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Inrroduction

BASIC CONSIDERATIONS: THF PROBLEM

Epidemiologic imvesticanions carried oat
by INCAP in the
America and Panama duninge the nutiton

countries ot Central
survevs ol 1995 1907 () conbinmea the exis
tence ol a severe and widespread problem ot

hyvpovitaminos A the population

Phis was tist made evident by the
disttihunon ot tamilies v per cent ol
vt A antahe. as shown an Pable o
Fren o the best of the cases over 10 pe

cent ol the tamibies surveved had itakes of
less than one tourth of the Tecommended
dandy aHlowances 27 In B Salvedor near
per cent ol the tamnlies telb i thas alarm
vnimin \

ing category  Fhas sttuanon o

detrcrenoy was contirmed by the data on

bload serumieanol. asindicated in 1 able 2
which showsthe number of chiildien unider
Pyvearsob age wath vitamin A secam values
below 20 go 100 ml g level thar s con
sudered undesisably Tow o0 e could there
tore be vonmated that o 196075 1907 around
L malivon chaldien below 1 vears of aee

were altevted wath nvpovicaminoas A 1t
the nnimuam acceprable bevel suvgested In
than 0

number ob gt

Fess

Sawberhieh et al o e

gy 0omib as taken the

tected chinddien woultd have bheen mudch

hicher  Inoany case the prevalence as
detened o0 200 100 mby averaged 31 pe
centan the 08 vear olds tor the siv coun
tnes reaching 13 per cent in B Saly ador

In view of this, the Institute of Nutniton

of Cental Amenica and Panama (INCAPR)

Table 1. Distribution of families by percent adequacy of vitamin A intake.!

Nurber ot
tarilaes

Cauntry B
Survesed

[ S
Guate=ala Jin 25
=1 Salvador IR nYy
Honduras [ A} 97
Nicaraua 1B} )
Costa Rica sls L4
Panara 152 &2

witaran N oan Jdiet

l\'\ !" 1" ll'! Ceans . "'
tperoent ot hh-vlu.u.':.)

ARTEAT 30- . =90 210
= Pervent ot tamtiies at can level -
22 to 0 1
19 3 2
] 9 2 H
23 13 a tl
26 11 7 12
32 13 5 8

lR.feum:e No. 1



Table 2. Prevalence of hypovitaminosis A in children younger than 15 yeans. ! 2

Country e 04 years 9-9 years 10=-14 vears o 0=14 years

Percent NSumbar Percent Number Persent Sumber Peroent Number

Prevalence  of cases Prevalend e ot cases Prevaleaoe a1 Cases Prevalence ol cases
Guatemala 26,2 219,100 In.2 108, 300 11.1 6, 00 in.8 90, 10
El Salvador 4103 241,200 445 190, 200 AL R, 300 17.8 914,000
Honduras 19.5 137,000 9.0 /1,200 2.9 91,609 1.3 269 800
Nicaragua 19.8 56,900 IH.S 50, 500 (3 14,500 15.5 11,800
Costa Rica 32.5 94,600 25.b6 60, 300 11.7 22,400 24.b 179, 00
Panama 18.4 I8, 300 12.1 20,600 9.7 13,600 1%.0 72,500
TOTAL 31.2 759,100 26,7 511,600 14,1 247,000 2404 1,547,700

lhefcnncc No. 1

s
“Based on population estimates of July 1965 and on serur values lower than 20 ug/l100 ml

P oUEDe ) g aedns fo uoynmifilo g



considered of high priority the investigation
of means o raise the vitamin A intake. in
that the
population conld reach an adequate vita

such o manner essentially all

min A nutnitional status.

DEVELOPMENT UF THE PROCESS OF
FORTIFICATION OF SUGAR WITH
VITAMIN A

Rescarch was carried out by INCAP, and
4 process wans develaped tor the forttication
of sugar wath reunol palmitate as an effec
e wav o prevent hvpovitaminois A A
tesearch and development program  was
started o 1969 o attempt tortfication of o
suntable velacle with vicanmun AL The inital
unmediate objectves were those cutlined

helow

Selection of the Dictarny Vehick

Avelicke surtable tor this purpose should
combine the tollowing characteristios: a) it
the
population . I there must be littde varnianon

must be consumed by essentially il
it day to dav per capita consumption: ©)
torotication should vesultin unappreciable
change ot the oneanoleptic characteristios
and acceptabnling of the cehide: and. ) the
cnt and nature of the vehicle must be such
avtoallow tor an cconomically feasible sup
plementation through an industial process

On the basis of these charactenistios,
white sugas D was selected as the tood vehide
ton thas Iitallyv, table salt

prroject WS

constdered However. subsequent caleula
vonsrevealed thatit did not tul bl require
ment (d) due o the Tow daily
ta salt the  population

In contrast. sugar tulfilled all

per capi-
consumption  of
and s cos
charactenisuc, Besides, sagar production is
centtabized i g tew weehaically well-equip
ped and-administered tactoties. so that the

l(jnnulugr-l washed (plantation whate) or refined
TR

Introduction

addition of vitamin A would naot raise any
serious problems.

Selection of the Vitamin A Prepamtion

The basic characteristies of the product
were established as follows: a) ot must be
water-miscible or water dispersables by it
must be appropriate for preparation i the
form of o phvsicallv stable sugar bhased
premix. that s, no segregaton of the in-
gredients should occur, O it must be un.
taste, smell or other

detectable by any

organoleptic characteristic, when mixed
with the sugar in the proposed concentra-
tions: d) it must be sutficiently stable when
present in g high enough concentration o
assure mgestion of vicanin A ar g lesel that
would significantly contribute to prevent a
deficiency of this nutitional facior in the
general populaton: and ¢) itv con should
not affect significantly the price of the

final product.

Desclopment and Testing of the Process

Lestsan the Laboratory and at industrial
scale were started in 1969 A \\'ai«'r-(li5|)('rsa-
ble vicamin preparation especially. manu-
tactured tor addition o *ood stutf intended
initiably
wlected = A premin was made with | pare

tor haman consumption  was
tetinol palmitate and 9 pares sugar. This
prenmus was then added o the sugar in the
ol stage of the production line by means
vi a motonzed mechanical feeder. T many
respects the process was satistactory . There
was however, one unsolved problem  the
tendenay of the retinal padnitae in the
preminy toseparate from the sugar.

salve  this

In order 1o problem. an

mvestigation was carricd out o olbuain a

“Reunal palmatare 250 S tspras divy Hoffman
LaRoche Basel Switzerland was initsalls used. bater
1t was replaced by rennol palmutate 250 CWS old
water wiluble) which was found moie appropriae



Fortapecation of sugur with citamm 4

physically stable (non -segregation) premix.
Fhis was achieved by mining 250 CWS
water dispersable retinol  palmitate with
sugar and a small amount of peanut oil by
1 “oces vielding a premiy containing 15,000
e 0000 1U) ¢ ot sugar e Appendix ).

I'ke premin thus obtained is alsvo chem-
wally stable. When stored at room tempera
ture (18-32°C) for nine months, without
taking anv special precautions and exposed
tair. there was oy a 9 per cencdecline in
potency . s particular premin was used 1o
test. bath in the laborators and at industrial
scale g new low cost and very simple process
tor adding the vitamin o the sugar. Tt
proces provides for the addition ot the
premus in the centrnituge of the sugar manu
factuning plant. 1 he main advantages of
the process wre a) the sastem regulates the
amount of premin added o the sugur: and.
b) it requires neither special equipment tor
the addition ot the premin nor additional
personnel Industial scale tnials made with
the new method. which proved very success:

ful. demonstrated its feasibility .

The fortified sugar prepared in  this
manner at industrial scale was submiued to
tests of acceprability, phvsical and chemical
biclogical etfectiveness in
human
with very satistactary resules (57).

stability. and

Laboratory animal and subjects,

By 197 Fehe research resulted in g process
that satisfied all requirements for industrial
application and. at the same tme. vielded

an enarely acceptable torttied sugar.

National Programs in Central America and
Panama

his new approach 1o combat vitamin A
deticienoy at population level was strongly
promated among government and nonof i
aal health related  aeencies in Central
America

As g

Guatemala, Panama. and Honduras

tesule tour countries Coste Rica,
have
pessed Laws 1o the eftece that all sugar o
home consumpuon be tortified with vita:

min A 8) Gee Appendin 20 lor example).


http:ioiiidgi.1s

Evaluation

Although vitamin A fortification of suga
had proved o be eftective in laboratons
amimals and in small population groups. it
wasconsidered that its nutrinonal eftective
ness needed o be assessed in larger popula-
tion groups. A project for this purpose was.
theretore: designed and buile into the pro
I he

basic purpose ot the study was the evalua

wram at nattonal scale in Guatemala
e ot the etfectuvenes ol a program ol
torntication ol sugar with vitamim A L s
tmpor tant to emphasize that the marn obyec
was o ancrease the

tirte ot the program

adequacy ot intake of vicamin A and.
through this improved mtake. 10 raise the
bodv thads and blood serum tevels among
the population at Llage. increasing thereby

the supplhy of retinol to the tissues

BASES AND GENERAI PILAN

Raws

The evaluation study was based on the
premise thar the application of a public
health intervention program without ade
quate built-in wasteful.
since the potential of the program for apph -

evaluation  was
catioinin similar sitwations ebsewhere would
be undetermined. In the partcular case of
toruhcavon of sugar with vitamin A, this s
ol utmost importance: in ctfect this mea
sure. proposed tosolve the problem of hypo
had
anvwhere in the

been
Mont

population groups in the underdeveloped

vitaminosis - A\, never  bhefore

applied world.

world are. as mentioned before, suffering

brom vitanmim A defidciencey. and it would be
evpected that it the experience in Central
Amenica with sugar forahication was sud
vesstull that s, it the program was proved
cliccave. many countries would be inter
ested i considering its implementation
Lhe speatic objectives ot this project
were to evaluate: a) the delivers sestem of
the tortbied sugar: ) the nutrinonal effec-

thveness, and. o) the cost of the intervention.,

Ceneral Plan

Lhe evaluanion of the program began in
HGuatenla immediately betore the inita
national

the tordficatuon at the

The first phase consisted of a nutri

non ol
level
vonal surves with the specific objective of
obtaining prefortification baseline infor-
mation on +he status of the
population with respect o vitamin AL In

nutritional

additton.  data on  the

natural food sources of this vitamin were

consumpuon ol

obtmined.

{'has haseline study was started in October
and November 1975, n
Guatemala eftective tortification hegan in
1975, According o the evaluy:
plan. additional
survesns followed the iniual one at intervals

concluded an

Decemben
ton four nutritional
ol sin months during the vears 1976 and
177
mental design was 1o determine the changes
in the parameters being measured, which
would reveal the extent of the hiological
citectiveness of the fortification program,
The first follow - up survev was carried
out during April-Mav 1976 (drv season). the

Fhe central purpose of this experi-
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1976
vy seasond, the chind during Apnl Mo
ey

ber 1977 To e 1 adiagtamallostanne

swomd duaring . Odtober Novembes

and the Tast during October Novem
the project schedule s shown L he dietans
ochemcal and comcal sunvess were thas
tepeated every senomonths tor the o vewn
pevod  Fhos was jusuhied by the nead o
collear data connardimyg with the two man
seasons tdiy and camvdy which may have
alftected the avatlalnlinn ot toad soutces ot

\

toatotenes)

vitanien mandy trom vegetable onam

Lhe sunvess were planned to he canned
out i 12 taral commuaniies of Guatemala
with populations between 100 2 000 10
habitants These commumunes were seleced

At vandom by statstcal methoads and e

tepresentative o the ponopal tural ecol
ogic wieasof the countny. Wit cach com

mumitsy S8 tamthies were tandomly seleced

Detarls o the stavstcal bases methads and
procedures ot the samphng process e
desarthed ebheswhere an thee repore e

Sampling
| he

relation

majr vattables anvestigated

1o the ethiaency o the delivens

sistem were the actual consumption ol

lotutied sugar by the tamilies in the study

andd the estmmated tntake ol retnol from

that new source of vitamin AL throughout

the two vears ol toruhication

For the purpose of  evaluaning  the

nutniponal cltectveness ol the program,

the imvestigation ot the tollowimg variables

was gnen promany nnpoitance 4 blood
wrum tetinal levels of chldien under o
vedats of age b rennol content of breast

mwilh trom tural women who were hreast
teeding at the tnme of the sunvess, oy dlinieal
and anthropometnc exanunation of chil
dien under vovears of age wath parucula

cmphasis on eve leslons aitethutable 1o

vitanmin N\ detraenoy Anallany data were

obtamed aboutgencral mormdin presentan
the same chaldien at the ame o the chimcal

exanunation .\ complementary stady was

abvo carned out i celation o the eltect ol

the tartohicanion on biver veserves  detes

muomng hive retnol  conceniiations n

v aiduads ot all ages who died trom aca
dental causesin Guatemala Gy throuchout

the tv o vear studs penad

CALENDah OF OPERATIONS
GUATEMALA
r_—suﬂlﬂ FORTIFICATION — — - e e ——— e o . _)
1979 4 1976 1977
slofnTolsfelulatulsTiTalsTofuTo]sleTulalu’sls"ais"0o no
—— T ——t-
— - - - - - -
L 1Y :‘LT::::‘:\M-:A ' H |
Nomate TN AN AT
e aw § oo | - - L N
LRI A N SR T TR NS ! . I
(YIRS N b
B~ _ NENSIS. ~ DS - R T
LRI RRT I Y LAY X . ;
ttesan i ! 1
) -l ) W . 1
v T
s i 1 § i
| L Lo lal i
EY e lil]

Figure 1. Diagram of the project schedule.



METHODS AND RATIONALE OF THE PARA-
MLETERS SELECTED AS INDICATORS
OF CHANGE

Delisery System

Fhe ultmate purpose ot the methods and
procedures used o study the delivery sestem
was to determine: the total amount ot sugar
that wasforttied: the efficiency waith which
the process was carrted out at the sugat
tactonies anduding the level of torntica

tuon  that v the estmated microvrams of

retnol per wram ol sugar. and the extent 1o

winch  the torutied sugar reached  the

taonsumets

A speatic guide o carry out the

operations imvolved ain the supersvision and
control of the toruticaton has been pub
lished in the torm ol o manual (9.

Fhe deliveis svatem was assessed at twao

levels

Nattonal and tactory Lecel Intormation was
obtaned on the total producton of white sugar
tor local consumpuion In addison the ol
production of white sugar and the actaal aimount
abt the vitamin A prenns applied at the proda
were verthied

tion hine ot cach factony

Spedral tonms where this intonmation was e

gt
corded weeklv were submitted o the central
level anorder o heep contral of the jrocess and
inttoduce whustments when considered neces
saty o From thow data an average estimated
level ot
ethoenoy was constdered when the tano of )
sach of 29 ke oot DL g osacks o]
v k) ot I has
tanocotresponded toa dilution of 11 000 of the
factary

tortthication was dernved  Optimal
prenms per

ey sack sunar was obtaimed
oo g ¢ reaunol ¢ preman at the
vielding o hinal toratied sugar contamine 15 gy
o L

catnied oue occastanalls

yper eram ob sugar Chemical analvsis was
on ~.|Hl|l||'*. collecred
trom the facionies and trom some large market
ontheis

Conmvumers level Tootder to dotcrmine it the
tornfied sugar wa reaching the targor popula
ton samples ob sagar were obtaned trom the
houschalds and the retal shops of vach of the 12
tutal villages under studs and tested tor retinol
content asnyg the rapid colonimetnic procedare
descubed i Appendiv 3 s sample collection

was sstemiatically dane b the dictary team

Fraluation 7

duning cach survey I gddinon a group of Jes
accesstble and smaller villages ¢ 500 anhaln
tants) was absovisited cAugust Seprembes 197510
abtarey sugar samples an the same manner as
described for the 12 villaces of the man study
saple Dhese villages were choswen amonyg those
that were related by geocraphie locanon tathe 12
communites of the ongonal stads sample bt

stgiabrcanthy removed trom them

Iwo tutther studies conducted indepen
dentdy an tive villages (69 1o 220 anhabi
tants) were carnied out i thas lower socio
cconomic pepulanon stratum in order o
deternune whether white sugar was being
consumed by the tamihies and the level of
mntake 101D

Fhrough this approach. the per cent of
samples which were torutied was
data

st
tound  An antegravon of all the
obtained trom the factonies and trom the
ullages aliowed o rough over the nme and
overall estmate of the mean contnbution of
sUgal consumption to the antake of vitamin
A by the people, that s, how many macaro
grams of 1etinol they took per gram ot sugat
For the dietary computation of
tem

consuined
intahe of retnol equivalents a0 new

added 1o the toaod

ttorttied W
composiiion table. As will be seen under
Resulbts, ™
ton came out to be around 10 gg got suga
In summary . wath the tatormanon <ol

and  the

sugan

1 computed retinal contribu

lected trom  the communtties

factonies. estimates could be made of the
tetnol actually reaching the target popula

von through torubied sugar.

Sampling

Baves | he tollowing epidemuologic cha

actenisties of the hvpovitaminosis A problem
in Guatemala were considered  basic o
determine the tvpe of population sample tor
the study  wrthe dictany deficit of vitanmin A

tood sources abfects generally and  most

severely the tural low sodioeconomic group:
by e s recognized that among thas Large
sector of population. the mose vulnerable
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groups are the preschool child and. because
markedly  increased
needs. the lactating woman.
Therefore. the construction of sampling
frames was testricted 1o a target population
defined as an aggregaie of rural communi
defrciency .

of  her phvsiologic

ties. vulnerable to vitamin A
Two general oriteria were considered: size
of the communities. and accessibility o the

I'he
tvo stages 1o the tirse stage

communities. satgpling proceeded

4 sample of 12
communities was drawn: the commumues
selected and their geographic distribution
areshownin Figuie 20 In the second stage o
sample of occupred dwellings Grepresenting
chosen

famialies )y was selected from the

communities  The familv sampling  was

carried out using updated maps of each
selected community, in which all occupied
dwellings had been properly identified.
This was accomplished by visits 0o the
communities by techinicians with previous
this tvpe of work. The
selection ol families (dwellings) for cach

experience in

sunvey was carried out using svstematic sam-
pling with random starc.

Proceduresand actual sample selected In
the following paragraphs, general pro-
crdarves for selecing communites are de.
scribed. Results of the nuuiteal survey of
Central Amenica and Panama 1) showed
that small rural communities could serve as
forutication

effectnve indicators of  the

progr :m since high prevalence of low serum

CvALUATONOF SUGAR FOAT I ATsON m1To viTAMIN &
GUATISALA 91y tO1?

o roars. nman oy

Figure 2

/ -l 7T
L & | J
- g -
«V Ny S
> " N K
e\ R
° (') f» "l /"\J‘(‘ \
W‘VJ,’ 4'\4 ?’, . /“ /_I
<( . s —.'\\;,./'"’7"! .
' )4-1 Y © d
4 d\\_., ", . ‘.
o 17 N) //J
- \"f»

. Communitics s 2cted and their geographic distribution.
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vitamin A levels had been well documented
i these populations,

A stratified random sampling procedure.
tahing 1nto account geographic distribu

uon. was followed  1The proces was e
stnicted and wsed 1in communities o vitlages
teported o have 1000 1o 2.000 inhabitants,
since there was sufficient informaton o
construdt appropriate samphing frames tor
this tvpe of communities. On o the othes
hand e was thought that communities with
1000

widely dispersed popualations of  ditficult

less than imhabitants represented
access, without the required information

tor  consttucung  appropoiate sampling

trames However  che available eprdenuo
lovicinformation savgested that the gener al
condinons ot these smaller popalations were
quite stmbar to those of the somew hat Larger
communities ¢l 66 2 000 anhabicants) used
m the construcnon of the samphing trame of
this projeat

In ceneral the delivery svstems for mes
chandise induadimg the tortitied savar . aie
more clfecinve tor communities with sem
Hoanthy more than 2 000 iahabitants 1 hese

Lugrr communites have better access 1a

ranhets and caster contact with urhan
centers Forthisreson changes induced by
the consumption ot the torofied sugar i
the smaller communmities of fanly aitticult
access ased asindicatons tor this project are
lowically expeaed tooccur also i the Lareer
communities that have more favarable
comditions for the delivery o the taratied
NI In aother words  the bological
demanstavnon of beneticral etfecs in this
sector of the popuiation could be inter
stolar o

preted as evidence ol greates

benetits in communities with hetter com
munications, provided an etfecuve defivens
of the toruatied sucar could be demonstr ated
tn these commumtes Accordinely . and i
constderation ot cost. the Larger populations
2o anhabitants)y were not induded n
the samphing

In ceneral, in Guatemala, communities

braluation ]

with 1.000 10 2000 inhabitants have fairly
difticalt access: roads are few and all too
often the onlv means of access 1o these com
munttesis by dint roads or footpaths Also,
socitocrononce and samitary condinons are
umitormiy poor and charactenistic of those
communities of low

descrnibed tor rural

sacioccoromic level in Lann America.

In summary, the construcuon of a sam
phing frame restnicted to communities with
Lot o 2000 inhabitants was constdered w
ensute that the detatled studies conducted
by this project would be concentrated in the
population trom whom a problem of vita
been  documented.,

min A nutnivon had

having untavorable sanirary and  sodio
ceonamic condinons and being not easély
teadhed

L sing the samphing trame constraucted for
these commumities. w proper samphng
sastem was devised 1o ensure that the est
mates obtamed tor the sample were apph
communitues ol similar

level | he

sample size was estimated adequate o ensure

cable 1o rarnal

charactensiies at the nattonal
the rehiabilinn of the data and sulticient
sensitivany o detect changes as these o

cutted  The cnncal estimator selecred
among thoswe induded o the stady tor de
tining the cample size was the propornon of
preschool children with low levels of serum
I has

probably the mos efteconve and sensitn e for
level  the

1ctnol hochenucal  indicator e

detecunyg g the population
changes that may result from the general
zed consumption of sewar tortbicd with
vtaman v Ia thos connecnon . results from
the nutnional survey of Central America
and Panama o vdhowed that in Guatemala,
the prevadence of Tow serum reunol values
tess than 20u e oo mbyin chaldien ot pre
shool gwe osallated around 25 perocent,
amdon thais hasic o cample of 300 childien of
preschool age was estimated 1o permit the
vlentnhicanon ot g net change of 10 per cent
units an the baseline prevalence of low

swrum levels T other words, o sample of
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this size was deemed sufficientdy large o
permit the measurement of a reduction in
the popalation trom the 25 per cent baseine
prevalence of low serum retinol values o o
prevalence of 1per cent. Phis level of sen
sitivity was considered appropriate tor the
objectives of the present evaluation pro
gram

According to what has been deseribed and
based on data from the Nauonal Census of
Guatenmala for 1973 12 rarai commumues
between 1000 and 2,000 inhabitants were

randomlyv selected 7 A censas carned out
directly by anvesngators of the presend re
search projectduning 1975 1977 (see Appen-
din 9. allowed for confirmation or correc
von of the ficures obtained trom the 1973
census Clable 3y 1o was revealed then that
selected

four communmues cut of the 12

before had less than 000 inhabitanes, these
weres San Ratael, Saquitacay. La Labertad.
ST and

R76 inhabitants, respecuvelyvy, The difter

and Cahabondito twith 7600

ence s attributed to the taco that the infor
mation from the 1973 nanonal census i
cluded all the people ivingan a barger geo:
graphic area around the community . which
belong o ats pohitical himats. On the othe:
hand. the census carried out directly by the
imvestigators induded onis the peoplean the
actudal “urban himats of cach commumie

1 he 12 villages represent the maim eco
the west hagh
Ratael,
Buena Vista and Saquitacay). a small agni

fosie zones ol the countiy

Laind plateau g Labertad. San

culture parcel i the south lowlands (Santa
ter thedry nottheast region (San Juan and
El Jicator the mountainous region of the
cast 1San Carlos, Inhuatan . and El Bazieal),

he Departnent of B Poen was exdduded ecauwe
the number of vblages between 1D and 2 ) an
hatutantowasvers smalt that department had the least
denses ot population and conmnunmicaton taohte
were evireme s ditfieult s large tecntory held only
cent ot the total

1uTny

12 et populstion «Qurcau of

Stattstios Guatemala

the region of the central platcau (Cubulco):
and the north region (Cahaboncito)

Of these, four communites are predomi
nanthy Indian Buena Vista and San Ratael
CMamT group). Saquitacay CCakchiquet™
CQuekan™

groupy. Cuouloo has a minved population of

gooup)  and Cahaboaantoe
ladino® and Indian of the “Quiché” group.
Some of the ccologic ana socioeconomic
charactenistics ot the 12 communites are

given in Appendin .
Dietary Studies

o estimate the vitamin A intake of the
population from the ditferent communities,
the tood consumption of the tamilies was
studied using the 24 hour recall method as
2

this imtormation the homes were visited o

descnibed by Flores et al. o obtain

mterview the morthers tor heads of house
holds) and determine food portion sizes by
ditect werghing. Parocular attention was
pard 1o the intahe of white sugar aned tood
soutces of rennol and carotenes induding
manufactured  products doratied  fomls,
vitumin pills, et ) Scales i grams dlanson
vtandi wath a capaaity of 500 g were used
to weteh the toods.
Previous 1o the tield work. two weeks
were spent in speaal training of the field
personnel in charge of the dietary study.
Lhe persons selected were craduate teachers
thigh school tesel) with .ome knowledge of
tood habits of the counuv. Special forms
were prepared 1o obtain the family food
mtahe. Samples of these forms are enclosed
in Appendin 5. Interpretation of the food
data in terms of nutrients was based on the
INCAP ICNND Food Compaosition Table.
corrected tor vitamin A according 1o Flores

ctal (2 Aspectal form was used to obrain

'Lmlmu unhbhe ludians  desendanes and herrs of

the Mavan ailture Jadinos speab Spaish the twa

roupe are hoguntcably and caliaally difteren
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Table 3. Census data from the 12 rural communities. !

Community No. of families Popula-

tion
El Barreal 210 1123
Santa Maifa 331 1651
San Juan 225 1233
El Jfcaro 384 1931
Buena Vista 161 1139
San Rafael 137 760
Saquitacaj 150 771
La Libertad 169 935
Cubulco 307 1536
San Carlos 288 1327
Cahaboncito 163 876
Santa Fe 221 1292
TOTAL 2,736 1a,%74

1 These population dats were obtained during the

the national census

0-11 months

50

653

—.Lhildren

12-71 nonths

207
233
19°
314
188
144
13!
187
223
236
160
244

2,464

Prepnant lactating
women women
No, No.
19 40
26 51
14 51
21 58

8 35
7 35
b 36
12 37
17 57
17 71
12 L4
19 54
185 572

present surveys and were used to correct the data from

oYy
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data on suear . notonly the amounts but also
the v in order o adenuts the shiops o
marhets where the sugar had been obrained
by the tamnhies and. if posable the manu
facturen

Lhe ficld operation was cartied out as
follons cach Monday tor sy weeks tour
ticld workers tnavelled o the commumiies
On lLucesday Wednesdayv, and Thursdas
they colbected dhie dietary intormation of the
selected, cach worker

tanulies randomly

imvestigated  tive tanihes cach dav On
Frodav they rcturned to the oftice to revise
the ety vecands obtaned T wo persons
werern haree of the cheching ot the filled
out torms and ot the prebmanary dietans

tabulations

1 he o0 tanubies distnibuted among the
12 communities were studied i iy weeks,
e o commumties were conered simul
bl fanuly

taneausy per week Bvery week

torms were recenned an the ofthice taor

reviston and cortecton Atter the collecuon

ol the dictary data two addimonal weeks
were spent to frash the tevision of the forms
| he
were then readys to be prien esseedd at the

ehaer of INCAP

lin e h o smimuniy visite

by the e bichd workers “lean tood
data
COltl) utel
by the dieran
team samples of white suga, were collected
trom the homesan the sample and trom the
tetarl shops of the commumy o derermine
by faboratars procedures af they were forn
fred

lected the bresst nolk specimens Lo the o

In addivion the dietary warkers ool

chemical study . as waill be desenibed an

anather secuon
tamaly dietary

Beades the man surves

it descnibed, dictany survess were per

tormed directdy on the preschool chald tthas,
however. was done onlv an two of the finve
comecutive survess cartied oun Inoadds

tion, o suat (ﬂl!\lllll')li()ll A1IE BN AN ALY A

carnied out in 12 raral villages of less than
00
whether the delivery svstem reached com

ihabitants o arder o determine

munities simaller than those of the main
study sample.

he intormation obtained regarding the
mtahe of vitasmin A from natural foods was
wed o determine the adequacy of the
dictary intahe of this nutzient trom natural
santees  Adequacy was calculated I com

patison wath the secommended  ntahes
of retnol cquivalents proposed v INCAP
(2 Data on sugar intahe and on the est
mated retnol contencof torufied sugar were
used o calculate the additnonal vitamin
A whch dhie famshies were obtaming from
this «ource and the exwent o which ade
quacy of intahe was improved by the con
saomption ol tmutied sugar. The data col
lected through the tive consecutine survess
catnied out sivomonths apart during two
vears were lso necessary o conhiom the
degiee of statnhity of the level of vitamin A
mtake trom natural food sources through
the study pertod  Thiantormaten was con

sudered baswie o deterimine whether  the
chanues detected in the biological indicatons
could be avnibuoted with contidence o the
vitanun N\ comsumed with the sagar. rather
than tovarratonsin the mtake of vitanin A

from natural dietary sources
Biochemical Studies

L he principal aim of these studies was 1o
obtan data on the seram retinol levels ol
1 vvear old children and on the retinol
content of breast mlk from the Lactating
women present an the tamilies. The bio
chemacai hrield am vicied cach comnuna
scheduled  day.

on . daccompanvanyg  the

cimical team The tamilies were requested
thealth

building. ar semela tacthooin the morming

to attend g eenter” post. schonol

of that dav. Blood samples were tahen In
Laboratory field workers who were expent
technoans expenenced i vempunclure as
woll as spedially vamed an the handling,
preservatnon. and transport ob the spea
mens.
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Five milliliters of venous blood were ob-
tained from the antecubital vein using new
vacutainer tubes, without antcoagulant.
ind disposable needles. The specimens were
caretully labelled with the standard idenu
hication code. retnigerated i an icebox . and
their
laboratories. In  all

propetly packed  tor
INCAP

teached the laboratory on the same dav

transport  to

cases  they
Upon arnival the seram was separated tiom
the ot v retrigerated centritugation at
Looo « @ 20°C until
amaivzed. Hemobvsis and exposure to light

and froren at
were avoirded at all times
he breast milk samples were obtained by
the
community an the week preceding the visit

dictary wam. which  visited  each

ol the bie-hemical team
miilk
proved feasible. casv o and well aceepted n

lhe procedure tor
tahing these speaamens had  been
the mothers during previous INCAP studies
(v The Lactating mothers were instructed
to extract themselves around 8 ml of milk,
when posable trom o tull breast. intwo a
dean 10 ml w~st ube specially provided
The emphasis on obtaining the specimen
from a “full breast” was to faalitate the
extraction but abo to standardize the pro-
cedure sincercis hnown that the concentra
nulk

increase as the breast conent gets to the last

ton ol some camponents teads o

restdual porvon. The specimens were im
mediatels placed inace and preserved e
8C
Under

frigerated at 1" w until reaching
INCAP laboratonies

stances the milk specimens were frozen at

ANy drcum-
20°C wathin 24 hours of collection Expo-
sure to direct hight was avoided.

Reunol was determined in both serum
and milk specimens by the absorbenoy of a
svlene-kerosene extract of the saponificd
3U8
complete destruction of the retinol by strong

aliquots nm  betore and  atrer

ulttaviolet irradiation. Fhe method is es
sentally that described by Bessev et al (740,
In view of the face that the retinol con

Fialuation 14

centration an biological materials (blood
bieast milth. and liveny most
tundamental for evaluating the nutitional

serum. was
ctecoveness of the tortification program. o
sttt laborators control was hept through
out the two vear study period regarding its
teproducibibin: Under laboratory condi
voss cach sample was alwavs tun in dupli
caee The reproducibility vas cheched on
repeated occasions with replicates ot the
same sample analvzed in one Laboraton
tun  The cocthiaent ot vanation under
these conditions was alwans less than 2 per
cent

In addition. since the study lasted about
tvovears it wasverns impertant to check the
consnstency of the method as tun das by day .
this contrel sera were abi

Fon pui pose.

dquoted i many rephcates. which were then

brozen at 200C Wiath every batch of ex
peramental samples, two aliquots ot the
conttol s«crum were albso anglvzed 1o this

manner  the variabibiey ot the method trom

throuchout the study periad
lable

summinaes of the data obtained. showing the

dav o dan

could be determined. LIves

magmitude and consistency of the varia
One

tesultsobtamed at any point i tme during

il coubdl then be sure that the
the study period were comparable o any
uther  This control svstem alowed alse o
detear immediately f anvthing was going
wrong with the method. in order 1o make
the necessary adjustments and corrections
bt has also been saown in the Laboraiors that

20°C fon
the
method used

stotage of samples at Mmer wo

sears does ot alter retnol value as

determaed by he

I he bases Tor the biochiemical indicators
seledted were ws tollows 1 he nutnitional
nature and objecuves of the torufrcanon ot
with A have already been

MIgat Vitann

menvoned In this nutniconal contest. the

hich prevalence ot decreased levels af
teunol i blood seram of preschool childien
and in breast mitk was conadered basie o

the approach for designing the evaluation
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program. Accordingly, the principal indi
cators chosen (o detect and measure the
mpact of the torofication were blood serum
levels of preschool children and levels o
retnol in mothers milk.

Fhe rationale for the decision to study
bload ot ondy preschool children was based
on the tact that they constitute the most
vulnerable age group and also consume the
loswest amounts of sugar amonyg the tannis
Consequently it a positnve eftect of the
toruhication was shown for this age group.

the unavoidable conclusion had o be that
older children and adules are also benetited.,
-||||| IN'I h.l"\ even more

The concentration o retinol in blood
serum has proved very usetul to assess the
adegquacy of nuitional status i regard
vitamm A Lhe senihicance of this para
meter to detine the papulation at tish has
heen emphasized by Arrovanve o5 and In
the Internavonal Vicamim A Consultatve
Group (IVACGH (1 Data trom the Shet

held experiment U0, continmed by epide

Table 1. Quality control of the method {or the determination of
retinol throughout the study period.

Control

weatndividual

Dates Seruz determinatons(1) X 5.0,
0t 09 - 0cr i S t 49 jo.1: 1.50
Nov 07 - Soy 17,75 [ " .58 1.12
Mar Ul - Apr 13, 2 K] 11,595 t. 11
Apr 21 - Y 1,76 } 10 6].6% 1.9
Y 1S - Tun UG, ik 4 1% 26,00 .65
Tun NDe = Tul 1576 5 14 0.2 1.20
ul Jo - Jul 23 'k [ 5 13.99 0,77
Tul 27 = Aug 26,06 7 16 3798 0,80
tan 200 - Feb 10 7 s ] 43,95 1.52
beb 10 - Mar e 77 b 15 22051 1.00
Mar B0 - Man 05 ) in 12 59 .87 1.yn
Vav 18 - b L) 1 | 1] 0.7 h b
e b = I Oy 1 17 LS 1.
Inv 06 70« Nin iy is [ i AP0 Q.07
lan 1 - Feb 27, 08 15 1! 15,97 1.11

*
‘Individua’ deterninations run indepandertly in duplicate on different

davs
“

“Feckrar Pl; a.. ather Variaat Vedal 1%
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mislogic observations and interpreted
the Group of Experts of the JCNND (7).
swenved o elaborate the cutde tor the intes

metation of blood 1eanol levels shown
helow
Plasma recinol e/ 100 mb
(TR FYRTRITR [N Veveprable ich
LXT] Ty | o 20 g ~ 0

More recenthy Sauberhich et al oh have
condluded experiments in humans whose
tesults encouraved them to sugeest the level
of 0 pe 100 mlof serum tnstead ot 20 gy
as the cut ot pornt o separate “low  trom

acceptable  values ance their studies

~show that S0e 100 midl would he necessary

to ensute modest body stores of the vita

min Pheretore the data obtaimed on the
proschoot chuldrenan the rural sample have
been analvzed i tenms of thenr distirbation
e 1a 20 24

and 0o mote gy 100 mi One criterion o

by catewory trouprgs ot 10

tadee the etfecuveness ol the Provram was
the proportion of chaldren who moved trom
the “detioent and low o the
ahle

terron was the no diticauon of he shape

accept

tatevory Y statsticalhy sounder on

and the shatoto the niche of the distntbution

carve ol setum values gy suegested  In
VACG I

Lhevavonale tor the study of the vicamin
nulk

previous studies o Central Amenca show

\ wontent ol breast was based on
me very low average values an ladating
women trom rtural areas of Guatemala (o
and El Salvador o) In efteat

o not sunthevzed by the mammany gland.

since retnol

bt s anstead caken up trom the mathers
A\ intahes
are tetlecred by msthed decreases of retinol
milh It
that 1t the

teninal pool thenr poor vitaman

content an thenr breast had ol

heen  demes strated tamalies

replie pioon by foratied sugar and  the

consume tortibaed sagat llullnu the
fisst

wanen

Last tiimester of pregnanay and the

Fiabuation [N

tour months of lactation, there is a positive
cHect on the vitamin A content ol then
breast malk and on the seram levels ot the
mothers and therr mtants )

Farthermore  the study of human milk
was constdered essential because of the tact
that o the tope of populaton under studs .
mtants are breast ted with isignsticant
supplementan toods for an avergee ot 11 2
theretore

vears and Was Hmportant o

konow the extent to which the program
woubd tmprove the vicamin A intahe ot the
hreasy ted babnes Vadues of vitamin A
content of breast malk from well nounshed
Lictatnng women are expected o be around
Mpe 1oomloly)

present study were pudged i reration o thas

I he data obtained o the

acceptable value and tractions of t such as
S0 andd S0 g of setnol per 10 mil of wolk
aswell g wenms of the st an the popy
milk

Lation disttibution curnve ot 1eunol

valuaes

Ophthalmologic and Clinical Obse nvations

All children under b vears of age were
evamined tor signs of xerophthalinia by the
phivsaaan who had been speciallhy trained
tor this purpose by an expert ophthalmal

ogist betore the beginning ot the ‘irst

ST ey
Siins were recorded ona spectal torm see

Appendin: % They were then classitied

according to the degree of verophthalmia

encountered  The signs were recorded in

such manner asto allow their ddasitication
as proposed by WHO (19

Corneal ulceranons and heratomalacia

are the Last evenes o the chain of ddinical

manitestavons of  vtanun A deficienoy .

Casev ot these conditions  occur maost

commonly in children who are severely

otemn calotie malnounished and have also
4 low viamin A nutninon. the severe
corneal Teston beng otten predipitated b
amoantecoon Asas the exparience in several

parts of the underdeveloped worsnd. children
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conditton  cither  get

the

who develop this

hospatahized o die b 1easons out
hned  cross sectional prevalence studies of
verophthalimia among samples ot ambuala
tony population generally do notwinve a e
protane of the damage caused by vitaomn A
detioenoy mndudimge that ot the eve It
would he wrong o condude that there is no
setious vitann W\ dehiaenoy problem from
tesults obtamed through thas chhcal ap
mcrdence cannot be

1 he
vitaman A s vers simlan o that of protem

calogie (PCNDY The
torms of PCM (hwastiorhor and matasimus)

proach ol Lroe

deanved trom those data case of

malnutrition severe
ate tound tarehy among populaton samples
in the countiies of Central Amenica They

ate however abundant i pediatie wands
of public hosprtals Numerous studies Teave
no doubt that POM s weneralized an the
same populations  with allb s undesitable
comsequences tor the andividual and the o
ety Pheaceberg image bestibhustrates thas
the propottonal part that can be seen “over
the water suttace  thwashiothar o veraph
thalmisz! = magmbicanthy small compared
1o the “hidden. underwater - poroon ol the

problem tchronie subclimcal deticiency:

biochemical and  physiotogical  damage:
population at sk of developmg severe dhin
ical damage and appeaning over the sur
laced

Despite these considerations, it was deem
cd tmportant o conduct o carelul ocular
evamination i all children studied, for the
tollowing reasons ) il cases with acove
serophthabma lesions were found. amme
diate medical care would beandicated. and,
b) o document the existence of such cases ol
ocular damage that represent the viable
peak of the iceberg, and to analvee the inda
vidual  chartacteristues or envitonmental
Lactors that may have caused o1 contributed
to the development of the severe eve lsions.

General morbidity data were obtained for
cach child by direce chnical examinauon
chintcian and  were

and  history by a

recorded in aspecial form (see Appendin ).
I he

evanination

1sults ot the gencral morhidi

were deemed impottant

determime the interrelation hetween vita

min A status and Cmorhidiny load™ of the
chddien o fact, the sseraistie internela

ton bemween vty A dehiaenoy ad
mtections has been well cecogmized (200 21
Recently
contirmed the marked depnesang etter of

both

Arrovave and Calcano 1229 have

iwlectons on retinel serum levels ol
duldren and adules

Body werght was tahen with a plattonm
scale (Conunental Scale Corp Hhnos,
SV tor the caldtren over 12 Re and wath
West

12 K. these scales

anoantant chinseal scale (Seca, Gret

those under
chedked

Body lenuth was measared in cenn

many) for

were toutinely ustng o standard
werghi
meters with an aatantometer i the supine
postton tor children under 2 vears. and an
childien.

the upnight posinon tor oldes

using the standardized procedures Pleghn
and weieht were tahen trom all chilldien.
and their general level of nutnimon assessed
on the basis ol weghe $oi Gpe. hegh tog
ane, 29 1he

brochemacal resalts were expressed by lesel

and  weight tor hewgha

ol nuttition. betore and atter totahicetion

Additional Biological Studies

Besides the parameters deseribed. which
the
conducted at six month

were measured  at tive conscutive

NTIEYRES intervals

during the twovear period on samples of
the 12 conunumities, the retinol content was

determined i liver speamens collected

Lrom cotoner autopsies 1 Guatemala City
g contnuous manner, starung betore the

tme tortahoation became  effecove By

avreement with the chiet cotoner in the iy

and  his o deputies. biver samples trom

autopsies performed i accidental deaths

were collected and analvzed for retnol,

Each sample was accompanied by iniorma
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tion registered on a special form (see Ap-
pendix 5) on the age. sex. occupation. cause
of death as determined after the autopsy.,
and hour of
autopss - The hiver specimens, consisting of

place ot death. and date
a4 tragment of approximately 20 ¢ waken
swstematically from the righe lobe. were
obtained as soon as possible after death and
prosenved frozen at 20°C antl analvzed.
Vitamm A was determined in g distilted
water homaogenate by an adaptation of the
(1.

Although the amount of vitamin A pre-

method of Bessevy et al

sentan the hver of Central Amenicans had

not heen measured, it was reasonable o

asume. on the basis of consumption and
serum data that g crosssectnonal studs
would show g wide range with a significant
propottion ol low  concentrations  and
mas he g tew individuals with high levels. A
bastc assumpuon was that throughout the
studv penod. g general uend upwards
wauld be observed. with a decrease 1t the
number of cases with low concentrations.
Nosgnibicant change was expected to ocour
i the Ingh levels since the amount of
vitamin A provided with the sugar was nm
comstdered sufbicient to generate any im
This

TR KN

portant meraccumulationan the liver

sty wass as mentioned  before,
carned outain Guatemala Citv, and there
tore 1t s not representative of the overall
populavion Nevertheless, since all samples
avatlable meeting the basic cniteria were
tahen without amv bias, the changes ub
served with the tortfication must be the
reflection of the effect of the interyvention

in this large urban center.

Cost of Fonification and Control

Astudy of cost was conducted at the end
of the tirst and of the second vear of forufi
cation. with data from the Navonal Awo
aaton of Sugar Manufacturers of Guate

Fraluation 17

mala on the vitamin A, the manufacturing
of premix. and the operation of fortifica-
uon iself. At the same time an assessment
was made of the cost of the control process,
including 4 routine collection  of sugar
samples. analysis, and monitoring of the
process 1n the mills.  Cowt
4) total cost per vear w the

data  were
eapressed as:
countryv: by cost per pound  of sugar
torttied: ¢) cost per inhabitant per vear:
and. d) cost per person protected” per vear.

1 o estimate the extent of the population
“protected” by the antervention, a com-
parison was made between prevalence of
Cdeficient” ane Ciow” serum vitamin A
lesels before and after. Calculations were
made aceepting as cut-off points the levels of
10 and 20 g of vitamin A per 100 ml of

serum.

Statistical Analysis

obtained from the various

studhies were processed in a computer H P,

data

3000 amd submitted o stanistical testing by
standard methods ¢24).

RESULTS

Within the period of two vears of evalua-
non. the sugar was fortified at the national
level during the two sugar production sea-
sons (2afras). from December 1975 through
June 1976 and from December 1976 through
June 1977 During cach of these production
seasons all the vear demand of white sugar
The

results vo be presented an this secnon are the

for local consumption s produced
Texpression of change” cotresponding 1o
the implementation ol this Lutritional in
tervention. Maodilicatons of the pre-foruifi-
cation vitamin A intahe and nutritional
status of the population 1evealed by these
results are to be related o the additional
amounts of retinol that became available 1o

the Guatemalan population.
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Delivery System

Tables 5 and 6 present the data obtained

the svstem of supervision  and
dexeribed under “Methads.” Ac-
cording to these data. 75 and 72 per cent of

through
control

the reported s white sugar produced
were forufied. The
(see Tables 5 and &) comes out o he 628 for
1976 and 374 for 1977

theoreucal ratio of 314 qqof sugar for every

“lortification rano’”

mstead of the mean

25 kg sach of premis used. This rato of 54
would give a sugar contaming 1 part of
premiy per OO0 parts of sugar. thatis. 1)
Br0 1U of reunol per gram. On this
basis.  the sugar foruficd duaring  the
1975 1976 season woukld contain Ylge ¢ and
that from the 19761977 season would have
g ¢ Combining these sets of data. and
asuming that cach tamily consumed sugar
with and without vitanun A distributed at
random through the two vears, one can
compute the equivalent contribution of the
food item forttfred sugar as containing 9.8
and 101 gg rennol per gram for 1970 and
1977, respectively . as a “throughout mean”™
13X 75 100 and 1 X 72

As evplained under “Methods.” samples

100, respecuvely).

af white sugar were collected from house
holds and rerat] stores by the tield eams and
were tested tor reunol content by the senm
quantitative procedure desenibed in Ap-
pendin 3 Lables 7 and B give an account ot
the tesults Tecan be seen in Pable 7 thatin
the 12 rural communities selected as the
study sample. the proportion of forufied
sugar specamens varied from 61 to Bl per
cent in household specimens and from 62 to
70 per cent in retail stores tor the surves
periods carried out aiter the nitiaton ol
the torufication Uhe samples
obtatned  duning 1977
trom the 12 additional smaller communities
tess than 300 inhabitants) gave essentially

program.
August Seprtember

the same average results. as shown in Table
8. These data collected at the village level
agree with the proportion of the wotal sugin

production which was fortfied in accord-
ance with the information from the sugas
Lactonies Chables 5 and 6. Fhis steength
ened the dedasion o use the figere of 10
He elor the estbmanon of the dictary con
tnibuoon of sugar o thevitamin Aintahe ol
the population of Guatemala once the lort-
ication program was underway,

When the level of toratication was cal-
ratio” de-

the

calated by the “foronhicanon

sentbed above and compared  with

chemical analvsis ol the corresponding
sugar samples obtarned from the tactories, a
comparable tesult was obtained as shown by

V7 and 124 -8,
I s led 1o the

the amverage ol 120 -8 D
b e

decision o use the

tespectsels (o 1)
“torahication ratio”
method o estumate the level ot torahicavion
at Larwe  Lhe latter approach had the addi
vonal advantages of heing cass 1o imple
ment. not imvolving costs. aned being ap:
plicd 1n 4 continuous manner throughout
the process in cach tactosy - The chemical
data. howesver. were also useful o reassure
the personnel in charge of the possible
double contral of their efticiency, and as a
wav towarn the sugar Lactories about devia
tons and arregularines in the process of
addition of the premix, in order o recheck

and cortect their svstem.

Sample Success

I'he bases, methods, and procedures used
in selecting the sample for the dictary.
biochemical.  and  dinic-anthropometric
studies, as deseribed 1na previour section,
werestricty followed under the supervision
ol the proyect statistician.

For the dictary survey the degree of suc:
cess o cover the oniginal sample was nearly
OO per cent. In effect, essentially all the
tanmihiesin the 12 communiaes selected were
detailed in
Pable 9. This very high coverage is under-
standable if one considers that the dictary

visitedd and investgated,  as
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Table 5. Supervision and control of the fortification of sugar with vitamin A,

“Ingenio"

(Sugar factory)

Guatemala, 1975 1976,

Sugar production (in 3q=46 kg sacks)

Fortified b4 Non-fortified

El Bail 57,499 38 92,900
Madre Tierra 299,886 100 -
San Diego 193,703 96 7,583
Concepc ién 450,022 82 96,818
Pantaleén 259,335 53 232,000
La Unibén-
Los Tarros 450,520 65 239,413
Tululd 29,892 41 %2,435
Palo Gordo 492,867 83 98,694
El Salto 430,104 84 79,454
Santa Ana 440,054 78 121,074
Santa Teresa 28,000 39 44,445
La Sonrisa 5,435 30 12,605

Total 3,137,317 75 1,070,261

1

Fortification ratio =

-
-

62

70

Total

150,399
299 K86
201,286
546,860
491,315

689,993

72,327
591,761
509, 554
563,728

72,445

14,040

_Premix (25 kg sacks)

Delivered Used
115 11s
208 208
160 60
599 599
472 472
175 175

9 55
928 928
694 694
726 729

50 S0

10 10

4,995 4,995

number of 46 kg sacks (qq) of fortified sugar

number of 25 kg sacks ot

premix

tort ificn'z ion
——— ratio-
Left-over

0 500
0 1,442
0 538
0 751
0 549
0 581
0 541
0 531
0 620
0 605
4] 560
0 5473
- 628

UL FLIR N



Table 6. Supervision and rontml of the fonification of sugar with vitzamin A,
Guatemala, 1976-1977.

(L

“Ingento”

§ unupqry g aodns fo woupdifiised

(Supar factory) -_:._‘fi‘.r. f_r.m’,w 1_i~un (,l_n 'm,‘.!‘.h k.“, -}a‘:\_(-_kf‘) ) 'l'_rn-mix. (.’-‘3w _kr,ux_nck’.-.‘). o Fortification

Fortificd Non-fortified * Total  Delivered Used  Left-over ratol
E1 Badl 157,920 H7 22,745 13 1RO, 665 127 305 212 518
Midre Tierra 327,404 LR 23,945 i 151,429 429 429 ¢} S18
Aan Diego 147,824 L) 65,170 41 212,544 2Rb 286 0 515
Concepeidn anl o hH 217,574 32 6HL HYN 1060 1060 L4
Pantaledn LA e 220,399 Jh H M ROK 470 870 0 711
La Union 1h, 98N ] 1 34, 6hRS HY 159,274 75 29 46 572
Los Tarros 298, (166 91 4n, 696 9 Hhde, The 1000 H484 Ll 563
Tululd 34, %00 57 IH, 772 o3 N0yl h) 38 22 908
Palo Gordo 579,966 97 14,0134 3 397,949 1168 1153 15 503
EE Satto §] 0 544,501 (1] 534,523 100 0 100 -
Santa Ana 6.0, 000 90 M, 5491 4 Hhad, 991 1170 951 219 652
Santa Teres: 59 ML 75 [ P L} KO, 1R 115 135 0 L4

Totai 3,927,518 72 1,362,579 JH G HHY 99T 6hHRG hlan

540 574

Fortit i ation rat: number of Wb by owacks (G4) 9t tortstied sugar
) tliva o . 0“0 .- - - .- - Ris 3

number ot U9 ke osacks ot nremps



Table 7. Sugar specimens with vitamin A collected in the 12
rural commuaities of the study sample.

Eraluation

Survey periods

Sumber and percent of sugar specimens
In retail stores

In households

i New Pos (MPos) n__ Nep Pos.  (XPos.)
Apr=Mav [97n 220 86 134 (61} 44 13 31 (70)
Oct-Yov 1976 292 81 169 (67) 73 28 45 (62)
Apr=Mav 1977 247 7170 (69) 87 24 63 (72)
Oct=%ov 1977 288 %4 Q34 (81) 9] 23 68 (75)
Total 1007 300 707 (70) 295 88 207 (70)

Table 8. Sugar specimens with vitamin A collected in the 12 ruraf communities
with less than 500 inhabitants, Guatemala, August September 1977,

Communits

Cerro Crande, El Barrea!l
La Esperansy, Ixhuatin
Los Tablones, san Juan
El apote, B IT0are

La Fsperane s, oo tauncalo o
Stquival, Yan Karae!
Sva. Feperansa, Saquttacay
Trapt hllo, 0 Libertas
Chicusntan, “ancloo

La Cicnaca, Alsat e
Sepur, Catiabhon ito

Holoma, Santa Fe

TOTAL 2

98

In houseso s

Narher

109

Pos

At per.

 Pos
(hl)
(20)
(850)
(40)
(5%
(96)
(87)
1)
(&R 1]
tRS)
(2]

(h1)

(6%)

ent ol

1 11}

(11

SULar -
In retatl stores

New

s

[

(" Pos

(ni))
(b
(75)
(80)
(100)
(81
(50)
(1nm
(86)
(Rh)
(5))
(hl)

(70)
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Table 9. Degree of coverage accomplished for the selected sample and number of
serum and breast milk specimens examined.

Surve- f10d Families 1n sample No. serum specimens fros: No. mi1lk specinens from:

urver perio Registered! Attended Sazple Other Total Sagple Other Total
4n3 dietary Clin. Exam. Children Chldren ota Homen Women

Oct-%ov 1979 358 263} <01 18 549 121 162 283

Apr-Mav 1976 In 269 3e7 219 S8 108 204 312

Oct=-Nov 1976 360 253 377 268 6a5 89 128 237

Apr-Mav 1977 160 248 158 jle 67 80 209 289

doe=Nov 1977 35E 203 2e 197 13 A 180 254
TOTAL 1794 122¢ 1827 136 3175 “72 9C) 137%

i .
All funilies registered wer? interviewed by the Dietary Team.

team visited the homes, which meant that
the families did not have te attend a central
survev place in order o partuapate.

Uhe strategy defined for the brochemical
investigations

and  dimicanthropometric

was ditlerent. 1o thas case. as had been

descrtbed under “Methodology .7 the math
cis o1 another adult person had o come o
the chmcal examination conter and bring
the preschool childien who had previoush
been selected and redistered for the study A
number of tactors mamnly of socral nature.
hhe excessive work of the maother at home or
tefusel prevented some chaldren trom
tending the cdinrcal exanmination center on
that the chnical team was

the only dan

present at the village  Fhis fact deternined
4l the 30
registered partapated in the examimation
| he

samplean cach vitlage that actually parva

that not tatmibies  previoushy

number of fanulies in the onging’

pated an cach one of the survey penods as

wnnenan Lable Tois noteworthy however.

that the number of prescchool chaldren be

lonwing 1o these 300 tanulies preselected

accordime to the sampling framework

surpassed the figure of 300 preschool ol
dien

per suinvey considered adequare a

cording to the statsnical primaples used.

An interesing phenomenon was the very
important number of families who attended
the chimical examinaton center on 4 volun
taty basis without pertaiming to the main
sample. tequested to be clinically examined.
and also offered on g voluntany basis o
sample of blood from their preschool age
childien or o sample of mitk it they were
Lactating women  he number of preschool
childien trom the village who were exam
med an this other childrea™ category as
well as the number of milk specmens col
lected from lactating womean outade the
sample gre also gven in Tadle 8

I his1aised the questien as to whether the
subjects examined as part of the sample
croup represented the same ar g different
universe {rom the enes wiho came on a vol
untary bass In order 1o determine that. a
sttt statistical anproach was used o com
pare some of the more quanttative resules
charactenizing both groups tn a separate
I he

imdicated that there was no difference be

mantes analvsis referred o above
taeen the preseleaed and the other groups.
Detarls ot the staustical data to reach thas
conclusion are uiven in Fables 100 110 and
12 For the analvsas of the biochemical doata,

theretore  all the samples collected were
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Dictary Study

In view of the objectives of the evaluation
project and of the scope of the present 1e
port the results presented in this section
will emphasize w) the dietars pattern of the
populavon studied. with reference to those
charactensuc that are relevant o vitamin
A nutninon. b the intake of retnnol equiva
fents gy caprta davy from natural food
the
mdhe trom the consumpuon ot foratied

sources oy, and estimated  1-unol

st o the extent to which the nutninonal
necds of the targer population iper cent
adequacy ot the antake of reunol equiva
lentor were mimproved by the forustication,

I he
toods consumed by tamilies continms pre

intormatton obtained on specitic

vious studies in this tope of populaton o),

Fialuution oy

Uhe dietary patern with respect 1o energy
and actnol s as shown in Lable 11 where
those food items which are sources of vita
min - A\ acunol o carotene) can be
wdenutied o that table. the per cent con
tibuton of the man vitamin A food
countces s given tor cach survey peniod.
that

1Ctober November

without toruficatuon
1975).

the mam contributors to the intake of vita

cann be ween

vewctables are

i A as caratenes), medats and  dairy

produces tollow . Despite their very high
contnihution to enerey tntake, cereals con
the

L hisas explained by the

tihute relatively Linde o vitamin A
value ot the diet
tact that essennnally ¢l the “cereal” wroup
in the populavnon studied is represented by
white corn

When the survess carried after tortifica

tnon started (Apnl May 1976 through Octo-

Table 14. Percent contribution of average diets 1o energy and vitamin A intake,
Guatemala, 1975 1977,

,,‘\"l."?-l-", i Apr-ta. v tt=toyv Th Apr-May 77
Foods tal ket vat. Fet Cal. ket Cal Ret. Cal. Ret
‘ ) o T o o - -f'"rA -Y v‘f nt L 4 Q: - - ’ ) . ’ -

Mile prooduits ) ie N ] 2 - N 3} ) b
LR ! Y i ) i Py i i 1 N
Veata ] 1% ] [V} ] 1] ] 12 2 a
Aeann 1§45 Q 11 L} 10 U 10 0 s 1]
Teaeladles - st 1 1{] e 12 ! ? 2 10
Froits 0 [} H S 1 0 1 7 ] “
Sematas s plantasns s H i 1 1 1 | 3 ! !
STaron. oot b tubers i [7] a 0 Q 0 (4] 0 0 L]
tereal prat; te (3} L] [.] [} &9 S 6% - (L] -
Saeat L] v 9 1) 9 7% 10 ) 1 14
Pats s o3l 2 1] ¥ (L} 4 it} ] 0 QS 0
“isocllaneous [} (4 1 /] ! 2 1 ) | 2



Community

El Barreal
Santa Marfa
San Juan

El Jfcaro
Buena Vista
San Rafael
Saquitacay
Lo Libertad
Cubulco
San Carlos
Cahaboncito

Santa Fe

Table 15, Consumption of white 2nd raw sugar "pancla”™) in the rural arca of Guatemala,
1975 1977 tin grams per day).

Weaphted averaves

Oct=Nov 75

Sugar  Panela
37 -
51 -
31 10
45 4
21 10
14 17
24 8
73 1

7 13
30 1
22 -
26 -

35

5

Apr=tay 76

34 9 43

Supar  Fanela S:l‘v,.. r
18 - ) -
47 - 46 -
16 7 68 1
39 ? ] 4
19 5 32 4
28 6 27 9
n 3 37 3
40 9 51 2
29 19 &) 6
43 2 42 -
19 - 19 -
32 - 47 -

Oct=Nov 76
Pancla

Apr=May 77

Supar

)
e

LY
24
33
17
57
49

S0

Panela

Det=Noy 77

Supar

949
53
47
55
i

Panela

[T

} unupprr ynpre anxns ja UL i g



ber-November  1977) are analvzed., the
marhed effect of the introducton of the
“new source of retinol (fortified sugar) can
clearly be observed. Sugar becomes by and
large the main contributor o the preformed
retunol content of the diet, reaching per
cent contribution figures higher than all
food seurces wogether . before the introduc:
uon of tortitied sugar. Because of the
torufication programs. sugar has become a
tood source ot retinol equisalents. There:
tore. it was essennial to estimate its consump-
ton by the population. Table 15 summar-
1zes these data for cach of the five survey
peniods. Wichin the limits of error of the
dictary hield studies as conducted, the data
are consdered rather consistent. although
an apparenty sudden increase is observed
beginning at the second survey of 1976, By
dear policy. predetermined efforis were
made o avoid any tupe of promotion or
stimulus tor greater consumption of sugar
attes forufied.

Lheretore. the increased consumption ob

this toad item  became
seived remans unexplained. The specific
average mtahe of sugar for the 1-3-vear old
cldien andicator  age-group  for  the
evaluation) s given in Table 16, showing
that they consumed about 77 per cent of the

tamilv average. contributing 330 pg of

Fraluation

retinol equivalents per child per day. The
results are very similar to those of previous
studies carried out in rural Guatemala in
1965 ¢25).

Of central relevance to the interpretation
data s the estimated
A at the of the
population studied. Table 17 presents the

of the evaluauon
mntake of vitamin level
amerage per capita daily intake of retinol
cquivalents found at cach survev period.
After the prefortification survey (haseline),
the contribution of fortified sugar has been
added. Teis evident that sugar as a new
source of vitamin A tripled the retinol
cquivalents provided by the natwural food
SOUTCCS.

Ihe comparison of these intake figures
allowances ()

with  he recommended

adjusted for age. sex. and phvsiologic state
of the tamily members gives rise 1o the esti
mates of adequacy of intake at the tamily
level. that is. the extent o which each
oty unmit surveved was satisfving it vita
Table

disttibution of the families by categories of

min A\ needs. I8 summuarizes the
adequacy . The naotorious and highly signi
“re . )
bicant effect of the fortufication (Chi=
P 0001 - 18.47)

ewentiatly reversed the distributon. While

.67 critical value for

N3 per cent of the famiiies had retinol

Table 16. Consumption of sugar per child per day
in the rural area of Guatemala, 1977.

Aver 1o

. -
AR R T

Ming-u-

Total nu=ber ot cnilcren:

Aor -t e =ty
N ST »rans
il I
.n 50
ti 11

Jou 1n each period.
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Table 17. Daily per capita intake of retinol equivalents', Guatemala, 1975.1977.

Froe . ron e
Survey Period f“r natural Fro h"“n ted Total

ood sources SULNT -
Cet-%ov 1979 s

221 22
(Basal) 0 !

Apr-tav 197n 178 3in 514
Oct=Nov 1976 1948 %29 623
Apr-Many 1977 251 419 670
Bet=Nov 1977 182 359 27

1
In pr
2at & caleulated level of fortificatien = 10 ug retinol/g sugar

Table 18. Distribution of familics by percent adequacy of vitamin A intake,
Guatemala, 1975 1977,

PART A, Supar without vitanin A

Level of adequacy ot vita=in an diet

Survev pericd %L ot fanilies
sLrvered et o Apercent ot adequacs) i .
R S\ SR T T Y1 B X 7h-9y lyo>
= Percent ot ta=ilivs ot cach level -
INtetow Ju T
39 64) 2 ] < 7
thasal) )
Ape=Mas 130n s 6) < i ) 5
[ARE SE RSN P ye) 5% 27 10 M 5
Apr=Mas 1”7 [ LY1) ) 25 [ b 1
[N B SIS A 350 51 24 1% b t
PART B, Suvar with vitamn
ety 1Th 354 - - - - -
Apz-Van {YTe Lt} 13 15 22 19 35
w. ; 14Te MY 8 12 1% 17 a9
Apr=Man e’ W 9 10 15 53
(AN RSN U 156 s 9 [§] 5%



Etaluation 2y

100 =~
With fortiferd tvgar

19 o
>
)
q
]
=]
<
- 50
2
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-
75 o ," = oo
O an am - e
b Wathout 10etitwed Suugar
]
| Li T LJ T
1974 1976 1976 1917 1917
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lixap 19 14

Figure 3. Changes in the 50th percentile of intake of retinol equivalents
without and with the contribution of fontified sugar.

intakey lower than 50 per cent adequacy be
fore the fortfication began (October-No-
vember 1975). 83 per cent of them reached
adequacies of 50 per cent or higher by Octo
ber November 1977 as a result of the toriifi
cation program. ['he progression of the 5ihth
percentile adequacy values. illustrated in
Figure 3. further documents this improve-
ment in the vitamin A dietary situation of
the populaton studied.

Biochemical Resulis

_Blood serum retinol It has previoush
been explained in this report that the blood
serum retinol concentration of rural chil
dien of preschool age (1-5 vears) was defined
asa main indicator for the evaluation of the
nutritional effect of the program of fortifi
cation. The reasons for this decision as el

as the approach o the interpretation of the
tesults have been given.

Pable 19 presents the changes in the dis-
tribunion of retinol values in categories of
adequacy. A decrease in the percentage of
children with values lower than 10 gg 100
ml Cdeficient™) was observed. This trend
is more clearly shown by Figure 4. The pro.
portion of samples between 10 and 19
4 100 micC Tow ) also decreased. although
the lowest figure was obtained in October -
November 1976, Considering toeether the
valuesbelow 20 100ml. the 215 per cent
ot these values wetore the program was
teduced to 9.2 per cent after two vears of
fora‘rcation.

the changes in distribution of the values
described are highly significant (Chi?
165, P -
distribution

0001, When comparing the
Leseline ({October November

1975) specificallv with the third survey
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Table 19. Blood serum retinol level in preschool children, Guatemala, 1975-1977.

No. Percent of cases by categories of serun retinal level (pg/10C al)

Survey period

Caser et 10-1y 0.9 2z
— e L R LSRR E 1 I . SOl I, SNSRI £2.
tcg-Nov 1979 %) 13 ().))‘ 10V as. I8y [ ] Jal {ee.1
Apr-May 197e 945 [} 1.0y s (1. 209 L. h i9Y $50.)
wWt-S%v 197 [ N {8 1 (.8 13 hom e’ 69,1
Apr-va. iv'T 6’ ® (0.9) 69 (10 189 [PE IV} <y LU
(AN L SO & 12 s (G ) 6e [ e (. (3 (Ye.0)

ll’l;urn in parentheses = percent of cases

104 \
[
g \\
g \
5 \
2 \
) 20 - \
§ \
\
: \
3 \
g 10 ~4 \
¥ N A\
& \ // \\
z \N 7 ~\
v “%
¥ 1543) 1585) {644) 1676} 721)
0 1 I i 1 3
| | T L L}
197% 1976 1976 1917 19717
Oct Nos Aps Moy Cxct Now Ape May Oct Nov
1Baseine)

SURVLY PERIOD

'F-guves n parentheses tolal number af cases
Incap 7919

Iigure 4. Decrease in the percent of children with “deficient” serum retinol levels.



(October-November 1976) a highlv signif-
icant difference was again obtained «Chi®
= 10L72: P - 0,001, Despite a tendency for
the distribution of values during the fifth
surves (October November 1977) 1o regress
somewhat. a highly signiticant ditference
with the prefortification values was will
10.23: P« 0.00])

It was considered important o examine

“w -
shown (Chi =

the distribution data for the ndividual
communities. as given in Table 20 1t can be
noted that. regardless of the initial per cent
of children an the “deficient”
Co 1o g 100 mb, all the

except two had no casesan this “deficient”

Categors
communitics

tange by October November 1977, Exven in
these two communities. 0 marked improve:
ment could be observed (La Libertad 3.3 w0
11 per cent. Cubuleo 4.3 w0 1.3 per cent
Regarding the serum retinol values between
and 19 g 100ml clow™ | 1 of the com
munities showed a decresse. although o
varung degrees. One community (Saqui
tacap clearly did not improve as judged by
this ochemical indicator. Anaother eva
dent tactas that there is a general tendenes
tor the results corresponding to October
November 1976 1) be better than for 1477 A
possible explanauon tor this tendenay o
regress will be discussed later

The International Vitamin A Consulta-
tuve Group (IVACG) in s Guidelines for
the Eradicatron of Vitanun A4 Deficiency
and Xerophthalmia (16) has recommended
that: “For the purpose of program evatua-
tion 1t is imiortant to look at population
distribution. curves for serum vitamin A
values.” This specific recommendation has
been applied o the data trom the present
studyv . and the results are presented in
Figures 5 and 6. These distribunion curves
make evident with obvious clarity the very
important changes which occurred in the
group of rural children during the two
vears of sugar forufication. In October-No-
vember 1975, that s,

national program started, the distribution

just  before  the

Exaluation 11

curve was obvibusly abnormal. as it showed
two peaks. The higher peak 10 the teft
dicated the existence of a distinguishable
sub-gronp of children with a more inade:
quate vitmin A nputritonal status or, in
other words, amorevulnerable sector of the
i 5 monthys of foru

Lication. the obvious impact of the higher

population. Afwer only
intahe of reanol is shown by the distribu-
ton obtsined during the second surves
(BP0 02
wroup with the lowest serum retinol values

Fhe peak representing the sub-

v disappearing. remaining onlv a hump on
the lete slope of the curve. By October-No-
vember 1976 two very significant epidemi-
ologic changes had occurred: a) the distri-
bution curve had been shifted to the right
(P 0.001): and. b) the shape of the curve
normal. As the
197/,

notices the tendencey o regress that was al-

had become  essentially

evaluation contnued  during one
reads pointed out. The curve for the fourth
surves CApril-Mav 1977) does not differ sig-
miticantly from the one before (October:
November 1977). However, by the last sur-
vev (October -November 1977), one can see
the tendenes for the curve to become some-
what abnormal again with a slight hump on
the leftslope. Ulimately . however, there is
stsll a haghlvy significant difference between
the prefortification  baseline  distribution
curve ol reanol serum yvalues and that ob.
tained at the last (Chi® = 47.04;

- 0000,

survey

In spite of the crosssectional design used
in the studv. due 1o the small siee of the
communities surveved many children were
tandomby sampled in more than one survey.
ihis has provided the opportunity o
cvaluate the impact of the fortification on a
longitudinal basis in terms of changes in
serum retnol in che same child. The ap-
proach used was as follows: comparisons
were made between consecutive surveys of
the serum retinol levels of the children who
had a pair of consecutive retinol determina-

tions such as survey 1 versus survey I,
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2 Fostitscatzone of sugar with satanun 1

Table 20. Blood serum retinol kevebs in preschool children for each of the communities,
CGuatemala, 1975 1977.

Community and § Percent of cases by categories of serua retinol level
survev period (pg/100 =l)
<io0 10-:9 20-29 230

El Barreal:

-Nov 7 .
Oct-Nov 75 5 0.0 29.4 35.3 35.3
(basal)
Apr-*ayv 76 58 0.0 1 22.4 60.4
Oct-Nov 76 ng 0.0 10.1 33.3 53.6
Apr-ay 77 7l 0.0 2.8 11.3 83.1
Oct=-Nov 77 72 0.0 5.6 30.6 6}.9
santa Marfa:
Oct=-Nov 75 25 8.9 20.0 42,2 28.8
Apr-Mav e 59 0.0 16. 47.95 13.9
Oct-Nov 76 71 0.0 14,1 31.0 54.9
Apr=Mav 77 72 1.4 15.3 43.1 18.9
Oct=Noy 77 9 0.0 7.1 45.9 46.9
San_ Juan:
Oct-Nov 75 51 2.0 23.5 7.5 a7.1
Apr=Mav 76 37 0.0 8.1 43.2 48.6
Oct-Nov 76 33 0.0 0.0 21.2 78.8
Apr=tuv 77 29 0.0 0.0 20.7 79.3
Oct-Y%ov 77 56 0.0 16.1 30.4 53.
El Jicaro:
tOce-Yov 75 40 5.2 15.0 45.0 5.0
Apr-May 76 58 1.7 22.4 0.0 25.9
Oct=-Nov 76 56 0.0 0.0 21.4 8.6
Apr-*ay 77 69 0.0 2.9 20.) 16.8
Oct=Nov 77 55 0.0 10.9 54.5 14,6




Table 20. Blood serum retinol levels in preschool children for each of the communities,

Guatemala, 1975-1977 (continued).

Evaluation

Comaunity and

Percent of cases by categories of serum retinol level

survey period (pg/100 ml)

<0 10~-19 20-29 230
Buena Vista:
Oct=Nov 79 39 5.1 10.3 38.5 46.1
Apr-Hay 76 35 5.7 20.0 45.7 28.6
Oct-Nov 76 37 0.0 0.0 24.3 75.7
Apr-Mav 77 64 0.0 20.3 21.9 57.8
Oce=%ov 77 I3 0.0 2.7 28.8 68.5
san_kafael:
Qct=Nov 79 %8 6.3 8.3 16.7 68.7
Apr-Mav 7o 30 0.0 10.0 43.) 46.7
Oct-Nov 76 26 1.8 0.0 11.5 84.7
Apr-Mav 77 1 0.0 6.1 18.2 15.7
Wt-Nov 77 18 0.0 5.4 33.) 61.1
Saquitacay:
tee=-%ov 75 AN 0.0 9.1 36.4 54.5
Apr-Mayv 76 9% 1.9 18.5 25.9 53.7
Oct=%ov 7n b6 1.5 4.5 246.2 69.8
Apr-Mav 77 4 4.2 1.3 45.7
Oct=-%ov 77 18 0.0 1.1 50.0 38.9
La Libertad:
Oct=%ov 75 30 3.3 23.) 13.3 60.1
Apr-Mav 76 &7 0.0 10.6 36.2 53.2
Oct-Nov 76 44 0.0 4.5 25.0 70.5
Apr-Mav 77 46 2.2 6.5 28.3 63.0
Oct=Ycv 77 72 1.4 2.8 29.2 66.8

3
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h2) Fortsfscation of sugar with vitamin A4

Table 20. Blood serum retinol kevebs in preschoo! children for each of the communities,
Guatemala, 1975 1977 (continued).

Community and Percent ol cases by categories of serum retinol level
N

surves poeriiod ' (pr/ 100 el)

<o 10-19 20-29 2130
Cubulco:
oct-Nov 75 LYt “.3 26.1 12.6 37.0
Apr=¥ay 7k <5 0.0 8.9 15.6 55.6
Oce=-Nov 76 62 0.0 3.2 29.0 67.8
Apr=tay 77 54 1.9 1.1 13.) 53.7
Ocg=Nov 77 it 1.} 15.8 46,1 J6.9
San_Carlos:
ce-%w 75 59 1.7 22.0 40.7 35.6
Apr=Mav Jb 51 1.9 1.8 25.5 62.8
nce-Nov 76 ] 0.0 2.1 16.7 Bl.)
Apr=tayv U7 52 0.0 1.9 17.3 80.7
Oct-Nov 77 % 0.0 1.5 364 52.2
Ca atoncato:
oet=%oy 75 ] [ 22.2 L4 .4 28.9
Apr=Maw b 60 C.0 8.3 36.7 5.0
Oct-Nov 76 69 0.0 7.2 29.C 63.8
Apr=Mav o7 72 4 18.1 7.2 313.4
Oct-Noy 07 79 0.0 16,7 10. 5%.7
Santa Fe:
Oct=%ov 79 i 0.0 8.2 35.6 96.1
Apr=¥av 7o 2 0.0 9.8 21.2 71.1
Oct -Nov 76 (™ 0.0 1.5 25.0 73.5
Apr=Yav 77 4 0.0 10.8 32.8 56 .4
Oct=-Nov 77 (.11 0.0 L. 21.4 71.9
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sunves 1 versas 11 ewe In addinon an
order to study the effea ot g more prolonged
iternvention petiod. compatisons were also
surves |

197

ol forutication

made between tprefortufication

tober November and sunvey 11

(O vt October Nonvem

bey 197600 and between survey T oand suivey

\ awo vears of toruhication Odtober No

vember 1977 In cach woup of  pans
studied nnal serum retnol Jevels were
chasabied in categonies of - 10 10 o - 2o
and 20 g¢ 1o ml Childien who tell in

these categonies were exanined in terms of
thert chanee 'nsecrum retunol through tnme
I he magmitude of thas change i retnol was
also categonized 1o terms of being - 5. % e
0o 1 o 19 and - 20u¢ 100 ml
In cencral the panrs of survess companred
showed the same poative etfect of vitanun .\
levels, par

tortiticatton on serum retinaol

voclalvan chaldien swho tmually had lTow

levels For amplian and because o then

spectal pubhic health smportance the

tesalts trom those chaldren with il

seratn retinol 10 and hetween W and 20

H
stnee the resalits obtaimed tor

tao ml are presented  Furthermore
all the com
Fable 21 an

cdudes analvas ot survey Tohaseline) versus

petisons made were simiiar

utves P and I versus sarves |\

Baoth
the ettect ot one and two vears of vitamin A

NUuITv ey

coaitparisons rentesent !(‘\P('(ll\l'l\
tortitication

Due 1o the random nature ot the sam
phing procedure used 1 ocach of the five
cros sectional studies the number of chil-
dren with o pair of deternunations varied
tor cach companison unit [ here was a total
ol 96 children sampled both in survess [ and
HI among whom there were 18 waith imaal
leve]s 20 g 100 ml an
I'he

changes observed 11 sertum 1etinal in these

swrum 1etnol

October November 1975 (survey
I8 chtldren after one vear of foruficaton
are presentedin Part A of Table 21, Initial-
Iy there was only one child with a retinol

value less than 10 yg 100 ml. One vear later

19761, this child had
shown asincrease from 7.0 o 0.5 g 100
ml Al

between

(October November

17 children who had reanol

10 and 20 ge 100 ml in

the
levels
survey I showed mareases i this parameter

one vear later as dollows three chnddren by

two by Vo gy three by b to 1
> 20

Hun
"o 19 ge and tour In
Fheaverage serum retinol s alue
S D 2oan

theammoal survey and 302 - S D 9 7an sur

pu fine e
gu 100 mi
tor these I8 childien was In 2

vev T anancrease swhaich was highly o
mbicant (P - 0 6ol

Aotal of 72 childien were compared be
1970

1977 tsurves Vo eof

tween October Novemnber tsurvey 1)
.\ll\('l”l)('l
child

1o e and 15 between 10 and - 20

and October

whom  ane had tmnally «cram
tetine!
e tduml Fheanalvas of the longitudinal
citanues expertenced by these chaldren s
preseatedan pare Bol bable 21 Phe child
10 g 100 4l
Lo ml Of the

20ghe T ml

with intral ~eram rennanl
toreased trom s 1o 2! Yy
I chnbedbren between 10 and
two expertenced o dedrease v thenr serum
were both by dess

tetingl rthese dedreases

than 10 ge 1o ml In the other 13
o

the scrum rennol was hicher at
Y,
five by 5108900 thiee by 1010 Tige two bn

childien
survev Vothen at surnvey Totwo in
150 19 g and one by more than 20 ge 100
ml | he
reunol value tor these Ty childien was trom
S Dh -S.Dhova

o o mlban survey Vg diflerence which

mcrease an the average serum

J0msunves Lo 26 ]

lh Ho-

was huehly caaticant oF - 00005

Fhese tesults ddearly demonstrate the
speafic effectveness of the program in
clevaung the level of scram retinol  of

precisely those chialdren with undesirably

reduced levels retlecuny theinr improve

ment o vitanin A\ nutnitgonal statuas

Because of the relauvely Large number of
chiddien studied in cach surves period, it
was possible to analvze the retinol serum

values by one-vear age groups. from 12w 71
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Figure 7. Fffect of fontification of sugar with vitamin A on the
distribution of breast milk retinol.

obswrved in the distribution were highly.
13507 P- 000 The
pait comparisons between the baseline and
36.27)
40.43)
also gave a hughly significant different dis-

tiibuton (P - 0.001)
Ihe changes in the first quartile. the

. .o . “
sgntticant (Chr =

surves T on the one hand (Chy -
v N 2
and the Visurvey on the other (Che -

median. and the thivd quadtile are shown in
Figure 8. Although the abwlute increments
do not seemvervampresive. the relative im-
provement in the degree o which  the
breast fed intant fultilled it recommended

allowance tor vitamin A mav be epidemi-

ologically very significant. In effect. if one
takes the round figure of 600 ml dav for
breast milk
increase in concentration of s pg 100 ml
represents 90 pg ¢ more for the infant. For

intake from 0-6 months. an

“median” infants whose
intahe of reunol from breast milk could
then be estimated as 153 pg of retinol day

5 g 100 ml X600 ml 100) the improve:

preforufication

mentin antake amounts to 60 per cent.
Stll more relevant is the highly signifi-
= 77.36. P 0.001)in
the per cent of milk specimens with less than
200 g of 1etinol per 100 ml, value which

T
cant decrement (Cha®
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Figure 8. Changes in the fint, median, and third quantiles of breast milk retinol.

tepresents about 40 per cent of the retunol
content tecognized by WHO as expected tor
mature human milk from well nourished.
healthy lactaung women (18). Figure Y
illustrates graphically this decrement in
deficent level throughout the evaluation
period Because aslight increase in the cases
with low retinol values was observed during
the last survey . pair differences were tested
between each individual survey and the
preforufication  distribution,  showing  a
highlv signmificant shifr of both
during October-November 1976 and during
October November 1977 (Chi® = 20,11 and
2917, respecuvely, P < 0.00]).

This analvuic approach vas also applied
by periods of lactation, since it is recognized
that the nutritional stress and response of
the lactating women vary with the length

values.

and circumstances of lactation. The results
are presented in Table 23, Ttis encouraging
to obscrve that the beneficial effect of the
consumption ol fortified sugar s unques:
uonable for all periods. with an unex.
plamned minor cffece (NS)) duning the
seventh to eighth lactavon months. When
one studies these data across the table, it is
obvious that, before fortification, the worst
situation appeared during the fifth and
sivth months and the besi . ring the dirst
two months. This trend has been shown
before during a studv tn a poor rural com-
munity in El Salvador (7). Epidemiological -
Iv. it probably reflects the fact that as lacta-
tvon advances up to six months the vitamin
A marginally nourished mother cannot
maintain  the
retinol content of the beginning of lacta:

relatively more  adequate
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Figure 9. Idecrease in the percent of hreast milk samples with “deficient™ retinol.

Table 23. Decrease in the percent of breast milk samples with less than 30 gg retinol/ 100 mi
by period of lactation, Guatemala, 1975-1977.

Survey Lactation peried (munths)
urvey

period -2 3= _3-6 I8 9-10 ,_>(_._”
(n=300) (o216 (n=196) (n=195) (n=192) =271
Oct-Nov 195 2al 0.9 3.2 40.0 28,1 18.8
(Baseline)
Apr-¥av 197h 2.2 7 47.a 10.0 434 21,1
Oet-Nov 1970 1.1 13.1 29.7 30.8 17.6 1.0
Apr-Mav 1977 6.3 1.1 16.7 12.3 7.0 12.8
Oct-tov 1977 11.8 18.2 22.8 1.4 11.8 12.5
Chi® 9.68 1311 24,42 5. 36 27.47 16.0}

P< 0.05 0.025 0.001 NS, 0.001 0.005
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Table 24. Changes in liver retinol, Guatemala, 1975 1977 (percent of samples by
categones of retinol concentration).

Trimester
period

Oct-Dec 1975

Jan=Mar 1976

Apr-Jun 976

Jul-Sep 1976

Oct=Dec 1976

Jan=Mar 1977

ApT-Sep 1977

1Set:sesl:er

|
!
i

aply liver

1 0-50 _51-100__101-150 151-200 201-250 zs 1-300 301-350 _3.5_1_-3_02. _401-450 %51-500 2500
25.3 22,8 21.5 8.9 6.3 7.6 3.8 1.3 0 0 2.5
28.4 20.9 17.9 9.0 11.9 1.0 6.0 1.5 1.5 0 0
19,3 21.6 23.4 17.1 8.1 4.5 4.5 0 1.8 G 3.6
4.0 11.9 17.2 18.5 11.9 10.6 4.0 2.6 4.6 2.6 5.3
6.} 1.6 17.1 16,2 12,6 9.0 5.4 3.6 0.9 2.7 4.5
1.4 179 J0,8 11,€ 13,0 6,9 5.7 4, 2.4 1.6 3.3
) 8.1 21.1 15.4 21.8 11.4 2.4 4.1 1.6 3.3 7.3

&t

§F uttumny ynn ap¥ns jo uonvifniog



tvon. which is pardatly supported by some
liver the
pregenancy. By the fifth and sinth months
the intant is sull sucking strongly, because
artificaal

reserves  prosent at end  of

mtoduction ol complementarny

toods i not vet siemiticant i these

The fordtication
program. however. resulis in a very marked

sacocultural settings
impr v ement.even at this tme of Lactation
its evident that the eftect of the additional
mcthe of vitanmin A by the woman thiough
toruticd sugar is to prevent tis decrease in
nulk
already emphasized by Arrovave et al (5

retinol breast content. as has been

Liver rettnol "This investigation, as men-
tioned previoushv . was conducted only in

Guatemala Citv. and it is therefore indica

Lialuation i

tive of the situation in the largest urban
center in the country .

Lable 21 gives the per cent distribution of
hver retunol by categories of concentration
i ug got tusae O g ranges). The obvious
b .00
P omby s the dearease in the proportion

S oo
and verv o significant eftect iChi®
ot liver samples with 30 ge @ or less tsee also
Figure 10y, and to a minor exten those with
At and 100

Suthutvoravoot and Olson (26)

reunol concentrations between
pg 100 ml
have considered the breakpoint ar 20 pg ¢
4y more significant to characterize - defi
aent” tThe itustrated in
Frgure 11 show that when this more criteal

TeNeTV S, data

criterion s applied. the decrease in pes
tentol deficient” reserves - 20 pg g) from
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Figure 10. Decrease in the percent of liver samphes with retinol
concentration of 50 ug per gram or less.
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Figure 11, Decrvase in the percent of liver samples with retinol
concentration of 20 g per gram or less.

October 1975 10 Seprember 1877 iy Just as
dramatic and remains highlv significant
(Chid 36 82, P- 0,001, No speafic ex:
planation can be given for the “peaks™
observed during the periods January-March
in both 1976 and in 1977; since no dictary
study was carried out tn Guatemala City,
one can onlv speculate that the peaks are
due 1o the correspondence of these periods
with the end of the drv season. when the
avatlabibitn of fresh green and  vellow
vegetable foods (carotene sources) is lowest
tor humans and of green pastures for dairy
cattle. The graph in Figure 12 has been
diawn trom the data in FPable 24 at the
higher end of the spectrum of values. This
curve ilfustrates that after a certain ume the

per cent of livers with concentrations of

retinol in the higher levels did not wend w
increase any further with the fortfication.
L his information is important in that it
indicates that the vitamin A in sugar at the
tortfication level used does not tend o
tesalt in increasing accumulation of hiver

retinol bevond a certain point.

Finally, percentile values for liver retinol
aresummurized in Fable 25 confirming the
imcrease in liver reserves ebserved through
the two vear evaluation period. The most
televant aspect of these data is that the
lowest percentiles underwent the highest
proportional improvement: for instance,
the value of the 5th percentile increased
nearly fivefold over the baseline figure and

the 10th pereentile more than threefold.
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Table 25. Changes in distribution of hepatic retinel concentration, Guatemala City, 1975-1977.

Trizester - Percentale values ugsg liver tissue)
%o, LCrLERRA L Al Loy RAYeD b K

periad e ._oSthoQ0th_ SUth _ S0th 95
Oct-Dec 79 80 113 29 103 292 320
Jan-tar 76 67 ts 20 103 250 "3
Anr-Jun 7 12 39 23 ') ik -3
Jul-Sep 76 152 10 33 175 220 566
Oct=-%ov 76 11 &7 57 lo0 Iht 9]
Jan-Mar 77 125 40 46 157 380 %93
Apr-sep o7 1 75 96 20) 263 537

15“.!.!’



ih Fortipaation of sugar aith citamun A

Ophthalmologic and Clinical Observations:
Morbidity and Vitamin A Suatus

As has been alteady stated . the objectuve
of the evaluation project was not (o assess
the chinical ympact of the fortitication. and
ity design is theretore not ideal o permit
defimnitne condusions tn recard to morbid
v chanues Nevertheless, since substantial
numbers ot children were examined during
cach surves . both tor general morbidity and
tor ocular signs tconjunctsal corneal) at
tributable o vitamin A deficiency, it was
lound possible to carry out some analvsis of
the morhadiesy data and its association with
vitmin A nutritional status

Fable 26 gives the individual hindings ot
the ocalar examination. Following  the
WHO dasattication (79 only conjunctival
verosts ENTA)Y and corneal scars (X8$). were
observed The agn NTA was aceepted or
registiation only when 1t was not doubttul
I'he tollowing comments and obsers ations

seem of importance regarding these data

@) The caves of corneal scars (XS represent
rudence of past events and theretore low swerum
levels are not necessartdy evpeated 1o be
assocrated with them at the moment of dinical
examination  thivs actually the case as seen in
| able 2o

b Cases of “active’ bestons appeared only an
the frrst two survess Duning the baseline surves
1Octaber November 1975) there were two XA
caves out of 3 chaldren. giving o ratio of
17 Lono Durning the second survey (April-Mas
19700 oniy seen out of 585
exawmuned with a rauo ot 17 1000, [t s note

warthy that the serum reunol values for these

ONC cast Was

three children were the lowest of all the cases
with acular involvement in all survess, with the
oxception of the 34 -month-old child in the firs
surves who onby showed corneal scar tn his left
tempting o attribute the
absence of Tactnve’” lesions during the last three
survess to the impact of the foruficaton
Th:s citmical informauon by atself
would not even allow speculation in this respect.
but it coupled with marked improvement 1n
vitamin A dictars intake and biochenmacal nutrs
tonal status. it gains sufficient strength 1o

eve [t would be

program

support the suggestion of a cause-effect relation-
ship. Obseryations of a long-term nature (several
vearstwith an adequate design, will be necessary
tor contirmators evidence

o Al the cases where informaton could be
ohtained on general morbidiny had suffered some
discase ot the nvpe recognized as preapitating
tactors ol verophthalmia, This ivpe of binding s
not umique tor the children with ocular lesions,
but reflects instead the tvpe of health environ:
ment of the rural families studied. Tocan only be
hypatheswzed that eve lestons would not have
developed an these children if they had not suf-
tered the protemn-energy matnutnivon and the
other morbidity encountered in them

The assoctation between general morbid-

i especially anfections, and  decreased
serum tetinol levels has been widely recoyg:
nzed, and the cause-effect relatonship was
recenthy documented turther by Arrovave
and Calcano 22y In order to investigate
this relauonship in the present study. the
following analvas was carried out. Chil-
dien with seram retinol levels in the
“deticient” category (- 10 pg 100 mh were
selected at rondom and were mactched for
axe and sex with children alsa selected at
random from cach ot the following 10 ug-
grouping: 10-19; 20-29: 3039, and 40-49
pg 100 ml. Twentv-five agesex matched
pairs were obtained by the computer for
cach of the serum level categories.

I'he morbidity found in these children
examination iy shown in
that the children

upon  chinical
Lable 27, Toas evident
with Tess than 10 gg of retinol per 100 mi
have a significantdy higher morbidity load,
cleatly distinguishing them from the others.
Fever. respiratory discase, gastroenteritis,
and edema are mostly responsible for the
Table 27

of children

difference. The last column of

prroportion who
more morbidity signs or
disease entities. This indicator also separates
the “delicient” serum retinol category as
the most affected as evidenced by the signif-
icant difference found (Chi? =935 P~
0.025). These data have additonal intrigu-
ing epidemiologic appeal, since they indi-

¢ives  the

showed two or
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Table 26. Eve besions attributable 1o vitamin A deficiency, Guatemala, 1975 1977.

2?

Age Retinol Conjunctival Corncal Scars History and age” of onset
(m0)  (ug/100 ml) Xerosis (X1 A) {(XS)
1 lesion
r.e l.e r.e e o

Survey: Oct-Nov (Total group n = 543)

18 19.11 + + PE.‘l)

49 30.06 + PEM

54 15.138 + PEM

54 39.84 + -——-

57 40.5% + -—

58 3.50 + + PEM

65 39.84 + + PEM

69 24.47 + ———

survey: April-May 1976 (a = 585)

20 11.47 + + Svstemie disease, diarrhea, PEM
37 29.30 + -—

4l 15.07 + PEM, 30 =0,

an .22 + Measles, 12 =,

Survey: Uct=%ov 1970 (n= 63%)

35 L2204 + Fever tsvatemie discase?) 10 mo.
a5 L0,07 + Hospitalized tor drarrhea and

PEM, 12 mo.

M) 15,28 + --—

[} Je NS + + Measles, 12 mo.

Survey: Apr=ta. 1977 (no=® A7b)

21 3.2s + Measles, 15 =,

27 300 + -———

Al 195.97 + PEM, 12 mo.

M) 26,99 + Measles, 42 mao.

60 J3.éb + Fever (svstemic dasease?) 59 mo.
1] 21.90 + Fever (svstemie disease?) 60 mo.
Survey: det-hov 1977 (noe 721)

7 9.10 + Hospirtalized for PEM, !4 mo,

56 30,50 + ———

63 3JJ.n3 + .-
1) roer richt eve loes left eve; 2) when available; 1) Protean Ynerpy Maluutrition;

%) no information
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Table 27, Morbidity load in groups of children maiched by age and swex and grouped in categories of
serum retinol, Guatemala, 19751977

Changes associated

Retinol . Respiratory CGastro- Conjunc= Conjunctival Lwith M Horbidity
No. Fever . ) L
(ug/100 nml) digecase enteritss tivitss Xerosis Hair Lips Zdema lundl
<10 25 4 12 8 3 1 2 2 2 34/25
10-19 25 1 5 5 4 - k] - - 18725
20-29 25 - 5 5 5 - 2 1 18/25
30-39 25 2 9 2 3 - - 1 - 17/25
40-49 25 1 S 4 2 - 1 13/2%

Children

with two

or more mor-

bidity signs

or disease
entities

11/25
4/25

4/25

4/25

Ratio between the total number of signs-symptoms and the total number of children

¥ unwona yum so¥ns fo uvonvtfrpod
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with clinical signs or symptoms of disecase,
regardless of the child's morbidity load.
This effect of the fortification was statis-
v<allyv highly significant (P - 0.00001); )
that the data analvzed in this manner point
again to the observation. made in previous
sections, that the impact of the forufication
program on the hochemical
whole. to

parameters

WM, A4S a have reached ats
highest point after the first vear of foruh
cation (October November 19760 In terms
fortification 1t
that

motbidity

of the evalu 1on of the

should be emarked. however, oven

those  children  with  heavier

loads (2 and 3 or more) benefited by the
higher intake of vitamin A resulung from

the torutication

Anthropometry: Growth and Vitamin A
Status

As explained under “Methods.” the body
weights and heights of all the children were
taken at the ume of cach clinical examinag
tien One purpose of collecting these data
was to obtain an indication of the general
status of malnvtninon of the groups of chil
thion thatis whatisgenerally referred to as
(PEM)  but

which ineffect. mav be the consequence of

protem eaergy malnutnition

imcluding  those of
I'he

objectne however. of having these anthro

muluple deficiencies

some vitgmins and minerals. main

pometric indicators was to determine the

relaonship between  the retinol serum
levels of the children and their defiat an
The

approach used tor this purpose was similar

bodv weight and height analviical
to the one already applied in the case of

morhidiy. Children with serum retinol
levels in the “deficient’” category (¢ 10pg
100 mby were selected at random and ran-
domly matched tor age and sex with chil-
dren trom cach of the following 10 ug:
groupings: 10-19:20-29:30.39 and 4049 pug

10 ml. Fwenivfive agesex matched pairs

were obtained by the computer for each of
the serum retinol level cat~gories and the
distribution of the subjects within cach
sub-group by weight age and weight height
was found. Part A of Table 29 shows the
results in relation to weight age. The Chi®
test showed that as the serum retinol levels
increase, the distribution of the children
among the weight age categories improves
significantly (Chi? = 2334 P« 0.02%). It
was evident that the per cent of childien
with very large weight age deficit o+ 60 per
cent of standard). decreases notoriously as
the serum retinol levels become higher. the
wioup with less than 10 g g 100 ml showing
adistinguishing. higher proportion of cases
with this magnitude of weight age deficit.

he anaivsis of the data in pare B of Table
29 showed that when the critical indicator
ol present malnutriton (weight height) is
applied there as also a significant relation
between serum retinol and the distribution
of the children among the weight heighe
categories (Chi® =28.300 P 0.005). Tt is
aan eviden: in this case that the children
with s than 10 g g retinol per 100 ml are
remarkably worse off than the rest. These
data. together with those of the relation-
ship between morbidity 1oad  and serum
reunol levels. point to the eptdemiologic
signiftcance of serum retinol levels fess than
10 g 100 ml as indicators of health and
nutrition risk.

In addivon o the relationship just dis-
cussed. 1t was considered important to
cvaluate whether the beneficial effect of
the fortification program on serum ret-
inol levels already shown for the sample
at large could also be detected in children
tegardless of their deficit in physical devel
opment, and to what extent. Table 30 shows
data on the mean serum retinol levels of the
children in relation to their weight heighe,
weight age. and height age deficits, and
the changes which were observed as the
fortification was in effect through the wwo
vears of evaluation.
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Table 29. Distribution of weight deficit as a function of serum retinol levebs in preschool children

matched for age and sex.

Guatemala, 1975 1977.

PART A o e
Serum Adequacy of weightiage (% of standard)
retinoel No. I S L R T
(pir/120 al) [ '.: n n » n E
- — -+ e -
) 1
<o 25 e LY 12 -8 - 16 2 8
10-19 25 i) 1 : 28 10 a0 5 20
20-29 25 . ini 4 16 1L 6 2
30-39 25 b st9 36 12 28 2 8
40-39 25 o ol b % 16 64 3 12
: :
FART R . S
Serym Adequacy of werght/height (O of standard)
retir sl wo I U _H0 -89 an - 99 Z 100
(’J':nm) =1 E n - E & " r 5 n b
- - . m————— e = - - - - v e e m—— e - - — e — - -
1 1
1] ]
1 25 b 2a : M 10 40 2 8
10-19 32 o ol 7 28 12 a8 6 24
[}
20-29 5 'l S s 16 1nooa 9 16
) )
30- 39 s ) 0l 8 3 13 52 4 16
] [}
20-49 25 "o 0! ) 2 17 68 2 8
] ]
[} )

]
+
i
i

Part A of Table 30 presents the distribu-
of the children weight height
categories of adequacy cach of the

tion by

for
survev periods. as well as the corresponding
By

<analvsis it was shown that the serum retinol

mean serum retinol values. vartance
levels increase as the weight height im-
proves (P - 0.0025). In additnon. the effect
of the fortification of sugar. as shown by the

vertical comparison of the data, proved to

be again highlv significant (P -

0.00001).

In relation o weight age and height age

two effects are notorious: a) the analysis of

variance indicated that, independeatly of
the specific survey-period, there was a
highly significant trend the serum
retinol levels to become lower as the per cent
deficit of standard weight or height became
greater (P 0,000 Obviously the kind of
data obtained through the present study
design does not lend itself o concluding a
Ic is 1empting,
however. to remark in this respect that one
of the main manifestations of vitamin A
in anmimals is
growth retardation and even growth arresi.

for

cause effect relavonship.

deficiency experimental






Nevertheless. the important implication
remains that as the chronic anthropometric
deficits become more severe the vitamin A
nutrinonal status seems to worsen: b) from
the point of view of the evaluation of the
sugar forufication program. one can ana-
Ivze these data in a verdcal direction, that
ir. the changes in serum retinol associated
with the improved retinol intake resulting
from the program. Statstical
showed that for anv of the categories of
weight or height deficis there was a highly

analvsis

swnificant elevatuon ot the mean serum
levels from the baseline values (October
November 1975 to the end of the evaluation
(Octaber November 1977 (P - 0.0001).

[t mav be noticed that regardless of the
tact that e masimum improvement s
1976 (first

torotication veart it holds that even at the

evident in October November
end ot 1977 wecond fortufication vear) the
serum retinol values were still superior o
thow found betore the fortfication pro.
wam and, in general, o a relanively similar
extent for all subgroups of weight or height
detiar This indicates that the fortification
reached even those nutrivonallv and prob-

Eraluation 5y

ably socially least privileged children in the
communities.

Cost of the Forntification and Control

Total cost per year. Fable 31 gives the
ostimated itemized and wotal cost per year,
resulting from combining the information
of the two vears covered by the evaluation
project. Fois noteworthy that nearly 90 per
cent ot this total cost is due 1o the purchas
mg of the vitamin A product used. The
price of this product (water dispersable
reunol palmitate 230 CWS) per kg was
USSTL00 for the first order (1975 and
USSI3.00 for the second order (1976). Ay
determined by law. this cost was borne by
the Natonal Association of Sugar Manufac-
twrers of Guatemala, as was that of the
manufacturing of the premis carried out
bv INCAP.

Cost per pound (lb) of fortified sugar
Pounds (460 g) are used in Guatemala as the
sugar retatl weight unte. Throughout 1976-
1977 the retail price was USS0.11 b, Divid-
ing the total cost of the program per vear by
the number of pounds of fortified sugar

Table 31. Expense categories and total cost.

Amount Percent

Retinol Palmitate rs$ 395,432 89
Manufacturing of premix 42,000 9
Transportation of premix 3,500 1
Monitorirg:

Inspector (part-time) 750

Chemical analysis 500 1

Inspector visits (transport) 1,200
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preduced. it results in a fortification cost
figure of US$0.0013 per pound. or L'S$0.13
per sack of 100 1b (qq= .46 kg). This
represents only the 1.1 per cent of the retail
price of sugar at the time.

Cost per tnhabitant per year
total population census figures (27) esti-
mated for 1976, the cost of the fortification
per person at the national level per vear was
1"550.07.

Cost per “person protected " In order (o

Based on

base these calculations on the best docu
mented data. the following restricted cri-
teria have been applied for the estimates: a)

by
those children 15 vears of age belonging o

population protected’” it is understood
the louw and medium income strata of the
Guatemalan population ar large (28), as
Iable 32:
detined as the reducton in the number of
low and medium income childrer in the
10 and < 20 pg 100 il of
The information presented

shown an bh) “protection’ s

categonies of

stum retnol
in fable 33 was deriv+d taking into con

sideravion these criterta. A limitation of this
approach could be that 1t is based on the
premise that the populaton coverage of the
intervention s 100 per cent. while the most
realistic esttmate is perhaps between 80 and
100 per cent fsee section on estimates of the
population coverage of the program). Being

very critical. one could base the ratio “"cost/
protected child”™ on the lowest coverage,
1.¢e., 80 per cent. The figures in the last
column of Tatle 33 would then become
U'5820.02 and $3.66 for the - 10 and <20
pg 100 ml criteria, respectivelv. On the
other hand. it should be emphasized that
the approach is very strict in view of the fact
that it assumes that the preschool “children
persons pro-
tected” in the countrv. In reality, however,
children outside of the 1.5-vear old range,
pregnant and lactating women. and even
other adults are also undoubtedly benefited.

ltis proposed that, for an effort that has
demonstrated o improve substantially the
vitamin A intake and nutritional status of a
population at large, the investment made
seems unquestionably worthwhile.

protected” were the only

ESTIMATES OF THE POPULATION COVER.
AGE OF THE PROGRAM

Although the proportion of the popula-
tion of the country potentially 1o be covered
by the fortfication of sugar «~ith vitamin A
was estimated before the implementaton of
the program. information obtained through
1> evaluation makes possible a rediscussion
ot this very relevant uestion. It is now
documented that the sector of population

Table 32. Estimatcd number of children by income sirata.!

tercent o total

Stratunm
population
Low 50
Mediun 30
Both 80

lpeference (28)

Estimated 1-5 vrs
old population

Per capita veartly
1income (LS dollar)

A8
73 553,217
228 331,930
- 885,147
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represented by the main sample studied was
covered by the delivery svsten. hese “con-
centrared taral” people living in small com-
munites in the range of 500.2.000 inhab
ttants 1epresent atound 1.5 mullion o 28
per cent of the total population

Lhere s no question that, farger com
munities than the ones already discussed.
having a highier level of urbanization and
modermizaton in terms of basic services, a
better eneral sovocconomic status, and a
higher consumption of sugar t5) were more
amplhy and intensivels reached by the pro
wram. adding another two million (35 per
cent) to the coverage

1 he three independent addittonal delin
iy svstem studies deseribed under " Meth
ods. which were carried out in 17 ever
stnaller and less accessible rural villages
- o inhabitantsy, invariably showed that
white suwar was available to them and being
consumed by the famihies In the 12 smallest
raral villages ¢+ 300 ainhabitants) adjacent
to the somewhat larger 12 communiues of
the mam sample. 1t was found that v) per
cent al the houscholdh wete consuming
suear with vitanin A while in 35 per cent
the white sugar sampled was not forufied.
tetlecting the incompleteness ot the forufi
cation at the tacory level L alreads dis
cussedd In the two other - hes tle 1D
conerme hive remote vllages between by
and 200 nhabitants g per capita daly
consumpuon of white sugar ranging from
ISto g was revorded According to census
ticures the populauon hving in this later
tpe of vitlage amounis to 18 per cent of the
total . resultng 1n g total stimate of 81 per
st of the

population tabout 19 per cent) referred o

centcanerage o assume that the

by the Guatemalan Census Bureau  as
“tural dispersed” was not reached at all v
the foruficavon program would resultin an
important underestimation, since the socio-
cconomic situation of this later population

group is known to be similar 1o the next

higher stratum denominated “concentrated
tural.”

In conclusion, it
e~timated that through the fortification
program, supplementary quantities of vita-

may  be reasonably

min A reachicd the vast majority ot the
Guatemalan population.

CONSIDERATIONS ON THE COMPARATIVE
EFFICIENCY AND EFFECTIVENESS OF THE
FORTIFICATION BETWEEN THE TWO
YEARS OF EVALUATION

Fable 17 already presented the average
retinol intake per capita from natural food
sources for each of the periods of study. h
can be seen that through the two vears of
studs there were only relatively small varia-
tions from survey to survey periods without
any particular tend to either increase or
decrease. These data are important because
they serve as the basis for the conclusion
that the tmprovement shown in the bio
chemical parameters of nutritonal status
with respect o vitamin A cannot be ex-
plained by a change in retinol intake from
natural sources, but ought to be attributed
to the contritbution of the retinol in sugar.
When retinol trom sugar is added 1o retinol
trom natural sources figures are obtained
tor total retinol intake, which also appear
in 1able 17, The first thing to notice is the
very significantimprovement in the average
per capita retinol intake over that from only
natural sources In general, as mentioned
betore. the intake of retinol equivatents
tripled as a result of the fortification.

Although these data are valid for the
program at large, they may be deceiving in
tevis of specific instances, as revealed when
analvzed in more dewail: the data as pre-
sented assume that all the sugar reaching
the vitlages all the time was fortified at an
estimated level of 10pg of retinol per gram
of sugar. as discussed elsewhere in this

report. However. such data do not give



any indication of the "“point-in-time" avail-
ability of fortified sugar through the two-
year period. and evidence from other types
of data suggests that this may have been
less censistent during 1977, There are at
least three documented instances when two
large sugar factories did not fortify the
sugar  thev producing because ol
farlure in the umely delivery of the premix.
For 10-15 davs these two factories produced
white sugar without fortification which was
equivalent to about 200.000 qq (46 kg-
sacks). In additon. another faclory pro.
duced 534.523 qq without vitamin A: this
sugar was presumed to be destined only for
certain andustrial purposeslegally exempted
by law. but there is evidence that . nportant
amounts of the nontortified sugar from this
factory were channeled to direct table use.
If this sugar without
randomlv distributed among all the popula-
tion. the impact of the fortification on the
indicators of nutritional status for the
sample studied would have been relatively
insignificanty  affected. the
production of sugar was around four and a
half million qq per vear. However. there is
a high probabilitv that of the more than
700,000 unfartified sacks. shipments of ap-
preciable size could have been delivered to
resulzing in

were

reanol had been

since total

some of the communities,
relatively lonyg periods of time when some of
these communities may have been consum-
ing sugar without vitamin A. This situa-
tion would be worse than if less concen-
trated fortified sugar would have been
consumed continuously, providing the same

total amount of retino! per year hut without
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interruptions. This suggestion agrees with,
and may explain, the biochemical data
which indicate that the fortification during
the scason 1975-1976 as measured by the
surveys carried out during 1976 had a
stronger beneficial impact than the forui-
ficaion during the season 1976-1977 as
reflected by the surveys carried out during
1977.

This way of looking at the question is
relevant for discussing the program with the
persons and institutions responsible fur per-
forming the fortification and with those in
charge of the control and supervision of the
process, since it will make them realize the
risk involved in not complyving with the
tortification in a regular and consistent
manner. it is obvious that failure to forufy
sugar for relatively long periods of time,
especially in those factories which produce
large quantities per dav, will lead to a sig-
nificant supply of sugar without vitamin A
to certain sectors of the population (especial-
ly small communities), resulting in a less ef -
fective net dictary supplementation  for
those unfortunate cases. It is interesting
that both the studies on breast milk retinol
and the studies of serum retinol of preschool
children suggest a less effective fortification
the 1976-1977 sugar
Although conclusions are
rather speculative, it was considered man-

during production

SCAMON these
datory, as mentioned before, o draw arcen-
tion to their significance. in order to assist
all involved, particularly the praducers and
supervisors. in their efforts to improve the
efficiency of fortification programs.



Discussion

The Ten-Year Health Plan approved by
the 11l Special Meeting of Ministers of
Health of the countries of the Americas.
and published by the Pan American Health
Organization in January 1973 (29). con-
tained, among others, the following two
goals for the Member Governments: a) to
reduce the present prevalence of hypovita:
minosis A by 10 to 50 per cent (regional
average 30 per cent),”” and b) “"to promote.
where required. the approval of the neces-
sary legislation to guarantee the fortifica:
of selected basic foods with iron, vitamin A.
vitamins of the B.complex. proteins and
amino acids.”

By that time the [nstitute of Nutrition of
Central America and Panama (INCAP) had
long stince revealed through several studies
the widespread occurrence of a serious
deficit in dictary vitamin A among large
majorities of the Central American people,
particularlv the rural and the socially
deprived urban sectors (1, 30). The concern
for this problem was decpened by the
demonstration of a  high prevalence of
hvpovitaminosis A among the same popula-
groups. affecing particularly the
voung child. Byv self-mandate, INCAP
started in 1969 research o discover the most
fcasible means to give a solation to this
problem, rescarch wkich led to the process
of fortification of white table sugar with
retinol palmitate. In 1971, the Ministers of
Health of the countries of Central America
snd Panama, in their XVI Meeting in
Panama City, resolved 1o: “Recommend to
the respective Governments the fortification
ot sugar with vitamin A as a practical and

tion
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cffective method for correcting the prevail-
ing vitamin A deficiency, and to urge them
to take all measures necessary to overcome
all economic. legal. and administrative dif-
ficulties that might occur in the application
of the p.ogramin each one of the countries”
(3.

This strong and clear mandate led
INCAP todevelop a new program of control
of hypovitaminosis A in Central America
and Panama. The story of the work carried
out by this program in a multidisciplinary
and mulusectoral manner is long and
complex. and the scope and nature of the
present report do not allow it to be included
with sufficient completeness and detail to do
justice to the effort. Suffice it to repeat that
sugar fortification with vitamin A is now
being carried out by law at the national
level four countries of the Central
American isthmus.

The work under discussion constitutes the
report of the evaluation of the program in
one of the countries, Guatemala, as a model
with ample potential for generalization
under similar ecologic. social. and political
circumstances.

The central fact at this time is that, in
terms of the dietary and biochemical
features that define hypovitaminosis A,
Guatemala is now significantly different
and obviously better than before the sugar
fortification program began. The goal set
forth by the Ministers of Health of the
Americas in relation to hypovitaminosis A
has been amply achieved. The most vivid
and. from the public health point of view,
the most significant representation of this

n



positive change is depicted by the distribu-
tion curves of serum retinol of the preschool
children, presented and discussed under
“Biochemical Resalts.”™ One ought not.
however. to disregard the fact that other
idependenty obtained data, such as breast
milk retinol of rural lactating women and
liver retinol in Guatemala City. point with
paramount clarity towards the same out-
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come.

In conclusion. the program of fortifica-
tion ot sugar with vitamin A has definitely
contributed to allow the population of this
country to fulfill its individual and social
right to an intake of vitamin A in accord-
ance with that considered necessary for
maintaining adequate nutrition with re-
spect to this essential nutrient.
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APPENDIX 1

Preparation of Vitamin A Premix for the Fortification of Sugar

Bastc Composition of the Vitamin A4 Premix

Ingredient lhg 200 kg
Vitamin A-250 Cws 2100 g 42.0 kg
Peanur ail 16.5 g 3.3kg
Stabilizer 0.08¢g 16.5g
Sugar 77342¢ 155.0 kg

Specifications of the Ingredients

1. Retinol A palmitate-tvpe 250 CWS from Hoffman LaRoche. It should be
certified with a potency of 250.000 JU per gram. (Other equivalent products
authorized by INCAP can be used )

2 Peanut 0il-USP-free of peroxides. In addition to the usual specifications of the
'S Pharmacopeia. this material should have a maximum pero~ide content of 3
meq kg Peanut o1l meeting these specifications can be obtained from: Mr. Pedro
Montes de Gea. Goldkist International, P O Box 2210 Atlanta. Georgia 30301 1'§4 .

3 Stabthrer mixture. The stabilizer is Ronoxan A from Hoffman-LaRoche (a
note should he made of the date the material is received since it has an expiration date
related 1o its effectiveness.)

4 White sugar (sucrose). Thas sugar must be dry and frec-flowing.

General Procedure for Preparation of the Premix

Preliminary Procedures

The vitamin A powder and the sugar are premiaed in an appropriate mixer. To
this mixture. add the peanut oil containing the stabilizer and continue the mixing
until uniformity is achieved. The finished premix is packed into double walled
polvethylene bags, leaving a minimum of air space. The polvethylene bags are scaled
and then packed into resistant paper bags.

Manufacturing Procedures

Part 4 Place 92 kg of sugar into an appropriate mixer. Next add 42 kg of vitamin
A palmitate powder. Then add the balan. ¢ of the sugar (63 kg) to complete the batch.
Mix these ingredientss unul the blend appecars uniform.

Part B Place 3 6 hiters of peanut oil into a Pvrex glass container that can be fiteed
with a cover and a surring device. Flush the container with nitrogen and leave an
atmosphere of mitrogen over he oil. Add 6.5 g of the stabilizer mixture to the oil
using constant agitation. Bubble nitrogen into the oil while mixing at 60°C in a
vomvant temperature water bath Continue the mixing until the stabilizer is dissolved
(approximately 5 minutes at 60°C).
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Appendices

Some Ecologic and Sociveconomic Characteristics of the Communities

El. BARREAL

lLocation

Distance fram the capatal of
depirtme ne

Altrtude

Climdate

Papulation

Aericulture

Irieltunstry

Public serzaces

Drnking aater

SANT A MARIA INHUAPAN

Locatron

Distance from the captal city
of (cuatemala

Mt

(limats

Papulation

Aerscultur,

Public serieces

Drenking sater

SAN JUAN ZACAPA

Location

Destance from the capatal of
dopuirtment

Altrtude

Climate

Populution

Awrrcultur,

Public seriaces

Drinking uater

L JICARO

Location
Distanee from Guatemala Crey

Altitude
Climate

Jutiapa Department

Ihkm by discroad (117 km from Guatemala City)

9 meters above swea level
Doy temperate

1123 inhabitanes 1o 209 houschaolds

Corn. sorghum caule
Brack and clav artefaces
Praimary swchool clectann
Private wells

Santa Rosa Deparument

Rl hm Last I3 hm by dirt road in poor conditions

1,300 meters above sea level
Warm wet

Lod] “ladimos” e 379 houscholds

Corn coffee

Proimary school. health post.

wraph sernvice
Domiailiary access

Zacapa Deparunent

cvlectndiny,

12 km by dine road i good conditions (112 km

from Guatemala Citv)
4130 meters above swea level
Vers warm dis
1.233 “ladines”

Primary school

Water comes from o nearly river and some

pubhic faucens

El Progreso Depattment

129 k. the last 12 Km by dirtroad in good con-

ditions
242 meters above swea level
Very warmedry

in 267 houscholds
Corn. worghum  tomate. carde
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Population
Agriculture
Industry
Public servaces

Drinking water
BUENA VISTA

Location

Distance from Guatemala City
Altitude

Climate

Population

Agrreulture
Industry
Public sertices

SAN RAFARL SACATEPEQUEZ

l.ocation
Divtanee trone Guatemala City

Alttude
Climate
Population

Agreculture
Public sertices
Dreinking uater

SAQUITACAJ

Location
istance from Guatemala City

Alttude
Climate
Population

Agriculture
Public services
Drinking water

LA LIBERTAD

Location
Dustance from Guatemala Crty

Altntude
Climate
Population
Agriculture

1.931 “ladinos™ i« 494 houscholds

Corn, sorghum. wbacco

Palm-tree hats

Primary and high school. health center, social
wellare center. eleatricaty, elegraph

Domiciliary service

Quezaltenango Deparunent

215 km

2587 meters above sea level

Cold wet

1139 mosthy Indians of the “Mam™ group in
253 houscholds

Corn. wheat. ravabeans, potatoes

Iyvpucal dlothes

Primary school. private medical center

San Marcos Depariment

229 k. the last 2 km by dirt road in good con-
dinions

2700 meters above sea level

Cold-wet

123 predominantdy Indians of the “Mam”
group an o8 houscholds

Corn. wheat. favabeans, potatoes

Primary schoal

Public pipettes

Chimaltenango Department

12 km, the Last 20 km by ditt road in poor con.
divons

2100 meters above sea level

Cold wet

771 Indians of the "Cakchiquel™ group in 169
houscholds

Corn, wheat. svocados, truits

Primary school

The drinking water 18 g verv deficient system

During the carthquake of 1976 this village was
serrously affected.

San Marcos Deparument

336 km. the last 12 km by dirt road in good
conditions

1.460 meters aborve sea level

Temperate wet

935. predominantdy “ladinos.” 10 221 houscholds

Corn. coffec



Public services

Drinking water

CUBULCO

Location
Distance from Guatemala Cuty

Alttude
Climate
Population

Agriculture
Fndustry
Public services

Drinking water

SAN CARLOS ALZATATE

lLocation
Distance from Guatemala City

Altttude
Climate
Population

Agriculture
Public sertices
Drinking uater

CAHABONCITO

lLocation

Distance from Guatemala City
Altitude

Climate

Population

Agriculture
Public services
Drinking uater

SANTA FE

Location

Distance from Guatemala City
Alttude

Climuate

Population

Agriculture

Public sertices
Drinking uater
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Primary school, health center. electricity.
telegraph
Domiciliary access

Baja Verapars Deparument

138 km. the Tast 40 km by dirt road in good
conditions

1.200 meters above sea level

Drvtemperate

1.536 mixed “ladinos” and Indians of the
“Quiché” group in 4312 houscholds

Corn

Commeraal activities

Primatv and high school. health center. elec-
tracity . telegraph

Domicihary service

Jalapa Deparunent

159 km. the last 21 km by dirt read in poor con-
ditions

1.600 mcters above sea level

Wet-temperate

1.327 predominandy “ladinos” in 286 house-
holds

Corn, wheat. coffee

Primary school. health center, telegraph

Deficient svstem of water service

Alta Verapar Department

320 km. 100 of which are dirt road

17 meters above sea level

Warm wet

876 mostly Indians of the “Quekchi™ group. in
205 hbuscholds

Crrn. nice

Primary school

It is obtained from a river or from little water-
falls

Retalhuleu Depariment

218 km

200 meters above sea level

Warm-wet

1.294 ~ladinos™ in 217 houscholds

Corn. ajonjoli. Some inhabitants work for the
nearby cotton plantations

Primary school, health post. no electricity

Pumpless wells
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INSTITUTO O NUTHCION DE CENTRO AMERCA ¥ PANANMA
INVESTIGACKONES DIETETICAS

CONSUMO DIARIO DE ALIMENTOS

PAIS: LuGar ENCUESTADORA-

FAMILIA DE: FECHA DIA.

{plota, clase, ingredienter, contidades, prion, precion, origen)

DESAYUNO
ovientet —_—
visitor -
Auw20.
ovieniey
vitites
ENTRE COMIDAS:
COMIDAS:
m——_
visitos
RESTOSS: OESPERDICIOS:
PARA ANIMALES: COMMAS:

P.2331
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APPENDIX 6

Persorne] Who Participated 'a the Evaluation of Sugar Fontification
with Vitamin A at the National Level

Professional staff

Guillermo 3 -~wyave, Ph.D.

Juan Rod: Kuilar M.D.. M.P.H.

Marmna F! .. .s. M Sc.

Miguel A. Guzmin, Ph.D.

Ivan D. Beghin. M.D ., M. Sc.

Simon Sibony
Beatriz Pellecer

Consultants

Dr. Humberto Escapini

Dr. Jules]. M. Sauter

Mr EusebioG. Poricla

Guatemala, 1975-1977

Program director

Field direcior

Chief. Dietary Research Section, Division
of Applied Nuuition

Chief. Division of Statistics

Chief. Division of Applied Nutrition

Programmer. Computer Center

Chief sxcretary

Chief. Ophthalmology Department,
Blcem Hospital. San Salvader,
El Salvador

Lecturer in Ophthalmology. Muhimbili
Medical Center, Dar es Salaam,
Tanzania

Chief enginceer, Ingenio El Salto,
Escuintla. Guatemala

Field personnel (not necessarily working simultaneously)

Ana Maria Aguilar
Marta Aguilar Sosa
Norma Aracelv Roldan
Vilma Oru: Monroy
Eva AdalinaZabala
Mirna Ruth Coronado
ldalma Ma:zariegos
Marta Antonieta Ramirez
Ulda de Aguilar
MartaIsabel de laCruz
ZoilaFlores
Teresitade]. Miranda
César Reves

Marinade Aldana
Carlotha de Funes

Ana Patricia Funes
Jos# Antonio Lanuza
Virgilio Loper Gonedler

Field worker

Field wourker

Field worker

Field worker

Field worker

Field worker

Field worker

Field worker
Anthropometrist
Dietary supervisor
Dietary supervisor
Laboratory assistant
Laboratory assistant
Laboratory technician
Laboratory technician
Laboratory assistant
Pilot

Pilot



Marco Tuliode L.eén
Guillermo Rodas
Héctor Eduardo Flores
Ouo Moratava

Jeryes Arpucta

Anselmo Alvarer
Vinicio Ocana

Rusa Elena Rivadeneira
Lauta Maria Jiméner
Leopoldo Bolanos Bendfeldr
Sitlvia Franzetd

Silvia Castaneda

Heécwor Lucero

Antomio Matute Morales
Guillermo Tello

Pilot

Pilot

Data clerk
Data clerk
Data clerk
Data clerk
Data clerk
Secretary
Sccretary

Field physician
Field physician
Field physician
Ficld physician
Field physician
Physician

Other personnel Clutorial Training Fellows)

Patricta La Rue
Muargaret Goets
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