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a) Two common vehicles have been considered adequate for iion 

fortification in Central America: .salt and sugar,. Because of ccojno: 

reasons and ease of -control of adecquate levels of fcrtification, as 

well as for certain characteristics of iron absorption in the prese, 

of reducing carbohydrates, sugar has been chosen as the most suiitab2 

vehicle. Sugar in soft-car:bonatcd drinks is also being considee:d 

as a vehicle for ir:n fortification in Venezuela(14, ! 5 ) . Sugar as 

a vehicle has the added advantage that refreshments sweetencd, with 

iron-fortified sugjar are conmonly consumed let-.:cen mrain., thus 

avoiding poso<ble inI.hibition of absorption because of food factors° 

b. The compound use:d for fortiLi a tionv ust be very cer e uliv 

chosen prilnarily for its effective-ness Indeed, fortification of 

foods has failc.d because of the poor absorptLion of iron f.roln, cmo'­

pounds w'hich otiorvise fu2. fi.], many "food tcchnoogicai" criteria 

(4,16). On the other hand, many hiJol.gic ly, avail able iron cec:-­

pounds have major disadvantages from', the standuointI of feed ind 

(soluble ferrous Co U)IUn,- are higll,, reactive, dscolor th b:a a: 

give a met-alic taste to it) except ..,', nfl:.:Cd withi spec-al \'Ch i a .es 

such as milk( 1' ) v.,hich is not: available for th- great o' 

the popu la Lion iln evelopi g areac A-nother maj or d..adv.,r t.ue to 
the use of many of these soluble and hichly ioni.zel e iron cc:. o_:i&: 

in food fortification procjrcas-i in cruntries ;here mot of the diet 

is of vegetable origin (cereals, pulses, leaves) i.,;that the iron i.". 

the compound used for fortification becomes a part. of the co.m.ron 

food iron pool and is ineffectively.' absorbed.La e Cta!.(19) 

have recently de:onstra ,d that, for exam.ple, ferrous sulfate is 

poorly absorbed whn added to a t.pical diet such as that consumes 

il Ccentral Aerica , a.nd t1hat a's te amount of .fcerrovis .;ul'ate is 

http:absorbed.La
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a) Two common vehicles have been considered aecquate for i,.on 

fortification in America. andCentral salt sugar. Because of ccolo:. 

reasons and ease of -control of adequate levels of fEcrtification, as 

well as for certain characterLstics of iron absorption in the pr.se. 

of reducincg carbo~h'rat as, suciar has been chosen as the most stab2 

vehicle. Sugar in soft-carbonatedc drinhs is a].so beIe;i( considc.-ed
 

as a vehicle for iron fortification in Venez.uela (14, ! 5) Sugar as
 

a vehicle 
has the added advantage that refreshments soeetened with 

iron-fortified sucjaor are como-:only coSUce t..'een mae1n, thus 

avoiding pocikble jnhibition of absor tion because of food factors° 

b. The compoundi used for fcrtif.ircation, rust be vesry careful] y 

chosen p,:imarily for its effectiven .o Indeed, fortification of 

foods has failed because of the poor abnorp ti cu of iron f.:cm, com­

pounds w] ich oth orv.'., fill. fill m:a:y "food tn clui-c' o.na] " cr- i.­

(4,16) On the other hand, many, 
bi jic-lly available iron cci,i­

pounds have FtajC)r disaidva!ntaqcs from" the sta'. 
 t of foc inc-,:;tr,
 

(soluble ferrous com,
.. nsaeh1 eua i.•L.. disco c-r 

give a metalic taste to it) except ',.hen mied w itl sccal "ehicio 

,such as mIl](l 1 ) which i,, not availble for the Cg'reat .,j,-ity of 

the popul aLtion in (loveloyi_ iig a rca. ?no tho- maj or di. sad..n-;a1j to 

the use of many of these soluble ad hic", ly ioni> 1 iro c. 

in food fortification proqrcms :outntries :"o:tin where of thedi 

is f vegetable origin (ccrca 2s, pulses, laves) ,s that the iron ' 

the compound used for fortificatin beco:ves a pai of the coc:.con 

food iron poo! and is ineff-ctivelv'. absorbed. a..c..t a,. (19) 
have recently d .. ns tra-a I..-ed tht, for ' aj ferroussLst -"if fer ou t i. 
poorly absorbed when de]dccl to a t-pi diet suchca_ as that cC.lsvwe. 

in Central }awerica, and-!n the "j,.r..un tte of 'u t 'that E" I .~'r~ f 



increased in thc dak to reach high levels of iron fortification 

its relattive ab,;orption markcdly decreases beco;:iag more and more 

ineffective as the iron dose increases. It an;>":'r:;, then, t-hat the 

addition of highly ionizablc, soluble iron cc:-'; iunds which very. 

rap)icy become part of the cc.n-mon food iron pool will not be an 

optimal form of iron fo:-tification. Excptions to this general rule 

are: i) the simult:ncous adi;inistration of relatively high levels 

of vitamin C, which in most ins tances would have to be added as a
 

supplemnit itself, (20-22) or ii) the inclusion' of meat or other
 

sources of home iron, 
 or of larger amounts of high qua].i Ly proteins, 

mainly of aiiiinal origin (23-25). Thise also 1:no.7, is not feasible 
in the near future fe- the Central. ,corican popu.lation: nor r L 

other dc:veloping naLions. In contras;t to the ,.ovc type of iron
 

cor 
 ound s , home iron (that conta ned in ryo;lob n an.d in hnc. rjl,:n
 

beh)aves in a di ' fferent fashi n , nont y baca s it forms an inae'
 

intes tinal iron pool frcm' that of non-n'e ("inor.:ie ' ) irc.n (23, 2G 

Hlemce iron mi.:ed wiLh cereal: a nil I Ln s has ma y ideal, cl a.rnct::. 

such as a more effective absc. on, a clear incroase of its ab:Or,rpti 

tion in iron defici ency states in the p'resence of any type of :ood, 
and a rc)-It§\v0e1y hihor,)r.. pro ;crL-ion of its ab-cir-tion inrdi endent of 

d o se T(24,28)oun
dogo2'~ The amount o- non-hom:e iron in i:hc intcesti ne doeS not 

affect its absorption 'either(19 25), Ideally, te fortification (,f 

the Central. American diet with iron shou].d be ba s3d on the adrmi.:i : 

tion of home iron, but again one falls into the unfortunate situat,:i 

of the rural poor 'who cannot afford to constume meat. A logica'l 

substitute for her': iron would be a co.mercia.]' availible cor-.c.une 

which would behave Cior rcn rch h-.s 



- ,-­

been oriented towar : finding such a compound. Our results indicate 

that the doube iro:.-.:.iium salt of ethylene diaminotetraacetate 
(NaFeEDTA) behaves differently to "non; hoeie iron" under certain con­
ditions by enhnncinc Ue bioavailability of. iron in the presence of 
inhibitors in relation to that of inorganic iron. In this respect 
it has some of the characteristics of heme iron as described in a 
sunmmary form i-n Annex 1. Essent.-ally, its absorption incrCses 
in iron deficiency in tho prescnce of food.; which interfere x.ith an 

increased absorpti, n of iron from ferrous sulfate(11,13), the iron 
in NaFeEDTA a... rs to h: at least partial.v protect&] from food

C~jj~jjjijj L ,,-j'jCCI (].2,1]3) an t e
compounds wh i ch mhib.klon-heue iron absorption , and th
 
dynamics 
 of intestina 1 .,:orption of iron from Nfie.;., eva.uated
 
by changes in serum iron, rcsemb].e that of hcoglbi 
 and co.1frast 

-1 C) f errous E- (2))t -1.witha t(] t2e hfve evil c.c: also t io t the 
iron absorb fe.rom j'e':;-r.,..is hic~j ].y available for h c ..
 
synthesis (29, 30) FroJmi, .:!.e* physiol.ogical point of vi ..,, then,
 

NaFeEDT-A bc.haLv somcwhat lihe he iron
. aId as such iit',,ppoac
 
the ideal iron 
compound for fort.if.ication in areas '.oeremeat
 

consUirmpt-ion is very smoal] .
 Iron absorption from&t is leastit at as
 

good as from ferrous su2 fatc!, 
being superior undO,.r cer ion.tin co. 


The EDTA -ortion of the oilecule is essentiall' . . (bo)
 

c) The iron cor:pouo,! to used
be in fortifyig s:)ar must be
 
stable and not
must produc,, undesirablc Chln,]"Clos thCill app-arance of
 

sugar or in its culinary prcerties. The ... ditio of one part per
 
.1,000 of NOl-eDT,7. (which provides 
 13 mcg. of iron per .00 -. of suc:,.r) 
produces only a hardly Jcetect-ble ye].o.,ish diseo.craLion to ,o.. r 
and does not interfere in its culinary pro!e:rties such,s theo 
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of'jams or jellies, cookies, cakes, gruelssweet or IICAPARINA 
etc.). Furthermore, the iron compound should not add a metalic ta 
to beverages sweetened with iron containing sue:: NaFeEDTA, in 
contrast to ferrous sulfate or ferrous funMarate, is imperceptible
when added to lemonade, coffee or tea. This last drink provid<c; aI 

an interesting cha-racteristic: when sugar containing ferrous snlfat 
is added it turns hlae): immediately. This color is almost irrcvers 

by the.addition of Inlemon. contrast, sugar containin! NaFreEIUTA 
proCtuces a progressive darkcning of teathe which reverts to its 
natural color w'ith the ad(lition of a dropsonly few of lemon (ill1 
Stability trials are under way in climatic chambers in a-eaand two 

in Gua temaaa the tropical coast and 
 higcl.and.;. So far the
 
characteristics 
 suarof the have not changed significantll, in cith
 
location except for a sligih t dar):en ilng in hothl area:; when the forti
 
sugar has been only minira..ly refined (please see annex: 2) / e[. 
white sugar is now being tested under similar conditi.onrs and a ftar 
three months no cbhnce in a>.)e arance nor in.oranole;2tic ch racLan 
have occurred in the sugar imaintained in the climatic chaber simu1 
trop.ical coast ronmens.env Bread and ]ho:le. ]ade jiaim have been t c, 
by different p nnels with excellont results.2 

d) The mechani is of the addition of iron compound to sugar mu: 
be easily accomplished, and the. cot of supplmentation s be low. 

NaroCID.'A can be easily added to sugar in its latest stages of 
production. The very fine yellov: pov,'d-r stichs to the. sugar crysti 
which still has about 1c moisture, remains with the crystal in the 
process of drying and does not seriregate from the sugar in the bag.
 
Samples obt-ained throughout a period of sugar proc.tion hen 



fortification with ;a1*FcEDTA %.asaimned at 15 mg of iron/100 g of 

sugar resulted in a itzible level of iron fortification which was 

15.6 	 rag/100 g. of sugar with a range betw.een 13 ail" 28 Rmj/lOO g. 

There 	 has been no secjrogation of sugar kopt in b.ags for twelve month 

lie estimate that the cost, in terus of available iron, is only 
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the cost of FeSO4 . This relatively greater cc two to three tit 


opini..., outweighed by the stability characteristics c
Is, in our 

:aryD''A and by its culinary superiority. The aily administrati 

of 6.5 mg of iron per person (contained in 50g. of fortified sugL 

(6.3 cents) per persor.
represefnts a yearly investment of US$0.063 


The increase in cost of sugar would be less than US$0.0016 (0.16
 

The costs could probably
cents) per pound, that is less than 2%. 

be reduced further. 

e) The compOund chosen for the fortification of iron must no! 

be a hazard to the health of the population.' In the case of Nam' 

we ha\,e consulted oheFDAat the United States who have iniicated 

that Na2 DTA is an accepted food additivc for over 30 use;o, that 

Na 2CaEDTA has over 50 accepted uses and that the level. to be dd 

,. 

levels in the United States(32,33) Calculations of the pssibl 

losses of nutrients from the intestine if total en:chanye of iron 

in the f'o3rtifica t. ,n of sugar- is well within the acc h e int:
 

for calcium would cccur d-Itcs that less tAn .,5 P! of ca liu: 
,V ,ic: C,-i 


intake is very high and we do not foresee that this ".ould caus .
 
per day u.uld Le ]osi in the fece;. In Ccntril c&l :: 

problem even in the case that all of the EDTA wouN c:ch en:e ''i 

calcium in the gut, Less than 51 of I]DTA is ab5orb. from the i: 

tine by the human being. In terms of other cat.ions and trace 

minerals it apbears that tho presence of NaFoED T in the gut 

actually facilitates the absor;tion of other metals such as zinc 

If this were so, this would to an adde$ advantage to thve 

administration of this salt, since zinc d e f i c i e n c i e s 



are also highly .nt in most developi., countries w';herc iron 

deficiency is also 
 ublic health problemn35 '36 ) 

In any case, along the objectives of this prcposal is the
 

evaluation of trace mineral nutrition, in populations receiving NaFc
 

EDTA fortified sugar.
 

f) Iron fortification of sugar with NaFEDTA must not intcrferc 

.with Vitamin A fortification of sugar.
 

At present, two countries in Central America are fortifying
 

sugar with retinyl-palQitate to provide 1,500 
 ug of re.tinol/100 gof sugar It is expected that all the other countries in Centr 

America and many countries in South .hc13ca and the Caribbcan will 
.also fort.Ly sugar with vitamin A. The tuch:nigue d-\,lloKCd for thi 

process involves i:he p-eparation of a vitavdn A-rich suc.a r pre:i:
 
which contains 1.5 x IO6 of
ug vitamin A/100 g. and an antio::h..nt
 

This s th16- mi.'ed v.ith sugar in a p)rc2,eti-n of 
 Ig por hilo ath.
 
same stage of productLi c,.of sugar 
 when c:Dal. be ao.A'..' 1 d a]sc 

in a proportion of lcj per hiJ].o of sugar. i:rc;m the tecI,: 1 ica1
 

point of vie.,' these EddiLtions Qo not interfere with each other.
 
Stability trials 
 are under ,,ay v.'i] sug-ir enriched .ith boti- vitamin 

A and iron. These involve the use of a c] :;,tic ch:.. at ThCAP t
 
dup] icate e.xtreme tre nical conditi'-ons and an ima] tria 
 s to evaluate 

the availability vitamin Inof A. theory, 1o',.,'ever, :,-s::mo u2 id 
not decrease at all the stability of vita-in A if all iroithe ii 
is chelated (as is the case) . J:'rhe1:'Ore , EDTA aat' o:i1 
are actually used to increase the stability of , ta;in A prcparatio: 

In brief, INCAP bc].ievcs that it has coveolpd the process fcr 

fort:ification of sugr wi,t iron :hich,, to be a vcry 
meaOsure to prevent iron deficiency' and cven, in the long run, treat 

2 ..
Tndi vidu Is ::o1at the start frtificat.onof were iron ccficicn­

http:frtificat.on


The dangers of ire: :x.city in Central America and Panama with the 
proposed levels of "-: ification are essentially h1i; on the one han, 
iron absorption from NaFeEDTA in iron repicted individuals .is
 
clearly lower in relation to that 
in iron deficient subjects( 1 2 ! 3 ), 
The amount of iron absorbed from NaFcEDTA in iron repleted individuZ 
is in the same proportion as other food iron. Furthermore, hemuchrc 
matosis. in Cehtral Aerica is essentiall, unknown; in contrast, iror 

deficiency occurs in over 50' of the population in tropical areas° 
The most imlortan L aspect of this project is carefulthe p'erio­

dical evaluation of the effectiveness of irol fortification of sugar 
with NaFc-LDT'A at a ponulation level. This evaluation ,ust involve 
two aspects: a) Those related to the delivery ironof to the pcpu].a­
tio-, and b) the quantification of the chancmes th;t takinj piac­a.e 

in the iron nutrition -. tho:.e receiving 
 iroi-fortificd sugcar. 
Recent advances in the eva.i.ation of iron nutritLion by the us- ,f
 
serum ferritin cl.tcrmL,- tions (3[ 1-0) make this a very 
 valuc-ihic t-ol 
since it allows the estimation of iron re.;erve : a chanqe of 10 nq 
of ferritin/mi reflects a chanCe or a!ppro,:x.mtcely 100 "tj of iron 
reserves (39) Serial evaluations ,>T serum ferriti.,n, ho.m ato]olc 
variables, free erythrocyte nrot,:m i\ino (PEP) an 5 iron al 
iron binding cap,-acity-pr.'iit cli'n titativc estimationa of the actua 
chances which have occurred in the bodyc iron ;ool as well as in some 
of the most isuportant functional aspnects of iron nutrition° 

INCAP is convinced that the only effective measure in the prCC 
tion of iron deficiency in the Ce;ntral ,lmerican Istmus is food. 
fortification with iron. host probably this concept is extensive to 
the rest of Latin America and the Caribbean. It also believes that 

.i 



'.I!I '
 it j:. ,l." Lii'-' VC'gjL ol be.tuij j blc U - ativ ilu L' 

couL ntriej'to L.]ie CenLral 	 Amew ican 
,:1 L.i ci irieoL "iLh par'etEI)TA 

two' differcnt ecoJogical
so, a pilot study ih 

L '.'"or. it does 

be cohducted and carefully'evluate:
 
.... in Central America must .. 

of fish saI:ce with ai'eEIYTA has recently proven
.,,:%.Catio 


by G'arby
i' in a small f.&, tiial conducted in Thailand 

. (41) This proosal has as its objective precisely the 

such pilot study.and careful evaluation ofS.pl'eentatio 

2. 	OjectivcS 

e project is to evaluate the biological
The purpos of this 

costs- of 
anid the ie c:ur:al. feasibility -includJ.Ig

effectiveness 

large population s where iroln 
sugar L)ificaiLon wiL KaFcIDTA in 


}highl y prevalent.deficiency is 


3. Sck],J0 F W~OU. 

clhi].clren and tlhcir
 
The sampi)e w.ll, be 'r:,:,t by primary school 

two of tLhe major: ccooi=-,scnLaLive of
Lup u
f ami.ies. TIhcy will be 

> i s tIie tropical 1.o.]I(s arid tLhie Iii l 
arCas in C0nt,:a]. America, I 

Io:;- :.;.Il Lh , tIl I 
A ll tlhe 	 %-Lill. !C Frnl l. .i.i(,L lhf i. it.':iI;:In l;. 

c ,.;e: lu'.,'],'i: 
rv,lds thoso in n -tu,:ica l r( ,i tinuwl in tLe

hI 

..ii;i-'d a a.'(.,.s. I"nii" 
are r.i)..:nu LattLv. )F rio:;L L-a;,.i.Cc1]-i uOi.z 

and two in thne 	highlancls oC)[ ;uct:;:ta
two in the :...lnt;CU,-Uni tiL s, 

..ill 
each having appro:e.i c v 4Cl childrcn in tiMe puiblic scliuo Is 

in each commuiity w..:ill ho
bvSubjcct:. of study. Th" LLal sanple 

,ie of each pair of conu:nuni tio.;: we1.11. 
around .S00 individua3s . 

and the othc' w-ill serve as control; each pair will
c:.:lpr'm::rental 

w.ll3. consume irc n-for ti . ic 
differ in thrat 	the c.)erinL:c0ita] co::':iunflitv 

will consu;me plai n suga r NOLW c.... 
s.,ugar wh ile the cont:ol co;:,m uni t' 

http:includJ.Ig
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;..,t-rica and2 Pain'i i ac:i-ji to the attariicd tible) and ir)st probXlbly also a d: 

.v.iding dental care, will include the distribution of 
:-: wich, bes-ido 

other health relat-d activities ncride ablets.] If c:_::.-:KdOrcd appropriate, 

could be jirlc:-ntceI; their natc
ci... wi th e iron fortification prc-jra-i 

%:il-' ciced on the uhariacte,!ristics of thu co.: munitics. Blood arnd srotb2basd 

J' 3: will from all the school cl.ilcdren -id t-heir famlies. Dis:.7)lc, ba t"°JL'K-,n 

intake of th'e whole fa.ily -. ill ba measurcd. A sinle cli-nical urn will I>-­

fill-d for each ir nuter of the stu;,, 

Trace P,07inral and folate nutrition will b: iroinitorcd. in a 

sulans.Plc. The-2 study will last 3 years. Saz-,;?es will. ]> obtained for 2 1/2 

years. The re-mning 6 ,nnh will b- devoted to daL analysis and ,itib:g of 

final results. 

p:Jss.blcc desig;n could :!the -tuyCf tv.' or four co;;n'.niticsAnother 


to
in a scqunt.Iil fashion ,1,'.:t is, tI-J i ] LIat prier 

and then procccd with t1,:2;:tification in a]l the co:manitics. This souu a 

parallel Ydesign hzas sa\'era]c. c parcd to UCI of an ep...-..'"'" 

c-d a control "........ ' J-' i pcu s to e nur, : 

]e n at tCcr.3.) 'hle duration of the c2.rst.J.ation Lx,uldlcrnqL. by least ci 

rLDIlths sinceI\-].0,,tLI o.c.]cti:un %,'a]u. tz:2e th'tt ]onq to Cobtin:, .ill order to 

have as a ':§t:s illni:-Lt:crr.s of ].220toJ &lic<i and blcc':ePca] j::..,Lthree iii 

initial and t.. rmre, c.ic:, , _t s apart. Statistical.'.v, havin, only t,. b:a. 

points is too risky and we% ,;oulD beure at ease if tirc, points3 w.e-O"-'"V] 

prior to fortificati-o:. 
2).riskin te- of va).cldity of data in a socj-cgiitial desi is ,h... 

the control is out of t:U [:h , and t.he chanes.- which are occarinj t]r'.:2hout 

t~ire *in these co ,n4nits andl %h:.ich arc cut of our cont-:rol, could clearly 

..e ;...ould b_ a:ble th.is 

sense, t]-o parallel col."ction or dt 

influence the results and not to evalute tc n. ,n 

1 o]f - inb:Zt and c."ntrol it 



ANEMIA WILL BE INSTITUTEDHEMATOLOGICAL VALUES BELOW WHICH TREAT 'ENT FOR 

Age SEX Altitude Altitde Altitude
 

0-749 m 750-1!99 m 1500-2S00 m
(years) 
Lb(,/11) lict (13 P.b (/ ±, iict (%) (Hb (; /d1) Hct (%) 

1-4 14 . 71.3 .2.1 6 34.3 

_F": 33.0 ;2 35.6 13.2
10.9
5-S 

3- 37.6 13.4 40.2 

13-16 y 36.9 13.2 3: .6 1A.6 43.8 

13-16 r 12;7 32.0 i3.2 39.3 13.6 41.3 

9-5.. 11. 

1 2.5.0 49.2
17-70 " 3. A0. s 14.4 45.2 

I.3 35.2 12. " 32.3 13.6 41.217-20 F 

43.6 15.3 46.2
.14.321-49 14 I 13.3 40.2 

I11..8 S9.5 13.1 42.4
21-49 F 35.2 12.4 

L42.9
5,1 . 35...0 


50+ F 12.1 36.5 12.7 3. 13.4 40.6
 



3) I'ilc co:;t!-, hiciher in the s:o:unti.,al des~ign: eve~n if only 

tj.o cc'irunitics are s, (one in Lhc hiqc-uLans cand_ oi-a iii tLhe llad)the 

total1 cos3ts %w:uldnot V ro. uccJ as ccv.vjarc-d to, the oe-,.' a control and 

cxpc12~al cai~aniios a pcrallel. fashichn; (XI tha contrce-y, th-e costs 

jiruild jjfZcrascl bo-Cause 0OL the necd to lengji,:n the ~)rCIo.[tuy It is obviou 

thnt ithl four co-munities under a seqa2;ntial study- the costs ;v,uuld a.L-a-st Ckouble 

Finllay, it 6dareul 2r-_vJcw onl ethical consideraltions of bohdsgshas .L-0 

done and neitherT is con:2iccercd to pose any cL]icni. cmcsti cn sinic-2 the stu3y 

does not PrOL;Cnt aniy hn,-zcwd nocr v:Lolat22,- any of U~e ht:;-.ri richts of thl:2 groups 

involved3. In the! paraLk d s n (c n ol a d x -r vnti co m it at 7ac 

\cTcn.\;illJ 

thoseo in the xeionI : ;uiye:c~ for a dae'of :vbt.'ato th Ceae 

in rocec"ving the- D2cftOf 0 "hch weC:q<aCt this :tt'U~, 

a).Utu-Cc above se_- level) thec control receive- bene-fitsid Lclt 

suve :cI"4, to 

shfci.,. In th~ :! uni] ~~y all t1:e; Stu"",c~:u~~e. il e rceive! the 

benef.;ts of Su,_r: forbL- *.i1atien il1hiron fci-r at ee; Oa_'i 2Ln 

Inl o-Iclun-3.U.onI ,;2weS:O lyUyeL~lCa~ h ;rJe c nOf ILA.'a 

co:1-nuvJAi.C.-S at eLach aliueof mCac le-vcl., o contr-ola Lhe otheI-rcar:et 

a) intak of saraiio 

Ille Cdut. of the wAl e faL-:,uil v wl.ll bz! studied, ill the faffai.iics of the iarxr 

a stratifie su!hccQ:$Ac dcx int'.e1. Feed_,_ illnale w .I etiet2L, 

24 hour u~'u: crieitsadery3recall ~octefrtificat"On 

mnths frccei th- i onm. 1'articul.ar Lattent.on w.ill 1-v2 pa-,id tko i:t:cof iron, divi 

into ani,,.iil sc)urces anl 'cec.lesuca h of rufzre c-ct 

rich *in iron, Such as fc(;rtifjc-i f,,,d an onlavtaxn ineral re)ll s 

C~~i2Jiron, re t.:cpectoioftedaa:ilb '~-iia :L­

on JNPfeed cc-atieals (43) i-ec:S tot)4al iron wu ecccainain 

c'~p~aitcxi z.uof o~ 2c~Of Cr c- COC.~h.!. :: 2cc . is 1i1.1 L: 

http:Lattent.on
http:1'articul.ar
http:ht:;-.ri
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The prc<jram-, of V" ..:1A fortification of Sugar which is already in 

progress, is oLtainii.. ..a on sugar cons, mrtion in various places in Guatc:nala 

and El Salv2dor. ahii.; u omi.ition is being already of qrcat value, but still 

t1e actclml ccnsu.Wt.'cn o2 iron fortified sugar in tihe co.:=,unitics under study 
-
nust 1: carefully ctoumntcd in order to b2 able to calculate total i-ion intake 

and the pro-.portion of: it cc.-ng from so-itum iron FDrA. The reason for the 

four dietary suiveys tr-ou.;out t. studiy is precisely to Ibe3 able to calculate 

actual nutricnt mt, *,; in tlhe co:r ,mities wiiii czhosis on dietary soutrces 

of iron, as well as to Dable to descri]e the diets in term, of f2Lcer, 

phytates and oti,"r mi L-aLLnta]es ,iich areneor in order to evaltute 

trace min ral vJ-ILrit.icn al:6-0 .;it-h and without NJai.-A irtake 

Besides; i'' Crmtia1 6ieLo-y suva' ouli- abve, t.,o colleteral surveys 

will be lrf< on sratified .l....ss.cs covcriivcj 25, of tUh2 ,Ye-:c 
ai]m .dat Uhe t;...eo -;ret \vnin: r,:.hi. -r('s in torns of iron .'uti~ 1) sl'cjer intci en: 

in the yourng child, a-1 2) n{cvirint'-:a in the procinnt aid actafarj.c: .n. In 

lYatOof tese cyouis ,ctua. ;,iqht of sujjar conzu:ji-tion will bo o,:aineJ. 



b) Biochemical c :te'mnntion of arand folate nutritional 

sttus and he:atolocical 'md n in t:-v .. tion 

Bl3ood samples will ',e col]iacted in "he same families, and at 

the same time as the dietary survey is c.:-rried out. HIemoglobin 

concentration, hematoc,'.it, rcd blood eeii counts, red cell indices, 

Scrum iron and. total i-,-on binding capacity (TIBC) will be determine 

by routine methods of henatological t(7,:45)es ( 7 ' 4 5 . Free 

crythrcyteorp...nes (!_EP) wi] he dctermined by the 

rethod of Heller et al, (.16) Serum f-.rr,--tin will be mreasured by
radio inmuno assay at IVIC, Vcneuela at Dr. "M.Layrisse's 1aborto 

by the method of -Iiles ot al. (r(,,( I ( 7 Tota l o nbsorum; protei ns w.il.l ho 

esti.matedo by ra fratcto::-y (1' I-) d whole blood folates in half of 

the stratified sample " lerbertlsmetho using L, casci (49 ) . 

All the mebers -in t, st.udy will be1:1.nitc):e by h...ocri. 

determinations to asses their hematolocal condition. 

Complete hematol]es,,, serm iron, TI:C, serum feritin and ,hol 

blood folates will be ctetrmi:'.,,d in a stratified subsalmple totallin 

1,480 individuals dist:ibutd "s shown in table . venousThe blo 
neededl for thesr e r "_at , 'r.il.: be t ,dotcrroaLi~s wil1lbhs -ed-fo obtained by two physicians 

in the project and by the treiied au::i].arv nurses. Only per ip,ra 

veins will be punctu-ed; b.o-:d from children .ill always 1c drawn 

by. the phyiSlicians. 

http:hematoc,'.it


TABLE 1
 

STRATIFIED SUBSAMPLE FOR 
 COMPLETE HEMATOLOGICAL AND 

BIOCHEMICAL STUDIES 

COM'MUNITIES
 

AGE SEX GROUPS CONTROL EXPERIMENTAL
 
.ACE' S 

(ycars) HIG' AND LOWLAND HIGHLAND LOWLAND 

1-4 - 30 30 30 30 
5-8 30 30 30 30
9-12 30 30 20 30


13-16 303 30 30 30 
17-49 100 100 100 100 
17-49 F 100 100 100 
 100
50 + N 2 5 25 25 2550 + F 25 25 25 25 

TOTAL 370 
 373 370 370
 

GRAND TOTAL 1,4E0
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c) General mo-b.i.v surveillaince and recvistration and 

surveilIance o f cas (, s .o C,a i.n on t p.atient cl inics. 

A careful record ;1'ill be kept of cases diagnosed as iron defi­

ciency anem/a either at the public health out patient clinics servir 

the study villages or in any of the surveys. The record will 

cover a 3 month perio, prior to the init.iation of fortification 

and will Jlast through-)ut the period of intervention. All of these 

cases will receive t],, rapzeuLic iron using the routine system 

employed by the public health depairtment: FeSO4 by mouth. Their
 

hematocrit. 
 will be ch,:cked after 2 m. of therapy. A simp].e cl.inica] 

form will. be filled for each number of the famillies co.uposilic the 

sample. The popu!Lnt.ion vill a]so be monitored throughout the study 

with regard"; to ]:ookv..u and a. Trichura parasite load s. F'or this 

purpose a fecal samplu :orm each subject wil e formal in- fixed and 

Stoll counts at ]east once the nearat boginn ing ;n,'1erf::.I 


the end of the h ans performing eg, counts
etud 14,400 

procedures f da ta beA1l the and lc to obtai ned concern .n prasite
 
loads have been consulLed wi.tL Dr. ,Layris who ',.I'l
se 11 also continue
 

to assl.st us directly c,. this matter. A record of goreral 
 morbidiL 

will be Rept at the cl:,ic, co'ering all the population in the Stud' 

villages. Adquate n'ent oft -; all diseases will be institutcd by 

the clinic staff in the pvject. 

Fortnightly, rorbidit\, su:vcs %.:illLx. pcrfo.,;xl in each of the four 



-.1..l hCI Im 	 y ~ 

* x2Division inl C!,s COO,-rLinw~ n~o~cna ;o~ anid H!ua 

.... ir.t izliforn.ation will efet' eyc lrn hat obtalincd in' is 

d) i~lai f£ Lraicc'iea2onri 	 ion in ;Meci roeoiv i. 

ad 	 sarnplef- -traceculm uri ne for: d Lermina Lion of mineralS 

varticUlarly 7zinc (51) and Copper (52) in plasrma and zinc and 

1.1,Inesiu"l (5)in urine, vdilbe collected f'romn all Lhe ,ubjccts 

ill thc subsaiiple ind~.CtcaLd i1n Labi c 1. The urina ry on Lpu Ls of 

zil2. c andu !il~ iic 51 tuI].] be evalI ill Singl.e Uri:ine smi sa Led aIc~ 

ruLa Ltiny( thUIC nr con LconL Of_ theze O Lo Lha I:. of ujcrILin InlC 

Evcn Lhoutjh Lhe probaIz).LIjALyOf prc uilj. o vrodiS 

e!SSsenLi ally nil , c lrCfluI Cli i Calevln LZ.Utionl V.ill. be perfOITneu Onl 

allny cal0 II i ch CMJIdcbeS Us;pcLeL(d Of duvelJop~i.1 anl ilvol overload 

.. yndr-o:;Ie .The subjc.r; ... 21j hospitiIJ-ed alt: l~A~ clinlical 

con fo1carfL. ]0nmC LholL)01SI t udi Sc;, inIC.11ud inj( trinlarytr SUM 

oii 11w t a fLote 18fr .WiC 

C) The (1a1 	 a;1 ) h.e (..()I ocred i Ii covor (. 1*I lo.'in 

U' I by n]' ie-- ~i(. ? ~ uf al ii''inLy ret :il I Im 

SIn eaOCh :'' 1_110un prior intii .uIIdILuL is, Lo -~vo'nI fil 

every 8I ,wuenLh.; for -Iic.Ltwo ycars of TeITn)re~ij 

Ilumoi-Of fa11in I ic; nde0. s Lu: .II'I.1 1. be .a1 t e ynwc 1p 1.50 

ill eachd corI::: n LV , L11h o La I be inrg 600£fia IiJ. ;. 

-- Ila'surodi o i a : by allalys is of fcod cowpos its onl 

two occa-;Ioinls c..1 co~irmun i Ly Fo u~oeoninl ch 	 . Liis 

foodl ceuwpos;i L vi. 1). .5o prepared for n;!ch 20 fzl:uuiliues . Th1e 

total iuibrof a"~ Io~uo-ti11be 1.10 , represe Lt­

ill ,~? ill each comt i y , 0- chl t i;::c 
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1 'J)( - ~~o d 6wij, CI .1,~Q"cin.cr111(d 

' """ Irn L,~ seric iron, toLi (v, i Ir h,,ll ~ U 
4 ;~~/w,- '4,."" "22 '< , b-' d i Ca pa,'"- C' . ­

f, ree pr t p r h r lis a d<'>31 iLl'y~1O~L e 

heIwa Lo ]-I ica1 survoy w i 1 c.im 7, 200 i tic]a.vjid u'a Lo' 'cvci: 

011 s eC(J I. I i1i .1y Hi tho tal nunibor of, ;ampIIj C's fc~o : 101 Locr 

o f. 1'( 2 ''.' 2 '" '22: ' 

fo Li~:,1 c; i1ei~i v1, 12( elEIf ihI
' to dC1 111.. t L oils01101 ~ ?~A~4 

I .1 L Ca 11O I i ' I 

Wr-' ( .~ I
' j~~~tLot L i~(? l I 1 1) C':~ d 1 (U 0o"L L ~ ' 

http:tic]a.vj
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mincrzl nutrico. in suL.k,"ts_-Eva3.uation of trace 

o r -ortificat -C pn ith !:, 2 ','.: The number 

of anal.yses in serum and urine for each o' the trace 

minerals (Zinc, copper and magifesium) . h.:ibe 1/2 of the 

If results indicate', the need forstratified subsample. 

larger numbers, the other half of the collected samples 

will be analyzed. 

the program: This --- Cost of fortification and control. of 

activity will involve periodic cost evaluation of the 

process of fortification and of the delivery system in 

its totality. Cost of treatmbnt for iron dficiency 

obtainedanemia in the communities under study will also be 

throughout. 

, 1heln --	 § 2 p]e number: Finally, a word on sample numbers. 

the presence of ane... a is estimated on probabilily basis 

for each acge-sex cjroup, a near 7. preva.c-:c: of subjects 

with hcmoqlobiln concentrat.ons or homatocrit va.ues cary-Jn5 

a high probability of belonging to an anemic po)ulation (ancl 

even normaltherefore classified as anemic) is expocted in 

size neded for valid estimationspopulations. The sample 

of changes .n prevalence of anemia when it: is not. very much 

higher than 15% must he large, ideally betv.'ecn 1000 and 

.1200 in each community. That is why we will attempt to 

hay hematccrit deLerminations in all the sampIle: l800 

in each comn'-uunity. The stratif ied subsam-le where complete 

hematological, iron and folate studies w.ill be performed, 

will consist of 1480 individuals (740 contro).s and 740 

exper -mental). fhis large number of subjects w.il insure 

complct,! ]onr t',li 'al s tu.lies Jn nar 0 ii 



, C*q t , s'-: irSe 1d'm.uT:Avsis of ,:!-a, a: .... ssibrv ... atons 

]::cA' is i:lciul :ntirg a very strong data poccssir.-j cc. ;,t.r ;.:,ch icluce­

.:'C facilities of -reaterc pacity thian tlh. onesci i1:t:}.:;, (a new . 

•.-' 	 3,0COn is being installod in 1-ay) Lmd all the orc.:. -tion necessary
 

"
 fcr c:ta.Z h:anling and statistical advice. INI\,'P alrpy e c-s,-ne:p ricnce" 

T .o;a:ituinal field pro r..... S and socifically at the Bic:..:-_dical Division e 

he nui the exTer.ience of at Ja]st t-.o field prorams, one on suhclinical 
Sano_r~, t on cefy. ppl czmantation to agricultural %..orkers,

valcibsorpt:on and the .... o c-,r 	 L 

which hove required t-Je sta'J.is....n, of vary co.plete files with, clea.ly 

desicned va-icb].es, that allo; us to perform essentially 	all the analysis ai.d 
tess -i)DnS"1to'17'"t-C tho ef'c (rlc of 

statistical tests which are ircd o ct (or 

it) of nutrition inte . 'ention program. In the case of the energcy su,4e- o. 

programn, various thcoretical. m•,a. are also Ix.,ng testc-], based on lonqjittvina! 

collcLc'd daOia. In other words, with ou-rp.rs e--ntc:p.nce aii] the faciJit:ces 

which are now;a reality it LAP, I Co not foresee any .imiitat:on i'n tr, s of Cat 

proccssincg, stO1lis~iY :t of files anJ anc.-ysis of data. 

It is hard to indihcate a rinri ho;; :;'_ny articles will ccvra out of any 

investigation. My Pu.I:sona], phivo'.-;plhy is that even if I can publish many 

articles to fill my curricu]an (but .1hich have not enou._gh to say), I rather 

publish loss articles eac, of w,.ich will carry a sigific-.nt coit ribUIr.ion to 

the problcm at hand. I can fore.ee, as a rc-sult of this ."ivost.igcti on, 

articles on the in cidh going lxaeach of areas w effort is to .invostcd and wh c­

isiclude dietary data, iron and folate interactions aoth with Lw.mological 

vwriables and a.Ymng themrselves effect of.iron forti.icaLi.in on gener'al 

vorbidity, trace mdneral nutr.1.tion (includ3ing ontent in foods and gencral 

nutriti:nal status with reard-.'Co z1nc, cppe2r armd wi 

addition of iron 'DIA), cost cc ..... ti. n (incuin, ost. :f-"" "s... 

b.,tnef it analvsis) and a rxr.-aph on iron fortification and on the uossile 

so].ltions liat. w conre frcm this i"v.stigation. 

http:forti.icaLi.in
http:sigific-.nt
http:va-icb].es
http:sta'J.is
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I'bis l'oru9ram aims at 2Upjpyiny a snall additional amount of 

.lculgicallv available iron to population grou)s ,Jlo have a hiqli 

,evalence of iron defici_ :cy because! of: a) inacdcquate iron int ake: 

Loo little and poorly absorbed, and b) elevated requiremcnts due to 

pLcgnancy and chi .ldbif: L n d/or chronic blood loss. 

The populationis at large will receive iron sugar whic!fortified ..

will pro-vide 13 my of iron/100 g of sugar. This level 'appears to bc 

c,,,ougjh ; a fo't.ifico a HIImeasure based on the fol.lowJing coll:;i dera-

Lion wS ich , 'e avr i-;i], 2nc havinig %.,'riLLn iII(; aipl.!IjcaLion: 

I. 'I'wenty t .'c sul;j , C: in Che Luo ,'].ands c.ou :I:nly fo ii ieli :ugar 

U)t' Ca iii y J 3 my or i [olh Ja1\ o wCILWira a ce du 59W as Lhzy 

would norayIIaIJ.}i consulmie u;qar thrOuc.iuIL LTh day. '11w mean . ). 

iron ab.!orpLon was 5.6 5.0. There were 2 clrar1y iron duficint.
 

subjecL; (K sat of ']JK, n'.9 ;wd 1.1..0) and 2 POSil.IJy defI c;ent,
 

;uhj"c ; (2 ';at of 'TI C ;I.: and 1U.62). 'leir re;.ispeetL a],;omjd it
 

wre 1(;.I;, H'. 0, 2.l~If .2~ 3a!;cd( )nl~ t.11(', 
 (1 l l if11, 

:!h Ij rit. J 3 l I IF).)/100 IIIr a] '.'.'OI il 'rlen ,n I.lit' ll ,iia): I;(I I I (lI 

50 bt~i~ In 

:;'clj. , ;i,, r']e d " : :' n , hqh.i . a:; 1.1 m.I/r l,,y. 'Tl ,' ,am nli. o[f 

'in a(.l I S 2)I!tIu in qd Ur suq1 y 0.'! myldjoy'. irvon Wi j ci o'nt 

ir'ol abs;o rIv f'ruomI a,1 r) i.ul 1 vot etal)]c diet h 2d "n( Vhu stlp_4111 :; 

conulmed in Central Ame]"wa var.ies be.'.;cun 0.7 a ncl .. 0 my/day'. 

"orC'tif ied sugar ould..( i : -.. ,e Che total absorbed ir on to oeL.',n J.., 

and 2.1 my/day, dep din a.n iron nutritioal staLus. These l.cvls 

*.Ca].culae:cd fFrco'm da.o in Annex I and the dcI Cary intake d, t, fr-,, 
Anhe CcM.raI Arnc'r.ican su: vey, and f:ow, Layrises.c ot I. ,a8,Hrod , I. 
6u9, 1975. 
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of iron would be each day in mailes because of hookworm ini. cnt 

(hooworn load 3," cgys/g of .feces) or in the. course of prcyna: 

j.n Central. America onl2y I.41 of th 0opulation surpass the indica't 

level of hookworm Wcad (Vit-eri ct al., Arch. Latinuam. Nuutr., 23:3­

1973)• 

2. A small pilot study being conducted at present in a lov'an, 

arca in. the cast of Guatemala, where sugar fortified to 15 mg of I 

per 100 g of K consumed by the popu.lation for 10 mon t!sugar c)ekn 

afteor lavi ni rcc(,ivd sup metPal ir-on (100 m'j/dny for 4 months), 

showing tLhaL the foyLi Licd sugar is maintaininy .iron nutrlLtion and 

hematological noi.mnKi] Ly in a laroi propordic of Lhic po[pe aLion ini: 

of variab]W degrceC: Y hlooko.:lm ii ucin. These result:; contrast 

wi.th: a) Hu.hers in t.h same popu aLon who, Our ruccivinu suppJ( 

iiicn Lal iron, did nol. .c.i'tc I."ortified v;,igar. A loai y prupu;o ti 

previously .i ron iL j.cts aJin ian d ent; aon,:defc su are Fu- ric.c and 


among Lh Is gy'oeuu , c:::'r"d to those rc:aCviO. \,.n fcrLif ied .,gar; and
 

s ', wi Lb same ,pe smo .i OHPrcvious n Lid i c .'La the '.. -i Qa 1, de:; i (. n . 

p6pulation; hul. wi th :;2jAr fortified ;'..iL .cP , (which iK OCLtOu 

nil)so uballc withl thp CueaL cmalan dieL) r:su.;lLed in a raid. dc'terOio 

Lion in ir,.n nutritiLt n, simiir] to what is occiur 'in v.'jLh a) 

thai. K . . g is to 

nuLriLion in a popl , in, hich rcccivcd fLirst a la rge iron sup-lel 

We prop ose to acd ]3 r, of, FelO0 q su gar insLead of 1.5 mq Fe/00 (.­

a uii.J " because the iron content of Fe'a LDTA is near to 131. The lev 

it appe!ars W g 0 sugar aib1e maii tLair ii ron 

Of addition to sugar wC'u Id Ce si1p1y .1.Ipart per 1.000 parts. lWe 

K.I:ieve that botLh levels of iron wil. be equally effective. 1n coi, 

Lo the pilot s tudy PC':,vi._ conuct,,d ncv:, the propojased study wil 

en::; "s t of ' r ... :' 7 O"""1.;: ions"id , ,.tum, o i on "t a.. nnV o 



1-ccuive iroun therp', Cow5cqnon L y, v., c x~p cc Lt u va 1. 1 ic Lec Ii 

p)1709 iam oil Lli foL(.Iow Jint. gj iu nds_ 

Wh~o arc iron do fic.i .iiL atL the s atai , as do tuc ted by low ;ertui fort-i 

lOW serum11 runsand of and 1(I-coi10S satuL~ration TII3C, cl cva~e cry thrc 

protopp.rphly 1 ls C;L).A:.u-suwiny the additional amount, of iron)I Lo0 

absorbed by iron def iCiCnt SLubjC'CtS Wil 1bri.nlj ironl b)alance to a 

retell Lion o) I +0. 5 ing/day , the iron re scr\'es wi I I have i lc)CI sod 

abut 350 iwj inl 2 yeari: Cons~3c(j uc n ly , the Luo Io..I j clitua nrjes M-0 

it) Iulhr secrumu jion aind norma]. ( > 2021) sia tui-a iun of 'fJ.13C (iiaiyhc 

b)wei J*;P(miaybe al 1 3Oil8 to 16 ill. 

c) a pr-~of~c;. y .uui'uc in- SerumLcrri tC1Y:inl cC)lQ-IUrati , vcachiWc 

onl Llic aven-ijc .35 nqj/:flJ .n tw.,o yciirs. 

2. L.w'. r 2.71 t ; C)! u cu rirc!"c a uud (r F ne. c.:;'':; ()F anr miu i l l Lh, 

('l::Ii( iu ul. Il c:):llaCcI Hi i ,ilwo elIi(cmuuunau it the ut : fur)I It 

rr~~cu ill.)1 ~ r~ (d Ol in a i . ;\0ul iili . ic m:r)1 of Hwi p u >a 

iv\e Iiil., lIC I 111w~ I ecc Lrc' 11w' .ilCidCnlCC of' au ui.1 %,.illConl:'-Li.1)1 e 

QVaiua.inu tol. 



4.. 	 Siqnificanu cC .ork.
 

The desired s.J 
 ficance of the data collected is to substan­
tiate the effects of su::ar fortification with iron in two different 

echological areas i1, Central America; (a) lowlands (tropical) and 
(b) highlands. In both areas the -e is iron' deficiency, mostly due 

to inadequate food iron availabili-y. In both areas there is also 
irin-deficiency anemia in 	 groupsvulnerabLe (children, adolescents, 

women of childbearincu age, pregncnt women and older citizens) The 
situation in the hig,, ands ip similar to that of most other parts 

of the world, includingc the U.S.A. In the lowlands, the added 
problem of chronic blood loss due to N. Americanus and T. trichura 

infections, indIuces P'0rea severe iron and,deficit consequcnt].y,
 

a greater prevalelnce of anemia in the cenoral population. 
 In the 

lowlands, anemia is nore frequent among mature men in prime 

productive ae. 

The trial. in both eco] ccgical situations is des.i.;ned to 

evaluate the effccti\en.s:s of iron fortification un(er condition's 

of inadequate iron utii at'[on alone and that wit added chronic
 

blood loss. 
 If effective in both conditions (a5s is prct(:d from 

absorption data in aqjIj-.× I and from prior experience in small 
trials in prDc-.rCsS) , th, fortification with this for; of iron will 

have great significancc in that it could be ap, lied alrcost universa" 

This investigation ,.i. also indicate the probleii in\.olved in large 

scale sugar fortification programs 

The sources of the data are self explanatory. It is important 
to stress that in the expe2rimental populations the prevalence of 
iron "deficiencv and anemia is exnected to ccree s !o..y during 

the two years of fortification and essential].. no new: cases of 

iron delficiency or anemia shoul.d occur, in contrast to ime cont ol 



C 	 'tapopulations. :12 , with the specific hich serum ferrkin 

determinations prov .-, an estimate of progressive changes in iron 

deposits can now bc -ained, which reflect cummulative iron 

absorption. 

5. 	 Dissemination and ULI Iization
 

The results of the research will be disseminated by the follow;
 

media: 

(a)- Publication of scientific articles in world - read journal" 

(b) Formal proscmta:ions at scientific group ii,--etings includin. 

physicians, public health personnel!, ctco
 

(c) Through teach :ng at INCAP's.under~raute and graduate 

courses and at the Central American and Venezuelan 

universities, where The principal and co-principal 

investigators re professors. 

(d), 	 Through the 5.s ten of advi.sory Services which INCAP has 

throughout th . ericas in its role of Technical project 

of the Pan icn liealth Organiz.:ation. 

(e) 	 The principal and co--lrincipal.. nvesticiators have been 

members of advisory groups on Anemias and77O Nutri tional 

their findiv,' will be presented there,. 

(f) Whether the i nvestigition indicates that iron fortificatio 

should or sh Id not become a public health mea sure yet in 

Central Amrc:f.ca and oth:2r countr.es, the results will be 

presented, discussed and evaluated by a conmTittee intcgrat 

by appointeces of various health and development oriented 

- ,
organi ic...-an by members of the sugar industry g.overn­

ment an3d the universities. This cor.-:ttoe .ill nroduce 

docunonts wh.ch .i. .'eiciht heavily in cgovernmient judce-

Inent of the rcsu. L o 

http:countr.es
http:Amrc:f.ca


9, IL;1)ev, .I 1onI. ii; L Th 1. 1 a ~'lci., 

This project will have a very significant i.i,.lCt in improvinig 

the heal.th of the popu lation in developing areas, particularly
 

CenLral Ame rica and Panama; by extension, Lhis could easi.y appl)y
 

tL many 
 oLher par ts of Lhe world whore the U.. and o¢ther HIatioi a]. 

M)d mu. Lina Liona], o rya i za Lions are engaged in accc I.era Li J social. 

and eCCoihloc' veloplJ(2iLt. Weo firmly believe CtL. proper heaJL anc 

adc Juate nutrition are n:erequisihes for any deveolrmc:el. action to 

5 5 .take jl)ace ciency anemia O.iron o1,fi and aro o ;nciaLt ed [ii
 

decreased hosL-der-, 
 c w;"..:al msi:' again l ,, c 'r I i nfection (9,10) 

anid L) deco-,'a:;(.] Iiy:; , : 1..1(1 cajai Ly ( 5 , , 5 6 5 7 u i a, i oh: 

ill d :vej_,'c'Jo jI 1' ,'.; o. Ii rato o rIh,,Ii l ,c.: l_¢ora l 1 il i . it)n ,a [d
 

lC' ..i1 c' .: ica I y I '1]Jiwork.N ln or
I' y:; i. a 1 "..u :k. IM ilnn:cv HI 

An" tl[.ut Lio)ln a:; a lhi';i: n"'d for devolop;,.nt i:;, t rcl' '., clIo,' 

'Thu pir.incipl. invos iq'. .. r toge tha- wiLb othru mLmbcv. r OF 1 CA. 

i ncluding psychl.o. st a.. biuchu;mis ts arec begink;g to cx.l ore the 

offect of i ron deficienc. .. anemia on learning and behavior of 

preschool, and schioo1chi.,-:c, In this regard, significant di.fferen 

have already bcenl found in a pi.lot study involvincg lowland first 

.Xr~ade" chil.dren attending puklic schools.- Iron ceficient children 

lMrformed poorly in LesLs requiring prolonvj d and cie;;,anding alton­

Tii.s be 5nt. iion ( T)h way rejlcd to alteraLions ca Lechol avin: e PCLNb 

http:devolop;,.nt


] 9a .­

to reach tLcm an,] of carefilly prvrzmrzmd ;ictions -in coopration with Covc,:;ts 

and with R,<jional. Economic and !ealth Dcvlomrent and Plannii:g Avuicies rc 

coniwon activities at El'OAP no.:. 'Thje presence of a Ph.D. in .xn--cniics within the 

Biareical Division -r7rily with doing fcasibility studies,conceimrd cost 

effectiveness and cost benefit analysis of nutrition intcx,,nons -.u-d 

i'Qlce.nmtation of delivcri systcus is also a major adva rtage in tenn's of future 

il -ntation of iron fortification ii Central Amer.-ica. 

Another very LxJr-mt resouxce i Ccntral ,rica is NCi\E (Ihe Central 
American Institute of ALinisration) , with wncm TLC,'_YsP and spzcJificll.y the 

BiomnYaica]. Division hls ii-intaincd close w)rkin- for scveral ycCCrelations yeu°. 

has very close ties with thu cx-aduate school of bw;i in];ssIrVJard and 'e plan to 

consult tham rac-jgdainj studis of fec-sibi.iity for i.:.Acnruitinj iron fortification 

n sugjar. A cooIra1:iv, prcx!rai in tcam, of fortification c)f crn a.m: at 

iinirov:in:j .rotei nttrition is in pv:o-lress PritDr. C ':~s Anstin of the Graduate 

Sc]xi)l of Busiess in ]1:1rvard. llin; consu].artshiD will be coi.]erW for this 

prorami .hen the ti- s. 



10 . lot~~ I I fn;- l lv I 

(it) 114'c I-.I': f'Iii.1ri Li(on and IProd'z':tSivi.t~y , hr ' 111 wy3IrlcmI: 

ist.i y of fNilI I I )():I, 1,Ik.-xi l icc 'o1~l,( 1u~*k'i n Ii' ii fl(.VLIL 

FUX14i lt2RI 11LIL i Lion Plc.cic,; 

Mb lIw~LiLuLo Vn;:1iocia 11vc53Li~jaciOnlcs (IVIff.~~Cc) 
La~xra Loi-y oil P'a LIo-pjj'sjIDou~y. 

(C) (1jciai~x~ Of Ul.: Publ0-iC l,1 LJIiiVhSi'aS WIXX:UU.cIL cini Social 

ScuriLy of (:te.-l l.h~aUq rescarch wi].l Uine placc) TheY~ w-ill 
help gajohr alnd anl,_1yzbd .infcrwauiton o:n mnia Ipwcva lcnico an'J incidencc 

mid onl Llic cecnL;cs InlCurreLd WU tzhc ~ Ia-c\alleill LrcaLing c-uc;dcl 

'AientIs. 

(d) A.3.:iu2Ia Liw u2aC n jnJ:irprJicrS~ wil,.I~IoiU21 w.i W iLiaci r c. ; 

11. W1,A offviJd(, 'di, or~
 

It careful cv01Iua Lji of 
 CO'; LS noliI.12 cot t.IucLCd Ia1L LI ' C11d al U~ f i rn an] 
of 1:11c sc~con' ycer11 of fuat Lfc: iocn, oiljcx]on cbL f ru;i LIo nu~jarJfe mlill,; imnd Lac 

I irw i-ln~c~gt. ll' I! ilvi..n It Lof:(.I;'( 11. of th!' Cc,'t2 1'I rtmt;, col1 In2.jil( 

()f i la e (A'j2Io 1.110~ e i'(:t: J..11hIll 116 h; c. '11InI ;Je 

c%)st will tatmf cl(dI '. CtipxMl, arnd L':.Ir P,1anon1ln012) to 1.1v ii 1i0. 

IZ2:L Irccl In Li'jc~tinj i 2022 i ri c icy .:i; in tlite c :iLruI CktIvIinnLic! 'IL1c 
1jll? projucLcd Lto a ictI and] .:I1 ]c.vo'j. IPrlvaLe in-ustr'' his alroctdy, 

cco~tiLUcdto tJl ; l~t~o at t>2 n_ xi mills of iron fortlfc-Lion systc, 
'i~C1-c:-c!sca i:j'&j22w..z -:c~ilj's5 prc<xnaotionil 1x2 acCivoly 2tf
 

fln t2 St~udy. Tmal prc-:jram of YfoIcci :sc:. at JUPis 
 ah-.,occtvl 'ay Ir~r cun 

c'~r'~ra .-dtWIl us in Icfo: llodc Lt stct -n.1Lbt Ll2J.l .1 

L 



Fortification of r with iron has been .onitorct by us in initial 

pilot trials, by r,.can2 . tcrn--naticn of ircn in sugar using atomic 

absorption srectrcphotc.,ty-.y in t-..enty sap:res of cach production batch 

consistijg, so far, of 400 a of one humdrcd unIs each. This means 

taking a sairple frc~i cach ton of fortifid sujar. This form of control 

will continue for stud", ,-...-. Based on t.e variability which will b3 

found in the differcnt 'pr:Iuticn-batches th!rouc- :ut the tv.o ye-rs of fortifica­

tion plarned in this stuc,,, rccv::nndatjon .'i- , he drai for the. ilinr,.nn__-

nu1y.r of s.-e-s-A requJ-L1 f'or analysis o:;ce t, %w;holesugar proluction 

of each country b:-gins to lx± fortified with iron. 

'N.~ 

http:ilinr,.nn


Fortification of ir with iron h s been "on'-irciLy us in initial 

pilot trials, by mzanc .:>tenniinatic.n of iron in sugar using atomic 

absorption spOectrcphotc.r, in t..nty saLres of cach production batch 

consistiJig, so far, of 400 bogs of hundred pounds each.cne This means 

taking a sarple froni each to-, of fortified sugar. This form of control 

will continue for study puq)zcs . pased on the variability which will ba 
foumd in the different proc<uction bt. 'i"s throughouL the t,o years of forLifica­

tion plarned in this studyv, rccmim-ndations will dran for thenm 

nu4Y2r of sp-pIles rcquircd for analysis once the whole sugar pro:uction 

of each country b-jin s to .: fortified with iron. 



9.. Supervision Htudics 

The technical -ponsibility for the imp].cmentation and careful 

control of the ficf.. u.udies described in this d'icument rests with 

INCAP. The design a!.d performance of special techniques at the 

field or laboratory level will be both the responsability of INCAP 

and of Dr. 1-41.Layrisse at IVIC. All the details involved in the 

implementation of the cxperimental design will be discussed with 

Dr. M. Layrisse and submitted to an expert committee who will have 

a dual role: Advisor and Coordinating. In this last capacity it 

will try to steer all the research on food-iron-fortification 

throughout the world to follow the guidelines states in the ViO-

AID-IAEA rceting in Geneva in 1974. This will insure that the 

present research and that performcd to i1tprove iron nutrition in 

other parts of the world will have a co!iounality and will, therefor 

be as univCrSall.y us, ul, as possible. 

To accomplish tLbi.,;, we propose to ga ther at iNC/iP as soon as 

Possible a ,.of-rs to revinv, and build upon the 

present propozal one which .ill be foll.owed by everybody ehark ing 

in iron-fortificatioi: or in measuro. af!,,:d at improving iron 

nutrition, INCAP wi .1 provide all the information that w.ill. be 

collected to a Nation:i] or Regiona. ad--hoc Eva 1 ,ting Comii.tee 

will be to thxcnt of the count :y for a 
final assessment of the effectivenss and the cost of sug-ar fortifi 

tion with iron° It is proposed thlat the commitLee be co:iosed of 

delegates from the ,nistry of fl'alth, Pediatric A.sociation, 

Hlematological Association, Association of Sugar ililJ.ers, the Acan"e:: 

O. Scicice (or the ,atio sca.rch Cou:-ci]) and T::C.'. -1>, 

Dr. I].I Layrisse and the princi pal invaftia o .t ca 

3 times per year to r:view the progress rade. They will advise al.!: 



8. Cost of 9rtifi&atin. 

Table B1 shows an es,.:.ate of the time assigned for the persqnn 

in each activity. 

Table 132 presents t>:. st estimates of each activity divided i: 

personnel and other cost:. Table [3 is the 3 year budget estirate. 

INCAP will contribut.: with he principal investigator's salary 

and with all its present facilities which are well known to AID. W. 

request the purch[ise of a new Coulter Counter because the one curre: 

in use is near 15 years old and is the only one available for this 

type of work. The purch:!-e of two microhematocrit centrifuges and 

2 freezers is inclispensable for the progress of the work as planned 

The U.S. $8,000 quoted. n this application' is only an estimate of 

current costs to U.S. Government agencics. Two vehicles for excluE 

use of the program are aJ.-.:o needed. As is well known to AID, the 

whole prof sional Ita! " (,f I'CAP is available for consultation. 

In this regard it is of £:K.hicular importance to indicate that 

through the current rec.:-yvj..':ation taking p2ace at INCAP, statistic 

advice and data proces.: .n 3 w;ill. improve substantially starting in 

the first half of the t:rc :ent year. 

12. Rel ated3 Activities. 
12..
 

Other projects prevbou:., undertaken and/or currently in progre 

by the principal invest -z.. .. 

1. 	WHO suppor t on '..r fortification with iron" Dates 1974­

1976. "ount: to (UPS r Stu;'0 13,500 )/yuar Purpose: 

bioavailability o,- various iron compounds and properties 

of sugar en::ichcCd with such compounds. Pa(tiloactive iron 

absorption is studied in small sarnpies. (,nnex 4) 



th Advisory and ecor-.inating Comauittee an ,;orthwhile matter. 

10. Cal.endar (Fic,. 1) 

Initial explorations in several conmunities ajid recruitment of 

the four who will co::tinue in the study, and training of personnel 

will take 4 months. Baseline studies in the chosen communities will 

be conducted for four months prior to the iniciation of fortificatio. 

The anudy will continue for 24 months after iron fortified sugar is 

cistributed to the population. This sugar will. have the same price 

as the presently consuc.cd unfortified sugar. The collection of 

dietary data, blood sa:. 1 cs, clinical records, fphysical. working 

capacity, and trace mineral studies will be repeated every 8 months 

for two years. The last 6 months will be required for final data 

analysis. Partial data analysis will be available throughout th~e y 

of study. 

1. 1udget 

For ease of prese;)t::tion in terms of activities, the following 

have been considered the main activities: 

1. 	 Direction, orc-niz:ation and monitori.ng of project, coordlinC. 

tion of collabco:ative efforts, relations with the research 

communities, ca ,ion and motivation of the members being 

studied and of the communities in gener'al. 

2. 	 Dietary data. 

3. 	 Neasured iron int acs. 

4. 	 Iron and folate nutritional status - Clinical condition 

5. 	 MIorbidity stucdies, including fecal eg counts. 

6. 	 Trace mineral nutrition 

http:monitori.ng
http:consuc.cd


2. 	 Guatemaai covernment support on "I'itrition and work: a 

combined bioogical and economic anal'ysis of caloric 

supplementation to agricul.tural workers." Amount: $52,500 

(U.S.)/year. Dates 1975-1976.
 

3. 	 W.K. Kellogg Fourncation support on " Nutrition and 

Productivit-y of Agcricultural Workers". Amount: $59,000
 

(U.S.)/ycar. Dates: 1976-1977.
 

4. 	 U.S. Army Research' and Development Command support on 

"Relations betw.-'een nutrition and physical working capacity" 

Dates 1966-1968. Several publications available as a resul" 

of this work. 

13. Other Support
 

The proposed projcjct has not beon submitted to other organiza­

tions for Sponlsorship. 

Human Riahts: (AnnIex 5) 

The indiv.iduals participatinq in the study, either in the 

experimental or the control co:umunities, will be infor~ied as 

clearly as possible about the study and of ,.hat would bo required 

of them as individuals, as f:~l]i:s and as mewbers of the conmu­

nities. The possible ]::it.- thcy may rece.ive wil). a1sC) be 

explained. A clear unc r.-tandinq will be es-ablishcd that they 

may 	 withdraw from the stuI-. '.*henever they esire. Specifically 

in the case of the cont- v! co::mu:f ties, they will know they will 

not receive iron-fortifi,-d sugar in co:trast to the experimental 

comminallities. 

A written authori:'ation .:ill be obtained from each family 

pk.rticipatinci in the studv. It .:i]]. list thAe memThers who wil 



T B 2 

ACT - -S P-SO.J O---- DI-T 
COISs 

TOTAL DIWP--*r 
COSTS 

APPORIICON ED 
__". 

TOTAL 

1. Diu,_x.; 

. 

2. D 

4 Ir.- . 

5. f 

:,o_-a 

etc. 

3takes 

f cIato 

33,445 

16,607 

4671 

24,633 

18,593 

7,373 

4,4235,0 

9,5CO 

27,750 

11,570 

e0,820 

14,171 

52,433 

30,163 

7,348 

3,786 

2,551 

9,433 

5,429 

48,168 

24,818 

16,722 

61,871 

35,592 

.7.CO. .c: & 

9,856 

10,005 

5,153 

6,425 

15,021 

15,430 

2,704 

2,956 

17,725 

19,386 

117,870 72,200 190,070 34,212 224,282 



T/.LE B3 

BUDGET 

1. .!Iorsonncl 

a) Professionals 

1 Physician, chief of field 

1 Physician, assistan,i-

1 Nutritionist 

b) Non sonals 

1 Assistant administrator 

4 surveyors 

4 Auxiliary nurses 

2 Laboratory assista-.ts 

project 

1styear 

-38,060 

15,900 

15,900 

3,620 

11,140 

8,920 

7,240 

2nd vear 

33,500 

15,900 

15,900 

3,785 

11j710 

9,230 

7,570 

3rd v 

36,7 

11,9. 

11,9 

2,9 

9,2 

7,2 

1 Lab. assist. 

1 Parasitology 

2 Data cJ.Crks 

2 Drivers 

(IVIC, Venezuela) 

technician 

4,000 

3,620 

7,240 

2,230 

4,400 

3,785 

7,570 

2,330 

4,8 

].,9 

7,9 

1, 

Sl,7870 ]].5 , 00 0 .!, 5 

2. Travel andTran.,ortzt " 

a) 

b ) 

3 round trap/,.ar C.;--
GuatC]; 7a - per (i,. 

0ieg h : g $0 . 2 r , 
36,000 i<m/ear (gaL_,.Irtailtna ce 

, k , 

and 

2,400 

7,200 

2,400 

7,200 

2,4 

b,4 

c) 

(I) 

Per diem profession ".'rsonnel
$10 x 84 days x 3 

Per diem for non-prc'.ssionals
$5 X 84 days x 9 

2,520 

3,780 

2,520 

3,780 

1,8 

2,r 

35,900 15,900 12, 



3. Suppl i es__and eclui-r,:.,. nt 

Coulter counter, 2 :-.c:oK:matocrit 
centrifuges and 2 -z C 
02 cells (:4
Spare parts for ccuti.7:, rj t 

cEquipmelnt for ]loo. co .-':tior-
EquipmenL for u" cc.-200 
stationery and niccc,:us 
Two vchicles for o.c u.:. ,-: 'ise of 
Project (Field and othci. activities) 

OTHI:R 	DTRECT'COSTS­

and urin...
4. 	 ,IO:O] 


5.Cozlt.2eana].vr-:es of food 

. -.
6. Iedicines .: or o - i.,i-.t car'0e1 


71 Con tracta]L so, cvLs 


S. 	 Advisory serviccy; (,,,'
 

a) Short t'eLi: c o].t . t: ;
 
2 months t.$3,000 


b) Review iccting 


9. DataC .)o1.- .((I, i C! , r '. report 

.0. 	 ?ub .ication .st;
 

3 articles x 15 pacjes $50/page 


1. Apport.onc:d Research I..::n.;,. 


Total Budgct for each ''-,ar 


Total Budget for 3 year par.:Sod 


t year 

8,000 
600 

1,500 
.1,200 

1,000 

12,000 

24,500 

7,600 


4,800 

6,000 

2,000 

6,000 

5,400 


34,212 


66,0)2 


.224, 	2C2 

IAULL 

2nd-).ear 

600 
1,500 
1,300 

200 
1,000 

4,600 

15,400 


6,000 

2,000 

6,000 

5,000 


30,726 


65,126 


.0,426 

5 (C. 

3rd v 

1,2 

1,0 

2,5.
 

7,C
 

4,V 

4, . 

1,_
 

6,(.
 

5,0 

].5,
 

2,2 

29,,
 

76,
 

1.9 C 

621,7 
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Pcrsonn l not covcred AID budet 

a) Professionals 

Principal Investigatcr (F.Viteri) 


Co-Principal Investigator (M. Dayrisse) 

Scientist (B. TorC-) 

Ileical resident (P. Ayciena) 

Statistician (Il.Gumvli) 

Statisticiaii (C. Yarbroucgh) 

Systums Analyst (S.Sikeny) 


Econmiist (1i.Iidk) 


Research Asociate (R. Grcla) 

Sugar J.ncjhcar (privatue inust-ry) 

b) Non profcossiona!­

2 oratoy Lissasi.s:ans (Physio]ogy) 

1 Lablxratory teclnician (F. Saldafia) 

1 Secretary (D. Garcla) 

Time costs 

20% 8,050.
 

5% 2,015.
 

10% 2,615.
 

5% 
 735.
 

5% 2,150.
 

5% 1,690.
 

10% 
 8,10.
 

5% 
 765.
 

10% 735.
 

? ?
 

11% 
 1100.
 

10% 635.
 

15% 670.
 

TOTAL: 2Z000. 



-!I~r A- IY- .: ... - .. . 

Tim2 s: cn¢ fcr :-ichactivt. (%) 

7cti-,ities Princ. Co- Princ. ASSIst. Field A-: t. Nuiri- S'-vey- Aux. L.'. T;:h. P7 y - Czn-
Invest. Invest. Ailminis- DirocLor Fi' !d ticaist ors neir.es .;is- ?;;- s:tnl tracts 

traLor Dirzctor (4) tn.usnt sich. t[:ts • 
(2) IVIC 

.'.:<<:inorga­
v:-:i-on, etc. 20 k.' 80 50 35 30 

5 50 50 

. .. .- - - 2 !0 5 13 

n -:' foate PrC, 

20 25 40 G5 100 . _,'" 

C t" 8 15 35 50 100 

.ati', 5 10 10 10 10 22 

7. C,71: of fortifi- 0;-> 
~ctn nd 20 10 15 
fcibII;ty ofat 
irno]evwtn La t ion ":-" .: 

cLedrivers are noedcd for all fjld actvities." Tlnh dat. clerks .-ll hzeinvolvcd in p--cssirg data from all sources. 

• No.Cst. 



RAC recomendti nson proosals ; revioec: .t;~~ d at ch~fld1 22-23, 1976C!7i'jd Y~ meetrfat, a V2 t: 1orta i L-T;'cl (NCw Pan 
f'Pror toAmericanj ljc,, ]tliOfprojcct, 3 l z1 -,years; I~raties timi-ited cost., $2,9.S..T'~t 

at.
Linder, Lu~dington. 

Recc,qr-n.-ion: Th-it- tire projecL be riaprvrJr3ncorporatrion by as rIrsc tij to,All) sitaff into i revis-j pr:'cDLuCde by ].'C azIc! the , : rpsa s::Qpee revic'.:erst Thiis rcvi s::c1 prpol isr orby ura-1-nbers oE thc' PLC( subco2-rrjtece.
to the R.AC 5uc-t 

Ur~Lth reie rp!;~1i Cc2zLitlilci:~cLt~yiulmrc;ifr:jr~
 
are mi.rdc b~y the 
PAC U~r~~te Oic pro~j ect w:ill not:- be~further rcvieu irr2by thre VzC, preferably L--d 

at Lhie VK-y, 1976 retn.
 
w*RAC rcvie.7l S'bcomat t tee; 
 chiirman under scorcd 

http:rcvie.7l



