCI for scrum blank b) subtmctina 0.4 nmol (0.08 mmol l 

\\hen using SµI scrum) from the result r�d off from the SUlllcbrd cur\e 

3.6.10 Dc1crmln111lon or pla rnn homoC)slcinc 

fllo\mo homocysleine lc,el \\OS determined using an eru)mc immuno;assa) n,cthod 

descnbcd b) rrontzcn ct ol.. (1998) using 1cs1 kit from A,is-Shteld Oia�oslics l.1d, 

UK. 

Assay principle: 

Axis llomoc�tcinc EnZ}mc lmmun03s.s:I) (Cl\) 1s an CIIZ)mc immuno.1SS3} for the 

dc1cnnina11on of llomocystcinc 1n blood (Frantz.en ct 111. 1991). rrotein-bound 

llomoc)stcine is reduced 10 r� Homoc)�tcinc and cn7)m3ticall)' con,crted to S· 

odcnosyl-L-homoc) steine (SAIi) In o \4:1)3111te procedure prior to the 1mmuno;ass-.sy 

(Sundre hagen E. A ,1s Biochemicals A A Enz)mlllic �) for homoc)steinc and a

I.it therefor. EP 6231741\JSS631127). The enz)mC is specific for the L-form of

homoc)stc1ne. "h1ch is the onl) form Jl(CSCnt In the blood 

Reduction 

llonioc)slcinc (lie)), m,,cd disulfide and protein-bound forms of homoc),1C1nc in 

the S(lmplc ore reduced to free homoc) s1einc b) use of dithiothrcitol (OTT).

rrot-SS-1 Icy 

"RI-SS-Hcy 

l lc)-SS-Hcy

OTT 

•RI is any thiol-rcsiduc

llcy 

-----�--�-

I 
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E111ym11lc con,crslon 

Homoc>steine in the test sample is con,cncd 10 S-:idcnoS)I-L-homoc)'\telne (SAIi)

by  the use of SAIi h)drolnsc ond excess odenosinc (Ad). 

Hey+ Ad SAll·h)drolo� SAIi + 11,0

The folio" ins solid-phRSe cn1.ymc immun03SS3y is b:iscd on competition bct\\ccn 

SAi I ln the sample nnd Immobilised SAIi bound 10 the "alls or the m1croti1re plate 

for bind ins sites on o 1nonoclon11I anti-SAi 1 antibody. AOer removal or unbound anti· 

SAIi antibody. a sccondor) rabbit anti-mouse 11n1ibod) labelled ,vith the cnz)me 

horse radish pero>..idhe (l lRP) is odded. The pcro,idi)C ac:ti\ ti) is measured 

spcctrophotonu:tricoll) nOcr addition or substrate, ond the absorb:lnce is in,erscly 

related 10 the concentration or Hey in the S111nplc 

Procedun:. 

All solutions ond microtitrc strips arc equilibrated to room temperature before use. 

The kit wos lcO nt room 1cmpcroturc ovem1gh1. Colibrotors \\Cl'C run in duplicate and

o nc,v c.,libmtion curve \\OS pcrfonncd for c:ich run to a,oid run-10-run vorintions

using c:o:11cd microtitrc plates. 

Son1ple prc:-trc111n1e111 procedure 

1. Smnplc pn:•trc:umcnt solution "ns mode up no more than 1 hour prior to the

ston of the assay a.s Instructed by the m11nufnc1urcr

Volume needed per 10 samples.

Mixed 

RcaGcnt A - 4.SmL 

Rcogcnt B -0 2SSmL

Re.1scnt c 0.25ml

2_ Colibrotol'\ ond samples/controls "ere diluted in jjl11Ss tubes as follo\\s
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Tv,ent}-li,c microlitrc c:ilibrntor/sample/control + 50011L sample prc-

1rc:itmen1 solution. The mi:\turc was mixed \\CII. n,e n1ixturc wns lncubotcd 

for 30minutes ot 37°C (co,cred ,vith p:irnfilm during incubation). 

3. Before the samples ho,c cooled. SOOµL Rcogcnt D ,vas added, mi;,.cd ond

incubotcd for 1 Sminutcs :11 18-25°C.

4. Then SOOµL Rcogent E ,vns added and mixed \\ell. The mi;,.1ure ,,us

incubated for S minutes :it 18-2S"C.

l\flcolllre pl11te proced ure 

S. Diluted 2511L or Clllibrntor/siunplc/control ,,as pipetted from step 4 into the

\\ells of the SAIi coated micro111re strips.

6. T\\o hundred microliu-e of Reagent r ,,as 11ddcd 10 each ,,ell and incubo1ed

for 30m1n 111 I 8-2S°C. The plate ,,us co,ercd ,vith the enclosed lid during

incubation. 

7. The plate ,,o.s then ,,ashed \\ilh diluted ,,11Sh bulfcr ((OUF \VASH) + purified

,voter) using 3 ,.. 400µL. The ,�ells \\ere emptied on paper 10,,els oner

"ashing 10 rcmo,e excess bulfcr

8. One hundred microlilrc Reagent G wDS added 10 c:,ch ,,ell 11nd incubated for

20min 11 I 8-2s•c

9. This ,,a.s \\"11.hed "ilh diluted "ash bulfcr l(OUl"/\\ASII) + purified ,,111crJ

using 3 x 400µL lne \\ells ,,ere emptied on p;ipcr IOl\cl

IO. One hundred microlitrc Reagent II'''" 1Jdcd 10 c:ich \\ell ond 1ncub,11cd for

tOmin 111 l8-2S°C

11 One hundred microlhrc Re:igcnt S \\'M 11t!Jed to each \\ell.

12. This l\'U shAl-ffl anJ at,,,ort>:,nce of cxh I\CII read on• mitro11lli1c reader al

4S0nn1 "11vctcna1h whhtn I Sm1nu1e>
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Preparation of StandQrd Curve (Appendix Ill): A serial dilution of a �no,vn
concentration of stnndnrds \\'ere prepared 35 sho,, n bclo,,

Slllndard Tubes 11moVL OD Set A OD Set 8 

SI 2 2.438 2.366 

S2 4 2.2n 2.155 

SJ 8 1.972 1.775 

S4 15 1.375 1.164 

S5 JO 0.870 0.740 

S6 so 0.616 O.S24

Calculation: 

From the calibration curve of absorb.ince agninst concentration of the standards. the 

concentrations of the samples \\ere cnlcul3ted. 

J.6.11 Octcrmination of, il:amln Bu (Cl anocob11l11n1in)

Vi14min 011conccn11111ion \\U determined using I IPLC 

Pnne,plc: 

HPLC system use� o mobile-phase pump. o reagent pump, nn outo-sornplcr, n detector 

and a da14 S)'Stcm for dal4 protc\\lnJ and sy�1cm control 

1'hc S)Stcm Is a chrom1to1V1phy, in \\hlch the clucnt is flhcrcd anJ pumped through 

the column, then the sample is l�ed and lnJectcd onto the column and the cffiucn1 i,

mon11orcd using a detector, and the peals arc recorded. The pump of the S)Slem mu\t

be able to gcncnllc high p�rc. pc:rformins a pulse-free output nnd dch\cr no"

rate� rangin" from 0.1 10 IO mVmin. 
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Sample Preparation:

• Into a set of clcon beaker.., I .OmL of t he s:imple \\US pipetted .
• T\\Cnl)-livc mililitre of 0.211CL wns added nnd \\'armed on o \\lltcr bath for

30 minutes. 

• Then cooled nnd the pl I adjusted 10 6.0 using NnOH.
• To this ,vns added IN HCI lo IO\\cr the pH 10 -1.5, then, transferred into o set

ofSO.OmL centrifuge tubes.

• l'vlixturc \\QS shal..cn for 30minules.

• This \\US transferrcd nnd centrifuged for 20n1inutc:s at 2000rpm.

• The supernatant \\'3S collected nnd stored for HPLC determination of the

anal)tes ns follo\\S

o On the insuumcnt ;ind the pump the mobile phase "as selected and the

stationary phase fixed.

o 1',1obile ptwc wn.s a mi,1un: of Accuc acid + Kt.lnO� + I hO]).

o Sl3t1onary ptwc (7..orba:ic Sil 222)

o Flo\\ rate {I SmUminutcs)

o Column tcmpc1111urc (3S C).

0 \Va,clcngu, {4S0 500nm) 

0 All these \\ere computed on the sonw1uc. 

B r. · on the ,nsuumcnt. I .OmL of 11cttic oc1d (speclrOsol) w,� t1ddcd• c,orc runn1ni;

I d and Ulen o SmL of 3,-. 1,.�1no • .oluuon to each samp c, m1i1,c 

, _  r. 20m,nutes and then O Sml. of J''-11-0 and mi,td• It was .. cpl ,or

I f , •0,\n concc:ntrauon ,,ere run on the I IPLC.• 11,cn the �mp cs o un ... , 

• The OMl)tlcal d,IIS \\lli 
automaticall) d"pla)cd on the readout ol the

computer for processing and prinung
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3.6.12 DctcrrninaCion or folntc

Preparation or Rcngcnts

• Ten gram or Ascorbic acid "'BS dissolved in I litre of uhro-pure ,vater, then followed  by 5.0mL of HCI (Spectrosol or HPLC grade).
• Five gram of methcnyl tctmh)drorolic acid ,vos dissolved in 2S0mL of ultra-

pure \Yater and covered properly.

Sample preparation

• Into o set or centrifuge tubes, I.Sn1L of the snmplc ,vns pipened.
• T,vcnty mililitre or Ascorbic acid ''11S added and I O.OmL or oOH. mixed

properly. 

• Five mililitre ofHCI ,vos added and shaken for JOminutes.
• The samples were spin at 1500 rpm for 30minutes.

• The supernatant ,,.ere transferred to o set or clean viols and stored for
determination or the folate on HPLC as follo,vs:

o Folate \\Orking stand11rd ,vos prepared in Diglut:imotetrihydrochloride

solution in the follo,, ing conccntrotions:_ 0,0, 2.0, 4.0, 6.0, 8.0 ppb. 

o The mobile phll5C (i.e. methanol solution) was prcp:ircd.

o The stationary phase \\3S selected (.lorb:i.'< SiL).

0 The reagents ,,ere circulllted.

0 The necesSQI}' informotion pertaining to the identity of the snn,plc:\,

dilution factor of the samples, slllndanls, now rote ( I.Om Umin),

co umn tcmpe,.. ,.. I -iu- (40
.
C) detector, \\llvclcngth were entered (E�1

260nm, E.x 358nm).

,. 
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0 The "'orking standards wen: run on the instrurnent to obtnin R 2 or 

standard cquotion for the cnlculotion of the concentration of the

unkno\, n using the intcrphoscd soO,vore. 

o The concentration of the unkno\�n son1plc \\'OS displayed on the

computer rc3d out for printing.

3.6.13 Octerrnlnatlon of npolipoprotcin At 

Apo A I is based on turbidimctric measurement using test kits from DIA LAB 

production und Vcrtricb von chemisch-tcchnischen Produktcn und Loborinstrumcnten 

GesscllschoO m.b.1-1. A - 235 I \Viener Ncudof Austrio. 

Principle: 

The assay of APO A I is based on turbidometric. Turbidity is caused by the formation 

of antigen-antibody insoluble immune complc.xcs. The formation of the complexes is 

accelerated and enhanced. 

Assay Procedure 

Physiological saline (0.9%) "'BS used in the prcp;irotion of the diO"crcnt dilutions of 

the APO A I st.ondord, snline {0.90/•) wBS used os zero point. 

Calibration Curve (Appcndi:\ IV): Apo Al//\2/0 Colibrotor lligh "ll.S used to 

generate o calrbrotion curve by mol.ing I: I 0, I :20, I :40, 1.80 ond l · 160 dilutions with 

0.9o/t snline ns dilucnts. 

Tubes 

Stnndard mg,'dl 

St.age I 

Dilute Colibrotor N/S 

I 

0 

2 

10 

3 

20 

1/160 1180 

40 

1/40 

s 

80 

1/20 

6 

160 

1/10 
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Stage II 

OufTcr 

Diluted Ca1ibra1or from S1agc I

900µ1 900µ1 900µ1 900111 900µ1 900µ1

10µ1 10µ1 10µ1 10µ1 IOJ1I 10µ1 
The above was mixed and absorb.incc A I of calibrated standard ,vos rend at 340nin.

Absorbnncc 

Antibody rengcnt added

0 0.006 0.012 0.033 0.048 0.073 
60µ1 60µ1 60µ1 60µ1 60µ1 60µ1 

This ,vas mixed, incubated for 51nins at assay 1cmpcrn1ure (18 - 37°C),
The absorbancc A2 ,vas read a1 340nm

Calculation: 6A•(A2-AI)

The dA = (A2 - A I) of the calibrators versus nssigncd conccn1rntion values \\ere
planed on a linear-linear graph paper. The M opticnl densities of samples ond

control(s) \\ere read in mg/di on 1he reference curve. 

Snmplcs ) ielding a bsorbance above highest calibrator \\Crt retested oner funher 

dilution. 

Al 0 0.006 0.012 0 033 0.0-18 0.073 

0.084 0.100 0. 120 0.220 0.322 A2 

0.078 0.088 0.157 0.172 0.249 AA •(Al-Al) 
-

l
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3.7 ,\NTlffiOPOMETRIC i\lEASUREMENTS

3.7.1 \V:aist :and Hip circun1fcrcncc

Each child's ,vnist n d h' n 1p c1n:umfc:rcnces ,vere measured using a non-stn:tchoblc

lope (BullcrOy, Chinn). Every child wns mode to stand upright. TI1e waist 

circumference ,vas taken ot the level of the u1nbilicus (see Appendix VII). while the 

hip ,vos token 01 the level of the greater tro<:honter (sec Appendix VII). All readings 

,vere taken to the nearest centimetre (cn1). 

3.7.2 Height and \Vcight 

Height and ,,eight of e.ich child were measured according 10 stondord \Vorld Health 

Organization (\VI 10) prescribed procedures. TI1e hcigh1 (cm) of each child wns

measured using a graded stadiomcter (Creative Heahh Products. Plymouth, Mich. 

USA) made of a venical calibrated rod and o perpendicular movable headpiece on the 

colibratcd rod (Appendix VI). The child wns asked to stnnd barefooted on the 

measuring board. ,vith his/her back and heel 10 1he instrument. arms 011he sides. heels 

close together and the C)e looking straight ahead, the perpendicular movnblc 

headpiece \\'!IS then lo\',crcd snugly 10 the crown of 1he head (vcne:,c). 

The weight was measured using o b:111cry po11cn:d dig,101 scale (SCCll, Inc. Columbill. 

MD. USA). Though this equipment is sclf-collbroting, zero cm>r of the ,,cighlng

scale 1,115 checked og.11ins1 0 slDlldMrl we daily for the purpose of n:allbratlon. TI1c

children were ,,cighcd \\coring only undcr-wcm 411d bnrcfootcd. TilC) \\Crc oslcd 10

SUlnd 01 the centre of the platform with hand to the side) and the weight was recorded 

0 lk P• .. 'icln.,nts' weight mc:isurcments 1,crc carried out ,, hen ollto the nearest . • g. "" ,-· 

I d .... , ·15 there \\IIS no more clinical evidence or ocdcm1. Theseocdcm11 h11d rcso vc , u ... 

• -·' be the eciuol \\eights oflhc p:uients (di) ,1clgh1).
weights ,verc assurn= 10 
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3.7.3 Dody Mass lndcx (BM1) 

Body mnss index for coch child ,111S calculated ns 1l'cight (kg) divided by height (m) 

squorcd (kg/n12).

J.7.4 Skinfold Thickness �lcasurcmcnts

Skin fold thickness rendings were measured on the right side of the body ot triceps. 

biceps. detoid, subscopulnr, abdominal, thigh and calf using the Longe Skinfold 

Caliper (198S Beta Technology Inc. USA). At these sites the skinfold was pinched up 

firmly bct\l•ecn the thumb and forefinger nnd pulled owny slightly fro1n the underlying 

tissues bcfon: applying the callipers for measurements (Appendix VII). 

• Triceps: • mid 1111y between the Okcmnon nnd tip of the ocromion with the

upper arm hanging vertically.

• Biceps:. over the mid portion of the biceps muscles.

• Subscapular at just below the tip of the inferior angle of the subscopular 01 an

angle of 45• vertical.

3.7.S Dody fat rropor1ion 

The children's body fat proportions were calculated from the formula of Dcurcnberg 

ti al. ( 1991 ): 

Child Body Fill% (l.Slx0�11)-(0.70lli\gc In years) (J.6>< gender)+ I 4 (11hcrc 

I d I r.cmolc • O) Lean body mas� wn\ cstimoto:d by subtracting thema c gt>n er .. , " 

estimated body fat from the body weight (kg). 
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3.8 Oc1ern1in:ilion or socioeconomic class

Socioeconomic index scores were nwordcd to each child. based on the occupntions 

and educational attainment of the pnrcnts or their substitutes os described by O}edeji 

( 1985). 

For occupation:-

Closs I ,vns allocated to senior public servants, profossionols, monogcrs, lorgc scolc 

traders, businessmen ond contmctors. 

Class 2:- lntcrmcdiotc grade public servants and senior school teachers. 

Class 3:- Junior school teachers. drivers and or1isnns. 

Class 4:- Petty traders. labourers. messengers and similar grades 

Class 5:- Unemplo}ed, full-time housewives. students and subsistence formers. 

For the educational scale:-

Class I \Ytl.S aw:irded to University gmduotcs or cquivolcnts; 

Class 2:- School ccnificotc (Ordinary Level GCE) holders II ho olso had teaching 

or other professional trnining. 

Class 3:- School ccnilicotc or grndc II teachers' ccnilicotc holders or equivalents. 

Clw 4:- Modem three And primary six cenificotcs 

Clnss 5:- Those" ho could euhcr JUSt read and ,,rue or "ere Illiterate. 

The mean of four �ores (t\\O for the father and t,10 for the mother) to the ncnn:st 

,iholc number was the soc:lal class assigned to the: child ror example, a father \\llO 

was O university lecturer scored I for his occupation and I for his education a� 11

graduate. llis wife ,,ho wll.S a business--11oman with the sccontlllry �chool ccnificntc 

level o f  education scored I ror her occupDtlon and 3 for hc:r cdutation. The total of 

these four scores 11ould be 6 with An average of I.S; ,,hen taken 10 the nc.ircst 11holc. 

h be 2 Thus the �iol cl11SS nssisned to this child \\US II.t c num r wos · 
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In this study, average score or I above '"as assigned class I (upper class), scores of2 

and 3 above were assigned class 2 (middle class) while scores or <I and 5 nbovc wen:

assigned class 3 (lower c lass). 

3.9 DATA 1\NALYSIS 

Dalo "'en: annlyscd using S1a1is1icol Pocknge for Social Scien1ists (SPSS) 17 .0 for 

\Vindo,,s (SPSS Inc., IL. USA). All con1inuous variables \l'Crc checked ror normality 

using the Shapiro-\Vilks lest and 1hose found 10 be non-pnm1ne1ric in dis1ribu1ion 

\\ere iden1ilied. Unpaired two tailed S1uden1 , tes1 wos used to detect sii;nilicruit 

differences between cases ond conuol (because they were independent groups). Paired 

, test \\OS used to assess 1hc differences in pnrnme1crs measured before 

supplcmcnu11ion and repents 01 3mon1hs among the cases (nephro1ic syndrome 

p:uienlS). Spearman Rho correlation analysis method wns used to assess correlations 

bcr.,ccn vnriablcs bcc:lusc of the non-pornmctric nature of most of the mcosu.rcd 

pnnimctcrs. 

The differences in prevalence of high or low plasma 101 els of homocystcinc, folo1e, 

vitamins B, and B12 in the study groups \\Cl'C onol)sed using Chi square test. The 

distribution of low levels of vitamin O" vitamin 012 nnd high le1cl of tHcy wns 

osscsscd by dividing 1iuun1n levels into quanlles and c11lculotlng 1hc dlffcrcrices by 

lhe chi-square test. Correlation coefficients (r) \\ere colculotcd to determine the 

rcliuion bet\\ecn tUcy, viuunin o., vil4mln Bn, fol111e. scrum albumin, cOfR in 

paticnlS ,vith the ncphrotic S)ndromc 11nd control Since many of the vor!Bble� that 

could inOucnce the clrcul:iting lc1cls of homoc)stclnc \\Crt found siQnllic:intly 

different bct\\ccn the nq>hrotlc s) ndrorne 1111d control &JOUPS by unlv11rlo1c 1111111>,l� 

the rcloilonshlps of homocystclne "ith rololc, vitamins 11nd Apo A I among the 
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ncphrotic syndrome group was examined using muhivoriate analysis. P values lower

than 0.05 ,vcrc considered statistically significant. 

3.10 Ethical considcrntion 

Particip:11ion in the study 11as completely voluntary and based on infom,cd consent. 

Participants ,vere made to understand that they were free 10 withdraw their consent at 

any time and they would not be denied their due treatments according to the UCH 

protocol. Privacy of panicipants was ensured by using a serial number on each of the 

questionnaire used to collect infonnation, rather than a name. Only the researcher 

knc1v the identification. and this information wns kept secured. The dnta ,vere not 

discussed 1vilh an)one, except the panicipant's doctor, when required. 1l1e study was 

not responsible for payment for the treatments of on) illness detected at the time of 

the dnta collection. I lowcvcr, results of laboratory tests carried out as pan of this 

research relevant 10 their tl'Clltmcnts ,,ere mode nVllilable at no cost to the panicipants. 

The rcsc:irch ,,.is risl.. free, as all that was required \\Crc anthropometric 

mcasurcmen15, blood s:implins and lillins of o form. 

Ethical opprovnl for this study 11'DS obtained from Unl�crsit)' of Ibadan / University 

Collcsc I lospital lbadM. l!th1cs Commince, li\NIRAT College of �lcdicine. 

University of lb3dan, Ibadan (Appcndi, VIII) \Vrittcn infonned consent wus obtained 

from the parents or can:ghcrs of each child (Appendix IX). Verbal accent 11as 

obtained from all the children before blooJ sampling and mCO$uremcnts 11erc tal..en 

n 
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CHAPTER FOUR

RESULTS 

4.1. Socio-dcn,ogr:iphic ch11mc1cristks ond clinical rcatures

The SOCi3l 3nd demographic char3cteristtcs of the study participanlS ,,ere ns sho,vn in

Table 4.1. Study particip:inlS compriscJ 42 children with diagnosis of ncphrotic

syndrome (cases) nnd 42 hcolthy children (controls). There ,,ere 27 (64.3%) m11lcs

and IS (35.?-/o) females among cnscs and controls rcsp1:c1hely. 1 he ages of the case 

and control groups ranged from 40.0 10 140.0 months tind 41 to 140.0 rcspcctivel). 

There "as no sign1fic311t difference in the mcnn age of ncphrotic S)ndrome (103.S

±32.7 months) and control (100.9 *29.4 months); p 0.7-10. The n1c:in ages of 

mothers (38.S ±6.4 years) 311d fathers (48.S :t: 10.9 )C3rs) or children ,,ilh ncphrotic 

syndrome \\ere sisnificantly higher than the mc:in age) of mothers (32 S ±1.S )Cllrs) 

and fathers (38.9 :!.6.4 )C41'S) of the controb The d1s1ribu1ion of study particlpnnts by 

p:irenl mruit.11 tatus \\:U no1 different in the ncphro1ic syndrome group comp:md

wuh the control group (Table 4.1 ). The number of mothers' children ranged from I 10

7 11mong nephrotic s)ndromc ond I to 6 among control group with mcdl:m wluc of 4

children for ncphrotic s)ndromc and 3 children for conuol aroup AlliO, the

distribution of por11c1p:1TII) by p;aren1s SC)l;10CC0nomle �tatu� \\U n01 different among

� o.nd controls :is sho,,n in Table -I I (p-"().74-4) Aboul l\,o-thlnl of the children ,n

. (61 ,..,) ond slint.tly o,cr half ol 1he control (S4.8,•) came fromnephrottc syndrome ,.,,. b" 

middle socioeconomic cl1s� while onl} -' (9.S�) cllffle from h1ah MiCiocconomk:

73_�---�-
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class. Figure 4.1 shows the distribu tion of study panicipants by their positions nmongmothers' children. 111c rnedinn number of mothers' children ,vns 4 nnd 2 for nephrotic
syndrome and control groups respccti\•cly.
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Tallie 4.1: SociAI nnd dc:n,ogl"llpbic: ch11raclcristics or the study pnrticip:inls 

Choracterist ics 

Sex (Molc/Femolc) 

Mean oge in months (mean :tSO) 

Mean mothers age in years (mean :i:SO) 

Mean fathers age in years (mean :i:SO) 

Parents' marital status, n (%) 

Never married 

Married 

Divorced 

l\iedian number of mother's children 

PQl'Cnts' social cln.ss.. n (%) 

High 

Middle 

Lo,, 

NA - Not Applicable 

n -number of subjects 

Nephrotic syndrome Controls 

(n; 42) (n"' 42) 

27/15 27/15 

103.S:32.7 100.9::1:29.4 

38.5 ±6.4 32.S ±7.5

48.S :1:10.9 38.9 *6.4 

6 (14.2) 5 (11.9) 

34 (81.0) 35 (83.3) 

2 (4.8) 2 (4.8) 

4 (1 - 7) 3 (I -6) 

4 (9.S) 4 (9.5) 

26 {61.9) 23 (54.8) 

12 (28.6) 15(35.7) 
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NA 

0.740 

0.002 

0.001 
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0.001 

0.744 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



30 

lS 

Ii) 20 
• NS • Control

15 

JO 

5 

0 

I ;z 3 ., 
P05thon of NS omomt molhcr'� d1il�cn

s 6 

Figure�. I: Dis1ribu1ion of s1utly p:irticiponts by their position 11moog mothers' 

chiltlrco 

• 

76 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4.2. Major clinical rcaturcs an,ong the ncpbrotic syndrome group 

Tobie 4.2 sho,vs the major clinical rcoturcs or ncphrotic syndrome. The entire 

ncphrotic syndron,c group presented ,vith focial swelling for a period rnnging from 2 

to 120 days. In addition 22 (52.4%) had gcncrnlizcd body swelling. diminution in 

urine (28.6%), cough (9.5%) and abdominal S\Vetling (7.1%) ,vere major clinical 

features. About l\vo-third (66.7%) had been ndmiued 10 the hospital for illnesses other 

than ncphrotic syndrome ,vithin one }e.lr preceding their pnnicipation in  the study. 

4.3. Distribution or NS ond control by the dc�rcc or protelnurln nnd 

bypoalbuminoemin 

The distribution of study subjects by the degree of proteinuria assessed qualillltivcly 

and levels o f  scrum albumin were llS shown in Table 4.3. Before supplementation, 

majority (76.2%) of the NS potients hod protcinuria or 3 pluses (+++), 23.8% had 2 

pluses (++). After supplemenllltion (nt three months). none of the S had gone into 

remission. tn the control group on the other hand, there wns no one with significont 

proteinuria. Hypoalbuminocmio (<2.Sg/dL) \\'OS found in all the NS poticnts. Only 

two (4.8%) oflhc subjects in the control group hod scrum albumin less than 2.Smg/dl. 

71 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.2: l\,lnjor clinicnl rentures or 42 pnlienls n•itlt Nephrotic Syndrome 

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

Main presenting sympton1s 

Facial s,velling 42 (100.0) 36 (2 • 120) 

Gcncroliscd body S\\clling 22 (52.4) 36 (2 • 120) 

Abdorninal S\VCI ling 3 (7.1) 17 (3-31) 

Diminution in urine 12 (28.6) 14 (10-36) 

Cough 4 (9.S) S (7-90) 

Past hospital admissions 

Yes 28 (66.7) 6(1-1S) 

No 14 (33.3) 

n ""number of subjects 
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Table -1.3: Distribution or NS and control by the degree or proleinuria and 

hypoalbuminacn1ia 

Ncphrotic Control 

Urine nod scrum protein Syndron,c 

n• 42 % n_.,2 •;. 

Degree of protcinuria 

Ncgotivc/frocc 0 0.0 42 100 

I plus(+) 0 0.0 0 0.0 

2 pluses (tt) 10 23.8 0 0.0 

3 pluses(+++) 32 76.2 0 0.0 

Serum albumin (gfdl) 

�.5 0 0.0 40 95.2 

2.0- 2.4 24 57.1 2 4.8 

1.0- 1.9 16 38.1 0 0.0 

<1.0 2 4.8 0 0.0 

n • number of subjects 
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4•4• Distribution of NS patients 110d controls into the upper-, inter- and lon·er-

quartiles of the distribution of homocysh:inc 

The distribu1ion of patients and con1rols in the four quanilcs of 1he dis1ribu1ion of 

homocysteine ,vere as sho,vn in Tobie 4.4. Majorily (95.2%) of 1he porticipanlS in 1he 

nephrolic syndro,ne group fell in10 1he upper qunnile of 1he normal diS1ribu1ion for 

homocysteine compared wi1h 26.2% in the control group. NS pa1ien1S \\ere 80 times 

more likely to have hon1ocys1cinc level in 1hc upper quartile than 1he con1rol 

(OR=SO.O, 95% Cl = 9.24, 92.46; p<0.001). However for serum folale, vi1an1in 812 

and 96. there ,,·ere no significnnt differences in the distribution of plasmo level into 

quanilcs bct\\'CC:n the 1,vo groups as sho,vn in Table 4.4. 

4.5. Prc,·alence of high plnsma homoeystelnc nnd low ,•itnmlns In the stud)' 

parlicipnnu 

Pre,11lcnce of high plasma homocysteinc and lo" vitamins in the stud) p:uiicipants 

ore as sho,,'11 in Tobie 4.5. T,ven1y-four subjcclS in the ncphrotic S)ndromc group and 

only 3 participanlS among 1he con1rol group hnd high plasma 11 IC) giving the 

prevalence of h) perhomocystcin�mio OS 57.1% and 7.1% respecti,cly. The ncphro1ic 

syndrome group \\OS 17 times n1orc likely 10 ho,c high level oftl-fcy compared ,vhh 

the control group. Six ( 14.3%) of the children wi1h ncphro1ic S) ndromc ond none of 

the conirol children hlld low scrum folalc. I-our (9.So/a) P3nlclp:ints In c:ich of the 

ncphrotic S)'ndromc lllld control groups hod low vhomln U12.
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Table 4.4: Distrlbullon or subjects based on qunrlilc vnlucs of hornocystcioc,

folatc, vitan1ins D, anti 811 for control 

Variables 
No of patients(%) No of control (��) p OR 95%CI 

n•42 n = 42 
Homocystcinc 

!?I. I I (2.4) 16(38.1) 

4.2- 6.0 I (2.4) IS (JS.7) 0.522 1.14 0.07, 20.02 

::,6.1 -10 (95.2) 11(26.2) 0.000 80.0 9.24, 92.46 

Folatc 

�.4 16 (38.0) 10 (23.8) 

9.5- 13.5 24 (57.2) 22 (52.4) 0.602 0.68 0.26, 1.82 

::,13.6 2 (4.8) IO (23.8) 0.014 0.13 0.02. 0.69 

Vit:unin B12 

s:2)4.8 17 (40.5) 10 (23.8) I • 

234.9-438.1 25 (59.6) 21 (50.0) 0.624 0.70 0.26. 1.8S 

::,438.2 0 (0.0) 11 (26.2) 0.000 0.0 0.0 

Vi14min O, 

�6.9 15(35.7) 10 (23.8) • 

67.0- 90.4 26 (61.9) 22 (S2.4) 0.80-I 0.79 0.30, 2.10 

::.90.S I (2.4) IO (23.8) 0.009 0.07 0.01, 0.61 

n • number of subjects 
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Table 4.5: Prc,•nlcncc or hypcrhomocystcinacmin, Ion• scrun1 folnlc, Ion• ,•itnmin

D, nnll to,v vitamin Du 

VariBbles Ncphro1ic S)ndromc Con1rols 
p OR (95�� Cl) 

{n"' 42) (n� 42) 

High II Icy (>IOµmol/1) 24 (57.1%) 3 (7.1%) <0.001 17.J (4.6, 65.1) 

Lo,v fol31c (<l.4ng./mL) 6 ( 14J) 0 (0.0) 0.026 

Low vitamin B, (<20.0nmol/l) 0 0 

Lo,v vhamin B11 (<IJJpglmL) -1 (9.S,�) 4 (9.5%) 1.000 

n • number of subjects 
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4.6. Oasclinc: anthropometrics ond skinrold thickness 

Anthropometry and skinfold thickness measuremenis or study participonlS before 

supple111en1a1ion \\ ere as sho,vn in Table 4.6. The n1cnn dry body \\'eight or children 

in the nephrotic syndrome group (27.9 ±7.9 kg) \vas not significantly difTcrcnl rrom 

the corresponding value in the contr0I group (24.7 :7.3 kg); p = 0.082, Ho\vever, the 

nephrotic syndrome group hod a signifiCMtly lower mcnn height ( 110.3 *26.0 cm) 

compared \Vith contr0I group ( 127 *20.3 cm); p = 0.004. The mean Body Mass Index 

(BMI) or the nephrotie syndrome group (17.3 :1.6kgfm2
) \\'BS significantly higher

than the control group (15.9 ,ld.2kg/m2
); p <0.001. The me4n \\'Dist and hip

circumrcrcnecs of the ncphrotic syndrome group (S7.9±8.Scm: 62.6 :t:10.Scm) \Vere 

not significnntly different from the comparative values in the control group (54.9 

±9.0cm; 60.6 ± 11.7cm). There were no signilicont differences in the mean skinrold 

thicknesses measured 111 deltoid, sub-scapular. biceps, triceps, abdominal, thigh and 

calr areas in lhe ncphrotic syndrome group compared "iLh the mc:in vnlues obtained 

111 lhe corresponding sites in the control group (Table 4.6). Con\ crscly, the skinrold 

thickness at the hip lltCll wns signilicontly lower in the ncphrotic S) ndromc group (6.8 

±3.Jmm) than control group (9.1 *3.0mm); p • 0.00-I. The 111can 101.11 body fat 

percentage \\'IS also signilican1ly higher in NS (18.0 ±3.8%) than the: control 

(16.2±2.71/o); p • 0.015. 
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Table 4.6: Baseline anthropon1etrics nod skin-fold thicknesses of study 

p11rticipnnts 

Biophysical parameters Nephro1ic syndrome 

(n= 42) 

Menn dry "eight in kg 27.9±7.9 

lvlcan height i n  cn1 110.3:1:26.0 

Mean Body MBSs Index in kg/m2

17.3±1.6 

Mean \voist circumference in cm 51.9±8.5 

t-1can hip circumference in cm 62.6±1 o.s

Me.in Skin-fold thicknesses 

Deltoid o� (mm) 7.9±3.S 

Sub-scapular are:i (mm) 6.6:1:2.1 

Biceps nrca (mm) 4.8:1:1.3 

T riccps aren (mm) 7.5:1:2.4 

Abdominal arcn (mm) 5.7:t:2.0 

Anterior right thigh area (mm) 9.3:t:3.8 

!light hip orcn {mn1) 6.8:t:J.3 

Right calf area (mm) 9.1±4.1 

Estimated body fat, DF (¼) 18.0:t:3.8 

n • number of subjects 

Controls 

(n- 42) 

24.7±7.3 

127:1:20.3 

I 5.9±1.2 

54.9±9.0 

60.6±11.7 

7.4±2.2 

6.4:*: 1.6 

S.S:*: 1.8 

7.6* 1.8 

6.5::t: I. 9 

8.4:t:2.4 

9.1:t:J.O 

8.9*2. 7 

16.2:1:2.7 

0.082 

0.004 

<0.001 

0.159 

O.S3S

0.451 

0.670 

0.055 

0.896 

0.109 

0.258 

0.00-1 

0.865 

0.01S 
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4.7: Physicol exercises anti lnt11kc offot-ricb foods ontl soil

Tobie 4.7 sho\',s responses of the study p:irticiponts ond c.iregivers to questions on 

exercise, intake of fat-rich foods and table snit before the study. 1 he distribution of 

p:irticipnnis by frequency of their involvement in exercise sufficient to rnnkc them 

breathe faster or increase henrt bent (>20 minutes) wns not different omong the 

nephrotic syndrome group and control. tvlojority (52.4%) i n  the ncphro1ic syndrome 

group compnrcd ,vith control (35.7%) occ11Sionally or never took p:irt in sufficient 

exercise. Similarly. there ,vns no significant difference in the distribution of 

participants by the number of eggs porticiponts otc when he/she hod omclletcs or 

scramble eggs. About t,\"o-third of the ncphrotic syndrome group (57.1%) and slightly 

over half of the control (52.4%) ,vould ent nn egg ,,hen they had omclcucs or 

scramble eggs. The NS p:itients were less likely to eat f\1 o egg.s compared 1vi1h 

control (OR•0.11, 95% Cl • 0.02. 0.78; p=0.036). Slightly O\"er holf of the nephrotic 

syndrome group {52.4%) comparc:d with 9S.Oo/o of the control reported the use of

c-01v's full crenm milk in at least three diets per ''"tel.. The NS p;iticnts were less lil.ely

10 use co1v's full crcnm milk compnrcd wllh control (OR - 0.06, 9S% Cl• 0.01, 0.46; 

p <0.001 ). However, o,cr holf (52.4%) of the nephrotic syndrome group comp;ircd 

with 23.8% of control it(OUp did not use on) fat-rich spread 01cr their foods (such os

bread and sondwichcs). TI1c NS p;iticnts 11erc less lil.cly to use butter as spread 

compim:d with control (OR • 0.20, 95% Cl 0.23, 0.86: P 0.006), In both groups, 

pnlm oil wa.s usuall) used 10 cool. food for the study p;irt1clp;ints: 59.S% of the 

h . drome and 71 4% of control i:roups. All c.ircgi,ers of p11rtic1p;in1s in thenep ro11c syn 

I po .. cd that tJiey added �It to food either during or oner cool.Ing" Ithcontro group re " 

. • (95 lY.) doing 50 during coo�ing \\bile many (40.S¾) of the nephrocicmoJonty . • 

85 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



syndrome group did not odd snit. The proportions of pnrticipnnts 11 hose mothers 

reported nddition of snit during and nncr cooking were 54.7% and 4.8% respectively. 
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Table 4.7: Exercise anti inl11ke fol-rich foods 111nong study parliclp11nls three

months before the slutly 

Dietary pa!tcm/lifcs1yle 
Ncphro1ic 

Controlssyndrome OR 95%CI p 
(n' 42) (n-= 42)

How often docs your child 1'1ke 
exercise sufficient to mllkc him/her 
breathe faster or increase hc.irt be.it?
(>20 minutes) 

Occasionally or never 22 (52.4) I S(J5.1) I -

Once or twict a weel. 4 (9.5) 2 (4.8) 0.34 0.03,4.11 0.56-l 
Three times a week or more 16 (38 I)  25(59.5) 0.44 0.18, 1 .08 0. 114 

How many eggs docs your child au 
11 hen he/she has omellctcs or scramble 
eggs? 

Onccga 24 (57.1) 22(52.4) o.ss O. l<1.2.07 0,116
1\\'0eggs 2(4.8) 9 (21.4) 0.11 0.02,0.78 0.0J6 
More than 2 cgg.s 6 (14.J) 7 (16.7) 0 . .SJ 0.08,2.17 0.S29
Do not cal OJ al I 10 (23.8) 4 (9.S) I 

Whal kind of milk docs your child 
often (11 IC3Sl J diets per 11ttk} use? 

Cow's full cream 22 (52.4) 40(95.0) 0.06 0.0 I ,0 • .S6 <0.001 
Co11 's skimmed IO (23.8) I (2A) 1.0 0.05.SJO 0.458 
Do not use milk 12 (28.6) I (2.6) I -

Whal type of spread docs your child 
use 10 cat brc:id. sand"khcs.� 7 

Dutter 7 (16.7) 16(.38.1) 0.20 0.23,0.86 0.006 

Margarine 1)(31.0) 16()8.1) 0.37 O.IJ,1.05 0.073 

1 lo'shc doesn't use sJ)R3d 22 (52.4) 10(23.8) 

Wluit type oil do )OU ITI051 of\l'l1 use 

for your cookin(I 
25 (59.5) 30(71.4) 0 61 O.lS,1.51 0.390 Palm oil 

Vcgct0ble oil such as com. 17 (40.5) 1�28.6) 

When do you usually add salt to )'Ollf

child's food? 
23 (51 7) 40(95.2) 0.57 0 08,4.36 o.os.sDuring cooking 

AftrrcooUng 2 (4.8) 2 (4 8) -

I do not odd s:al1 17 (-10.S) 0 (00) • 0.028

n • number of subjects 
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4.8. Scrum protein, crcntinlnc, ureo and estimated glomcrulor liltration rate

(cCFR) 

Tobie 4.8 shows the scrum crcarininc, serum Ul'C4, cGFR, scrum olbumm 1tnd scrum 

10101 protein of ihc ncphrorlc S)ndromc ond control groups. The mean serum 

crcorininc ond cGFR in the nephrotlc syndrome group (0.7±0.4mg/dl and 

78.0*33.9mUmin/1.7Jni2 respectively) were not significantly different from the 

respective voluc in the con1rol group (0.5±0.2mg/dl. (p • 0.057) and 

86.5*38.4mUmin/1.73m2
, (p • 0.284). NS pnlicnts had B signilicontly higher mean 

urea (46.5:1:I 5.2,ng/dl) co1nparcd with the volues in the control group 

(31.0i: IO. lrng/dl), p <0.00 I. On the other hand. the mcon totol scru,n prolein ond 

ulbun1in conccn1ro1ions in the ncphrotic syndrome group (4. 9..1: I. I g/dl ond 

2.2.:tl. lg/di) were significon1ly lo\\er than the corresponding volues in the control 

group (6.S:t:0.6g/dl nnd 4.5±0.Sg/dl); p <0.00 I for cnch. 

4.9. Ph1.s11111 llplds and npollpoproreln A I 

The ,ncan plnsmo lipids and npolipoprotein A I concentmtions or s1udy panicip:ints ot 

baseline \\'Crc os sho\vn in Tobie 4.9. �Icon 10101 plosmo cholesterol, LDL cholesterol. 

lrigl) cerides nnd Apo A I concen1rotions ns \\CII os tollll cholesterol to IIDL ratio in 

the ncphrolic s:rndromc group (235.9:¼:94.7mg/dl; 191.9*91.2mg/dl; 

16 I.S:1:l 14.4mg/dl; I 73.8±43.4mg/dl ond 6.6*3.6 respectively) \\ere s ignificon1ly 

higher ihnn the corresponding \Olucs in the control group (I 55.0i:70.Gmg/dl; 

I 22.S:t:70.2mg/dl; I 08.4:t:52.6mg/dl; I 36.7:t:56.9mg/dl and 2.4:t: I. I respcc1i\cly). 

h S no Sinnificont dlOi:rcncc in the mean IIDL cholesterol levels orI lowcvcr, I ere \\'D ., 

nephrotic syndrome and control groups.
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Table 4.8: Scrun1 protein, c:rc11tlnlnc ond crc111ininc clearance among study
p11rliclp11nts 

Anni) ICS

Nephrotic syndrome Controls p 

(n•42) (n• 42) 
Scrurn crcotininc (mg.ldl) 0. 7:t.0.4 O.S¾0.2 0.057 

Un:o (rng/dl) 
46.S:t.15.2 31.0.tlO.I <0.001 

Estimolcd CPR (mUrnin/1.73m1
) 78.0:t.33.9 86.S:t.38.4 0.284 

Scrum olburnin (g/dl) 2.2:t I. I 4.S:t.O.S <0.00 I 

Total serurn protein (g/dl) 4.9±1.1 6.S:t0.6 <0.001 

n • nurnbcr of subjects 
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Table 4.9: Dose line pliumo lipids or study participants

Plasma lipid� Nephrotie syndrome Controls p 

(n• 42) (n• 42) 

rotal cholesterol (mg/di) 235.9±94.7 I SS.�70.6 <0.001 
LDL cholesterol (mg/di) 191.9±91.2 122.S:t:70.2 <0.00 I 
HDL Cholesterol (mg/di) 12.7:i:I0.2 9.8:i:8.3 0.163 

Triglycerides (n1g/dl) 161.S:i:l 14.4 108.4:i:52.6 0.014• 

Totnl CholesteroVHDL rotio 6.6*3.6 2.4:i:I. I <0.001 

Apollpoprotcin A I (rng/dl) 173.8:!:43.4 136. 7:i:56. 9 <0.001 

Nlnnn-\Vhitney U test -

n • n11n1ber of subjects 
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4.10. Phun,n homoc)slelnc, scrum fol:11e, vll11n1lns 86 and , it11n1ln Du ut
baseline 

The baseline levels of plos,no ho,nocystcine, scrun1 foloLc. viLnmins Di, 1111d Du for
ncphrotic syndrome group and eon1rol arc as sho1vn in Table 4.1 O. The mcnn IOUII

homocystcinc of I I .ll2.8µmol/L in the ncphrotic syndrome group 11ns signlfiC4ntly
higher thnn respective rnean value of S.S:1:2.3 11n1ol/L in the control group (p<0.001).

The n1eon scrurn folote ond vitamin 011 conccntrntions in the ncphrotic syndrome 

group (9. l:1:J.9ng/mL ond 268.S:t95.7pg/mL respectively) were significantly lo1vcr 

than corresponding vnlues of I l.ll3.lng/mL and 316.4±117.2pg/mL in the con1rol 

group (p • 0.009; p "' 0.043 respectively). Conversely, the slight reduction in the 

mean vitamin 86 co110cn1rotion In the ncphrotic syndrome group (n.4:t I 3.1 nmol/L) 

when cornpnrcd 1vilh respcc1ivc control value (75.8:tl5.2nmol/L) 1111s 1101 statistically 

signi ficon1. 

4.11: Soelo-cconornle shllus und mean plnsn,n hon1ocystclnc 

Th I I OC>·stcinc conccntnllion in NS and control group classified by e rnenn p 0s1110 10111 

pJn:n1s' soc,o-cconomrc c as · · I s are as sho11n In Tobie 4.11. The menn plasma ti-Icy

. . 'ddl d loiv socio-economic classes of NS were significantly concen1ro11ons rn the mr c on 

d. uol group II hilc the difTeren� in 1hc hish socio-higher 1hnn !heir corrcspon rng con 

, ·r. L \Vilhin each groups (that is NS and control). class 1vas not stotis1icolly srgnr,rcan 

i I I cs did not n:,col an) statistically significant comparison of the three soc O c oss 

d omc norcon1rol group n:spccti1cly. difTcn:nccs nciU1er in tJ1c ncphrollc S)n r 
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Table 4.10: Baseline plnsma homoe}slcine, scrun, folarc, \'llnmin 012 nndVflon1ln o, or slutly p:irliciprtnts

Anni) res 

11 Icy (µmol/L) 

Foln1e (ng/mL) 

Vi1nn1in 06 (nmoVL)

Vharnin B12 (pg/rnL)

n - number of subjccrs

Ncphro1ic syndrome
(n• 42) 

11.2:t:2.8 

9.1*3.9 

72.4:tll.1 

268.5:1:95. 7 

92 

Conrrols 
(n• 42) 

5.5:t:2.3 

11. 2:i:J. I 

75.8:tl5.2 

316.4±117.2 

p 

<0.001 

0.009 

0.284 

0.0-'3 
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Table 4.1 I: Socio-economic slutus and mran pl11sm11 bon1ocystcinc 

Socio-economic clnss Ncphrotic Syndrome
n•42 

lligh 
" 

�liddle 
26 

Lo,v 
12 

• P value

•compared values ,vhhin c:nch group
n • number of subjects

Menn 

8.36:l::J.54 

I 1.01:tl.71 

11.95:t:2.77 

0.187 

93 

Control 

n-42 �le:in 

4 S.04:tl.04

23 6.03:tl.8 I 

IS S.03:t:1.52

0.232

P value 

0.262 

0.000 

0.000 
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4.12. Scrun, crcalinlnc, cs1ima1cd ccrR ., 1 r onu prolc n
1•pplcmcn1111lon 

lc,cls before and aOcr 

Changes in scrum crca1ininc. scn1m urea, es11matcd OfR and pro1ein le,els ofter

supplcmcntDlion an: OS ,holYn in Table 4.12. After the )months .,,itamins (folntc,

"itomin 011 ond 012) $Upplcmcntotlon there \\ere sign,ncont rcduc1ions 1n the mean 

$Crun1 crcotininc and urcn conccnlrations with mc:in decrease or 0.2*0.4mg/dl and 

1.S • .S*-5.1 mg/di rcspccti�cly. On the other hlllld, the me:in tollll protein ond albumin 

incn:nscd rollowing )months or vitamins supplementation b> mean of0.4.t0.8g/dl and 

I .6:t:l .2g/dl respectively. TI1c increase in c�timotcd GFR )months ofter viuunins 

supplcmcntntion by 4.71.l.8n1Umin/l.73m1 
\\:IS not sl4listicolly signilicnnt. 

4.13. Pl11sn1n llpid_s and npollpoprorcln A 1 lc\'cls before 01111 ofter

su11ple111cntotion 

The mean plosn,o lipids, opolipoproteln A I, before and ofter , itomin and rolotc 

I t • ere n• shown 1n Tobie 4 13 TI1c n1ean total cholesterol . LDLsupp cmen 0110n " ..., · · 

hol I I 'd d Apo A I conccntmuons 4S \\ell os TCJHDL ratio reducedc cstcro , trig yccn cs an 

· · I or 6 2:1:3 Omg/dl 40.2.t 16.Jm&ldl, 42.2.t l0.S.6m!.idl,
s1gn11icantl) b> mean , a ues · · 

6 ( ely after supplementation Although, lhcfc \\11S slight
21. 7*-S.4n1g/dl. 2.9± I. rcspcc " 

reduction in the 1101. cholesterol level by t.9*7.2mg/dl. this wos not statistically
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Table 4.12: Serum protein, erc11tininc und crc.11inine clCJlruncc pre anti post ,•ir:amin and fol:are supplementation in ncphroric syndrome 

p:alicnts 

An31}1eS Bnsclinc 
Nc(!hroric S2:'.!!drome 

After supplement 
n=42 n •34 

Crc:itinine (mg/di) 0. 7±0.4 0.5±0.J 

Urc3 (mg/di) 46.5:!:1 S.2 31.0±10. I 

cGFR (mtJmin/1. 73ml) 78.0±33.9 91.2:.!:JO. 7 

Albumin (g/dl) 2.S:t-1.1 4.1:tO. 7 

Tot.al protein (g/dl) 4.9±1.1 S.3*1.1 

•comp:ired mCllll Ylllucs of after supplemcnuuion ,vilh conuol.

n - number of subjects

Mean difference 

0.2:!:0.4 

15.5:t:S. I 

4. 7±1.8

1.6:!:l.2 

0.4:t0.8 

9S 

Conrrol 
p• 

%change p n=42 

28.6 0.027 0.5±0.2 1.000 

33.4 <0.001 31.0:I:: I 0.1 1.000 

6.0 0.165 86.5:38.4 0.555 

64.1 0.002 4..5±0.5 0.007 

8.3 <0.001 6.5:t0.6 <0.001 
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Table 4. IJ: Plasm:i lipids before and after viramini supplemcnration 

Neehrotic Syndrome Control 
Plnsma lipids Boseline Afler supplement %mean n•42 

p 

n "'42 n "'34 
Menn difference difference p 

TC (mg/di) 235.9±94.7 188.2:!:5 l.3 6.2±3.0 21. I <0.001 ISS.0±70.6 0.025 

LDL(mg.fdl) 191.9±91.2 154.3±50.6 40.2:¼:16.3 21.2 0.018 122.5±70.2 0.025 

H.DL(mg/dl) 12.7±10.2 10.4:i:8.8 1.9:i:7.2 15.0 o.92s• 9.8±8.3 0.761 

Triglyceride (mg/di) 161.5±114.4 117.6:t.37.6 42.2±105.6 26.1 0.023· 108.4±52.6 0.377 

TC/HOL 6.6:t.3.6 3.7±1.4 2.9±1.6 12.5 0.025 2.4:tl.l <0.001 

APo A I (mg/di) 173.8±43.4 I 52.1:i:37.9 21.7:i:5.4 12.S <0.001 136.7:i:56.9 0.163 

\Vilcoxon Signed Rnn� Test used 

•compared me:in v:ilucs of ofkr supplcmcnllltion \vilh eon1r0I.

n - number of subjccu
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4.14. Plasma hon1ocyslcinc1 scrum fol:itc, ,iromin 011 and vitamin 86 le,·cls before nnl.l nfrcr sup11lcn1cnlnllo11

In lhc ncphrolic syndrome group, lhe mcnn plasma homoc}sreinc significantly 
decreased follo,ving supplemcntorions ,, ilh folalc ond vi1.1min 8 by 6.1 :1:.3.0 µmol/1 as 
sho,vn in Tobie 4.14. On rhc other hnnd, there were signifiCllllr increases in rhe levels
of scrun1 folalc, vitamin 86 and 011 by 2.4:t:2.lng/mL, I l.l:i::15.6nmol/L and
41.3:1::23.1 pg/n1L respectively (Table 4.14).
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Table -4.1-4: Plasma Homocysrcinc, Serum folarc, ,•il11n1ins 812 :ind J3.I before and after viuamins supplcmcn1:21ion 

Ncehro1ic Sl!!drome 
Anru)1CS Baseline Afier supplement 

Mean difference 
%mean 

n=42 n = J4 difference p 

1Hcy (µmoVL) 11.2:2.8 5.1±1.5 6.1=:J.O 52.6 <0.001 

Fohuc (ng/mL) 9.1�.9 11.5±4.2 2.4±2.1 26.4 <0.001 

Vi13.min 86 (nmoVL) 72.4±13.1 83.2:!:9.2 11.l:!:l5.6 15.3 <0.001 

Vit:1min B11 (p&fmL) 268.5±95.7 309.8:1:104.2 41.3±23.1 15.4 o.on· 

n .. number or subjects 

98 

Control 
n '-42 

p 

5.5±2.J 0.364 

Jf.')+J.I 0.721 

75.8.:t:15.2 0.01 I 

I 08.4:i:52.6 0.377 
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4.15. Dlophy$icul par11mctcn1 In NS ti • I 11n control cl11SS1ficd by homocyslc1nc lc,·cls
The comJ)llrison of mean values of biophysical p;1111me1crs bct"ccn subjccas \,ho had
II Icy above ond below I 011mol/L in NS and con1rol groups "Crc as sho\vn in Table
4.15. The roblc shows 1hot there ,�ere no differences in the mean age. \,eight, height,
OMI nnd \vnist circu1nfcrcncc of those \\hose tHc> levels \,ere >I0.011mol/L
compared \\•ith those \Yhosc 1Hcy were �10.0 µmoVL in bo1h groups. Similarly, oll 1hc
skin fold thicknesses were 1101 signilicnntly different bc1\,ccn those whose 1Hc) levels
were > I 0.0 µ1noVL compared with those whose tHcy levels were �I 0.0 11mol/L
c,xccpl in the dehoid nreo. In the dehoid area., the NS ,vith tllcy >10.0µn,ol/L hod
slgnificontly higher skinlbld thickness than those ,vi1h tllcy �10.0 µmol/L. On the
olhcr hand. there ,vcre no significant differences in the mtlln ngc, weight, heisht.
llfvll, \VOist circumference, hip circumference and all sl..infold thlcknc:.sscs of those

who hod 11lcy >10.0 µ11101/L anti those whose tllcy \\Cre �10.0 1111101/L among the

control group. However, the 111cnn cs1imo1ed bod) fat proportion of NS \,hose tHcy

levels \vere >10.0Jtmol/L \VOS sisnllicnn1ly hishcr than 1hose "hose llley \,ere �10.0

µmol/L. 
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Table 4. I 5: Biophysical paramerers in NS and conrrol clwificd by homocyslcinclevels 

NS Control Oiophysical parameters tHcy �,o.o tHcy>IO.O tHcy <10.0 tHcy >10.0 
na20 n•22 n .. 39 n=J 

MClln ogc in months 101.S±J0.4 109±32.6 105.8±10.5 IOI.I l:tJO.O 
Mean dry wclglu in �S 26.8±7.9 30.2.tSJ :?3.0.t:1.7 2S.6:t7.J 
Me.in hciglu in cm 12S:t:16.7 IJ3:t26.8 124.�.7 1 l4.6:t27J

Mean Dody MIISS Index in kg/m2

16.9:tl.4 17.SJ:l.8 IS.9:t0.7 15.9.t:l.2 

Mean woist circumference in cm 56.7-*8.8 60.8±6.7 62.0±3.S SS.6:t.9.J 

l\1can hip circumference in cm S9.8.t: I 0.1 • 67.0J.9.4· 66.7:tS. I 6 l.6*12J 

Mean Skin-fold lhiclmcsscs 

Deltoid orc:11 7.ltJ.)• 9.8:t4.S• 7.9.J:2.7 7 .0.t:2.0 

Sul>-scapulor orcn 6.7il8 7.2.t:l.8 7.S.t:2.3 6.1 :t: 1.4 

Biceps arcn 4.8±1.4 4.6;tl.2 6.2.t:2.0 S.J;t 1.8

Tricepsnren 7.1±1.9 8.0¼.J.O 7.7±1.S 7J:tl.8 

Abdominal area S.2:1.9 6.J:!:2J 6.8:t:? J 6.4±2.0 

Anterior right thigh orc:o 9.2±4.4 10.7±3.8 8.7:t0.2 7.9:t:2.5 

Right hip area 7.3±4.2 6.7±2.4 9.9±0.S 8.7:tJ. I 

Rightcalforc:.i 9.)il.4 9.7:t6.5 11.1±0.6 8.5.t:2.7 

E:slimotcd bod)' roe, OF(¾) ISJ:t2.6• 19.1:tJJ• 16.1:1:2.7 17.2.t:2.4 

'p<0.05 

n • number of subjcc1s 

100 
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4.16. Biophysical paran,ctcrs · NS, ., · in ,lnu coatrol clusificd by hon1ocystcine levels
at upper quartile or distribution

The comparison or mean biophysicnl pnramciers bet,\'ccn subjects ,vho hod tHcy ;::6.1 

µmol/L and tHcy <6.1 µmol/L in NS and control groups 11cre as sho\\n in Tobie 4.16. 

The Tobie sho,vs thot there ,vcre no differences in the mean age, \\eight, height. Btvll. 

waist ond hip circu,nrerenccs as well as oil the skinrold thicknesses of those ,vhosc 

tHcy levels \\'ere �6.1 µmol/L co1nparcd ,vith those whose ti Icy were <6.1 µmoVL. 

Similarly in the control group, all these p.immcters ,1.:rc not significantly diffcn:nt 

bet\\•cen those ,vho hod tHcy �6. l µmoVL comp:ired ,vi1h those ,,hose tHcy were 

<6.1 µmol/L except the skinfold thickness in the biceps area ,vhcrc the control group 

with tHcy ;?.6.1 111nol/J.. hnd signilicontly higher skinfold thicknc� thnn those with 

ti Icy <6.1 µmol/L. 

4 . .  17: Oiochc1nical pnrnn1ctcrs in NS ond control clllsslficd by hon1ocysteinc levels 

Tables 4.17 and 4.18 arc showing the biochcmicnl parameters in NS and control 

classified by homocystcine levels. \Vithin the NS group, thcrc "ere no signilicnnt 

differences in the values or albumin, crcatininc, total cholesterol, triglycerides, HDL. 

LDL Ii I · · o and vitamin 811 in those "hose tHcy levels \\ ere > I 0.0 • o ate, v1tam1n o 

d ill ll Osc whose 11-lcy ,,ere <10.0 µmoVL. Conversely, in the µmol/L co1np:irc "' 1 1 

h ti Icy \\CIC >10.0 µmol/L hod significantly higher ,neoncontrol group those ,, , ose 

. . (O 8." 2 1,mol/L) tht111 those "ilh tilt) �I 0.0µmoVL (0.5:LO, I
plasma crt41ln1nc . ·=· 

Al ong contr0I the subiroup with tltcy > I 0.0 11mol/L hodµmol/L); p • 0.0 I 3. so om 

, · 8 (52 U-0 9 nmol/L I crsus 77.S±l 4.l n1noVL: p
signitie11ntly 10,\'cr mean v,tomin 6 • 

. . ( 124 6± Io I pg/ml versus Jl l:i I 08.0 pg/mL: p • 0.00 I)
0.007) ond v1torn1n 811 • • 

h h d tlfcy <10.011mol/t (Tobie 4.17).
compared ,vith the subgroup w O O -

IOI 
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Tablt 4• l6: Dlo1ibysknl p11ru111c1crs In NS und control cfu_sslOcd by ho111ocys1clnc

ltvcls 111 u1111tr qunrtllc nf nor11111f distribution 

NS Control 
Olophyslcal Pommctcrs tHcy ?.6 I 1Hcy <6.1 Lllty>6.I LIiey <6.1 

n 40 n•2 n I I n• 31 
�klln age In months 105.6tJI 2 9,1 6t43J 85.8±30,7 l07.<W6.7 

llltlln dry ,velght In �g 28 5J:8. I 22.8-19..S 26.3±9,9 2S ht6.0 

t.1c�n hclglu In en, 129.2.!2 I .O 96.0J. IS.O 118.Bt.35.0 114.0tlJJ

t.1can Oody 111w lndc, In l.g/m1 17.2.tl.6 18.8.t.2.I 16.-1.t.l.9 15.St0.8

111c:in wnlst circumference In cm 58..Sl6:t:8.2 52.0¼7.2 59.0:l:12.3 S4.9*7.7 

Mean hip circumference in cm 62.9*10 .. 4 S5.0:t:9.4 6-1.2:1:16.2 61.1.t.lOJ 

111can S�in-fold 1hic�ncsses 

Deltoid Ore:I 8.2±4.0 10.0tJ.4 7.3*2.0 7.0il.l 

Sub-scapular area 6.9±2.4 6.4-tl.8 6,4.t.1. 4 6.2.t.l.6 

Biceps orea -1 7.t.1.3 4,2*1.2 6.S¼l.8· 5.0:l:l.6• 

Triceps= 7.5±2.4 6.4tJ.O 7,7:iol.S 7.3.t.l.8 

Abdominal = 5.6*2.2 s 9:tl.J 7.2t2.2 6.1¼19 

Anterior right thigh area 9.75±4.2 I I.Ot.3.8 7 .7:t:2.J 8.0¼2.S 

Right hip llrC3 7.lt.3.6 6.2*3.4 9.01-2.2 8.8*3.3 

Right calforea 9.6*4.8 4 3+-1.0 9.0tJ.8 8.6*2.2 

•p<o.o.s

n number of subjects 

IOl 
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Table 4.17: Diochcmicul pnramc1crs in NS ond conlrol classified by 

hon1ocystclnc levels nt cut orr 

NS Con1rol 
Biochemical paranlcters IHcy >10.0 tllcy :S:10.0 tHcy 2:10.0 I Hey :S:10.0 

n•22 n•20 n•) n•)9 
Albumin (mg/dL) 2.8±1.2 2.ltl.O 4.-2¼0. I 4.4:t-0.6 

Creatinine (mg/dL) 0.7:t0.5 0.5i0.2 0.8:t-0.2· 0.S:t-0.1 •

Toto! Cholesterol (mg/dL) 237.5±108.7 23).8±74.6 149.li:34. I 155.�:73.0

Triglycerides (mg/dL) 150.7:tl I I.I 168.3:t:121. I 155.5±66.0 108.3±54.4 

HDL(mg/dL) 10.8±8.0 14.3±11.7 11.3±9.2 10.1±9.0 

LDL(mg/dL) 196.6:t:99.8 185±80.7 I 06.9J:30. l 12J.6:t72.4 

Fol ate {nsfmL) I 52.8:t:36.0 150.8±41.6 176.6±1.2• 173.4±28.0· 

Vitamin B, (nmoVL) 74.0¼ 13.7 70.2*12.2 52.8¼0.9° 77.5:14.3° 

Vitamin B11 (pg/mL) 277.4±98.4 256.5±93.4 124.6:tlO.I • 331.1±108.0°

·p<0.05

n = number or subjects 
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4.18. Biochemical paraniclcrs I NS d n an control classified by homocyslcinc level$ 

111 uprcr qunrlilc or normal distribution

\Vilhin the NS group (in Table 4.18), 1hen: \\Crc no significnnt dilTcrcnccs in lhc 

values of nlburnin, crentlninc, 1010I choles1crol, 1riglyceride, HDL, LDL. fola1c. 

vi1an1in B6 and vi1an1in 812 of I hose \vhose 1Hcy levels \\ere �6.1 µn10VL con1pnred 

,vi1h I hose "hose tHcy were <6.1 µmol/L. llowcvcr. \\lilhin the con1rol group, the 

subgroup with ti-Icy �6.1 µmol/L had significnn1ly IO\\Cr mean villlmin 86 (63.4± 13. 7 

nmoVL) and vitamin B 12 (234.0±127.9 psfmL) compared ,vi1h 80.2:hl3.3 nmol/L (p • 

0.001) ond 345.6±99.7 pg/mL (p • 0.004), respectively in the subgroup ,vi1h lllcy 

�6. I µmol/L. 

4.19. Levels or ho111ocys1eine nod GFR 

The distribution of subjects by level of homocysleine ond rcduc1Jon in GFR are ns 

shO\\'fl in Tobie 4.19. Among NS group. 84.6% of those who hod modcn11c-sevcre 

reduction in GFR also had hypc:rhomoc)slcinocmio \\ith signifit'1nt increased risk 

compared "•ith those ,vhose GFR wns �90 mU,nin/1.73 1n1 (OR • 12.38, 95% Cl •

1.83. 83.77). A higher proportion of the NS who had mild reduction In GFR (56.3%} 

compared ,vilh those whose GFR \\llS "90 mUmin/1.73 n11 (30.7%) hod 

hyperhomocystcinnemia. though the difTerence was not significant (p • 0.318). 

h I Up 33 3% of those "ho hod n1odcrn1e-sevc:re reduction In GFRAmong t e contro gro • 

· min ,,hilc onl) 9.1,. of those ,,ith mild reduction in GFR
had hypcrhomocystc11U1e 

hod h)'pcrhomocystcinocn1io. 
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Table 4.t8: Biochcnik:il PRl"lln1ctcr.1 in NS ond control clnssilicd by 
bomocystcinc levels nt upper qunrtilc or norn111I distribution

NS 

lllochcmicul p.iramciers tHcy �6.1 iHcy <6.1 

n =40 n • 2 
Albumin (g/dL) 2.5±1.1 3.S.t:I.J

Crc;i1ininc (mg/dL) 0.6±0.4 0.6:t.O.J 

To1nl Cholcslcrol {mg/dL) 241.1¼94.0 133.5± 19.1 

Triglyceride (n1g/dL) 160.4±116.8 I 15.4i:J 1.2 

IIDL (mg/dL) 12.4±10.0 12.0±S.7 

LDL (mg/dL) 196.6±90.9 98 4±18.4 

Fola1c (ng/mL) 150.Ji:37.7 184.SctA0.3

Villlmin O•(nmol/L) 72.1¼13.2 77.9:13.3 

Vitamin 811 (pg/ml) 266.2-"'9S.3 313.91:129.1 

•p<0.05

n .. number or subjecls

10s 

Conirol 

1Hcy �6.1 tHcy <6.1 

n 5 II n = JI 

4.6±0.3 4.4±0.6 

0.6.t.0.2 0.5.i:O. I 

I 55.Si:l 9.2 154.6±81.8 

130.4:t:76.6 I 05.0:t:46.0 

10.0:8.8 10.2*9. I 

119.7:tlS.2 123.4t80.7 

167.7±28.9 175.7±26.-1 

63.4±1).7• 80.2..t.13.J· 

234.0±127.9· 345.6*99.7·
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Table 4.19: Dislribulion of sub· . JCCts by lc,·el ofbomocystcinc anti reduction in
GFR 

GFR ctnss 

Nephrotic syndrome 
{NS) 

15 • 

59mU1nin/l. 73m1

60 

89mU,nin/1.73ni2

2:.90mUmin/l .73m2

Control 

IS 

59mUmin/l. 73m1

60-

89mlJmin/1.7Jm2

2:.90 

mUmln/1.73m1

lllcy lllcy 
>10.0µmoVL ::,I O.Oµmol/L

n (¾) n (%) 

11 (84.6) 2 (15.4) 

9 (56.3) 7 (43.7) 

4 (30.7) 9 (69.3) 

2 (33.3) 4 (66. 7) 

I (9.1) 10 (90.9) 

0 (0.0) 2S (100.0) 

p OR 95%CI 

0.015• 12.38 1.83. 
83.77 

o.J Is• 3.89 0.62, 
13.46 

I 

0.514 • 5.00 0.35, 
38.91 

• 

0.032· • • 

•Fisher's exact test used, 15 - 59 mUmin/1.73 n1
2

: �loderate-scvcrc reduction

In GFR; 60-89 ml./niin/1.73 m2
: Mild reduction in GFR; �90 mUmin/1. 73 m2

:

normnl 

n • number or subjects 
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4.20. Change in hon,oeystcine oflcr ,•ilamin and folotc supplen,cntulion In

ncphrotic syndron1e patients cl:issificd by baseline lc,·cls 

The mean plasma homocystcinc pre and post viUUnin and folatc supplementation in 

nephrotic syndrome patients classified by baseline levels nrc as sho\vn in Tobie 4.20. 

An1ong NS \Vith tHey above I 0.011mol/l, pre-supplementation mean tHcy 

significantly reduced from 13.3±1.Jµmol/L to S.4±1.Sµmol/L post-supplementation 

(p<0.001). Similarly an1ong NS ,vho had ti Icy ofsl0.011mo11L. there \VOS a reduction 

in the mean tHcy from 8.3:t:1.611mol/L pre-supplementation to 4.8±1.Sµmol/l poS1-

supplcmcntation (p<0.00 I). 

Moreover, grouping the NS into 1,vo groups (using pre-supplementation ti-fey cu1-ofT 

of �6.1 µmol/L ond tHcy <6.1 µmol/1..). while the tHcy �6.1 µmol/L group had 

significant reduction in ti Icy following vitamins supplcn1en1n1ion, there \\OS no 

significant difference in the pre and post supplc:n1cn1a1ion ti Icy in the tHcy 

<6.1 µmol/L group. 

Figure 4.2 shO\\'S the graphical plot of the magnitude of reduction in plasma ti Icy 

( I 
• 

· s po•t supplementation) and the bnscline (pre-supplementation)1101 1s pre m1nu ., 

h 
· 

Th 4gn·11udc of the reduction following vitamin supplementationomocys1e1ne. e mu ' 

· · h • crc35ing level oftl le> before supplementation.
appears to increase \VII in 
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Table 4.20: Pl11sn1u hon1ocysteine pre and post vitnmins surple,nentation in 

nephrotic syndro,ne potienls clnssiticd by baseline tc,•cb 

OilSclinc homocys1eine Pre- Post- 111ean 

supplcmcn1a1ion supplcmcnlalion difference 
ClilSSificd by CUI-Off 

II Icy> I0.011mol/L IJ.J:!:I.J S.4:1:1.5 7.9*2.0 <0.001 

ti Icy SI0.011mol/L 8.3±1.6 4.8:1:1.5 3.S:t2.J <0.001 

Classified os below or 

nbovc upper quartile 

11 Icy �6.1 µmol/L 11.5:1:2.4 5.1±1.5 6.-IJ:2.6 <0.001 

1ll cy <6.1 µmolfL 5.1±2.3 4.1*0.6 0.9i0.7 0.573 
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Figure 4.2: Graphlcol plot or1hc magnitude of reduction In plasmo tl:lcy (thQI is 
pre- minu_s post- supplementation) :ind the baseline homocysrclnc 
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.f.?I. Coefficient Correlation of homocyslcinc with age, 5crum folalc, vilarnin 

D" ,•ilan,in Bu, nlbunrin, cs1imnlcd GF.R in nephrolic syndronrc palicnlS nnd 

conlrol at baseline 

Coefficient correlations (r) between pla.smo homocystcinc level 11nd c:rch of age, BNII. 

scrun1 folotc, vito,nin B6. vitamin Bu, albumin, estimated GFR in nephrotic syndrome 

p:llients and control before supplcmcn1a1io11 nre as sho\\TI in Tobie 4.21. There ,vns a 

,vcak but significant correlation bc1,,ecn plasma homocystcinc level and each of 

serum albumin (r .. 0.347, p • 0.024). scrum crc:uininc (r • -0.336, p = 0.039), eGFR 

(r • 0.444, p "' 0.020). scrum fola1e (r -= -0.607, p = 0.027) and vitamin 812 (r = • 

O. I 8S. p = 0.04S} among the ncphrotlc syndrome group. In the control group.

homocystcinc significantly correlated wi1h scrum albumin (r • O.S66. p • 0.029). 

scrum crcatininc (r = -0.330, p .. 0.03S) nnd cOFR (r-0.32, p • 0.037). llre 

correlations bel\\'CCn plasma homoc}stcinc and each of serum fohue, vilnmin B12,

albumin :ind estimated GFR ore also demonstrated in scatter plots in Figures 4.3. 4.4, 

4.5. 4.6 and 4.7. 
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T11blc 4.21: Corrclntion or bomocystelnc .
11 w1 1 age, strum 

vitamin Du, albumin, 
rolntc, ,,i,amln B,, 

control 111 baseline 

estimated GFR in ncphrotic syndron,e patients and

Variables Nephrotic syndrome patients Control 
r r R 

Ase in )'Cill'S -0.189 0.237 -0.1 S<I 0.336 

OMI 0.272 0.082 0.1 S6 0.322 

Scrum albumin 0.347 0.024 0.566 0.029 

Crcatinine -0.336 0.039 -0.330 0.035 

Estimated GFR 0.444 0.020 0.323 0.037 

Folote -0.607 0.027 -0.11 I 0.416 

Vitamin B, 0.084 0.597 -0.292 0.061 

Vitamin 812 -0.185 0.045 -0.253 0.106 

Apo Al 0.051 0.75 I -0.087 0.586 

Note: Speur,nan rho correlation ,1os done because or the non-pnrnmctric noturc 

of many or the ,•nrinblcs 
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4.22: Rehationshlp of plasma homoeystcinc with fol ate, vitamins and Apo A I
11n1ong the ncphrotic syndrome group

The reln1ionship of homocyslcine wi1h folare. vitamins and Apo A I among the
ncphro1ic syndrome group ,vns ns shown in Table 4.22. A stolisricnlly significant
independent rcla1ionship ,vas found bel\,cen homocyslcinc nnd vitamin B12 (P a • 

0.64, 95% Cl = -1.20, -0.08) nner eon1rolling for scrum level of fola1c, vi1omin 04 and
plnsmo Apolipopro1ein A I.
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Table 4.22: l\1ultivnriatc DDGlysis sho11,ing rcl:11ionship or plnsn1n homocysreinc"'ith folntc, vitnrnins nnd Apo A I omong the ncphroric syntlron,c group
Variables 

p 95%CI ofp p 

Vitamin B12 (pg/mL)
-0.64 -1.20, -0.08 0.027 

Vitamin 86 (nmol/L) 0.84 -0.40. 2.09 o. 180
Folnte (ng/mL) -0.17 -0.39. 0.05 0.127 

Apo A I (mg/dL) 0.00 0.00, 0.01 0.275 

Constant 0.95 -0.2S. 2.14 0.119 
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CHAPTEil FIVE

DISCUSSION

5.1. Socio-tlen1ogra phic ch11rnclcrislit.1 of stutly subjects

The results of this study sho,vcd that the children ,,,ith nephrotic syndrome 11nd the 

oppon:ntly healthy control were relatively similar in age. gender, socio-cconoinic, 

family nnd culturol background. The similarities in age and gender chnrac1eris1ics of 

NS nod control group could be attributed to 1hc matching done during 1he selection of 

portlcipanlS at the design singe of this s1ud) while the lack of dlrrerenccs in socio

economic, family and cuhurol background may imply the fact 1h01 the 1wo groups 

\\'Crc selected fro1n the same populotion. Though the NS sroup was selected from the 

hospital, they are likely 10 have lived i n  1hc some or similar comrnunily ns the control 

group. I lo\\cvcr, the mean and age rongc of the NS patients in this study is sin1ilar to 

those studied by Asinohl ti of ( 1999) and A11ochle ti nl (2006), 01 Ibadan ond Port 

H:ircourt i n  Nigeria respectively. The foci that the S patients ond control groups

\\Crc comparable in age, gender and socio,cconomic bacl.ground provide the basis for

fi h 
. 

·th O sinnllicont concerns for the cofounding effects of theseurt er comparisons ,v1 n .,.. · 

r. 1 • 1 11-nhcr number or male than female p:itients recruited in the,actors. The re ouvc: y Ii;,• 

• r. m the s:imc hospitnl and other tertiary health facilitiesstudy agrees ,, 1th the reports ,ro 

• . . . 'od ( 1998) in Benin and Asinobi ti. al,, ( 1999) in Ibadan111 N1ger10. lbodrn and Abr un 

Id be l\Ylcc more common in boys than girls. sho,,ed that ncphrotic syndronic c-0u 
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1 lomocystcinc (tHcy) conccntrnti k . ons aro ·nown to incl'C4SC with age among Nigerian
children (Adcbnyo et al 2008) ti 1 •• • le P nsma level approximately doubles the vnluc of
childhood by aduhhood Ho,ve h · · ver. t c increasing trend in the level of homocys1eine

with age previously described wns not app:ircnt 01nong the study p.irticipants because

of lhe relatively nnrro,v oge rnnge (mean oge .. 103.5:!:32.7monlhs for NS and 

I 00.9.l29.4111onths for control). A Oer puberty, males have higher rnean 1Hey 

eonccntrntions than fcrnalcs {fvlust et ol .. 2003). Tiu:re is also a kno\,n gender 

diffcn:ncc in II Icy ,,,i1h mole having slightly higher level but it becomes less opp:ircnt 

with increasing ogc (Jacques ct al., 1999, MuS1 et al., 2003). Other factors considered 

as part of the baseline characteristics of participants in 1his stud} included 1he number 

o f  children in the family. The patients' mothers (ncphrotic syndrome) hod slightly

higher number of children than control. ll1is implied th:n those children ,vi1h 

ncphrotic syndrome are more likely to come from o rclnthely larger fomily size. Doth 

patients and control mojorly can1e from the middle socioeconomic class background. 

Data from this S1udy sho,,cd no relationship bcl\,ccn tile} lc,cls and lhc socio

economic status of the p.m_nts when NS patients ond healthy children groups 11crc 

considered scporotely. Hoivever, 1he level of ti Icy \\OS significontly higher in NS than 

control among those from 10,v and middle socio-ccono1nic b;ickground but lhis 

d·rr, b • d omon" those from high socio-economic subgroup. In
1 erencc ,vns nol o sen c o 

. (K. t ol 2003 Tovor ct ol., 2003) hove examined the
odults, fe,v studies 1m c .. • 

. . 
H 1 . Is and the socioeconomic status ,vith controversial

rclo11onsh1p bct,,,ccn t cy C\C 

d Leon 2002) �ists for children.
res_uhs ,vhllc limited dalll (Bony on 
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5.2. Diognoslic features nod urinalys· fi .,. is 1nu1ngs 111 prcscnlnlion
Expec1edly, all the NS patients · h' in I 1s s1udy hnd evidence of oedema at presen1n1ion,
hypcrcholcslerolemin prolcinurin and h lb . . • • ypoa um1naem1a "hich typically define
nephrotic syndro1nc in children (B · crgslnin, 2000). \Vh1lc no one among the control
had nny of lhe clinical features of nephrotic syndrome. as many as 23.8% had traces
of protcinurio and mild hyponlbumim1cmia (2.0 10 2

.
4mg/dl) \VOS found in 4.8%.

These findings ore not unusual as some physiologiC41 factors such os redistribution of
fluid, pos1urc, dicl. exercise and drugs (especially steroid) could c.iusc n slight loss of
pro1ein or reduc1ion in serum albumin (Mayne, 1994). In this study, though there \\ere

no differences in lhc frequency of physical exercise ond dietnry pollcm bet\vecn S

patients and con1rol in 1hree-mon1h period preceding the study. it could also be

possible 1h01 infonno1ion given by parcnlS was not eomprchcnshe enough 10 sho\v

ony difference. AsscssmcnlS of \\•eighl and hcighl oner poticnlS \\'ere adjudged 10 be 

free from oedema sho\ved 1h01 there \\'OS no difference in 1hc mean di) \,eight but the 

conlrol group \\'Cre averagely 1nller (in heighl) 1han lheir NS p:itients eounterp:ins. 

The rclo1ively IO\\Cr heigh! of lhc S palients comp:ired with control ma) ha\c been 

the consequence of the long s1onding nalurc of the disco.sc. The overage duru1ion of 

illness omong the NS poiienlS \Y3$ as long as four monlhs. Children suffering from

I d. 'II 5 ch as renal disenscs ore known to hove some degree ofong stan ,ng I ncsscs u 

. hi 1 1989 Nis.scl ct al .. 2008).gro\vth retordauon (t-1c s ct o ·• 

. cslinioled body f111 und dietary pnlltrn 
5.3. l\1rasurcd nnlhroponictncs, · 

NS iicnlS had averagely higher body moss index, body
This s1udy re,·coled lhnt the P3 

. k I righl hip arc:is lhon their con1rol countcrpon)
fo1 proportion und skinfold 1h1c ncss a . 

NS iicnlS hove tht tendency to 1111\e lncrcitScd fot
These findinQS suggest ihal the P3 

h I Callhy children fron1 lhe same socio-«onomic• • 1 •• more t on 1 
dls1nbu11on 10 the h Pore-
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b3cl..ground. Studies hnvc nlso sl h IO\\n t at body fot distribution (measured by sklnfold
thickness) 0nd/or body fnt proponions nrc good indicotors for othcrosclcrotic risk in
nduhhood (Bonora ct nl., 1992, Outln ct ol., 1994). 11 is ho\\cvcr, unclcnr from the
present st11dy ho,v tnueh of nthcrosclcrotic rist-. could be 011ribu1cd 10 the degree of
odiposity ond fat distribution among NS patients as no specific evidence of
atherosclerosis such as mensure of brnchinl ancry now dilaui1ion or arterial ,vall

thickness ,vas measured ns in previous study (Amado11ir et al., 2001). lmportllnl
factors thnt can explain the differences observed in the fat distribution and body fat

proponion nrc the pattern of fnt intake ond physical exercise. Ho,vcvc:r. the dato

sho,ved no stotisticolly significont dlrrerenccs in frequency of exercise ond fol intakes

bet,veen NS patients ond control but the control group ,,ere more likely 10 eat I\\O

eggs and used butter as  spread ot II mcol than their NS counterparts. The reason for

this ls likely 10 be the foci 1h01 many of the NS p.iticnlS moy hove been counselled 

against excessive intake of choles1crol-rich foods ond use of fat-rich spread in their 

meal by the ouending clinicians. 

S 4 S t • cnlinlnc ond estimated glomcrular fillrntlon rate (eGFR). . cru111 pro ctn, er 

This study showed that scrum creatinine of NS patients nnd hcolth) children ,,ere

. . fli 1n· finding \\ilS corroborated by the similarity in thenot s1gn1ficnn1ly di crcnl. 1s 

NS p:uicn1s and control. Scrum crc.11ininc and OFRvalues of cstimntcd GFR nmong 

. • expected to be ofTcctcd in p.iticnts who hn,c
being indices of renal funcuon \\ere: • 

. ·ndromc with inc:rcosc in scrum crcotininc llnd
renal discll5eS such as ncphrouc: S) 

d I cd from n1usclc metabolism. Its production is
decrease GFR. Crt'311ninc is er v 

, Is primarily throuah glomcrulor filtrotion,
relatively constant, ond its c:.crcuon 

. 
important in renal ln\u01c1cncy. In c:ontmst 10. may l)c:c.Omc 

nlthou&f1 tubular sccrcuon 
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the concentration of blood urea · • . nurogcn, this 1s affected by state of hydration and
nitrogen balance, the serum er 1- • 1 . • co 1n1nc c�cl 1s primarily inOucnccd by the level of
glomcrulor function (Kon nnd lchiko"a, 2004). It is olso known that the level of
scrum crcotininc is of value only in estimating the GFR in the steady sllltc. A patient
moy have O nonnol ercatinine level without effective renal function very shortly nfler
the onset of renal disease. In this clinical setting. scrum creatinine may be an
insensitive mcosurc of decreased renal function bccouSt: its level does not rise above
nonnol until the GFR foils by 30-40%. 1l1is may explain "hY the scrun1 crcotinine
levels of mony of the NS puticnts in this study did not exceed 2.0mg/dl. Moreover, the

precise tncasurcmcnt of the GFR could onl)' be accomplished by dctennining the

"clearance" of a substance lhnt is freely liltcred across the capill:iry ,vnll and that is

neither rcobsorbc:d nor secreted by the tubules but this \VIIS not done in this study. As

the GFR declines, an increasing proportion of the total crcatininc in the urine is

secreted by tubules, resulting in n crcatininc clearance that progrcssi\ely

ovcrcsti1notcs the actual GFR. Therefore. it is recommended that changes in renol 

function should be monitored by scrum crc:itinine concentration ,,hen the serum 

creatininc level exceeds 2.0 mg/dL (180 1in1ol/L). None of the children ,,ho took pan

. 1. 
d h d -fttininc level above the recommendedtn t us stu y a scrum c ...... 

. d I lar filtr.itton rate of the ncphrotic �yndrome patients The fact that esttn1ntc g omcru 

. 'fj ly different, suggests that the potients' n:nal function and control ,,ere not s1gn1 icant 

I h ) hildrcn. Thou&h it wns difficult to establish the 
,,ere similar 10 normal (hea I Y c 

• r. tion obtained from the c.1rcgi, crs revealed thnt the 
exact onset of the illness. tn,onno 

bo I four months. h Is not unlikely thnt m11ny of
longest duration of symptom ,vns O u 

. before the 1>3rents or coregtvcrs sou&ht help in
the patients may hove been 111 tong

. , . 
• the burden of kldnc} diseases 1n Nigeria sho11ed

health facilities. Recent revtei, of 
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that most patients present lot h c 10 t e hos pita I and they may aucmpt to deny it for
reason of not ,van ting 10 be  blam d (Ok c unola ct al., 2012). 

Lo,v plns,nn albumin nnd/or lo\\ total protein ore one of the cardinnl findings in
glon1erulnr discnscs because of II d' • . le iSrupi,ons in the uhrafil1m1ion syslcm of the
glomen11i in lhe kidneys. 1l1e lo,v level f 0 plasma albumin among the NS patients ,,,as

1hercforc required as pan of the d' . . . ,agnos11c cnteno for NS a.nd c>.clusion cri1eria for 

the control group This st d I h . . · u Y 3 so s o,ved s1gn1ficont increase in GFR and reduction

in lhc levels of cre111inine nnd urea fi h · · rom I c pre lo post- v11omins supplcmcn101ion

values. Physiologically. lhcsc changes imply improvement in renal function among 

NS po1icn1S. 

S.S. Plnsn,n lipids and npolipoprolcin A l  

Previous studies (Abdurrahmon ct nl.. 1984, Erasmus et al.. 1990, Ahnneku ct al .• 

I 999) hove suggested that Nigerians ,, ith the ncphrotic syndrome may represent a

risk group for the development of ischoemic heart disease bec:llusc of the various

degrees of  dyslipidocrnia and dyslipoproteinocmia found among them. Similarly, in

the present study, the level of total cholesterol, LDL-cholcsterol. triglyceride and

apolipoprotein At in NS paticntS \\en: higher than their healthy coun1crp3ns. 1l1esc

findings ,,ere similar 1o previous rcpons from the snn1c hospital by Agbec.lano l!t nl

(1990). which shO\\'cd that plasma lipid concen1m1ions "ithin the childhood nephrotic

syndrome group varies with elevation or both triglyceride and cholesterol. Unlike the

report by Agbedano et nl. (/990), the mc.in Je,•cls of HDL�holcsterol nnd Tollll

. s·m·,1or in both sroups. 1l1e significant increase in
Cholcs1crol/l lDL rnt10 \\'Crt 1 

. . ,·on sunocsts the p�nce of on Apolipoprotcin A-rich
apohpopro1e1n A I conccntra 1 ..., 

. 1 In children with ncphrotic syndrome ns spcculalcd in
high density lipoprotcin paruc c 

. (A"bcc.lona et al. 1990). Abdurmhom11n ct nl (1984)
cnrlicr report in this communll)' ., 
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Cllrlier reponcd sirnilar elevation in bo h I cholesterol nnd triglyceride conccntrotion in
childhood nephrotic syndrome b 1 11 h u IC c nnges 1n HDL-cholesterol and apolipoprotein
were not inveSligntcd. Later, 8 similar but variable level of elevated tollll cholesterol
ond I-IDL-chole5icrol ,vas reponcd by Adigun et al. (1999) among adults wilh
nephrotic syndrome in Ibadan. The causes of abnormal lipid levels in nephro1ic
syndrome patients are still largely unclcnr. Increase in syn1hesis of lipopro1ein by the
liver, in response to the massive protein loss, \\'!IS suggested from liver perfusion
experiments in rats ,vith induced ncphrosis (Marsh, 1960, Marsh and Orobkin, 1960).
Previous studies have shown thnt the severity of risk of atherosclerosis ls rclot.cd 10

1he I IDL concentration and 10 the ratio or HDL-cholesterol 10 10101 cholesterol.

Though it is difficult to make reasonable prediction of risk of developing coronary

hean diseases in Inter life from the findings of the present study, o significant

reduction in the levels of total cholesterol. triglycerides, LDL-cholesterol, Total

CholesterolntDL ratio nnd opolipoprotein A I were obscncd oner three months of 

doily vitamin supplementotion. It is  likely that the reduction in the te,el of lipids ond 

lipoprotein A I observed in this stud} \\Crc direct etTects of , itomins supplements 

· NS
· 

d le'� likely to be a rcsuh of o,·croll improvement in thegiven to patrcnts on ... 

d. d. • T ti bcsl of the researcher's knowledge, the only drug given torseasc con 1110n. o 1c 

. . 1 _,. 1 the study opnrt from their regular prednisolone ,vnsthe patrents ,vho ponrc pat= n 

an•umcnt ,nay opt 1h01 lhc p:iticnis could have h:id the villlmin supplement. A counicr ·o 

1 ·ne as a result of the irnprovcmcnt in their renalreduction in the level or homocys ei 

h e of these patients had si�ilicantly impnrcd
func11on. IL is v,onhy of note: 1 01 non 

Papnndreou ct al (2010). rcponcd similar 
renal function a l  baseline. Nloreovcr.

. 0 Aner the: 2-monlh ln1crvcn1lon with rolote 
findings among hcnlthy children rr1 rcccc

I d--··-d· folotc level� were slgnilicnn1I}· 'ficant y .. � • ...,. • 
supplemen1, tHcy levels \\Crt signr 
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incrcnscd, ,vhilc total cholesterol I v 1 , . . c c s \�en: s1gn11ic.intly improved from 183.8 to
160'8 mg/dL (Papan<lreou et al., 2010). The authors concluded 1h01 folatc
supplc1ncntation reduces tMcy 

r. 1 • scru,n ,o ate, and 10101 serum cholesterol levels in
hyperhomocystcinnemic children :is in the present study.

In other renal disenscs. earlier studies on efTects or vitamins supplemcn1n1ion on lipids
and homocysteine, though on1ong adult populations, ga,e controversial reports.
McGregor et al (2000), treated 21 patients with end-singe renal disease (ESRD) with S
mg/d foloto for 3 1nonths. The authors concluded that folate supplements given to
patients ,vith ESRD reduced scrum plasma tHcy and may improve lipid profile (levels
of total cholesterol. 1011•-density lipoprotein, nnd triglycerides). Vcrhaor and

colleagues ( 1999) examined the cfTccts or folate supplements (5 mg/d) for I ,nonth on

endothelium function :ind blood lipid profile. The researchers suggested that oral

supplementation 1vi1h folate may improve endothelium function nnd scru,n cholesterol

levels. In contra.st. Olthof et al (2005), reported that oral supplcmcn101ion with folatc

(0.8 mg/d) for 2 1vecks in healthy ndults did not seem to nlfcct blood lipids but 

reduced scrum ti-fey fe1els. The most importJlnt foetors involved in the endothelial 

dysfunction in the ncphrotic syndrome arc LDL-cholcsterol, 10ml cholesterol and 

Ii • d h · lm t is nocessar)' to prevent atherosclerosis in patienlS 11ith1bnnogcn an I cir trca en 

ncphrotic syndrome (Qiroba and Romosan, 2007>-

t I (2003) the relation bct1,.,een homoc)stcinc andIn n previous study by BD)CS c 1 

d I hacniodialysis patients and it 11'llS found thatlipid pcroxido1ion \1'05 anolyu n 

. . _., lasino homocys1einc le1cls nnd improved lipid
trc.itmcnt \vitl1 follc oc,d lo\ic� P 

. LDL ontlbod) lill'I!, although it did not reach lhe 
peroxidation 1vhilc decreasing ox 

Previous studies \1cn: not able to sho\, an
nonnol level. Despite the fact thal

. . do1hcl"1ol funcrion
improvement tn en 

In uraen1lc fl<llknts ll"Clllcd \\Ith follc acid
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(T
hombyrajoh ct al., 2000), it hos been d cmonstrntcd recently (Buccion1i cl ol .. 2002),

that folic acid, in addition 10 d . re ueing homocys1cine conccn1r.uion, improves
endothelial function in hoemod,·�,} • . u ·sis pa11en1s.

A II the NS patients in the prcsc I d n Siu Y ,vcrc on steroid lrc:itments (oral prcdnisolone)
throughout the threc-n,onil "od d 1 pen on none hod remission. It is 1hcrefore difficult 10

attribute the improvement in dyslipidnemio wholly 10 the dcfini1ivc 1rea1rncnts 

received during the study. II is ,vonhy to note nlso th:11 while there \\OS significant 

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

cholesterol during supplc111cntolion. 

5.6. Plosn1n homoc:ystcinc, folntc, ,•ilomins 06 nntl 011

This study sho,, cd that po1icnts ,vi1h the ncphrotic syndrome hod high plasma levels 

of lHey, lo,v scrum levels of vi10111in 86 ond low �rum lc�cls of villlmin 011 more 

frequently than henlthy individuals. The 1,vo most obvious c:1.plnn111ions for 

hyperhon1ocystcinemi:i in ncphrotic syndrome patients ,vould be o block in 

homocystcine remethyl111ion nnd o disturbance in cystcinc disposal. Suppon for the

first one is b:iscd on trials showing that successful homocystcinc-lo"cring regimens 

in chronic kidney disl!llsc ol\\O)S include fola1e. Randomized trials ho,e sho,,ll that 

different fonns of folote and difTerenl rou1es of administration ore equally efTecthe in

I · 
I h stcinc in ESRD p111icnts (Abdclfatah cl al., 2002, Ducloux et o,veri ng p as,nn omocy 

I I. I (1999) proposed 1h01 a bloc!. in dCC11rbo:1.-ylotion ofa ., 2002). Su 1mon el o ., 

. . . . · ,ediolc bc1wccn cys1eine and lnurinc, con1ribu1es 10
cys11nesulph1n1e  oc1d the 1n1em 

hyperhomoey51cincn1io in CRf. 

I Icy lllld its rncU1bollc co foe tor vitamins hos not(\1oreover, the relationship bct,,-ccn 

"th NS ond controversial n:sults ha\C been reponcd
been fully explored In patients '"'1 
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50 rar. Some Sludies sho"cd lh:11 plasma tltcy le \cls \\Crc decreased (Amadollir et al.

2001), equal (Dogra et al., 2001) and increased (JO\Cn ct al .• 2000) in NS p:itients
comp3rtd to p:itients \\ilhout NS and similar renal function (Amndonir ct al., 2001.
Dogro cl nl .• 2001) or 10 hc:ihhy controls (Jovcn et al, 2000). There is sufficient
evidence 1h01 plasma homocystcine is clcnrcd from the body by urinary c"cretion afler
glon1crular filtration. just like creotininc. However, the omount of homocystcinc in the

urine is minin,al (about 6µmolfday) (Rcfsum ct ol .• 198S). From a normal GFR of

I 80Udny and n free homocysteinc concc:ntmtion of)11moVL, it can be calculated that

99"/4 o f  lhe filtered homoc)stc:ine is reabsorbed (van Guldencr. 2006). The c\llct

locolion of this uptake and the mctnbolic fate of homoc) Mcinc in the tubules ore

unknO\\ n. llomocystcinc 1ransulfur:uion and remcthylotion en7)mcs arc present in

human 1,,.i dnc) tissue. indicating th:11 mclllbolism ofhomocystcine ,,uhin the kidney is

possible. Studies in rots but not human hove sho,�n 1h01 homoc:r1,te1nc is talcn up nnd 

mct:lbolizcd by the kidney (House ct al., 1998). Renal plosmo no,, docs not hugely 

otTecl GFR in humans (due 10 filtration disequilibrium), this is contrary 10 the general 

finding that plasma hoinocystcine is related 10 GFR. 1\lso. a larger study foiled to 

establish a relationship bc,,�ccn homoc:rstcinc: and crfccti,c pla.smo no" (Veldman ct

al� 2005). Thus on intrll-rcn:il homoc)steinc disposal h:ls not been pro,cn.

. d I ho\\cd 1h01 children ,,ith ncphrollc s)ndrome h:1\e had 1 he results or this stu > a so \ 

,, 1 'tom in Ou and vitamin o. comp.ired with their age andlower levels or !>Cn11n ,o ore, vi 

d Lo" pl:isma lc,cls of \ltomin Ou might be due to 
sex-matched health) chil ren.

. n,c low lc,cl ofvi1on1in o. in thh study,,� also 
urinary loss in ncphrouc s:rndromc

. d tudies of children \\ilh NS (\ an Buuren et ol.. 1987,
found in sonic other small size s 

Th loss of vitamin B, protein c.irricrs in the unnc
M)dlil,,. and Ocr,.slovo, 2001). e 
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might innucncc vitomin 8 6 st:uus. Vitamin 06 dcliciency contributes to increase
thrombotic risk in NS. 

I n  the current study, a pl11S1na tllcy lc,cl ,vns in,crscl) correlated \\ilh scrum folote 

ond vitamin B12 concentrations ond this is consistent with the lindings of other studies 

in children (Tonstnd ct ol., 1996, Osgoninn cl al.. 1999, Dotes cl al.. 2002). Reduced 

nutritional intakes in children moy explain the decreo.sc in scrum le, cl of this vitamin 

{Bjorke ct al .. 2003). There is o higher prevalence of folate deliclcncy and infectious 

diseases in A fricons both of which imp;iir folnte ass1mi101ion (Rosenblatt and 

\Vhitche:id. 1999). Nevenhcless, the innuencc of vitamin 01, wns less marl..ed than 

the inOucnce of folatc. TI1csc lindlngs lndiaite the need of folate to be adequate 1n 

children's diet 10 contain adequate folatc. This could be achieved by increasing 

vcgctoblcs ond fruit consumption. both good sources of folate. \\hich will reduce ti Icy 

le, els and increase fol ate le, els os reponcd in previous study ($tonger ct ol� 2003). 

The lindinGS from this study also sho"cd no correlation bct\\ccn 0�11 ond tHc) 

levels, but body fot proponion \\'3S on the a,cr:ige higher 11111ong S p;iucnts \\Ith 

t i  le) lc\cl >IO.Oµmol/1. than those who had ti-Icy �10.0 11mol/L Titis difference w:is 

not found among the he.illhy children. These data ore at ,ano.ncc '"'" rcpon by

· · OOO) h -ported a signilicanl correlation bct\\ccn OMI ond tHcyGolhsu ct al (2 • ,v o ,� 

h I.. rs conlirrncd a s1gnilican1 corrcll\lion bct,,ccn B1\11,
conc�ntrations. Also ot er \\Or c 

. h d �ity and h)'pcrhomocystclnacn1ia (Galllsti ct al ..
o ,ncasure of ovcnvc1g t on ° 

·n thi� study hc,llh) chlldrcn ,,ilh tile) abo,c2000, Zuc ct ol .• 200S). r-.1oreo,cr. 1 

·alucs of scrunt folatc. vitornin, O, and 01 than10.0µrnoVL luid signilica.ntl) 10,,cr v 

the children ,vith tllcy levels <IO mmol/L.
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rotate deficicnc) occurs 111 all · ages and 1s usu:1lly o mull of poor diet in children.
These findinos sunncs1 1h�1 ll h'ld . . . " ..., " iesc c I rcn should be ,n concern for possible med1Clll
problems regarding consequences of hypcrhomoc)'stcinacmio in later life. Adequate
dietary folate maybe recommended for these individuals. In oddition 10 p00C" dietary
intake of folnte itself. deficient intnl.e of other B vitamins con contribute to folatc
deficiency. These vitamins include O I, B2. and 83 ,\hich ore oil in,oh cd in folote
recycling. 

In this study, in patienlS "ith NS and hen I thy childn:n there ,,ere ncgnti,e com:fations

bet,veen tHcy and crcatinine clearance. The data also sho,,cd that plosmo ti-Icy

correlates v.ith scrum albumin as previously reported b) Oostom �, al (200 I). This is

olso suggested by the finding that the plasma tc,cls of ti Icy in the NS poticnt.s ore

independent of both cr.:otinine clearance and scrum albumin The low scrum lc,cls of

, itamin 812  and B6 that ,,'llS obscned in the NS patients cc:rtolnly contributed to the

development of hypcrhomocysteinacmia. It is pouible that other features of the NS, 

for exon,plc the loss of vitamin 06 protein carriers in the urine. might inOucnce 

,itamin O, status 

5.7. Elfecls of\'lt11n1ln supplcmcntntlon

. Ii d' f this study "ere the reduction of pl:i.sm11 cholc:stcrol ond Some of  the moJor tn 1ngs o 

. boll r hlch m l.001,n 10 be risl. foctors of c.irdiovuscul:irhomocystc1nc levels. 1 0 '' 

d h tdrcn In odditton, 11tom1ns supplcmcntntlon \\llSdisease (CVD) 1n adults on c 1 

. h · I �runl albumin. fol11tc, vitamin 012 and , itamin• 
significantly ossoc1111ed '"' rt)( n 

. ,• studies 1,hich sho,,cd thnt trc:11n1cn1 with folic 
o� ·n,csc findings agree "'1th pre� ,ous 

Rcfsum ct 111 • 2004, Anil.1 ct al., 2006, Anderson ct
acid reduce ph15n10 11 Icy tc,cls ( 

r sho,icd amon11 32 hcohh> mole Jop:lllcsc 
al., 2010). Arnki ct al (l006), CJII ,er 

plcment.ition as \hort Dl, 2 11ccl.\ dccrcru.cd 
,·oluntccrs aged 20·29 yea� thnt (olotc sup 
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iocal homocystcinc concentration significantly and incl"C3SC<I the conccn1r.111on or

scrum and red blood cell folate. The participants in this stud) hod the benefit or 

receiving both folatc and , itomins B complc, supplemcntotion ror 3 months. 

Therefore, morl-.cd reduction in the lc,cls of plasma homoc�teine round in this stud) 

"as not surprising. Ap.irt from the an1elior:11i\e effects or folotc on homoc)Stcinc. 

rotate supplements ha,c been found 10 1mpro,c vascular function in children '"ith 

,·osculor diseases (Peno ct al .. 200-I, Schroder cl al., 200-I). I t  hilS also been sho" n 10

impro,c cndothcliol d)srunction in children \\'ilh ,3.SCulM diseases (Pena ct oL, 200-I. 

McKenzie et al .. 2006). The use of 5mg fohc :icid in this study \\'IS purel) based on 

the clinicians' experience. lto,,c,er, Anderson ct al .. (2010), h:id shown in a pre,ious 

study that lhc decrease tllcy \\QS not dependent on the dose or roti<: acid ghen 10

poticnts. 

It appears thnt folntc is the most important supplement needed b> children with 

ncphrotic S)ndromc bcc.iusc of the consistent :ISSOCiation bct\\ccn high lc,cls or 

homOC)Slcinc nod 10,.,, scrum fota1c in this stud). The use of combinotion of folatc 

and · · o l•m•nts "as beneficial Oicrl.cs �,al. (1999). in another stud)
"1tom1n • supp� � 

I · 1 -1•1,on bct\\CCn , 1tomin D,, and folotc mcl4bohsm
rcp<K1cd thot the c osc ,n c .. � .. 

. . · 0 pplcmcnl4tion cfrccti,cl> dccrcMCS both pl3.Sma tl-lC) in
JUSl1ficd \\h) \ltamln ll SU 

. 
1 J.,_.,. "ho h:id 10,.,, O, tc,cb l\1orco,cr, ,itamin 011

patients "1th rcna ,.....,_ 

. 1 reated patients 10 prc,cnt cob3lamin dcficicnc) and
supplements arc useful tn fo :sic 1 

(Billion ct al • 2002) In add111on ,il4m1n B
its neurologic.il consequences

bolish the incruscd riu. of thrombotic e,cnt
. 

... • been sho" n 10 o 
supplcmcnu11on ,wu 

. . ,,ith NS (Podd.1 Cl 111., 2007).

both arteri:il and ,enous in pauents

• ired cell d,,ision and nllerntions of protein

Folotc deficiency can lead 10 ,mpa 
. • .

. of homOC)Stc1nc to mcth1on1nc (Figure
. 

_...,.cd ,n the con,cl')1on 
synthesis. folote 1s n,;,;u 
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2.2). The elevated plasma hornoc)'stcinc levels observed in this stud) is os o result of
to,v scrum concentration of fohuc (Selhub and �lillcr. 1992). Under nonnol
metabolic circurnstanccs SO-lo of homoc)'steine derhcd from methionine is
remcthylotcd to methionine. The rcmeth)'lt11ion of homocysteinc requires I\\O t..cy

cnZ) mes: methionine synthase (MS) (E..C.2.1.1.13) and mcth) lcnc1e1rnh)drofolo1e

rcductosc (MTHFR). It uses, itomin 012 as u cofactor and S-mcth) 1tcunh)drofol:11e as

a 1ne1hyl donor. The MTHFR is nccdcd 1n the fonnotion of 5-mclh) ltc1rohydrofolo1c.

\Vhcn there is on excess of protein or methionine:. homoc)stc1nc is mctoboliscd by

irre,ersible tronsulfuration pnlh\\O)', ,,hich degrade homocystcinc 10 C)�tcine. In the

transulfuration. homocysteine is first sulf-conjugoted 10 C)Stothionine by

e)stathionine bclO·S)'nthosc (COS) (E.C.4.2.1.22). Cystothioninc is further clea,cd

Into c)'steine and olpho-1.ctobut) rate b) cystathioninc y-lynsc. Both enZ) mes need 

vitamin 06 as o cofnctor. Cysteine moy be utilised in the protein S)nthcsis or as o 

precursor o f  the antioxidant glutothionc. \\ hen homoc)stcinc occumulotcs and Cllnnot 

be ,nctoboliscd due to to" concentrations of folatc nnd , illlmin 012 or , 1tam1n O" 11 is 

excreted from the cells (coding 10 ete,otcd concen1ro1ions of homoc)stcinc In the

pllumo or in the urine (Uclond cl ol., 1993).

. fi h --nl stud) ore of public hc:ihh 1mpor111ncc. con�idcringQ,crall, find1ng_s rom l e p,� 

• 
1 d' �.,.5 nrc nrnduoll)' becoming o common cause of dc:iththe foci that ca_rd10,oscu 11T ,sc..__ ., 

I • a_s'ng SUr\'i,ors omong children \ufrcring from
in adults Nigerian�- \Vil I rncrc 1 

. . !'I.cl that the nst.. of cnrdioHlsculor diseases mn)' be
nephrotic syndrome, 11 rs not un 1 > 

. . rh ,ocystcin;ic:mio if the situ:ition I\ not addressed
heightened b)' the prcvorhng h)'pc on 

early. 
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CHAPTER SIX 

SU�JMARY ANO CONCLUSIONS 

6. I. Sununory or findings

In this study lhc prcvolcncc of h}pcrhomocystcinncmio (plosmo homocystcinc 

conccntrntion >I01m101/t) omong children wilh nephrolic S)ndron1c \\OS dc1cm1ined. 

concentration of plasma homocysteinc in children suffering from nephrotic syndrome 

\\'11S compared ,vilh lhosc ,vho ,vcrc apparently healthy and effects of giving oral Smg 

folic acid and a tablet of \'itomin O co1nplcx doily to children ,vhh nephrotic 

syndrome on plnsm:i homocystcine. lipids os well os Apo A I. The rcsulLS this rcsi?orch 

sho,vcd thol: 

I. 1110 prevalence of hyperhomoc)Steinocntin \\OS S7.1% and 7.1% in NS

paticnLS and healthy children n!Spectivc:ly.

2. 11,c prcvolcncc of low scrum folntc: (<3.4ng/rnL) n1nong NS patients \\OS

14.3% while 10,v scrum vit.Dmin 011 (<I 33pg/n1L) was found in 9.S% of both

NS patient> and healthy children. None of the study participants hod lo,v

serum viuimin B& (<20.0nmol/L).

3. The overage level of plnsmn homocysteine 1n NS poticnl \\OS higher thnn

health) children.

4. The overage reduction in total phuma homoc)'steine ,vns 6.1 µmol/L nfier doily

viwmins �upplcn1cnllltion for 3 months.
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5 NS P . · h · · auents ,vit high le\el of homoc)steine (tHcy > 10.0) had relatively high

values of hip circumference, skinfold 1hickncss in 1he dclloid orea ond body fol

proportion. 

6. Plasrnn hornocystcine hod posilive but ,vc;ik com:lotions "ith albumin ond

GPR. I lo1vcvcr, the correlations of bc1wccn homocys1cine and vitamin B12 and

folatc inverse and relatively \\tak os well.

6.2. Conclusions 

From the above findings. the following conclusions may be dra11 n: 

I. l\llany Nigerian children with nephrotic S)ndrome hove 

hypcrho1nocys1cinaen1ia, a kno1\'n independent risk factor for cardiovascular 

diseases and the severity Increases" ith decrensing glomerular filtration role. 

2. The elevated plasma homocysteine '11110ng children wilh ncphrotic syndrome

is associated with lo,v scrum folotc, cyonocoblllan1in and pyridoxinc.

3. tHcy if established during Clll'ly life, may be 111odula1cd by diet and lifestyle,

thereby providing opportunity for public health intervention.

4. Ncphro1ic syndrome patient may benefit from folo1c and vitamin 0,2

fortification of foods 10 reduce tllcy, possibly in lhc pn:"cn1ion of future:

a1herogenie disease.

6.3. Further sludics 

1. Long term prospective studies in NS pnticnlS on: desirable: 10 define the clTcct

of vitamin supplc:mcntnlion on lipids and lipoprotc:in abnonnnlitlcs.

2. Information from this study provides u.scful doll! towards 1anou5 stages of

planning clinical trials to lest the efficacy and elTcctlvencss or vitamin B
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supplementntion in children with ncphrotic syndrome. In such instances, it hos 

provided the basis for ensuring that the research question is clearly formulntcd 

ond clinicolly relevant to the target population. 

6.4. Lin,ilntions or study findings 

I. Sixteen percent of eligible patients ,vcrc unable to comple1e the three month

follo,v up period and data on effect of vitamin supplementation ,vcre not

collected.

2. Plosmo ti Icy levels ore olso influenced by genetic variables. This study is

limited b y  the absence of measuring the MTHFR pol)morphism.

3. 171ere ,vos no evidence from the datn to sho,v thnt changes in level of tlley

over the three-month period nmong NS patients would not hove happened

irrespective of vitomin supplementation. For cxrunplc. NS po1icnts moy, on

the overage, improve or deteriorate bct\\ccn the first dny they were recruited

and the dlly a repeat blood sn1nplc for rcossess1ncn1 of tHcy. Ho11cvcr, within

the limit of informotion collected and reported by study participants, the onl)

measurable change during this interval 'VII$ the vitan1ins supplementation. 111e

pre- ond post-nature of the study design, in "hich each p:uient served llS

control for his/herself strengthen the cleim that change in tHC) could not hove 

been os o rcsuh of unmcosurcd b:isclinc ehnmctcristlcs such ns concomitant 

1ncdieo1ions, lifc:St) le, diet ond genetic factor (�ITHFR 677C3T

homo,ygosity). 
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APPENDIX II 

QU�ilONNAIRE 

EFFl-:C
T
S OF VITA \11 SUl'PLE�IU\TATION ON PL.A \IA 

110 1ocv�,,E1 E A.Nil APOLIPOPRO rEII\ Al LE\'ELS I� CIIILORF.l 

\VITI! NgPllllOTIC SYNDROl\lE I� IUAOAN, NICfRIA 

Study nu,nbcr· ___ I losphal number _ O:ite enrolled: _/ __ / 

Mother's phone· Father's phone· 

Date of birth: __ / '--- Ase (months). __ _ 

Gender twlalc I. rcmalc 2 

I lomc ad dress (pica� describe the ,,ay to aet there)· 

Date fir.;l seen in UCH: } __ , __ _

Prcscntins compl11in1S: 

I. 

2. ---------

). ---------

4. _________ _

Other sympton,s 

D 

Dumtlon In days. __ _ 

OU11111on in days __ _ 

Duration in d:iys __ _ 

Ourotlon in d:i}s __ _ 

(specify): _______________ _ 

l'ast admhslons? [ I Y�-1. No•2: lf}CS. ho,� many? I ). 

t lacmogtobin [ l A• I. AS•2, AC•J. SSz4. SC-5. CC�. SPthnl-7 

F11n1lly history: Number ofsiblin11s: I I 
Position of pntlcnt among mother's children: ._I __ _, 
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l\1arilal Status or parents 

Not yet married :z I If Married 
Married -2 [ 1 Monogamous = I [ I 
Divorccd/Scpnrated -3 Polygamous .. 2
\Vido\ved =4

Mother's nge: I I !years Father's age: I I lycors 
Education: 

No fonnal cduClltion =5 

Primary/incomplete secondary .. 4 Father's cduClltion: I,.__., 

Sccond,uytrcchnicaVOrade II • 3 �1othcr's education: ._t ____, 

Post secondary but not University• 2

University/Postgraduate = I 

Occupation: 
Unemployed, fulltime house ,vife, student, subsistence former S 

Petty trader. labourer, messenger, similar grades - 4 

Junior school tCllcher, driver. nnison • 3

lntcrmcdinte grade. public servant. senior school teachers ,. 2 
Senior public servant. professional, manager, contmctor, large SCllle trader• I 

Mother's Occupation: ._( _ __,I Father's Occupation: I 

Dietary asscssmtnl

I O\cr the last three monlhs \\Ould )OU s.i)' )Our child's \,eight hns?

o Remained about the 53mc

b. Been going up
c Been going do"n 

2. How onen do )OU (your child) ui..e pan in c,crciloC (\ufficicnt to make )�U

slightl) breathless and )OUr hean bc:lt fa\tcr) "hich lluts for 20 minutes or

mOfC?
a. Qcctilonolly or ne\ccr

b. Once or !\\-ICC o \\ttl..

c. Three tlrnes a \\tel. or more
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3. \Vhen you have omelettes or scnunblcd eggs how many eggs do )OU give your
child? 

II ,  I egg 

b. Eggs

C. t-.1ore than 2

d. Do not eat omelettes or scrambled eggs

4. \Vhat type of cheese do you cat most often?

o. Full fnt (stihon, gorgonzolo.. etc.)

b. Cheddar type (eheddnr, chcshirc etc)

c. Lo,v fat (cotl.llgc cheese, cdom, bric, etc)

d. Sol\, cream or procc.sscd cheese

c. llolf fot chccscs

f. Do not cat chccsc

5. \Vh111 kind of milk do you usually use. for example, in tea, coffee, on ccrct1ls

etc?

II. Co,v's full cream

b. Cow's semi-skimmed

c. Co,v·s skimmed

d. Soya or non dairy type

c. Do not use milk

f. Other type

6. \Vhat t)l)C of spn::td do )OU normally use for )Our child, for Cl'.omplc, on

bread. tc»SI. sand,, ichcs etc?

L Buller 

b. Mlll'gllrine

c. Olive oil based sprct1d

d. Low fat Spread

c Very low or 'liulc:' 

f Cholcsterol lo,,cring spread e.g. llenccol 

g. Do not use spread

h, Other t)pc __

7. Which of the fof1011,in1 ls )Our food nomu1lly cooled In?

a . Palm 011

b. Dutter
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c. Mar&arine

d. Vegetable oils e.g. com oil, sunnower oil
c. Olive Oil

f. No fat used

8. Is the bread you nonnally eot

a. \Vhite

b. Bro,vn

c. \Vholc:mc:al/g.runory

d. Other type _ _ ____ _

9. \Vhat type of �Ind dressing do you usually use?

0. Oil & , incgnr/vinnigrellc

b. MIi) onnoisc

c. Salad Cream

d. Lo,v caloric dressing

e. Do not use salad dressing

10. \Vhic:h ofthc follov,ing do you usuolly drink?

n. Fruit squashes

b. Sugar frcc/lo,v sugar squashes

c. Fruit juice

d. Carbonoted drinks (e.g. colilS, lemonade, etc.)

� Low c.iloric cnrbonoted drink (e.g. diet colas. etc) 

r. Other t)'-pe ______ _

11. 0o ) OU usulllly add s.ilt 10 )OUr rood?

a. In cooking

b . Al the toblc

c. Do not add s.,lt

d Use sail substitute: 

12. Do )OU rcgulllfly w.c any dlctory �upplcmcnt<I

a. Combined n1ulli-viwnins & mineral suppkmcnl

b. Individual \itamin supplemcnt(s) e.g. vuamin C, v11omin U

c lnd1vlduol 1n1ncn1l �upplcmcnt(s) e.g. Iron, eiilclum 

d fl� olli c.(t. cod lhcr 011 

c. Garlic

r Do not lllke supplements 
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Rchi,·ant Clinical findings on the day of cnrolincnt
Pllr:lmetcr Date 

Oedema 

Cyonosis 

Dehydration 

Dyspnocn 

X-ray evidence or 

pneumonia 

Fever 

Other relevant signs: 

l I ••Ant 1ropomc r) ·

PMll!letCr 

Weight 111 enrolment (kg) 

Height (cm) 

\Voist cin::umrcrcncc (cm): 

Hip c,rcumfercncc (cm) 

Skinfold lhicknc� 

• Sub-scapul:it Dn:3

• Deltoid orco

• Triceps area

• Olccps MC3

• AbdomiMI area

• llip arc:a

• Thlghcirea

• Coif area

Present Absent 

Dale Rc.iding I 
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Laboratory findings: 

Set I Set 2 Not Commcnl 

Pnmmctcr Date values Date values done? 

Scrum sodium 

Serum potnssium 

Scrum bicnrbonntc 

Scrum urcn 
I I 

Serum chloride 

Scrum calcium 

Scrum phosphate 

Serum crcat ininc 

Scrum nlbumin 

Total Serum 

protein (mg/di) 

Serum cholesterol 

Scrum LDL 

Serum HDL 

Serum TO 

Serum 

Homocystc,nc 

Clinical diagnosis: 

Trcmmcnt.S being gi\cn 
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APPENDIX Ill 

Apporntus nnd Ren gents ror Dctcrmi1111tioo of Vit11n1ln Dil (cynnocobalamin) 

nnll serun1 Folntc 

Apparatus and reagents for vitnmin B12

• Beakers

• Pipcuc

• Shaker

• Centrifuge

• KMnO, solution

• I lCL solution

• Vitamin 012 slllndards

• 

• 

• 

Acetic acid solution

H202 solution

H!SO, solution

Apparatus and reagents for foh11e:

• Glass vials

• r-.licropipcncs

• J-lond glO\�

• Syringe. wkcr

• Centrifuge

• Centrifuge tubes

• Uhrapurc: \\lUCr

• Ascorbic acid

• S. I o-me1hcn)'lhc:trahydrofolic acid, h>drochloric acid

• Digluwnatc lri-h)Jrochlorldc:.
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APPE!'l'DCX IV

l . .S

2 

l 

OS 

0 10 20 30 -10 50 

Homocystc111c conccnlnllon (umol/L) 

Figure 6.1: Standard homocystcinc conccn11111ion 111\d absomoncc 
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Appendix V1 

---a

Pitiure of the stadiomclc:r
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Appendix Vil - SKINFOLD TI-UCKNESSES AND CIRCUMFERENCES 

TRICE.PS AREA 
SUDSCAPULAR 

DCL TOID ARfcA ABDO�ltNAL 

OICEJ>SAREA IIIPAREA 
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Appendix VII (Continued)

TIUOli AREA CAL� AREA 

WAlST CIRCUl'-1FERLNCES 1 IIP CIRC�1FCRENCE 
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Al'PENDlX IX 

TNFORl\1ED CONSENT FORM 

Title of research: 

EFFECTS OF VIT,�IIJII SUPPLEl\'IENTATION ON PLASl\l,\ 

HOl\'IOCYSTEll�.E A1'11D 1\J'OLIPOPROTElN Al LEVl!.LS IN 

ClilLDREN \VITll NEl'WlOTIC SYNDROl\lE IN IBADAN, 

NIGERIA 

Nnn,cs and nffilinlion of researchers; 

lnvcs1ign1or: 

Supervisor 

Pur pose of research: 

Dose E. Orirnadcgun 

Dep:ir1men1 or Chemical Pathology 

Uni\'ersity of lb3dan 

Prof. E. 0. Agbed:ina 

Dcp:1r1men1 of Chemical Pathology 

Unhersit> or lb3dnn 

The purpose oflhis rcsc:.uth is to find out JrNlgcrion children \\ho dc,clop ncphro1lc 

syndrome also ha\lC abnormally hiGh ic,cl orhomocys1clnc, o dcrh111i\c of on on,lno 

ocid in lhc body "'h1ch could be h:lrmful and olso \\Ol'SCn ii Ines� in 1ho<SC \\ ith 

ncphrotic S)ndrontc: The: rcscan:h olso ho� 10 find ou1 if the use or folic 1c:id. 

yJ14mJn 011 and Yil4min o., could lo\\cr hlG)I homOC)Stcinc In p:11icnt,; whh ncphrollc 

syndrome. If 1hi� is true. 11 means such cheap ond gfc drug.\ can be used 10 help 

(reduce morbidil) and morull1y) Nigerian children wilh ncphrotlc \)·ndrome 
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Procedure or the research: 

If )OU ogTCo thol )'our child participates in this resell/Ch. )our child will be t1'll1Tlincd, 

you and your child ,viii be asked some questions pertnining to the illness and general 

\\ell-being of )'Our child. Your child will be required to come fasting (no me:il nfler 

dinner) until blood sample is collected the following morning. 5 millilitre of blood 

,viii be taken using sterile needle and syringe in n manner th3t "ill c.iuse very little or 

minimal pain. Your child will be required to lllkc o tablet of folic acid (5mg) and one 

tablet of vitamin 8 complex doily for the nc1't three months. You ,viii be required to 

bring himlher to the hospital for revie,, at interval of2 weeks during the period of the 

3 months vitllmin supplementations. These visits ore ditTercnt from the required 

regular Ncphrology clinic attendance but it ,viii be schedule such that it coincides 

with the appointments gi,cn by tho Consullllnt Nephrologist. You 1nny also bring the 

child for rcviC\v (s) 01 any time in case you need urgent n11en1ion for any reason or 

)OU observe o.ny unusu:il symptoms during the study period. Another SmL of blood 

"ill be collected 3monlhs oflcr vit.omin supplcmcnuuion. Please. noie 1h01 the vitamin 

supplements to be given as port of the study ore NOT meant to replace the 11c1unl 

uutment for nephrotlc s)ndromc prescribed by the Nephrologist. These drugs are

honnleS) Md hope to reduce high le,el of homoc)stcine 

£1p«ted dun11ioo or rtsUrth: 

Your child is e:1:pected 10 be part of this study for jUS1 o period of 3 mon1hs. AOer this 

period further treatment of the illnc� v,,ill be b.iscd on the decisions of the Con,ult.lnt 

Nephrolog,st. 
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Foreseeable Risks und Oiscomrorc:

The use of Folic acid O d v·1 · 8 n 1 .arn1n complex ns supplcmen1s in henllh ond dise11SC

hos been sho,vn 10 be hlllm less b ,._ Ii • . . Ul ""nc 1c1al. You child 1s not expec1cd 10 experience

ony signilican, side cO-cct or unusual S)mp1oms during the study. The only thing you 

or your child stands 10 lose by panicipa1ing in 1his s1udy is 1ime tnken ror 1he 

intervie,v ond Cltlllllinntion. The �rcher will ensure that this time is minimiz.cd and 

your time will not be \\':lSted. 

Cost to the p:irlicipanlS: 

You" ill not need to pay for tests ond drugs mennl for 1hc purpose of 1his s1udy. 

Benefits or the study: 

The goal of this study is to provide daui that ma) be used 10 formulale policies and 

stnUcgics 10 reduce morbidi1y ond monali1y as \\Cll DS impro,c case management of 

ncphrotic S)ndromc through cxplorotion of the relationship of plosmo homOC)Stcinc 

and n:levant biochemical p;inimc1c:rs in ncphrolic syndrome patients ond the 

assessment of the implicolions of giving folic acid and vitamin 8 supplements 10 

children "'ilh nephrot1c S)ndrome "'ho ho,e hypcrcholcs1crolacmi11. h is hoped 1h01

the measured ou1comcs from this study "'Ill provide data that \\ ill be made owilable 

to physici1111s. polic) moker5. local and n:11,onal GOVemment, non-go�cmmcn1al 

or1111nisa1ton in,·olvcd in the Clll'C of p:ulenls ""hh nephro1ic syndrome. 

Coofiden1lall1y 

All information collected in this s1ud) will be given code numbers ond no name oc 

other Identity tnlCCable to )-OUf child will be rcconlcd rhls lnfomuulon cannot t,c 
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linked to }'Ou or �our ,vnrd · , d . , . , 1n on)'\\U) on }our child s nomc or 1dcntificrs will not be

used in ony publication or reports rrom this study. As part or our efforts t o  conduct 

proper research, oflicials of the ethical revic\\ board moy hove access to 1hcse 

records. 

Voluntariness and alternative to pnr1lcip111io11 

Your child's panicipntion in this study is c:n1irely volun13r). You also ha,c the right 

10 ,vithdra,v you child's panicipntion at any given lime if you choose to do so. \'le 

,viii like to nssurc you and your child tho, if you choose no, 10 take panici1>31e or 

,vithdra,v from the study your child/ward \\•ill s1ill rccci,c oll 1hc necessary 1rca1mcnL 

Ho,vever, ,,cc ,,ill apprecia1c your help if you/your word volun1arily respond 10 uikc 

p3r1 in the study. 

Due inducement: 

You ,viii be refunded only )Our tronsponation costs 01 c:ich vish mode to the clinics 

for the purpose of this s1udy. No payment or gift will be given 10 )OU or }OUr child for 

la). 1ng pan in the study 

\Vba1 happen ancr 11ud) ls complc1ctl? 

Your child "ill continue 1hc normal clinic 11tcndancc ond trca1mcn1� (,�hlch \\ill not 

�top even durina the uudy period) ofter the m.can:h I\ o,cr Any of thr resullS or 

outcome of this saudy 1h41 nuy benefit )Our child will be prompll) m11dc a,ulh1ble t o  

the ph) sici.ins for immediate decision mlll..1ng. 
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Sharing or benefits:

The immediate benefits or lhis study \\en: as s1a1ed abo\'e. On the long term, the
principal inves1ign1or hopes 10 pn:sent the data for the award or a degree.

ConOlct or interest: None 10 be declnrcd. 

Person to Contact for answer to ony question: 

Bose Etani11111he Orimadcgun 

Address: 

Department of Chemical Pathology 

Collese of �ledicinc, 

Uni,crsity of Ibadan, 

lbadnn. Nigcri11 

l\lobllc phone number: 0806066089-1

e-mail: bcorimadcgun@yahoo.com

ff )OU ha,c any question about your right to p;1nicip;11c or c1hlcol issues rcloung 10 

this study )OU can conlllct: 

The Ch11Jrm110 

Unhcrsl1y or lbudun/Unlvcrslly College llo.1pltnl Joint Ethical Rcvlc,, 

Commlucc 

11\IRAT 

College or l\lcdkinc, 

Unh cnlty Collc�c lloipl111l 

Ibadan. 
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Stntemeot or in\'estigator obtaining the consent:
I have fully explained lhis research to Mrsl�lr

--------

0 n or both parent (s) of ________________ 1and

have given sufficient infonn:uion, including obout risk ond benefits. to moke an 

informed decision. 

Name/Signnturc ofinvcstig:llor Date 

Statement of person giving the consent: 

I (names) _____ _ _ _____ ___ ___ the father/ mother/ 

guardian of _______ ________________ hove 

rend or luld the description of the research rc:id to me or have had the dc:lllil lfllnslatc:d 

into the language I undcl'Sll1nd. I have also 11111..ed it over "ilh the doctors and 

1nvcst1g.otor. I understand lhal my ,1 ard's I child's partlcip:,tion is volunlllry. I lno� 

enough about I.he purpose, methods, risl.s and benefits of the rcse:irc:h stud) to judge 

tltot I ,1'1llll my child to take p3lt in it I hi11e received a copy of this consent form. 

Ollle; Slgnuturt/Thumb prlnllni; _____ _ 

Witness's signnturvthumbprint Date 
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