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1. Introduction

Epideniological evidence cnllected in the five countries from
Central Awmcrica and Panmswa during the JHCAP-0OIN Nutrition Surveys
in 1G65E-1007 dopancy gt e the oy i e of 4 gosrers and e decnread
probhlem oiean de Cleden s aneiia e qag stal i Thir

situation @5 gcpreneatative of weut Lrovical developiny countrics
Q.l

Parther studices have corroborated that thiao acricicency rosoonds

dramatically to the cral administration of 60 mos, of dron as
Terrvens sulfate daily for tvo ponths, \citiﬁaut any othoer public
heal th measure .

INCAP studies have also revaled that iren deidicicncy =nopio
significantly hawmpors the caprcity to porfora hoavy phusical oxeieo,

. . : . oo . . . . . .
in agricultuaral woruurs(“"). Snig effect is monifeclt cwon vhen Ui

heweglebin concpniration e only 2 grans Folow the novas for the

Central Acoervican pﬁpulatian(’), Iron celiiciency also ducrceosses tho
: 1 kY . 3 . . . ( "
inmung rc&:pcn15c1(8) and the bociorial killing rate of leulcoyie ( Sl

RN

In vicw of this, IR, has carricd oul rescarch ained ap {ipa-
ing a cuitalkl

Ly, - R - T . N
Lron cempounda for Jorltifvine a conmon fozod vehiclco
L VISl A Ao

C
. . 7 .. . « . .
with iron y (11= l’). Its eiluris in thic aren con ke summarizod is

=,
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a) Two commonr vehicles have heen considered adeguate for iron
fortification in Ccntral Amecrica: .salt and sugar. _Because of cconor
ceasons and ease of-control of adcquate levels of fertification, as
well as for ccrLan characteristics of iron'abso:ption in the proesc:
of reducing carbob”urat0°, sugar has bcen chosen as the most suitab!
vehicle. Sugar in soft-carkbonated drinks is also being considercd
as a vchicle for iron fortification in Venezuela(l4’ ). Sugar os
a vehicle has the added adviantage that refreshments swectened with
iron-fortificd sugar are cornonly consumed betw;cn mz2als, thus
avoiding posible irhibition of absorption hecause of food factors,

b. The cohpound uscd for fertification must be very carcfully
chosen primarily for its effcctivcngss° Indced, fortification of
foods has failcd because of the poor absorpiion of iron from con-
pounds whicg otherwise fulfill many “food tcechnological' criter
(4,26). On the ot‘o* hand, many biologically available iron ccua-
pounds have major disadvantages from the stondpoint of focd industr:
(soluble ferrous éowg ounds arc hfghly reactive, discolor the focd a:
~give a nctalic taste to ii) except when mixed with special vehicloes
such as nl]u(lJ), which 1g not available for the great majority of
the population in developing arcas. Another najur disadvantacoe to
the use of many of these soluble and highly ionizable iron compoand:
in food fortificatien prograns in ccuntrics where most of the diot
is of vdgctablo origin (ccreals, pulscs, leaves) is that the iron i:
the compound used for fortification bLecomes a part of the comnon
fecod iron pool and is incffcct;vcly absorbed. Layrisse et al,

have recently dewmonstrated that, for exanple, ferrous sulfate is

poorly absorbed when added to a tvpical dict such as that consumod

1 )
%]

in Central Awerica, and thot ae iho arount of forrous sulfatce
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a).Two cormmon vehicles have LC(n considered adeguate for ivion
fortification in Cecntral \m-r1Ca..uhlt and sugar. Because of ccono:
reasons and ease of~control of adequate levels of fertification, as
well as for cortaun characteristics of iron absorption in the proser
of reducing carbohydratos, sugar has been chosen as the most suitab:

vehicle. Sugar in soft-carkonated drinks is also boinc considerad

o

as a vechicle for iron fortification in Venezuela(l4’15). Sugar os
a vehicle has the added adviante age that refreshments swectened with
iron-fortified sugar are con ronly consumed Lot tween meals, thus
avoiding powible inhibition of absorption because of food factors
b. The coﬁpound veed for fertification must Lo very carcfully
choscn primarily for its eff ch1VLU(g~° Indced, fortification of
foods has failed bocause of the peor absorplion of iron frem com-

.

pounds wirich olherwise fulf{ill many "fooa technological" criteric

pos}

(4,16). On the other hand, many biolegically available iron ccui-
pounds have najor disadvantages from the stondpoint of fecd Indusin
(soluble ferrous Eompouna are highly reacvive, discolor the food a
~give a netalic taste to it) cxcept when mixed wvith gpocial vehic
suclh as m14h(1’), whiich 1o not availible for the great majority of
the population in developing arcas.  2Anothor major disadvantage to
the use of many of these soluble and hichly donizoble iron consovnnd:
in food fortification programs in counirics where most of the diet

is M vegetable origin (coreals, pulsces, lcaves) (s that the ir i

the compound uscd for fortification Lecomes a part of

)_

. L . . Q
food iron pool and is Ineficetively absorbed. Layrissce ct a1, (1%)

have recently denonstr

2

te¢ that, for example, ferrous suifate is
poorly absorbed when added to a Lvpical diot such as that cenzunesd

in Central Anerica, and thot ac Lheoanount of noerrous sulfate is



increased in the dit to reach high leveis of jron fortification

its relative absorption markedly decreases becening more and morce

v
|

. ! i
ireffcctive as the iron dese increcases. It avyy vz, then, that the
‘ \
addition of highly ilonizable, scluble iron compounds which very,
1

rapidly hecome part bf the ccmmon food iron peool will not be an
cptimal form Qf iron fortification. Exceptions to this general rule
are: i)-thc simultincous eduministration of relatively high levels
of vitamin C, which in most instances would have to be added as a
supplement itself, (20-22) o) ii) the inclusion of meat or other
sources of heme iron, or of larger amounts of hich quality protceins,
mainly of animal origin(23*25), This we also know, 1Is not feasible
.J'.n the ncor future feor the Central awmcrican populations nor for n.ost
other developing nations. In contrast to the above tyrpe of iron
compounds, heme iron (that containcd in myeglobin and in liemoglaling
behaves in a different fashion, mostly bacausce it forms an indepond:
intestinal Yron pool Ercm that of non-—-hone ("invrgoanic") ircn(23'36f
Heme iron mixed Qith cercals and pulces has many ideal charactorist:

such as a more cffective apsorption, a clear increasc of its abnorp-

n iroen acficiency states in the presence of any type of fcod,

e

tion

and a relatively higher projortion of its absorption independent of

")(1 )0 .
£a L - . . .
dose( ! ). The awmount of noen-heme iren in the intestine docs not
. . . 19,25 - e .
affect its absorpticn elthor( ! ). Idecally, the Ffortificaticn of

Y ~ 4.

the Central Awerican dict with iron should be bazed on the administ:
tion of heme iron, but again one falls into the unfortunate situatic
of the rural poor who cannot afford to ccnsume meat. A logical

substitute foxr hero iron would be a cerumercially available compzund
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been oriented towar = finding such a compeound. Our results indicate
that the double iror-srdium salt of ethylene diaminotctraacctate »
(NaFczD1Aa) bhhuves differently to "non heme iron" urder certain con-
ditions by enhancing the bloavallabllJty of iron in the prescnce of
inhibitors in relatién te that of inorganic iron. 1In this respect
it has some of the characteristics of heme ifon as described in a
summary form in Annex 1. . Essentially, its absorption increases
in iron deficiency in the prescnce of foods which interfere with an
increascd absorptisn of iron from ferrous sulfatc(ll'l3); the ircn
in NaFeEDTA apjpcars to bz at least partially protected from food
compounds which inhilyit non-heme iron absor‘ption, (12,13) ana the
aynamics of intestinal absorbtion of iron from Narcibi7, evaluated
by changes in scrum iron, rescmble that of hemoglebin and contrast

. o ‘ 2 R .4
with that of feryous snliatn(]“). e have cvidence also that the

1

iron absorbed from Nalelipr is highly available for hooglobh:

(29,30)

synthesis « From tle physiological point of vicew, then,
NalteDDTA bohaves somewhat lire heime iron and as such nay apyrcach
the idecal iron compourd Tor feortification in arcas whore meat
consunmption is very swmall., Iron absorption from it is at least as

-

good as frem ferrous suliatce, being superior under certain conditions

TA . - \ 5 1)
The EDTA portion of Lhe molecule 1s essentially unabsorhom(“"b

c) The iron compound to be used in fortifving sugar must be
stable and must not precduce undesirable changes in the appearance of
Sugar or in its culinary prepertices,  The addition of one part per
1,000 of WaFcEDTA (whicﬁ provides 13 mg. of iren per 00 G. ol sugar)

produccs only a hardly detectable yellowish discoloration to SUGar

and does not interiere in its culinary preperties such as the product’
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of 'jams or jellies, cookics, cakes, sweet grucls or INCAPARINGA
etc.). IFurthermere, the iron compound should no: add a metalic ta:
to beverages sweetened with iron ‘containing sugot NaFeﬁDTA, in
contrast to ferrous sulfate or ferrous fumgrnto, is impercbptible
vhen added to lemonade, coffce or tea. This last drink provides ai
an intercsting characteristic: when sugar containing ferrous sulfat
is added it turns Llaclk immediately. This color is" alinoct irreveres
by the.addition of lemon. In contrast, sugar containing NaFeLlii
produces a prog?ossive_darkcning of the tea which rcvc%ts to its
natural color with the addition of only a few drops of lemon (11-14
Stability trials are under way in climatic chambers and in two arca
: . ) .
in Guatemala: the tropical coast and highlands., So far the
'charactcristics ol the sugar have not changed significantly in cith
location cxcept for a slight darkening in both aroas when the forti
sugar has becn only mininally refined (pPlease sece annoy 2).[,Rcfinc
white sugar is now being tested under similar éonditions and aller
three months no change in aspearance nor in organcleptic choraclors
have occurred in the sugar maintained in the climalic charbher simulc
tropical coast environmonts. Bread and home. wade Jams have been to:
by different p nnels with cxcellent rosulﬁs.]

d) The mechanisns of the addition of iron compound Lo sugar mu:
be casily accomplishcd, and tha cost of supglomentaiion mast be low.
NaFellDTA can be casily added to sugar in its latest stages of
production. The very fine yellow powder sticks to the sugar cryctal
which still has.about 1¢ molisture, remains with the crystal in the
process of drying and docs not scgregace from the sugar in thc.bug.

Samples chiainead througliout a pericd o- sugar production vien
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fortification with LaFeEDTA was aimed‘at 15 my of iron/100 g of
sugar resulted in a stable level of iron fortification which was
15.6 1mg/100 g. of sugcr with a range between 13 and 18 ng/100 g.
fhere has becn no segregation of spgari{:pt in bags for twelve menth

We estimate that the cost, in terms of available iron, is only
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two to three tir “Ye cost of FcSO4. This rclatively grcater cc
is, in our opini..., outweighed by.the stakility characterictics c¢
nabreldea and by its culinary superiority. The Qaily administrati
of 6.5 my of iron pcr person (contained in 50g. of fprtificd sug
reopresents a yecarly investrmnent of US$0.063 (6.3 cents) per persorn
the increase in cost of sugar wculd be less than US$0.0016 (0.16
cents) per pound, that is less than 2¢t. The costs could prolably
be rééuced further.

e) The compound chosen for the fortification of_iron nusl not
be a hazard to the hecalth of the population.” Tn the casae of Nall
we have censulted the IDaat the Unitcd étntos who have inlicated
that NaEDTA is an accepted focod additive fer over 30 uvses, that
Na2CaEDTA has over 50 accepted uses and that the level to be adde
“in the fortificat<on of sucar is well within the acceptable intal
levels in the United Statcs(32’33). Calculations of tho possible
losses of nutrients from the intestine if total cxchangce of iron
for calcium would ccowr indicates that less than 25 ng of calciw
per day would Le iost in the feces. In Contral fozrice calcius
broblcm cven in the case that all of the EDTA vould exchange wits
calcium in the gut. Less than 5% of EDTA ig absorbad from the 1d
tine by the human beirng. In terms of cther caticens and trace
minerals it apipcars that the presence of HaFeeEDTA in tho gut
actually facilitates the absorntion of other metals such as zinc

-~

If this were so, this would be an added advantage to the

adninistration of this salt, since zinc de f iciencies



--
arc also highly .~ :lent in most develepii, countries wvhere iron
dcfjcienc; is also “~ublic health problom(35'36).

In any case, awcny the ob3ect1Vﬁs of this preposal is the
evaluation of trace mincral nutrition\in bopulations receiving NaFc
EDTA fortified sugar.

f) Iron fortificaticn of sugar with NaFeEDTA nust not interfere
-with Vitamin A fortification of sugar.

At present, two countries in Central America are fortifyiﬁg

Sanr with retinyl-palnitate to provide 1,500 ug of retinol /100 g
of sugar(37). It is expected that all the othor countries in Centr

America and many countries in South America and the Cariblzcan will

i

.also fdrtlxy sugar with vitamin A. The technique develosed for thi
process involves the preparation of a vitamin A-rich sugar proais
which contains 1.5 » 100 ug of vitamin AZJ00 g. and an antjo=idant.
This Is thén mixed vith sugar in a proporticn of lg per lile ob the
same stage of production of sugar when HaFebDPA would be added alse
in a proportion of 1g per kilo of sugar. i©rom the technclegical
point of view these additions do not interfere with cach cother.
Stébility trials are underwvay with sugar enriched with both vitamin
A aﬁd iron. These involve the use of a climatic chamior at INCAP L.
duplicate extrene trepical conditions and animal Lrials Lo evaluate
the avhi]ability ol vitamin A. In theory, however, Naraibprh should
not decreasc at all the stability of vitamin A if all the iron in 1i:
is chelated (as is the casc) . Furthermore, LDTA and an antionidant
are actually used to increase the stabilify of Q;tamin A preraratio:
In brief, INCAP bolieves that it ha as doveloped the process for
fortifiéation of sucar with irén which promises to be a vory giLG:ti

easure to prevent ireon deficiency and cven, in the long run, trecat

maividuals who at tho start of fortificotion werae ilron deficient.
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The danécrs of irc: szicity in Central America and Panama with the
proposcd levels of :_.-*ification are essentially nil; on the one han
iron absorptiﬁn frcm NaFeliDTA 1in iron:rcplcted individuals J4s
clearly lower in relation to that in iron déficient subjects(12’13)
The amount of iron aﬁsorbed from NaFeEDTA in iron repleted individu:
is 1n the same proporticn as othor food iron. Furthermore, hemcchre
matosis in Cehtral America is essentially unknown; in contrast, iror
deficicency cccurs in over 50% of the population in tropical arcas,
The most important aspect of this project is the carcful perio-
dical cvaluation of the cifectiveness of iron fortification of sugar
with NaFcEDTA at a population level. This‘evaluation nust involwve
two aspects: a) Those related to the delivery of iron to the popula-
tion, and b) the quantification of the chanagces thaet are tukiwg place
in the ironﬁnutritio; ¢ thoue receiving iron~-fortifiod sSugar.
Recent advances in the cvaluation of iron nutrition by th@ uso of
serum ferritin Gctcrmsnations(38"40) make this a very valuable Lteol,
since it allows the cotimation of iron reserves: g change of 10 ng

of ferritin/ml reflects a change of approximately 100 my of iron
(39)

reserves - Serial cvaluutions ol serun ferritin, hematelogical
variablces, frcee erythrocyte protoporphyrines (FEP) and scron iron an
iron binding Capacity permit a quantitative cctimation of the actual

changes which have occurred in the body iron ool as well as in seme
of the most important functicnal uspects of jron nutrition,

INCAP is convinced that the only effective meacure in the preve
tion of iron defiiciency in the Central American.lstmus is foond,
fortificaticn with iron. Most probably this concept is extensive tce

the rest of Latin America and the Cariblean. .1t also beliceves that



Lt inoab Lh.q- verye ol belny able Lo advise the gqeneral uge vl
. . - “ i .
i
o onrichment with Darelbracto the Central american countrics

.. .
wytat

pilot study ih two different cco)ogicnl

rat Ledore Gt docs s0, 4
SN 5 \
vt span in Central America must be cohducted and carefullycvaluate:

eatjon of fish sauce with MaFcEDTA has recently proven
catl

s i
in a small ficld trial conducted in Thailand by Garby
u1(4l). This preposal has as its objective precisely the

e 1,
and nroen

;mplomcntation and carclul eyaluation of such pilot study.

2 Objectives

The purposce of this project is to cvaluate the bioloyical

. . ‘
offectiveness and the general feasibility -including costs- of
sugar s ortification with SarelDThA in large populations where iron

deficiency is highly prevalent.

3. Scope of VWork

The sample will be orfwed by primary school children and thesr

familics, They will be cepresentative ol two of the major ccoloylce

arcas in Central America, that is the tropical lowlands and the high

Fands, ALl Lhe fomilics will be yural. The iron lostes in Lhe high

lands roscuble Lhose in non=-tropical areas while Lhose in Lthe lewlan

are representative ol mosth b vodcal ~hoolkworm=infecled aveas.  Pour

comnunitics, two in Lthe eeland s and two in the highlands ol Guatcaia

cach having approximately 500 children in the public schools will

be subjects of study. The total sample Iin cach community will be

around 1800 individuals. oOne of cach pair of communitics will be

cxperimental and the other +ill scrve @s conlrol; cach pair will

diffor in that the crxperimental conmunity will consuine iren-fortific

EASAAR]

sugar while the conlrol community will consume plain sugar. ( Both ox
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rrorica m.J panaMt aco Jrg to tihe attas hcd able) and most probably also a dar

ca which, besides coviding dent tal Care, will include the distribation of

lusride tablcts.] 1f c.oeidercd appropriate, other hcalth related activities nc

‘I .
interforing with the iren fortification rlvrra. could ke inpleuented; their natu

wvill bo decided based en the characteristics of the communities., Blood and spot

urine samples will be takon from all the school cl.iildren and their femilies. DI

intake of the whole family will be measured. 2 simple clinical Jom will be

filled fOl. each maser of the study,
Trace mincral and folate nutrition will b2 nonitorced in a

The study \Jll last 3 ycars. Samples will bv obtained for 2 1/2

e

years. The ramaining 6 months will he cevoted to data analysis and writing of

final resultsa.

—
L Another p:)'ssuﬂc decicn could Lo the study of two or four conmmitics

in a sequentinl fashion” thiab is, taking fivst basal data prier to fortifijention
14

Vo

and thon precosd vith the fortification in all the cu Gaanitics.  This sequentidal

de sign has soveral disedvantages curpared to the parallel study of an e

and a control conmuenibty, wivceh I pacs to enuesrate:

‘s

1) The duration of the investigation would be lengthon by at least cightoor

months since haaal dnta csllection would toke that leng to obtadn, in order to

pX]

have as a minimin three points in tams of howtolegical and bicchaaical paraet

initial and two more, cicht nonths apart.  Statistically, having only o iaeal

’

NPT RR

points is too rishy ard we vould Loomore at case if threr poinks wore obtaing <
prior to fortificaticn.
4. 4.

2) fThe risk in terims of validity of data in a soquential design Is that

.

the control is cut of tiro phase, and the changes which are ocawriny throughout

time ‘in these counonitios and which are cut of owr conixol, could clearly

x_a

influence the resulis and wo oo able (o evalunte thoan,  In this

aiya e

sense, the p.ua]lcl collecetion ol data in an c_\,,“,,;,.xm.l and control situalicn



HEMATOLOGICAL VALUES BELOW WHICH TREATMENT FOR ANEMIA WILL BE INSTITUTED

Age SEX Alticude Altitvde Altitude
(veors) 0-746 n 730-14%9 n 15C0-2S00 =m
Eb(c/d1) Het (%) Bh{a/dil) Het (%) (b (o/dl) Her (%)

1-4 M 11.3 32.8 114 3o 11.6 34.3
5-8 NF 10.9 33.0 12.4 35.6 13.2 35.9
9-3.2 ME 11.8 35.3 12.5 37.5 13.4 40.2
13-16 M 12.4 250 13.2 39.6 14.6 43.8
13-16 r 12.7 32.0 13.2 39.3 13.6 41.3
17-20 S 13.4 40.8 145 45.2 15.0 49.2
17-20 T 11.3 5.2 12,4 56,8 13.6 £1.2
21-49 M 13.3 £0.2 14.3 43.6 15.3 46.2
21-49 F 11.8 35.2 12.4 9.5 13.1 424
50 M 12.2 550 13,7 1.0 144 £2.9
S0+ T 12.1 36.5 12.7 33.3 13.4 40.6
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3) 'J'i;c costs woula: L hicghor in ther;‘.:orlur.:‘\ntn'.al design:  cven if only
two communities are st .4 (one in the highlands and o2 in the lowlands) the
total costs would not Yo reduced as coipared to the stuly of a contfol and
experinzntal ocnmanitics in a parallel fashich; on the co wrary, the costs

would increase because of the need to lengtlion the pericd of study. It is obviou

that with four communities under a seguential study thie costs would almost double

Finally, a careful reviews cn cthical considerations of hoth designs has bee
done ard neithor is conzidered to pose any cthical queostion since'the study

deoa=s not present ahy hazard nor violates any of the }u‘“nn richts of the qrours
involved. In the parallc) desizna (centrol and cuperinantal coomunity at each
altitude above s;o‘a Jevel) the centrol comnmunity \-.’i'{.l receive bonefits iciontical
those in the exporinental comronity oxcept for a delay of naybe two to three yea

in recelving the bonelit of suyoy fortification, wiich we  cupect this study to

.

show.  In L]‘“ scauential design all tho ctuly conmunitics will not roceive tho

benefits of suonr fortificaticn with iron for al loast cightoen rnenths.

,_1
—

In conzlusion, we strensly svggest following the S dosicn of WD

4

contaliitics at cach altitude of cca lovel, oce contrel and the otlier exparimantal

4.- Methols

——— e e

-a) Intoke of svaar and iron

The dict of the whole family will bo studied in the fanilices of the wolars «

a stratificd subconnle Cosoriind in_teble 1. Food dntake will o estimbted Ly U

42) , e
24 hour 1.‘ccall("" method before the fortifiication promys staris and cvory 8
rmonths fron thoa on. Particular attention will o ;:-;zic' to dntahc of iron, divic
into aninal sources and vogetable sowrens, (ho intako of rnonufactured vroducts

-

rich-in irch, such as fortificd food and fommulec, vitanin and mincral pills

containing iron, nadicinal irven, ecte. Intorpretoticn of tho data will Lo Lo

Aerea s s 43 .
cn 1NN food conpesition frivies ). Besiccs total adron will e dobonmuinad L

. ’
acwncsite food sinoles of dinls of cno of cech twinty & ::1‘23’.:3(”) . Ghic wiil bk
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The pregram of Vi -n A fortification of Sugar vhich is already in
brogrcss, is c¢btainir.; ©.ca on sugar co..gurg)tion in varicus places in Guatcrala
and Ll Salvedor. 1This inlonmation is beié.q alrecady of great value, but still
the actual censumption of ircn fortificd sugar in the communities under study
£ L2 carefully dzounanted in order to La able to calculate total iron intake
and the proportion of it ccuing frem sodium iven EDIV.. 1he reason for the
four dic.t_aly surveye throughout the study iz precisely to b able to calculatic
c;xctual nutricnt intakos in the cannunitices with oo whasis  on dictory s wees
of iron, as \‘.'::ll as Lo bz alble to dozeribe tha dicts in 'tc:rn*s of fibwor,
phytites ard othor mircral intalies whiich are neces sary in order to evaluate
trace mincral muirilicon also with and without Naicivia intake.

Besides the central dictary survey cutlined above, Lwo collateral survoys
will ko performed on wuiiler stratificd s suaples covering 25% of tho subsziple
ammed at the L 2o most vuirorable groups in torms of iron nulrition: 1) svgzyr inte
in the yourg chilad, anid 2} supar intddie in the progrant and loctating weran, Ik

both of these groups wctual wzight of sugar consuwiption will Lo obtainad,



b) Biocherical dztermination of irzn z2nd folate nutritional
sttus and hematologichl cordition in Rz w-oulation.
Blood samples will e collacted in the seme families, and at

the same time as the dice

concentration, hematoc:i

serum iron and total iron binding

by routine mcthods of hematological tech:

exrythrocyte protoporphy»r

‘method of Heller ct al. (

radio inmuno assay at

by the mecthod of !liles ot a1, (7

IVic,

tary survey 1s czrried out., Hemoglobin

t, red bloed celili counts, red cell indices,
capacity (TIBC) will be determine

5)

Free
ines (FEP) will Le determined by the

16) .  Serum ferzitin will be measured by

Venczuela at Dr. M, Layrisse's Laborato

estimated by rofractoncisy

the stratified sample by

Ald

the members in

determinations to

Complete hematoleov
blood folates will be de
1,480 individuals distari
needed for

these deteorms

in the project and by the

veins will ke punctured;

by the physicians.

——~

42)

Ty and whcle blocd folates in half of
; \ L . . {4
lerzert's mothod using L. 00501(’9).

Y-~
NS

thoe ctudy will monitored by hematocrit

their hematolog: condition.

TIZC, serum ferritin and whol:

I3 N

tornined in a stratified subzample totallin
buted as chown in fable 1. The venous bLloo

3.

aQac

ions will be obtained by two physicians

[

crained awiliary nurses.

Only periphoerea’

leed from children will always be draw
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COMMUNITIES

GROUDS CONTROL EXPERIMENTAL
SEX )
EIGHLAND LOWLAMND HIGHLARD LOWLAND

i-4 1= 30 30 30 30
5-3 M-F 30 3 30 30
9-12 M-F 30 30 30 30
=16 M=r 30 30 30 30
7-419 ot 12890 100 100 100
8 r 100 100 100 103
ot 25 25 25 25
F 25 25 25 25
TCTAL 376 370 370 370

CRAND TOTRL 1,480




¢) General morbh:::i:.w surveillance and rcoistration ard

—— -t

surveillance of cases of zneria in out natient clinics.

A careful record will be kept of cascs diagnosed as iron defi-
ciency ancmia eithcr at the public hecalth out patient clinics scrvir
the study villages or in any of the surveys. The record will
cover a 3 month pericd prior to the initiation of fortification
ahd will last throughout the period of intervention. AaAll of thesce
cascs will rcceive therepeutic jron using the routine systcm
employcd by the public health department: Fe50, by mouth. Their
hematocrit will be chocked after 2 m. of tﬁcrapy. A simplce clinical
form will be filled for cach number of the familics composing the
sample. The population will also be monitored throughoﬁt the study
with regurdg.to hookéurm and 1. Trichura parasite loads. For this
purposce a fceecal sample from cach subject will be formal;n—fixcd and

(50)

Stoll counts perforced at Jeast once at the beginning and near

the end of the study. This means performing 14,400 cqg counts.
I , .
LAll the procedurcs and the data to bhe obtainpced concorning parasite
loads have been consulted with Dr. Layrisse who will also continuc
to assist us dircctly cu this.mattur.‘ A record of gerceral moxbidit
will be kept at the clinic, covering all the population in the study
villages. Adeguate treatmont of all discases will be instituted by

the clinic staff in the project.

Fortnightly, morbidity surveys will bo perfomad in cach of the four



-1

e mnitios, using Coswrveys instrenants which hay o een davelopsu by wie
WY tacha ~ b .

Vaelieal Division in close coop:ratlon with EZnvironmontal Bliolaay and Human
‘ooeent.  This infonemtion will effectively coaplesent that obtained in

b Cclinug

Lealuation of Lrace mineral nubtsrition in subticels receiving

d)

cecar fortifjcation wilh HaleilDTA.

Plasima and urine samples for determination of - tracce minecrals,

. 51) ,

particularly z-1nc( 1 and Copper (52) in plasma and zinc and
. (53) . -3 y oy : - e - . S TR s
naghnesiuin in urine, will be collccted from all the subjects

in the subsanple indicated in table 1. The urinary oulputs of

zinc and magnesiun will be cvaluated in single urine samples,

relating the urinary content of these clements to Lhal of crealinine

Even though the probability of preduc g ixon overload is

cssentially nil, carelul clinical evaluotion will be performed on

any casce which could be suspected of acvelopiig an iron overload
syndrome.  The subjects will Lo hospitals alb LiCar's clinical

center for carceful Sron metabolism studics, including urinary

output after desferrioxamido.

c) The data Lo he (()I l(‘(:.cd W IJ cover ('h(.‘ Following arean:

~=Dictavy: 24 hour family Intarke by recall mothod 9 Limes

in cach conmunity, Lhat is, prior Lo intoevent fon aned

cvery 8 wonths for Che.two years of inlervention.  The

pumber ol famitics ander study will bhe approxinatoel y 150

in cach coruiunity, Lhe total }nring 000 Lamilics.

== Measured iron jntake: by analysis of fcod composits on

two occasions in cach community. For this purnose onc -
food ceomposit will be pregpared for each 20 Lamilics. Tho
total nuaber of cemposite samples will be 140, represent-

ing 7 in cach community, cach tinme.





http:tic]a.vj

-y u-

Evaluation of trace mineral nutriticn in suliscts

receiving iron fFortification with MareiDT/.: The nunber

of analyscs in serum and uwrine fcr cach of the trace
mincerals (Zinc, coppor and maghiesium) will be 1/2 of, the
stratified subsample. If results inﬁic:te the nced for
larger numbers, the other half of the collected samples

will bec analyzed.

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

activity will involve pericdic cost evaluation of the

process of fortification and of the delivery system in

its totality. Cost of trecatmént for iron ceficiency

ancrmia in the communities under study will also be obtained

throughout.

Sample number: Finally, a woxd on sample numbers. . When

the préscncc of anonia is estimated on probability basis

for cach age-sex group,(7)*a ncar 7% prevaleuce of subjects
with hanoglobin concentrations or hematocrit values carrying
a high probability of belonging to an anomic population (and
therefore classificd as anemic) is expected even in normal
populations. The sample size nceded fov valid estimations
of changes in prevalence of ancmia when it is not very nuch

higher than 15% must be large, ideally between 1000 and

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

hav henatcerit determinations in all the sample: 1800

in ecach community. The stratified subsample where complete

*
v
e

hematological, iron and folate studics will be performed,
will consist of 1480 indivicduals (740 controls and 740
experimental). This large numider of subjects will insure

complete longitudinal studies in near 1000 individuals.




ot

1. Colloctiva, st ot 1ae and nalvsis of «data, and wessibla publications
PRty is inplenenting a very strong data processing contor vhich includzs
ur*' cor focilities of groater capacity than the cnes cxisting now (a new Hoewslu

a 3, 0"0 is haing J.nstallc,u in Mav) and al1 the org¢isivization necessary

sk
fer éata handling and statistical advice. IJ"! \Palreacy bns ample experience

in Jongitudinal field programs and specifically at the Bicucdical Division we
have now the experience of at least two field programs, one on subxlinical
malabsorption and the otnzr on encrgy supplamentation to agricultural workers,
which ha'-.;é required the stablicshnent of very conplete files with clearly

designad variables, that allow us to perfcom essentially all the analysis and
statistical tests which are required to dumonsirate the effect (or lack of

it) of nutfition mtervention pregrans.  In the case of the energy supplanantatic
program, various theorctical models are also being testad, basald on longitwiinzll
collected data. In other worxds, with our present experionce and the facilitics
which arc nowia reality at G, 1 do not forcoee any limitation in tems cf
processing, stablishivont of files and analysis of data.

It 1s hoxd to indicate a pricrl how runy articles will cove out of any
investigation. My porsonal philoscphy is that ceven 1f I can pabl ;_;h many
articles to fill my cuvrriculun (but which have not (noth to say), 1 rather
publich less articles ceach of which .\-.'ill car'ly a significant contribution to
the problan at hand. I can forecce, as a rosult of this investigation,
articles on each of the arcas in \.,11\ch effort is going to bo-dnvested and which
include dw ctary data, iron and fclate intoracticns ‘:oth with homatological
variables and anong thacselves effect of iron fortificaticn on goneral
rmorbidity, trace runcral nutrition (including content in foods and general
nutritional) status with rcogards to zing, co z:L:Qr and nmagresiun, withcut and wiltd

acklition of iron I'DIA), cost conciderations (including cost effectivencss ancd

ost henefit analysis) end a nonograph on iron fortificatica end on the wessible

3

solutions that will corme {ram this irvost igation. j
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This proygvam aims atl supplying a small additional amount of

frolegically available iren to population groups who have a high
prevalence of iron deficioncy bccauselof: a) Jinadequate iron intake:
too little and poorly absorbed, and b) olevstod requirements duce to
preygnancy and childbirth and/or'chronic blood loss.

The populations at larue will receive iron fortified sugar whic!
PO} B ; }

will provide 13 my ol iron/100 g of sugar. This level appears to be
enough as a fortilicalion measure based on the following considera-

tions which arve available wince having written the application:

L. "Twenty two sulijects in the lowlands consumed fortificd sugar

. . . ) . Ny,
containing J3 mg of iven Javeled with a tracer dose of 27Fe as thoy

would normally consume sugar throughout the day.  The mean Logon.
. ) - o ) . . . '
ivon absorption was 5.0 = 5.0, There were 2 clearl)y iron deiicient

subjchs (% sat of TIRC 7.9 &nd 11.1%) and 2 possibly deflicient

subjects (S sat of TIRC S30% and 18.6%) . Their respective abisorptic

were 16,8, 11,0, 2.8 and 1o.2%0 Bascd on Lhese voeosall s , Tvon Tort i

sugar at 13 mg Pe/100 g suoar o would imerease Lhe wean abhsor bed i1 on
in adults consuming 50 g of sugar by 0.4 meg/bay In sron Jdeficicent

subjecls, abzorvbed ivon vy Bosas high as 1,1 meSday. The anount, of

bron absorbed from a totally vegetable diclt based on Che Slaples

consumed in Central Amer <o varies between 0.7 and 1.0 my/day*.

Fortificd sugar would incronae the total absorbed iron to bhotweon 1.7
J 2o

and 2.1 mg/day, depending on iron nubtritional stalus. These lovels

in Annex 1 and the dictary intake data fr.
1t

*_Cnlcu]ntod from data
‘).

the Central amcrican survey, and [rom Layrisse ot al.,Blcaed,
68y, 1975.



S
would be adeqgua o Lo ogecel dron regudremcn.s evdh when aboal G006 g

of iron would be . each day in males because of hooikvworm infect.

(hookworm load = “3,.‘:') cggs/g'of.fcccs) or in the course of pirogna:
In Central Amcrica only 1.4% ol thc l;aopulation surpass the indicate
level of hookworm Jead (Viterli cl al., Arch. Latinoam. utr., 23:3.
1973) . ' i

2. A small pilot study being conducted at present in a lowlan
arca in. the coast of Guatemala, where sugar fortified Fo. 15 mg of I

per 100 g of sugar has been consumcd by the population fox 10 mont!

after having reccived sunpldemental 1rvon (100 mg/day L[or 4 months),

showing Lhat the fortificd sugar Is maintaining iron nutrition and
hematoloyical normal iy in a largye proportica of tLhe populaticn in:
of varioble degrees of hoovkworm infectioen.  These resulls contrast

with: a) Members in Lhe same population who, alter roeceliving supplo

mental dron, did nol recceive fortificd sogar. A largoer propostion
previously aron deflicient subjoects are again iron deflicioent and ane
among this group, cempared Lo those recoiving fertificd sugar; and
Previous :‘.l:ucli(:s: condected wilh the same oxpoerimental design in ot!
populations ek with sagar fovtifice wilh l.T"(‘.l‘()(I (which 10 actually
mabsovbable with the Gualematan Jdict) resulted in a rapid deltoerior
Lion din tron nulyitron, :'.im.i]'i'u.' Lo what is oceurring with a).
1t apuecars thalt T4 g 1"0/,‘:00 g sugar 1s able o maintain jren

nutrition in a populacion which received first o Jarge iron supopleor
Vie propose to add 13 ry of Fe/l00 g suyar .instoau! of 15 my Fe/100 ¢
sugar because the iron content of FelabkDTa is near to 132%. The lov
of addition to suyar \.-:c:ul(l Le simply 1 part per 1000 parts. Ve
believe that both levels of iren will be cgually cffective. In con

Lo the pilot study boesn: conductod now, Lhe proposed study will

consist of rugar fortification Lo vorualations who Gid nol roceive o
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vioun dron ::u,:pf«-nwnt.|Liun and whea oo only anciie subgects will
receive dron therapy. Consequently, we cxpect Lo evaluale Lhe
1

proyram on the following yrounds: l

1. Scrial changes in dron nutrition in nen anemic subjects but

who arc iron dJdeficicent at the start, as detected by low serum ferr:

low scrum irons. and % saturation of 'I‘:IBC, and clevated free crythi
protoporphyrins (IFI') . Assuning the additional amount of ixon t§ ]
absorbed by iron deficient subjects will bring iron balance to a
‘retention of + 0.5 mg/(idy, the iron rescrves will have increcascd
about 350 myg o in .2 years. Conscquently, the following changes are
expectad:

a) highcer scrum jron and normal (> 20%) saturation of TIBC (maybe

in 8-16 wm.)
b) lower IFEP (maybe also in 8 to 16 m.)
c) a progressive incroase in oscerum ferritin concentration, reaching

on the average 35 ng/wl in two years.

2. Lower rates of vecurronce and of new cases of anemia in th

exRperinental conmumit fes compared to the controls, Sincee for othic
reasons all cases of anemia discoverced in Lhe cowrae of Lhe paogra:

will roceive Lreatment, the incidence of anoemia will constilule an

. . 0
cvalualion touol.

-



4,. Significanc ¢ “ork

—_—

The desired si - lficance of the data collected is to substan-

i

tiate the effects of sucar fortification with iron in two different
|

echological areas i Central America: (a) lowlands (tropiqal) and
: |

(b) highlands. In both areas there is iron deficiency, mostly due
to inadequatz food iron availabili:y. 1In both arcas there is also
iron-deficiency anemia in vulnerable groups (children, adolesccnts;
women of childbearing age, pregnont women and older citizens). The
éituation in the highiands is similar to that of most other parts
of the world, including the U.S.A. In the lowlands, the added
pfoblcm of chronic blood loss due to-N. Americanus and T. trichura
- ‘

infections, induces a rore severce iron deficit and, conscquently,
& greater prevalence of anemia in the general population. In the
lowlands, ancmia is nore freguent among mature men in prime
productive Ego.

The trial in both zcolegical situations is designed to
evaluate the cffectivencus of iron fortification under conditions
of inadequate iren utilization alone .and that with added chronic
blood loss, If effective in both conditions (as is expocted from
absdrption data in  appex 1 and from prior cxpericence in small
trials in progress), Lho fortification with this form of iron will
have great significance in that it could be applied almost universal
This investigation will alco indicate the problcis involved in largce
scale sugar fortification prograimns,

The sources of the data are sclf-e.\:planatorye t 1s important
to stress that in the experimental populations the prevalence of
,érOn'deficicncy and arenia is expected to decrease slowly during
the tvo yYears of fortification and essentially no new cases of

1ron deficioncy or anamia should cccur, in contrant o the contrel



‘ populations. Il JCVwr,"with the specific ta which serum ferritin
determinations prov ‘3, an estimate of progressive changes in irxon
deposits can now bc .. .ained, which reflect cumnulative ircn

absorption,

5. Disscemination and Utilization

The results of the rescarch will be disseminated by the follow:

media:

(a) Publication of scientific .articles in world -~ read journal:

(b) Formal prescentations at scientific grouvp nezetings includinc
physiciansg, public hecalth personnel, dc.

(c) Through teaching at INCAP's underoraduate and graduate
coprsés and at the Central Amcrican and Venczuclan
universities, wherxe the principal and co-principal
ipvestjgators are prolessors,

(a)

Through the system of advisory scrvices which INCAP has
.throughout_tho Americas in its fole of Technical project
of the Pan American lealth Organication.

(¢) The principal anrd co«prlncvha] investigators have been
members of WH2 advisory groups on Nutritional Ancmias and
their findinces will be presented thereo.

(f) Whether the investication indicates that iron fortificatic

should or should not beceme a public health measure yet in

Central Amorica and oLPﬂr countrics, the results will be

presented, discussad and evaluated by a comnittee integrat

by appointces of various health and develorment oriented
organizcticns and by memiers cf the sugar industry covaern-

‘ment and the universitics. This committea will produce

documents which will weicht heavily in government judge-

ment of the resulte obtainoed and, we holiero, will
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Development Implicationg
41 . )} !

This project will have a very significant impact in improving
‘tﬁc health of the population in dévcloping arcas, particularly
Central America and Panama; by extension, this could casily apply
e many olher parts of Lhe world whgrc the U.S. and other national
cand multinational organizations axe engaged in ncccinrnting social

and cconomic development, Ve firmly belicve that proper health and

adeguate nutrition are prerequisites for any devaelopment. action to
o d55) T e . . )
take place® 27 Jron doficiency and anemia are associalod wilh
(9,10)

eechanisms against bacterial infecltion

decrecased host-dafonse
. . . 5,6,56,57 :
and Lo decreased physics ! working capacity (5,6, ~’§ 1) Population:

have o high rate of baclerial ainfection and

’

in doveloping arcoas

depond cconemically on physical work.  The tmportance of dwproving

iron nutyilion as a basic neced for dovelopment o therelore, clear
! ' ‘

eviaent.,

The principal investigator together with othev membors of 1MCH-

including psychologast a.. ! bhiochenists arc beginiing to cxplore the

clfect of iron deficienc, and ancmia on learning and behavior of

preschool and schoolchildyzn,  In this regaxd, significant differenc

.

have already been found in a pilot study involving lowland [irst

Y

grade children attending public schools.- Iron deficient children

S

performed poorly in Lests reguiring prolonyed and dewanding atten

o { 98) oo . . .
Lion - This may be relied to alteratsons in catecholamine metabe

reny


http:devolop;,.nt

19;,.

to rcach them and of carcfully prooramod acticns in cooperation with Coverinmmts
and with Regional Econcmic and Ilealth Develomrent and Planning Agencies are

common activitics at INICAP now. The presence of a Ph.D. in Focncindes within the
Bicmﬁdical Division primarily concermned with doing feasibility studies, cost
effectiveness and cost benefit analysis of nutrition intervencions and
implerontation of delivery systens is also a major advantage in tenus of futurce
implevontacion of iron fortificaticen in Central Arnorica.

Another very important resowrce in Central rfwcrica is INCAE (The Central
Americen Institute of Adninisltraticon), with whom TLTAP and specifically the
Biowzdical 'Di\'isicm has mainteinad close working relacions fox scveral years. DRGNS
has very cldsc ties with the graduate school of business in Harverd and we plan to
consult thom regarding studices of feasibility for inplaienting iron fortification
in sugar., 4 cooperative program in tems of fortificaticn of corn aimed at
inproving };l‘O'\;C‘.J:'J.] nuiriticn io in proyress with Dr. Jemes faostin off tha Craduate

School of Businoss in Harvard. o consullantchip will b2 concidered {or this

program vwhen the time cones.
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Yoo - OLher, Organecations ta Lo Luvelved in o jeet

(u). lwl(,‘/‘.l’: Nutrition and Productivity, Physioloyy and Biochoen-
Istry of Mutyiton, ol Scicnee and Yechnolory, ."-‘.nllh Interventic u,
Food and Hutvition Policies.

(b) Instituto Voierolano de Inve tigncioncs Cienlificas (1VIC):
Laboratory of I'a tho-Physiology.

(c) Epidenioloegy divisions QE the Public ealth Dol.wrl;m;tnt and Social
Sccurity of Guaterala (Whore the rescarch wj.l‘l tase place). They will
lie].p gather and analyzed infonmsation on anaimia prevalence and incidence

and on the expenses incurred at the hational level in treating aneidc
atients.

(d) l‘.:s:;<wiaLicms: ol suyir producers will hely JRCAR with their: spaortise
in sugar Lechnolaogy in ordor Lo solve all the dotalls snvolved in Uie

L(‘(_hn‘(ul proecess of Jron fortification.

1L cCost of waJfJ(uLuw add control of e PrCaran

v carelul cvalualion of co sto will Do conducted at the ond ol l‘v‘ first and

of the sccend year of fertification, Lasad on data Lronm the sugar mills and the

cost of .-JL(J A adddiUien, the opaoration of Lortification iLsell, ele. At Um s
iy an assessnent: wfll bermadey Of Uhe contl of e cenlyol process, roaline colle

Of sugar samples, anadysing, survedHance of e Process dn the mibls, ote, e a

wost o will thon b calealated, per capita, and [N person ansied o have foen o,

These costs will Lo conpared with the espviecos in which U public health doparu

s

Incurred +4n treating iron deficiency anciiias sn tho control canmmmitios,  “IMee

R
vill Le projected Lo a taticnal ard Bogicual lovel. IPrivate industry has alreody

coontribiuted to the i wlavontation at . wu v mills of iron fo:tificcztion svsic,

Y]

o Chandcal Engincors winge specialty s surar precduction will he ucu\mly povts

I thz stedy., Tho Projran of Food weclniwlogy at 3Cnd is alreauy workingin clone

-

. 3
cooy; m*at.now Wilth us in poxformaing all ef the stabkility u‘j.xls.\}
™~
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1? Fortification of ¥ with iron lias boen monitorad by us in initial
pilot trials, by means . .lztm*tr;;zaticn of ircn in sugar using atomic
absorption spectrephotc try in twenty sarples of cach production batch
consisting, so far, of 400 Lays of cne hundred sounds each. This means

taking a saple from cach ton of fortificd sugar. This form of control

will continue for stuly purposzces . Rased on {ro variability which will be
found in the different producticn batches throuziout the two years of fortifica-

tion plannzd in this study, recoimondations will be dravn for the wdniman

nuber of samples reguired for aralysis once thz whole sugar production

of cach country bogins to be fortified with iron. *T
' o
. ".v;‘,.

A
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‘L. Fortification of e with iron s boen monitorad by us in initial
pilot trials, by meane . Lotenminaticn of iron in sugar using atcomic
absorption spectrephoten iy in twenty sarrples of cach production batch
consisting, so far, of 400 bags of cne hundred pounds each., This means
taking a sample from cach ton of fortified stgar. This form of centrol
will continue for stuly puwrposes . Rased on the variability which will b

4 4
found in the different producticn bhatches throughout the two years of fortifica-
tion plannzd in this study, recommendations will be dravm for the mindma
b : y :
nuber of samples reguired for analysis once the vhole sugar production
-

of each country hogins to Le fortified with ircn.

-
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9, .Supervision [ ho studices

Lo

The téchnical "ponéibility for the implcmentation and carcfu:!
control of the ficl:.. .tudics désc;ibed ir this document rests with
INCAP. The dcsién ar.d performance of special techniques at the
fieid or laboratory level will be both the responsabiiity of IHCAP
and of Dr. M. Layrisse at IVIC. All the details involved in the
implementation of the cxperimentai design will be discussed with
Dr. M. Layrisse and submitted to an expert committcee who will have
é dual role: Advisory and Cbordinating. In this last capacity it
will try to stcer all the rescarch on food—iron~fortification
throughout the world to follow the guidelines étatCS‘in the ViiO-
“AID-IAEA meeting in Geneva in 1974, This will insure-that the
present rescarch and that perfornmed to improve iron nutrition in
other parts of the world will have a comscnality and will, thercefor
be as univ&ksally uscful as possibla.

To accomplish thiy, we proposc to gather at INCAP as soon as
possible a comnittec of 8-10 mowbers to review and build upon the
present propocal one which will be followed by everybody cmbarxing
in iron-fortification or in measurcsaiwed at improving iron
nutrition, INCAP will provicde all the information that will be
collected to a Naticnal or Regional ad-hoc Bvaluating Conmittoe,
which will be responcible to the government of the country for a
final asscssment of the effcctivencss and the cost of sugar fortifi
tion with iron. It is proposzed that the conmittee be cowpozed of
delegates frem the Miﬁistry of Hcalth, Pediatric Acsociation,
Bematological Association, Associaticn of Sugar iiillers, the Acaden
of Scicnce (or the MNational Rgscarch Council) and ILCLD. Finéll;,
Dr, M. Layrisse and the principal invcstiqatqr will meet at least

3 times per ycar to roview the progress made. They will advice ale



8. Cost of oOrtification.

Tabie hl shows an estimate of the time assigned for the persqnn:
in each activity.

Table B2 prescents thao asst cstimafcs of cach activity divided 1i:
personnel and other costs. Table b3 %s the 3 year budget estimate.

INCAP will contribute with the principal investigator's salary

!

and with all its present fecilities which are well known to AID. W
request the purchase 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 purchise of two microhematocrit centrifuges and
2 freezers is indispénsable for the progress of the work as planncd
The U.S. $8,000 guoted. in thig application'is only an estimate of
current costs to U.S. Government agencics. "Two vehicles for exclue
use of the progrum are also needed. As is well known to AID, the
vhole professional dtaf© of INCAP is available for consultation.
in this regard it is o paviicular importance to indicate that
through the current recuviauization taking place at INCAP, statistic
advice and data proces:ing will improve substantially starting in

the first half of the prosent year.

12. Reldated hetivities

bl

Other projects provicusly undertaken and/or currently in progro

by the principal investivalor:

1. WIO support on "uu:nx fortification with iron" Dates 1974-
1976. &Amount: $30,520 to 13,500 (U.S.)/year. Purpose: Stu:
’bioavailabilipy ci various iron compounds and propertics
of éugarlcn:ichcd with such compounds. Radiocactive iron

absorption is studied in small samples. (Annex §)



the Advisory and .coriinating Committee any w~orthwhile matter.

10. Calendar (Fic. = 1)

Initial explorzations in several communitics and recruitment of
the four who will co:tinue in the study, and training of personncl
will take 4 months. Bascline studies in the chosen communities will
be conducted for four months prior to the iniciation of fortificatio
The study will continuc for 24 months after iron fortified sugayr is
distributed to the population. This sugar will have the same price
as the prcsently consumed unfortificd sugar.. The colléction of
dictary data, blood samples, clinical records, physical working
éapacity, and trace mincral studies will be repeated cvery 8 months
for two ycars. The last 6 months will be required for {inal data
analysis. Partial data analysis will be available throughout the p

of study.

11. Budget

For casc of ﬁrescntntjon in terms of activities, the following

have been considered the main activities:

1. Direction, organizaticn and monitoring of pfojcct, coourdind
tion of collaborative efforts, relatioﬁs with thz rescarch
communitics, cducation and motivation of the members being
stpdiéd and of the comnunitics in general.

2. Dietary data.

3. Measured iro:n intakes.

4, Iron and folate nuitritional status =~ Clinical condition

5. Morbidity studies, including fecal cgg counts.

6. Trace mincral nutrition


http:monitori.ng
http:consuc.cd

2. Guatemalan governnent support on "hutrition and work: a
combined biological and economic analysis of caloric
supplementaticn to agricultural workers." Amount: $52,500

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

3. W.K. Kellogg Foundation support cn " Nutrition and
. Productivity of igricultural Workers". Amount: $59,000

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

4. U.S. Armmy Research and Development Command support on
"Relations betwcen nutrition and physical working capacity™.
Dates 1966-196¢. Several publications available as a resul!

of this wvork.

13. Other Support

The proposed projaect has not been submitted to other organiza-

tions for sponsorship.

Human Rights: (Annex &)

The individuals participating in the study, eithexr in the
experimental or the control communities, will be informed as
clearly as possible about the study and of what would be required
of them as individuals, as fomilics and as merbers of the commu-
nities. The possible honefits thoy may receive will also bo
explainced. A clear underetanding will be established that thoy
may withdraw from the stu.ir whenover they resire. Specifically
in the case of the conticl conmunitics, they will know they will.
not receive iron-fortifind sugar in contrast to the cxberimental
commﬁnitics.

A written authorization will be obtained f£rom cach family

pPerticipating in the study. It will list the membors who will



ACTIVITIES PERSONNTL OT==R DIRECT TOTAL DIRECT APPORITONED
cosTs QCSTS ERSERRCH
" EXPENSES TCTAL
1. Divociliun, orga— .
nizatian, ec. 33,445 7,375 £0,820 7,348 48,168
2. Dichovy 16,697 4,423 21,0322 3,786 24,818

sooLravoel intakes 4,571

st 24,683

5. Maoosldivy 18,593

nuLsioion 9,826
7. Cov =7 fartificobion & 10,005

To- sl imelenentation

9,500

27,750
11,570

5,155

6,425

52,433
30,163

15,021
15,430

9,428
5,429

2,704
2,956

61,871
35,592

17,725
19,386

117,870

72,200

160,070

34,212

224,282



1.

T/SLLC B3

BUDGET
Personncl
a) Professionals , 1st ycar 2nd vear 3rd v
1 Physician, chief of field project -38,060 33,500 36,7
) Physician, assistani 15,900 | 15,900 11,9
1 Nutritionist 15,900 15,900 11,¢
b) Non‘p;ofeesionals
1 Aséistant administrator 3,620 3,785 2,9
4 surveyors : 11,140 11,740 9,2
4 Auxiliary nurses 8,520 9,230 7,2
2 Laboratory assisztants 7,240 7,570 7,8
1 Lab. assist, (1VIC, Vencazuela) 4,000 4,400 . 4,8
1 Parasitology technician 3,620 3,785 1,9
2 Data clerks 7,240 7,570 7,9
2 Drivers ' 2,230 2,330 1,86

Lﬁilizljlzg___mllgl,ﬁﬂO 1641,5

Travel and Transportatian

a) 3 round trip/year Cuaracoa-
Guatcemala + per dicm 2,400 2,400 2,4

b) Milcage charge $0.27 rer km,
36,000 Kn/year (garaiine and
naintcenance) 7,200 7,200 5,4

¢) Per dicwm profession.’ rorsonnel
$10 x 84 days x 3 2,520 2,520 1,8

d) Per diem for non-prcfoczionals
$5 x 84 days x 9 3,780 . 3,780 2,0

15,900 15,900  12,%




Supplics _and couinnent

Coulter counter, 2 microchomatocrit
centrifuges and 2 frcezess

0, cells (4)

Sparc parts for cguitmont
Equipinent for blooud colloction
Equipment for urine colloction
Stationery and miscellasorous

Two vchicles for cxclusive ase,of

Project (I"icld and othcr activities)

OTHER DIRECT COSTS

Blood and urino analysos

Composite analvses of Food

Hedicines for-out-paticrt care

Contractual scrvices

Ldvisory sevvicoes ($7C)

a) Short term consaltants
2 months at $3,000

b) Review mecting

Data processing and wriiing report

Publication wsts

3 articles x 15 pages = $50/page

Apportioncd Rescarch Exbonses

Total Budget for ecach year

Total Budget for 3 ycar poriod

t vear

8,000
600
1,500
-1,200
200
1,000

12,000

ThBLE L3 {cc
2nd year rd

Lt

24,500

7,600
4,800
6,000
2,000

6,000

5,400

15,400 7,€

6,000 4,r

2,000 1,

6,000 6,(

5,000 15,

30,726 29,¢

65,126 76,1

.Epiiﬂﬁﬁ___lQﬁLf

621,7
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Pergonnzl not covered Lwr ATD hudget

a)

b)

Professionals

Principal Investigatcr (F. Viteri)

Co-Prircipal Investigator (M. Layrisse)

Scientisg (B. ToxGn)

Medical resident (P. Aycinena)
Statistician (. Guznin)
Statisticien (C. Yarhrough)
Systems Analyst (S. Sibony)
Ecgnanist (M. Invadnk)
Research Associate (R. Garcia)

Sugar Ingincor (private industry)

Non vrofessionals

2 Laboratory assistants (Physiology)
1 Laboratory technician (F. Saldana)

1 Secretary (D. Garcia)

1100.
635.
670.

23000,



- Cmp TATE B
BEST AVALARIS 0P :

Tim2 asszicned for v-ch activizve (3)

fetivities Princ. Co-Princ. Posicst. Ficld - L. Nutri- Swrvey-  Rux. Para- Con-
Invest. Invest., Adninis— Director Ficld ticnist ors nurses sitnl tracks
trator - Dir.ctor (4) Tozh.
1 wion, orga-
_ . ization, etc. 20% Lot e0 50 35 20
5 ' * 50 © 50
I —ered dntakos 2 10 5 13 '
|
. Dyei-

2
o
)
(%]
=S
o

65 100 Tice]

w1
—
o

10 10 10

t+J
%]

¢’

invleucntation

sre crivers eare noedcd for all ficld activities, The dati clerks will ko irvolvad in processing data from all sources.

* No.cost.



RAC recommendatirns on pronosals , reviewed at ' -ch 22-23, 197n meetin: --

AttachmentVIT

» TOXUITICHTT CIoougarc and Iron: rizid Sty Prior to Ieplemzitation
at 2 Natvionat Lavol (New) - pan fmerican Health Crponization, Duraci:

¥
of projcet, 3 years; estinmited cost, $021,799. Schuaipert, ariey,
Linder, Ludington.
Recommendation:  Thate the project be approved as requested subject to
incorporation by AID staff into a revissd projeag proposal phe syuszos
made by RAC and the peer reviewersl T revisazd proposal is co ba .
by members of the PAC subcommitten, 1f the revicead proposal is accep:
to the RAC subcommitiea it nay be lnmediatoly irplemented; if 07 ol
are made by the pac subcomaittee, the project will not be impleqcatad
further roview by the Rac, preferably ap the My, 1976 aeeting,

*RAC review subcommittece; chairman underscored


http:rcvie.7l



