log Olidod gl § Cublug 0usClils dlxo
11-YE : Olxio A YAA Ol ) € oslols ¥ 098

Oluds™ 9 saigr S Ol 30 <X g8 ! 9 (AT b 35T (S5l & 4ol (b3

E-jsadighi@ihsr.ac.ifk, saiy 5 - 011 0l ( p&eils slg il pole 0dSin g3, cosl il bligs 05,5 Lty e S §
ol g;)iﬂ;golﬂ;L;;:M}x;,\i:;m@,:wg@a,gﬁqu;gw,ﬁm;ﬂbuTMg;}Jf,xg 055 ookl ihosme b5

012l 0188 ctnn 5 5 S (4 155t g0 (05 (55 gm0 8 oLl 13T e 40l

Ol Ol « (K 50T 5 0lays (bl oyl s canalr a5 3 5go olnl (S5 1 57 bt 90

Ol Ol ¢ (S 5507 5 Olasd clbldgs Col5 s cdmalom 055 3 sugo 05051 (a5, 1 Lo 0139 9

Ol 01 ¢ (S r53aT 5 0less cblig o155 canalr 410508 pogy 0,11 cardis pmnaind (5185 1 gl 190

Ol Ol o Sy oseT 5 0l (bl ol canala 4085 3 g o ls] caldis pmais (1575 1p15T H g9 ol

IWAMY Y0 o b VFAAIVIYY @b yo &b

ol

wlﬁ.upwwip@)srsc,xo:u_}guw}Vsj\ﬁ;;lua“g,,.d\o\ﬁ\ﬁ@uéu@uf;l@?rsu.u}a.-._,g
Oleal 5 ed Ol Ol 1 s &T,;.;@?rsmpua bz yalyph S8 0lse 4 S Aol 5 ool LosyT g3le 8 sl Ll
s (S5hl) iolosl s 4 bl s Olse 4 WAR UL 51 56 0ladS Slial 5 WWAY Lo 51 Okl o) Olgs 40 gl s
el Skl 53l L3 el T bl 5 7 s ald )l Sla LAYAY Lo 5o ol aalllas il S 515 aalp ool iy
el o

3 s Sl Olwl (6550l e OU) Camezr 53 &S a3 a5 U5 addlles” S 4 A S LA s aalllas £ S Ay,
gl;‘;‘d\(dluyjdl@)dlwf%d;dﬂc;)y4;_45;){,:59~~J.AL§QLL~\IQJJéﬁﬁo.w\eur@\ow
Come b pan Gla OU sad 5 b ol BEST 4500 ol Ol oS 035 oo 58 andllan s w0 AT L8501 s aallas ¢ 5 02
Wl 455 iy 2 355

wlin 08 5 edg Olial 5308 s &T,a/@}svsdu oarld i Wy a8 sl Ol ael T s B Ll @Lﬁ :@L'J
ol aly EalS Al byl (le B A e 51 L3 4 o 0kldS 5 i sls Oliud 063 o RO I [N OW S VRt
(P <e/v NN/ N LY VY 3 0kadS Olead 065 53 5 (D =0/0 oY) LVON L UXY/Y 31 el s Olial 0L 5 pal i sed Ol 4G sk
Sl Ol U3 > ol g S oS s Olgee 5 a8l bl alstlie 51 15 6 Sl G oS £t Ol 395 0l bl o
JURJUI I ISP LVt G WS R s ol 03,80 15 gme sl ool a5l alstlae 51 L a e 0lllS 5 g
Oiis s AN edd g8 sl (i 55 0kdS Olil s el JAMY sds 28 0L [idsy s TAY bl 8 syl [hdg oS ol ol
AL e 80 s e 0L

ol b5 Il s ol B 6 st Olse 3 g 0 i 5535 55 skl (sla el 53 aT Lol (s5le (28 4l 6l 2l 158 wom
@fvsyjldgMQAT,@&J@\,;)>M)¢JE4{,gwl.u.;\,uw,-vstxgg\yﬂéﬁugjamgujjg;)Ju.
Bl Bl g oS g Sl 6 W5 e S 0 ol Lol (gl 2 il S 5 e g

Ol b3 e oS ol i ol (g3l 8 1S 08315



OLer 5 Ado D5 /Y

Olyes o e D80 oLssl lassls 5o ol slse (5L
(Baltussen 2004)VL.5 5 5 o gdre 5, O ae
&S sk ol wils (Serra-Majem 2001)iss 5
Sl lp esliad s gl Gla el o mls
wsl s S (S el r.xf P yas) e el
s, (UNICEF 1999; WHO 2001a).:il . o>
SV e e @) B2 il e o) 528 5l (ol o
s by s edd Sl b i Lol Olge 4 (06
Slas by 5l S Olse a by a8 onl s ol Loyl sl
el o gty al B G oS el Cer S
(WHO 2001a
St Sl ol B s oS 5 S oS sl Solen
515 (WHO 1998b; 2002b)esl, o 55 0lal 55 mls
£l b gl sl il 7 sl (3 aas SO s
D58 5o oAl B G oS JS slassmls Sl K 0lse
fod e 4 eh Okl iy nl 3 el 0dd g b
s pte  (Jafari et al. 1999) a1 & 55 0SSVl
wliy kS IS OISl 6 = 5T S a3y 5 Fe
53 skl Ol Olse =58 e Ll 2T 3l
Sl Ol e Okl 5T plly AS OISOl )5S
dowd 5 T L)l (il 87wl Gad s o VYA UL
(Sler Sl Obsle awop b s a8 15 TS
Vo PPM 5 (Gl 58 ol To PPM ol Ss
w Sl 5T (3l sl S
Lol gl ael s dile Lﬁ_l;\} slse 3le o8 ael
33 15 e 3550 1y sl 00 Olgn B ol L5l
Yip and Ramakrishnan 2002; Darnton-Hill
Siil e b erls L, ol (et al. 1998
om sl Olsle bug S0 sl ol o8 sle el
sl La=ls (CDC 2006) ¢l sus wl)l I
Lo Olnl 5538 3 ol Lol ol i alin i)
03 e3ls Sl Mallo sla Ol (slgly sla (2l

%3

Ao AR0
Oler 3 mbd s ol oo Sl G5 S
Sd 4S5 Gl o3 eess Sler g Olsle 5
LIl e G oS a M Oler )3 L8 Ok V/PY
e SH S e O35S 03 S oS Sl gt
5 Obye olol e 0Ly Olasl 065 vyt i
NARYARIVA S VZNIVA {4 SIVA 75 ST WAGN S IO TON 8
FACHSRRRTEpEs SN g WRCWPA L /LI NAR/
edd OIS Wl Bd g 3 St Camax ik
oS oS cal 3 6. (Benoist et.al. 2008
ol bl (Zdnly J s gla,sds s s S
Verster 1996) sl o 5ls,b olsle S e 7Y 550
(WHO 1998a; MOST 2004
Bl DIia 5 e S ool LB G oS
Sphie e s Shdy 0 Bl
VA ssd- sUL &S o, b« (Benoist et al. 2008)
sph o @l ol B ol e w S Osde
sle S 5l ey K ossa- (Allen et al. 2006
ol i ey i b sla)siS s 1 U J
S e S el S5 L6 (WHO 2002a).:t
Al Gl i s peS e g Ls o e Jg oS 5l e
oS oS sassleiy by (WHO 1998a)it .
Al B Ol s g 2l S Olge G
3,8 515 eslinal 5 4
syl 5l Sl b ol sl sl 8
Hurrell 2002a;) «ul oal Ji o= oS L ablic
e Sl S e sl g3l a2 ISk (2002D
se3s pelsm 53 Gl did Cons s BN Slas s (5
Slassis s b al,y ) & cl e sl
Olsson et al) wl a3 15 eslicd 5,50 4 iy

1997; Subar et al. 1998a; 1998b; Osler et al.
- kaly 0l 55 .(1999; Samuelson et al. 2000



a8 53 0T lp (b g 55wl w3y ol a
sedgm asl " i S L) Ol Co sl Gua A
09,5 s b a8 addlas” g o OF andlles
(Jaw V0¥ 33) oaob oo 0L candllas pl 5 Ciua
sensm sl anl B L)l Olse o pss Gda Lsy
o gla Aty s b s 5 g 40 O andlas
UU(;,upfvugj,\}>wdéw;,u&uwum
el 0351 (351 0 S Y0 v 3 505) 2l 50

le oy llae T Es Bl olas ) 6l 4 el g
Lol oole o asliy k3 sla bl 5o eslinal 5,5
Claml b wsed oo JS 5k 4l ol s ol
A Sl g A (POWED ou03 5 740 Oluebl 5su>
Design effect=r, aslis 5l aw 5 U3 S o5 olr
S s (S S W gad A dsloee Ol a 53 & e s
eyl ol o plowil (g 4 5 6 4ib) (6] o At
3 At sl Ol SS8 a4 ) aib S po 4 (5,5 4 ged
Gy gas § 8 Wsad Olial 8 3 s 5 0l ol olklss
)so;,%djwufﬁ;l;b\w.ufl;g\&\uf
o b ad g sldes 5 OlldS Olisl s des 5 ede Ol
@ Olal o s sl 5 AR Torem mSF 4 a5
6@\}5&6.&&1@@@))}6*16&@}5
C Sl S wge ot alia el Ol 53 (5 S W sed
A el Ol 3 RS sl

Az Ol 53 L3517 (gl @ sas on
Olal 55 5 (0L €5 104) ad ot o 51 00 w505 S ol
250 (0L a0 \Y0) i o 31 0L 4 ged 55 S
Cda g S Ol gl Ll 5L S 5l de s os romen
Sl 4 5ed Ol 4 OlndS Ol la 150 S 5l Ao s
H&dlﬁl_g.uwl;ﬁawugi&eﬂbmjau
53,1 Wgai VY i g Ol 53 5T €5a5 00 el & 5as
et Spa ¢S gl 5 ek 3,50 OladS Sl
(s Ol g 53 Waiged o s o5 i 53 L) plise

523 oAl bl ol s wly aldisl sl baly !
03 ey gl Al adlas oy par VWAY Ol
Olse 4 s Ol A ploil g gy il Ol 5 0L
ol @l s eld Sl bt ul s dald oS
(e 250m8) ol B g sed Ol oS 0l> 0L Lt
Ll asl ials dals o5 8 a0 G gl Okl 0L s
oS Ui s (GuslSen 3508) S5 oS g Ol
o> e kS (abus o 5IS e 3 50) ol LS
ol o 3l O L5 Gl S e el 03,5
0 A e S e Ol o sllals Rl sl el
Shuils Slds ol W ccld sl g oliad Ol e
& Sl S5 BB s el 005 05, s ke sl
T a ol Sl abesr Sl 508 sla Oledd S 555
W S 5 sl ol 8wl iy Cou
B g WWAO Ul o gy Ol s el psd et
13 OLES o3 el gl it pladl "y 5 L aalllas”
oS oAl 5 4Bl s (b 250eS) ol B Ul oS
ote Sl 3 4 Cod 6l e sl pal B
U8 & S onslS pen 558" Ul Lol il 65 S
KR A C M PP PR I e K [ PNE R
Rl 03 s plil et Okl 3 60 oLl &S
v S S OV gt e 4 55 OldS Ol
a5 ok Dbl 5538 53 Dbl Ol e Olsie
Ol cpl 53 \WAS Jle Lolsl 51 ol L)l g5l 8
S WAV Jle s ol andles cplple s led
e oS 3 oAl bl il s by b))
ol ps pldil sl s gl Okl s ol

Al (kS

LY
5 s sla Oleal 3 WAV Jlu 5 asllas ol
35 hls adllas ol a8l 1l 0 plnil Ol 1<



OLer 5 Ado D5/ Ve

2 e gl e Sl ey LB S 13 e 050
A s J G M b e sy e Olal L))
- Eode la e L i 85 alie )50 alt e S
s e a5l s L s O Ot a5 (glediS
& oslial 3550 o bl gla Ggasl K gl asiin (ol
St sl 5 o8 s sl 5 s gl e anslis
3= e S e W) Jiea b5 A2 el sl
A AAUSY Gk gl e S5 i i (A
/ o> V‘S Sla el aslin 53 oliS 5gdses (gla paze
S el 5y ge e 5l e 5 LS ls Lo o opal b
O geen I3 s 55 0/00 51 s p-value slis .cs S
R

1 ol 5l osle "l b lssol s anls gl e
6 ges adllas opl 3 3 OU) s 0L ol 5 e oIt
o gl ol Ol 5 Lus Jize oKaule3l & 06 5 5,1 sls
05,5 238 L3 S el 350 (5 s il s
(Yo-Ya/a PP oS il Jals 0L 5 3,1 al Ol soe (st
5 (V=Va/4 pPM) Jsd LG ((=0/4 ppM) o
L oL aiseld &S ol 83 L6 3L e (3NL 5 AV ppM)
Lis 5 gogpl cal BB Sly0us YO PPM G aS ol
ol b a5l

L’
b Okl s 8y Feraallas ol s el okl (LA
Sy oA Lol Gl e aslyy is i ldssl e
o Sle 3 by ol aS el S5 LB S )15 ) 5
Jle s 4yl la esls 5 ond LT gy Oliwl 5 VYA
Ol 55 05 08F ad sl andllas 53 .l sl (5 e VYVA
Slaite amglis il Loy 3,5 513 sz 25 5
- a5l e (\\‘V‘\)st O oS B gdske
55 OYAY — ol anllas) s olial 5 ol Losjl g5l

S odad = olés C:;L“q RGO PR W 4.3.‘)\ \ A)Lq..:a J}v\-?'

Slaal 56 Ao s Dlse J1alS o ol S5 LG S el
Ce an et Ol an G OedS Oliul 3 & ges
CM.»:‘ oJﬁ qum‘)sudlfb C)Js
Loy " as 3l Glasl s s esls (g5l —~
2 CBC _nlesl s ol (K5 5 aslitin s oSS
s 5 oKilesl s s Okl 1 plas
plil KX — 21N (sysmeX b b Jh Sl
J‘j’a 4.«.».:[.5.& J)}AJ:JMLJ Qf M}MLCLU \:».w\ ol
jav\.:awutnﬂ‘j.}fécﬂéu M}N&L«: .,\.J.ﬁjf
A3 e oSBT K b S ol e
oS TesInl Sl eslinul 3,40 oS LS Jlyl O,
S Slog Bl s sesl STy Slomis Glus e b
Enzymatic Immuno Assay (EIA .- 56
Gl odsl 5l eS cpl oS cl S5 LB s Ol
@ S 15 eslizal 350 538 53 5yl g3le b aebp

RO
oS Sl i S L) s s gle e

ol 2 sl san Sk (IS e 5 508) S
ol B G oS 5 kb 5l (i b 2 5eS)
L 5 oS 05 (b 25005 5 sl 508 25005)
«r (WHO 2001b)i 5 Gb s IS s 55 aS
22 2 s 53 05 035l 5 5meS G slS sen D)y
=3 5% p S 033l 5l S o S sen 5 a0l 8 0L
3aS L ol A a5l s sl 0U3 s &
A e o3 e S50 es Sl S bl Sole 5 ek
el B G oS 5 (EIA o5 5 jlulal 5b) 0G5 s
D 35S 5 IS pen Ol yen 5 5aS o 4 i
xS Gl andllae 5l s i (gla e LUAS iy a5
S5 b LSUT@,? oS L gdses gla e il
sle ol ledd s ol danly 4 oS
Sla it gy Olial 53 3,0 (g5l b wl p sdae
DS Ol 53 sl py sldil L3 & (gl odiS s



\o /LA)Ttg)Lﬂs&ul;de_.&))l

Gl \WVA Ul 33 i g Oliad OU3 53 ol i3 S g5eaS
e ] el 03 5 AV (gslas \WAY L s 5 T0/F
ssme olel a5l oS hgdsee sla e Sl Gl
(P =0/%) il e

215 el sl T3 b)) g anlllas ol o
So1s wsed (o, Wl l8 an) L g Ol sbs 428 IS
OO PPM gl Gl )8 s odis b 5, e ol i
35 YA PPM st GL5,1S 5 YV/0 PPM Ol w18
31T gas e 3503 13 " Cab s palis ol &S
454;@}?@,?*:,,,. Ol 53 aalllas s gla 150
Sran 31 ol Kl Lad adllas 350y 3,0 4ses O
YO/ PPM (gsbs \WAV Jle 55 ed s Okl gls Ll 5b
‘O ik g el el o35 VOV = lae Gl )
Jsdr 55 e Olwd gla o150 5T al Ol a)ls )3
(ol andllae) VYAV Jlu 53 conl ol 63ls OLES 0 o Lo
ol sy Saspl ol Bl s )T le wses LY
Ol 03l ea g A eig Ol 3 eds s syl s
Sl i S 15 s 35sm b OB Wses V0 aalllas
FUA PPM sl eis Oliel OU30s e OL pal
O cid s il cadbes 5 (VWA =5l Gl i)
33 by Ol OB b pae gl Olygal Olse 3515 )3
sdalive oS &Sk ol ol 63ls OLES O o e Jd
Ob i 1 5 on g S35l cpal B3 s OB VY 5,5
A 550 LAMY el b
OledS Olesd 55 03 20T anlas cpl st OldS Olinl (&
Dy AL sl il e aly s ldsl S
Lol s3lagib aslip oS ol S5 LB i S 15 s
10 ol 0 LT OledS Oleasl 3 VYAS Jle Slg s opal
Ol y5 a8 s plomil (ke 51 13) VTAD L 3 a5l anlllas
JB dsg an S 513 ) 5ye OlldS Ol 53 0 0VA
Fov Gobew anllas pl 53 5Lo 5,40 yad poe 4 el S5

4 e 4 O gla wigel sl O30 YU Jy 5s O3

S dle s andlls 3550 Comar Syl 3 3L Ol
St Lo a1 a5 3
e s (PA/0)) Ll gl Comazr (P <0/00))
el ls me (bl L 1 (P70 0)) e o
dar s g3 o3 addlan )0 Comer Gl mgs SN
JoSe G pzn AP=UA) s Sl o bl
il (P=/F) O glal dile (P=2/Y) el
Jab (P=)) Kasl (P SasB o (P=/Y)
St b G Sle 5 P=2Y) olssl (P=Y)
A3 i s me LT L S1(P=0Y)
OYVATIL) 85 cal i/ Jss oS gla jasls
Al gl e wl gl x5 OYAY Jl) e
el e AETGLL Y ojled s> 3 gde Okl s
33005) (pal b g gk Olse 58 o sdalive 45 4, S0kes
TXIV/Y slas \TVA Ol 5 ey Olial 0L 5o (et 3
Oy cplplo ol 03 7NNV (5ls VWAV Jlu 53 5
e B AYVA Jlu 51 ey Ol 0U3 s ol i £
Gadd ) O]l 4S old 2aS UE/0 Ol e VYAV
Gl I3 e bl a5l ediS asasie gla ane (ol 5
o 55 g Ol 063 3 s 2 Kls (P Z2/00Y)
Sre Slail) 2 Jee 53 0 S50 YYA (gsls ATVA
AR I p@'u £1/4 Gl VYAV JLe 55 5 (EA/E=
ol ks 5l Ol b 5 ea s (FE/Y = lae Sl i)
35008) G5 oS Gt Olppe (P T0/00)) il s me
Golos \WVA Jl 3 jgds Oliad OL5 3 (o slS e
ol el 03 AYUA ol WAV e s 5 LAY
3l ediS i sdse (sla kte (gl Gedal 5l e D
33 el sen Sl (P =/ ) ol s e gLl
3 rJ§ W/ 6olas YYVA Jlu s e Olisd O
VWA gsbas YYAY Jlo s 5 O = Sl Ol i) 2
SN ol g o3 (V/F = lae Sl 1) s 5308

ot Ole (P <o) el ls e bl L )



OLer 5 At D5 /AN

ol YYAY Jlu 3 5 704 gslews YWAO Jlu s OlllS
Gla e gl Gadas 5 e Ol ol ol 03 g LYO/F
(O JETVRR D G I O VORP-3 Y B P R tet S PR
WAL 5 OkudS Okl OU3 L5 sl sen o Sle
Jlo 53 5 (Y = [l Gl 1) s o r;fwt\wu
O = Slae Slil) 2 e 3 ¢J§ YY/0 (g slaw \FAY
(O RSCYRR D ICIN I PP P I S YE S S PR
Jlo 53 OldS Sleal 0L L3 ol S35 oS e Olses
o3¢ INF Gslus YAV Jle 53 5 1V /A (gsluw VYAD
oS 5 sdses (gla ki (g Gadal 5l ew D] pl o
(P <Y Al e sl prs ol s
Gl 2 sl Aol b ol g addllas oyl
o=l gls S8 550 51 ) S Oleal 53 T b5,
il 58 Sl o 4 303 0L s AS (55 4 ged Ol
Bl 3,0 ol slis c VYAV Jle — 50> axllias) 541
STV PPM s (OedS Ol 55T sls 6,18 51 79)
3 b blS ady 35T al s ls 13 (oS k) YAA PPM
Syed e 35 (0 b)) PYVPPMU £ PP
Sl e OladS Olad s anlllas coigle 150 S| 5,0
31 eal Sl s e s fly 3514 5V 14 &S U
Sslams WAV Jlw 53 e Sl uh sla 160 5 s
35 licie ool ol o350 (VA= las Sl >5l) £A/4 PPM
Ol (gla o155 5, ol Ol o jls 13 " b
S 4 Slea L ok asls 0L 0 o)l Jsdr s OkdS
=353 al LB ST gl w5 51 10/4 555 e sdalie
55k 3l JAEN Al Leds sb syl ide 1 5 ess
A S 8 ey s 50 0L 4 sed VY asdlas
WAV e s 0leedS Ol 05 b s 06 ool o Sle
(V870 = )L 81, =0) 0V/\ PPM (g sl (ol anllas)
53 OkedS Slid 063 b pas 06 ool Kl ol il 5
L P s R
O Sles Ll sl o313 LES 0 s les Jsd 53 Oliul

A e & gl sl 38, VL 5 (65 4 ged LSS
o) 3 oS e gl e anglis zb
35 oAl byl ol o8 by aslie 5 a5 (VYA
sl )l ¥ ooled Jadr o3 WAV JL) olkadS oled
Comex Syl &iF O] aS s e 0L =W NG
3 (P =) s mhae s aallas 54
GOl ls e ol 51 (P <e/en)) Sl
Al 5l a5 3 g anllles )50 Comer Slsl 3 m5 58
Gt o (DT e Sl e
Sl A (P =HA) Ol gd Coarex (P =/F)
ORFES e p) (S5 oS (Solen 4l (P =0/0A)
Al =) Al S G pas (P =Y (K
Jlaxzul AP=4/Y) > dile (P Z0/V) G55 gl
(P =0/7) Sty 595 L oysls (P =0/F) SLibss
AP =2/2) Sl P =0Y) ere sla (olew aisle
Gk sl 5 Sle (P V) sl (P =) Jab
2ot s (P s Olals slaws o Ske (P =4/F)

AL e s e bl L 51 (P =) ke
5 OYAD) 3 o ol /55 oS sla Ll
OleedS Ol 3 8T b 3T (3l 28wl ) ) Sl
S 6 Sk il 0l byl £ oyled Jsd 3 (VYAY)
53 (e 8 25008) ol S el Ul 253 (o stalia
Il 53 S IYEIV ales YFAD L o 0ledS Ol U
A5 faed Ol cnlply w0350 TNF/8 (g 5lens VYAV
ol 2aS JAY/Y Ol 4 VWAV L B AYAD L Sl pal
Sosdsee sla e (6l el 1 e OVl pl oS
ole (P <)) s pme ol 5l S
TV Gsbas VWAO Jl S5 0ledS Olead OB L3 ot 2
WAV Jlo 3 5 (8Y/8= e Sl i) 1) s 3 p S50
(PP = lme Sll) 2 e L3 p S50 VIV (s sles
P <t/ s e bl 5l bl 5 es

bl 0L 3(0mslSsan 5509 555 oS et Ol



S8 4 e 0S5 b sl Ol 0L 53 ol
Sk s e Sl e sl bl ki Sl asl sl
O o L3 & (sl yon 55008) 55 oS s Ol
RO e A P PE TP NPT P e
S Ay o B a plaspslis i 4 e g L
Ll ke glay i8S s al ba)T gole 8wl sl
Sl a0 S 13 adlas 350 65 G5 sk w
S Sl o3l DL gmeo (gl piS 5 s sl & o
53 oAl B RS sl edes B I ol s3le
5 OedSl B Ul suze VLT Al pls 528
Ramakrishnan and ..l aals LLs)l gls, 58 )
SlysiS Coise oS 55 g w4l adl (Yip 2002
wly ) eslinel cle @ LI ol a8 fals 5 oo
Ay dle alisee Y5 ks 5 en g oME sl g3l o8
s 0j 5 03 o5 S Sl F o ozl 5 (g3l
ol 03 aS das e 0Ll dalpl S (o) B el sa g 5
Sl 8 Sl sl sl sszs b ool i ¢ g lagsis
e 05 Wb olarrl gla s 8 51 2 5s (glde Sl
Ramakrishnan ang ..l sxbe Yu Oloeer™ 5,550
b, piS 5 Sldles mils 5 Tl (Yip 2002
S das e Ol (g5 5 WOl YIS asle)
Spt 03 i Sadige ol 5T 5l 8 ls el
ol S L e dlliy coul wllG S oS el
Olen 51 ol 2555 08 e D25 6l Sl s e
53 2 sn ol SH o fnd Cos iamer 5 G5 (S
Ol oo laly cpl 03 AL gM2 slse (g5l 22 sl 4L
OF s o8 3,8 o Ll o plnil Wigsis 3 4 (sl andllas &,
53 3l Ol e el L5l =l 4 ol el
3o e Sl B s S oS sla Lastls s
Lol ol axils 35 Al b oS 55T (3l 2 el 51T
35:a8) oAl b Ol ol sl 5l dmy Jle Cis 550>

(S san 3505) G55 oS Ui 5 ekl ol (b

‘.Uja.lﬁ ‘_;’J)Jﬁ\ JAT J._ebuub/() J}JL;A sdalie aS

A 550 A0 el 2b O by

S

i g ] idg o 3 0L ol aallae s
CM.»:‘ /Q/\/V QMJ&QL Mﬁ)/Q' Jgﬁ::j.’ QL'L@:\ DL
S 3 AN edd b )] g 5o 0kldS Ol o
de o b RS pamhdd ssl 740 sad e 0L
ol Ll Jo s aalres Gl bl el o e
BRI rleu.\ &TL_:)T il o Jwb_ef S5 B3>
32 el s Wi slen J S 5 (5,800 5550 Ll
g@b)bomd;ésjiﬁﬁalﬂéwlwﬁwj
Al IR LU S el 5 ol Grme Rl G
S 3,1 iy oS Sl el ) el S 55 o g )
Yoot dlo 53 A 31 3 S ssdend 5 ol Lot oo
S b edeny (0o YooVl 55 UYY 4 (605
S 3,1 a0 i Oaakes 080 350> YooV Jlu s &S
4 B Ol ol LS Ll (k) andls s odd
Gl S el S5 otls <) (CDC 2008)un; o
Sla b aS Col 6o 4 0,80 Slos Lyl (63 5da
.mkep’yqujjl&bl;&\ibsly&ju&b

Ol yesd Ly aS 5ls OLES omans anllas zb
5 g bl 53 a3 al B/ S oS Gl el
o alie ol ol il S wlie oS
ol 4l s &T L osyl ol s b sl =
3ol B et Olne sgds Oll O3 L3 &S (g,
o LYY 51 0kldS Oll 0L 5 5 LVONV a LYY/Y

S S5 oS gt Oge 35 el b el s, 1V £



OLSer 5 At D5/ VA

ol ol sla el 2alS sl G e 5 (C by
0 a5 L Ll 5l e 5 3 ol gl G juae iile)
Jrlse b sz bl on b 25me8) ol B Ols 55
Ab s b Sl 53 1 (ol i 51 o 0) S5 oS 2 s
YL o 45 o past 4 0l e 2l 0SS
LoVl 5 IS la (oley par (oo VB A8l ols (5oley
2l 3508 pes 5325 S edisl 05 el 1y bl cpl )
e Ll e s (A el s 5 50eS A5L) W (gdkay
mosls Ol Sladllae 3 pd S oS Al G ae 6 pue
Ll oo ol e plin 53 I LA Gl s 55005 oS
I 53 las s 5o (pl b 253 S5 oS e
ol O s A3l e mlE Al g 5 paS a5 3 0
oS Olse o3ty GRIB1 0w ol s bis ol S
Garcia-Casal et al. 1998;) sl j, s =

Kolsteren et al. 1999; Mwanri et al. 2000;
.(Semba and Bloem 2002

Eror Gl dp S Sl s s 0 Sl

S iy J s slay S wle bl s S sl
Al GMEe il o oal i Sle 4 By oS
G S JAS 5l (S ol Ll Sle o5l
s sl aile e |5 il andllt s 36
sl ol 5 (LY wobe) [ Ssie @l (Ol gl 4 dis
Jelse cnl 5 o0 s @8t I s ey 5iS 55 K
Yip and ) (ils, i8S WS skl sy s

Sl s wl sl sl J,.e Olee 40 5 4l u,.,J\J_e\
Layrisse et al. 2002; Nestel et al..| 422550

2004; Lynch 2005; Imhoff-Kunsch et al.
2007; Assuncao et al. 2007; Lynch et al.
(2007

Ol kS 53 ameli cpl &8 5,5 0L U1y e g

53 Gl e OS5 53 (b 350aS) oyl L3 ¢ o
= Ol 35 2 L ol )50 50 Lol o3 gy 350 5508
ol B S S N 5 (sl e 3508) S5
Oimee mt aslpells ps [ Cs o g 5 sl il
oy LS sl w5 Ul o o8l B g oS
oS00 n Gl (st 3500) (ol 8 Ol falS
G305 Ol S Sl g (S 508 55005) 555
D3 Al 603,80 Sls e ns bl L 1 el i
(S on 35005) 555 oS Ol I3l Jo o st
1y ol o andllas ol s 4 slanl L Oly e
g sl ol a8 3lal a5 L L sl aly
=l S SOl ped Sl 0 b e 0T 4 s
oS Ol GBI Jalge S 3 el g aallas
otlnl oS el OldS 5 el sla Ol s S5
A Bl e Sl b eSS Sllae OBy 5
o Sty b Ol (53 (G55 oS 6 0 Ol 2l 31
A SaS Gl by Sl Ol e s gl s sl

sl Jlazml e ens ) ST Sl b

Ramakrishnan 2002: Nestel and Davidsson 2° ®2=5 Fssee Jalss (i 4zl 03 5 (555 o5 Ol

.(2002; Hurrell 2007
G5 4 slS pes el 6 s 25 ALl
iy b s by siS s ol Candy e Sl
Ll edism b elh 1 S5 adll oS
(L3 5 oS n Sees il e e conslS sen

Sph o s Ol Cands s p Gl e S

(Nestel and Nalubola 2000)

bl il 8 a5l 5l 5,50 36 @ ol e
Liole Dlod bl S e (G oS Olse 2 8]
ot (28 3l oal s S Ol D35 5
23 (s s leslial e 4 00 5> Dl 5
S M e (5 O pan doal il (288) 06 2y
SEL G ae QU oS G pae (o3 i S ale) Gl
ol gl mlie aile) ol Gl gla sias 2l 33l



uljﬁlﬂ_)'e.)dﬂgw}gN&A@Lﬂgst&w\)aoﬁ
A6 Sl ol s Lo ol bosT gl s
Olwl g3 s &TJ”/J)} vséu ol el

S doms
Wl gl a8 sls olis addlae ol (glas,slins
b e 535S 53 Skl e Ol s el Loyl gl 8
OB 53 0k Al pbes sl 5 cal i g pt Olpse 55
A 4l I g oS et Ol 50 s e
S5 oS Jo 5l S b al B S lal s
Lol Lol e b ale e pd e s

63!.:).,\5 9 K4

O slajl 3 et jlasl sl Sl SOU a5 andlasrgpl
Wl el M ah sl L AR S NPy
e 53 Cy S e Sl (5ol5en 3l ol 5o
el S Sl Sl eolds el Sl e
SIS s (S plke oK iligioglee (Ll
oo ool il Oslas 503> s Lamallie
Aol e a8 (W) desee Je 155) OldS S
sl OLLSan 5 Ol sl (o SKan 51 cpioeen OBt 5
Lo 0l S5 G e A SIS b
>y 5 0558 Ohe edige (sl Lo ey p0 sl
(S e SRS Sl ) DS ()
(Shote o8 el ol edigaola 2 e S b KA sle
Ol (=2l Ol (S5 ol 5 LS ad o oo
dosme S5 ((m 5 desen S5 holond dngans 1S53) 4
o35 Ty i Lole (gl e B 0Ll (sige
e ol B3 e Oloo ol a5 ¢ SIS 0 e
Aoled o ol (L 2 dal 5 (Shax ol o 8

g s pde addllas pl Cudgdoe S e

Sl sl b w528 e w a3 p el 0p S
sl s bt ol BT 525 gl Ol w
wl iz gl Lol o5k Calld (oo g
OkedS Okl 5 YAV 5 YA0 sla Jl) e s Oliwl s
i e oal i 6 5t Ol 3 s SOl SSOTAY JL)
oS ford Ol GRI 5 8l S8 G5 oS g Ol
538 50 Casgdene el Ged BB ey St
oAl Ll sile 28wl aledsl sdaze b b
ol wcwils b e Ll okldS 5 g gl Ol s
Sl 55 el Bl s al s sl s Soslize Silej
ATl 531l gl ool S0 Ol e
S8 Ol Slead s b)) adlas g b 4
L ssies 5la e 3l (i S5 4S5 lailen 5 el 03 S
S 3l Ssls 0SSkl s asly kil s S
sz Ol 53 asl e Ldol 5 1y La s ol 51 =
St 51 S 3 g By 1ps S Bl 05
o L Ol Slass 015 es 3L edis (6,8 ojlil sl 5
GS wsed 2gms ol ba S e Al 5l 5 S
A B sl Ba g reS Cle @) e Ol o
Cle w8 cl engy byt YL 2By lad
Slallls (58 wsad la 4l 53 Ols e Coma 352
andllae 55 Ol e Comexr Gl 35 LS e3s 4l
Gl S wped S b At el OF 55 (5 i ol
RS it WSy S s At 5 3
Sodel s ) b 4 spe0 S35 L S e il
5 0kdS Olalss 53 al bl 5l o8 asly ol
S oS adsee Gla ane 53 e s b el
s Okl s el gl Oy Jsb s sls
wlie= bl 5o opl o ol 5 slar! Glgsls
Cydgdomn g3 4o s ble Suls opl 5 ens U
B Olge 4 dilg o b 51 Ll Ll sy anlllas sla



OLer 5 Ado D5/ Y.

AL a1 5le 28 sl glal 51 (VFAY) Sy 5 (YPVA) 5 55 g s Ol andllas o 005 Slasede — ) Jgd

p- value e 51 de e 5l LS
A YONEAND [500] ve4 2 A8 [04Y] * (L) Slre Gl il £ . Sls
<v/en) SA [104] ov/A [0av] (Mo )3) (6 s Cpmarr
<e/ee) #[5+] # [0ay] T (deo3) e Ol g Cmer
<e/ee) /Y [044] Yv/a [0ar] (&3l g o Ao 3) S
/Y Vo [50] v/a [04r] (do3) ool oK G yoa
/¥ vy [see] v [04v] (Ao,3) O Sl ailu
/Y v 5] /5 [0a¥] (o 33) > ailes
oY WV [500] Vo/v [0ay] (hoy3) SAels
\ v [0a4] v [0av] (Ao 3) Kb
¥ v [544] AY/0 [04Y] (Ao 33) Jabs
Y £/v [¥50] /Y [¥A4] (As,3) s,l55L
A% o £y [vy] 0/0 = Y/ [¥s] Shre Ol il E 551550 gls obe Kl

el odl axd g S8y s s sl 3l slias *

‘**

O e e T (#)ijpﬁ&@@w@j): 1 el Ol e & s g g Ol

AL syl ol 8 sl gl SO YAY) dy 5 (VFVA) 3 55 gd g Ol O Al B G oS s el - Y dgi

p- value * =l 5l da e 5l LS
AR Yo [544] YV/Y [ove] ** (Ao 33) cpito b 35maS L ool b
/a0 §VAEYEY [P00]  YYA LAY [ove] (ng/ml) lxs Gl sl £ o 3 Sl
AR Yo/A[5e0] VY/Y [0A0] (A2 3) (i slS gon 35S b S oS
<e/ee) VYA EVF[pe0] VY £ V8 [oA0] (9/dl) Jlrs Gl sl 1 IS gan - Silia
3 v [#ee] o/ [ove] (hoy3) Al i s oS
el ol esls Goad calstle Sl a5 k3 s e OV L pla ate 6l Osen S Je 53 P slas *

ROW PN PEEJCRCR (U RN N



AL a1 65k 28wl sl 51 (IFAY) sy 5 (1YA0) 5 55 0SSl andllan o 005 Slasede — ¥ J gk

p- value e 51 e asle 51 LS

o/ YY/Y £ A vyv/¢ 24/ [ova] * () Slas Sl il £ Sle
/5 A4 [P0Y] o+ /¥ [ova] (L 53) (S g Comar
/4 # [sov] # [ov4] T (1o,5) Sl g Comes
/A ov/v [#0Y] fAY [ova] (50 3l S doys) Ll da
/e VoV [s0Y] VoY [ovy] (3l Lo ez y3) D s
/Y YAV [F0V] vo/s [ova] (ho)3) 55 oS dislw
/Y Vv [#0Y] VY7 [ove] (U )3) ool JaSa G s
N 5 [pov] oy [ove] (ho3) O 55 glal aisle
/Y v [pov] Y/ [ova] (Ao y3) > ails
/¥ 5 [P0Y] VY [ova] (Ao ) Slibs Jlaazal
oY YY/¥ [50Y] Yo [ova] (Ao y3) Lol 353 b oy sl
a W0 [#0Y] WA [ova] (o 33) cpo3e S (6 low 4l
/A YWV/A [#0Y] AN [ove] (Ao y3) Sasls
<e/en) V/0 [poY] 0/0 [ova] (o) Kb
/Y AO/Y [50Y] AYY [ov4] (4o 3) Jabs

| v/4-[004] v/A [¥v4] (L 33) Sol3,L
/8 ot v/¥ [¥v] o/v £ Y/Y [VV] Sl Gl sl gl ,L gl ol .Sl

| Y5 £ Y [004] Y5 £ /4 [¥v4] Sl Gl il E s Olasl sl ke
/A Vv [004] Vo [fva] (Ao y3) 25

el o Al g ST s s sl sl *
oS Ail)\Lae;l;d‘ﬁl{ﬁwwg(#)QbMﬁWQCw@jj 1 sl Ol g2 VY (ghls OlkadS Oleasl **

el



C)U&*-"‘}gi:wy{j /XY

Sl 5 YAV ey 5 (AFA) 5 s DS il addllan i 0B ol i / 3 oS sla jasls — & Jpir

oA Lyl gl 28 by

p- value * e ) e sl 5l LS
<o/ VE/s [#0¥] YoV [ovy] ** (4o 33) (et b 3 3maS) cyal i
<o/ EVIV EF8 [0¥]  ¥V/e £ ¥Y/4 [ovy] (ng/ml) s Gl il £ o 5 Silia
/e Yo/s [£Y+] va/r [ove] (123) (L slS yod 3 5:08) S5 oS
<e/ee) VY0 £/ [£Y4] ywaEarfove]  (9/dl) Slas Glasl S e Sl
/Y AR [ovY] V /A [ovy] (Ao,3) ool i3 g oS

el s e3ls Godat calt e Sl das 5 |3 e Sls e ORI L sl e gl s, Sy ddke 55 P pslis ¥
el 0 S and ¢ S s 5o ol Bl sl *x

WAV Jlo 0ladS 5 g slo Ol 53 U6 5 35T slaages ool Ol w588 = 0 Jgid

OldS ol e Ol
RIHPN 5,1 4 yas RIHPN 3,1 4 yai ,
ool Ol
Loy Loy Loy Loy
Aoy s Aoy laws Aoy oslawg Aoy laws

q/Y Uy MY oA 0/4 % . . ' ' . . N[

Va/y Ve Yo W A W WE Y VY VY 1 Js3 3540
Ve/a oy Y Va/g N 14 vv/¥ Ay 44 OA £ Yy P

0 AE7ATN CUNNNEY /A NN 4 /2B VNN VYA AVA A o 4. vY " oS

Ve 0 TN oA \ Ve Y \ Voo Ve 0 oassl el Wb

Yoo Y. Voo 1)4 Voo N0 Ver o O e




References

Allen, L., Benoist, B., Dary, O. and Hurrell, Hurrell, R.F., 2002a. Fortification: overcoming
R., 2006. Guidelines on food fortification  technical and practical barriet$.Nutr, 132,
with  micronutrients. Geneva: World pp. 806S-12S.

Health Organization and Food and Hurrell, R.F., 2002b. How to ensure adequate
Agriculture Organization of the United iron absorption from iron-fortified food\utr
Nations. Rev, 60, pp.S7-S15.

Assuncao, MC., Santos, IS., Barros, AJ., Hurrell, R.F., 2007. Iron fortification: its
Gigante, DP. and Victora, CG., 2007. efficacy and safety in relation to infections.
Effect of iron fortification of flour on Food Nutr Bull, 28(4), pp.S585-94.
anemia in preschool children in Pelotas, Imhoff-Kunsch, B., Flores, R., Dary, O. and
Brazil. Rev Saude Publica, 41(4):539-48. Martorell, R., 2007. Wheat flour fortification

Baltussen, R., Knai, C. and Sharan, M., is unlikely to-benefit the neediest in
2004. Iron fortification and iron Guatemalad Nutr, 137(4), pp. 1017-22 .

supplementation are cost-effective Jafari, S.M.; Nabi Pour, I., Mahbobnia, M.,
interventions to reduce iron deficiency in  1999. Prevalence  of iron deficiency (low
four subregions of the world Nutr,134, ferritin)_in_ reproductive aged women in
pp. 2678-84. Busheher " province.Iranian Journal of
Benoist, B., McLean, E., Egli I. and Endocrinology and Metabolism; 1(3), pp.

Cogswell, M., 2008.  Worldwide 209-214.
Prevalence of Anaemia 1993-2005: WHO ~Kolsteren;-P., Rahman, S.R., Hilderbrand, K.
global databases on anaemia. Geneva: and Diniz, A., 1999. Treatment for iron
World Health Organization and Centers for _ deficiency anemia with a combined
Disease Control and Prevention. Available supplementation of iron, vitamin A and zinc
from:http://whqlibdoc.who.int/publications in women of Dinajpur, Bangladeslkur J
/2008/9789241596657_eng.pdf. Clin Nutr, 53(2), pp.102-6.
CDC., PAHO,WHO, USAID., 2006 A2Z Layrisse, M., Garcia-Casal, MN., Méndez-
Project: Monitoring and Evaluating Food Castellano, H., Jiménez, M., Henry, O.,
Fortification Programs: General Overview. Chavez, JE. and Gonzalez, E., 2002. Impact

Available from: http://a2zpreject.org/~ of fortification of flours with iron to reduce

a2zorg/node/49. the prevalence of anemia and iron deficiency
CDC., 2008. Trends _in wheat-flour among schoolchildren in Caracas,

fortification with folic @acid. and iron- Venezuela: a follow-up.Food Nutr Bull,

worldwide, 2004 and 200MMWR Morb 23(4), pp. 384-9.

Mortal WKly Rep, 11;57(1), pp.8-10. Lynch, S., Lozoff, B., Lutter, C., Ranum, P.

Darnton-Hill, I., Mora, JO.; Wilbur, S. and  and Harvey, P., 2007. The USAID, A2Z Gap
Nalubola, R., 1998. Situation Analysis of  Analysis: Information needed for consensus
Iron and Folate Fortification in the Region on policies and programs to improve iron
of the Americas as a Strategy to Prevent nutrition. Available from: http://
and Control Micronutrient Malnutrition. www.a2zproject.org/node/44.

Presented at the Interagency Meeting: Iron Lynch, S.R., 2005. The impact of iron
Fortification in the Americas. Washington,  fortification on nutritional anemia.Best
DC: Pan American Health Organization Pract ResClin Haematol, 18(2), pp. 333-46.

(PAHO/WHO). MOST, USAID., 2004. Micronutrient
Garcia-Casal, MN., Layrisse, M., Solano, L., program. A strategic approach to anemia
Bardn, MA., Arguello, F., Llovera, D., control programs. Arlington, Virginia:

Ramirez, J., Leets, I. and Tropper, E., MOST, USAID Micronutrient Program.
1998. Vitamin A and beta-carotene can Mwanri, L., Worsley, A., Ryan, P. and Masika,
improve nonheme iron absorption from J., 2000. Supplemental vitamin A improves
rice, wheat and corn by humankNutr, anemia and growth in anemic school children
128(3) pp.646-50. in TanzaniaJ Nutr, 130(11), pp.2691-6.
Nestel, P. and Nalubola, R., 2000. Manual for
flour fortification with iron (Part 1).



OLer 5 Ado D5/ Ye

Guidelines  for the  development,
implementation, monitoring and evaluation
of a program for wheat flour fortification
with iron. The MOST Project. Arlington:
US Agency for International Development.

Nestel, P., and Davidsson, L. 2002. Anemia,
iron deficiency, and iron deficiency
anemia. Washington, DC: USAID, Agency
for International Development.

nutrients among US adults, 1989—-31Am
Diet Assoc, 98, pp. 537-47.

UNICEF, UNU, WHO, MIl., 1999. Preventing

iron deficiency in women and children.
Technical consensus on key issues.
Technical workshop, UNICEF, New York;
7-9 October 1998. Bostonknternational
Nutrition Foundation and Micronutrient
Initiative.

Nestel, P., Nalubola, R., Sivakaneshan, R., Verster, A., 1996. Fortification of flour with

Wickramasinghe, AR., Atukorala, S. and
Wickramanayake, T., 2004. The use of
iron-fortified wheat flour to reduce anemia
among the estate population in Sri Lanka.
Int J Vitam Nutr Res, 74(1), pp.35-51.

Olsson, K.S., Vaisanen, M., Konar, J. and
Bruce, A., 1997. The effect of withdrawal
of food iron fortification in Sweden as
studied with phlebotomy in subjects with
genetic hemochromatosi€ur J Clin
Nutr, 51, pp.782 - 6.

Osler, M., Milman, N. and Heitmann, BL.
1999. Consequences of removing iron
fortification of flour on iron status among
Danish  adults: some longitudinal
observations between 1987 and 199V
Med, 29, pp.32-6.

Ramakrishnan, U. and Yip, R., 2002.
Experiences and challenges in

industrialized countries: control of iron WHO.,

deficiency in industrialized. countries. J
Nutr, 132(4), pp.820S-4S.

Samuelson, G., Lonnerdal, B., Kempe, B.,
Elverby, JE. and Bratteby, LE., 2000. A

follow-up study of serum ferritin and WHO.,

transferring receptor concentrations in

iron in countries of the Eastern
Mediterranean, Middle East and North
Africa. Report.of joint WHO/UNICEF/MI
strategy workshop. Muscat, Oman: WHO.

WHO., 1998a. Regional Office for the Eastern

Mediterranean.. Fortification of flour with
iron in.. countries of the Eastern
Mediterranean, Middle East and North
Africa. WHO-EM/NUT/202/E/G. Alexandria:
WHO.

WHO., 1998b. Fortification of flour to control

iron deficiencies in the Middle East and
North Africa. Report of a joint WHO/
UNICEF/MI/ILSI workshop, Beirut: WHO.

WHO., 200l1a. Regional Committee for the

Eastern Mediterranean. Progress report on
flour  fortification in the  Eastern

Mediterranean Region. RC48/INF.DOC.6.
48th Sessions. Riyadh, Saudi Arabia: WHO.
UNICEF, UNU., 2001b. Iron

deficiency anemia: assessment, prevention,
and control. A guide for program managers.
Geneva, World Health Organization,
WHO/NHD/01.3.

2002a. The world health
risks, promoting healthy

report.

Reducing life.

Swedish adolescents at.age 17 vs. age 15. Geneva: WHO.

Acta Paediatr, 89, pp.1162- 8.
Serra-Majem;,.L., 2001. Vitamin and mineral

intakes in_ European children: is food

fortification ‘neededPublic Health Nutr,

4, pp.101-7.
Semba, R.D. and Bloem, M.W., 2002. The
anemia of vitamin A deficiency:

epidemiology and pathogenesis. Eur J Clin
Nutr, 56(4), pp. 271-81.

Subar, AF., Krebs-Smith, SM., Cook, A. and
Kahle, LL., 1998a. Dietary sources of
nutrients among US children, 1989-91.
Pediatrics, 102, pp. 913-23.

Subar, AF., Krebs-Smith, SM., Cook, A. and
Kahle, LL., 1998b. Dietary sources of

WHO., MI, UNICEF., 2002b. The MI-fund for

accelerating the establishment of national
scale flour fortification projects. Updated
review of flour fortification status in the
Eastern Mediterranean/Middle East North
Africa Region. Paper presented at the
Technical Review Meeting, Wageningen,
The Netherlands.

Yip, R., and Ramakrishnan, U., 2002. Forging

Effective Strategies to Combat Iron
Deficiency: Challenges in developing
countries.The Journal of Nutrition, 132, pp.
827S-830S.



