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It is generally recognized that 1or a large 
percentage of people. particularly those in 
developing nations. the quality and quantity ol" 
the proteins in their diels present :an intinense 
nutritional problem. Projections of future pop-
ulation growth and agricultural production 
make obvious the tirgency of developing imethl-
ods for attacking this probletnl, for the implica-
lions of widespread protein tualhntlriliotl of 
varying degrees are alarming. 

|:or most of' lihe people ill developing 
countries, grains, particularly rice, corn. aid 
wheat, provide the bulk of' their prolein and 
dietary eiergy sources. The proleins of tlhese 
ihr-e grains are of' relatively lov biological 
valuec. There are i variety oft' ways in whi.h the 
utilization of sttchiproteins nay be increased or 
by which the aiout of protein available to 
people eating diets predotiinatntly composed ot-f 
grain Inay be increased. These HiethoIds which 
include tlhe breediig' ol" high yield and/or highfslitheprouctott 
protein plants, fish I'lrnring, the prNduci on otl 
increased anlOttn ts of eatl, poultry and dairy 
products, lie ileVChIo piili o1" liev high proleill 
foods or lood additives ai ldIa llllill Uicil 'orlifi-
cation have received cotnsiderable publicity il1 
lay and techniical publications. Flach nethod for 
improving protein nutrilion which hals been 

suggested has its advocates who in the process 
of extolling the virlues of Ione s.Vsteill are quick 
to point out the disadvantages of, all other 
systems. It takes little time to realie thalt it is 
mnlikely thtllt 1ay silplelltethod will be devised 
lor solving the prtein problems of the vorld 
and thal the key ito battlinig protein niallutri
tiol is tlexibility, the willinlgness to adapt and 
use alny or lulliple syslels according to tihe 
conditions prevailing ill ally particular nation or 
community. ('riticisms ofl'apploaches to solving 
protein malnutrition tustially include costs. 
technological atnd logistic diffictilties. allera
lions of ctltirally determined eating pallerns 
and difficulties in gaiiig acceptance becatlise of 
pribleis involving taste, texture or tile appear
ance of the fIood. 
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This is the first of a series of papers 
describing a large-scale field study of the 
fortification of rice with synthetic amino acids 
and other nutrients. 

Rice is the major dietary staple for consider-
ably more than aIbillion people. Although the 
protein contclt of rice varies with strain and 
agricultural practices, the average altount of' 
protein found in rice is about 7'; (I) with a net 
protein utilization value of about 60 (2). The 
two limiting amino acids in rice are lysine and 
threonine (3). In rat studies in this department 
the addition of 0.3( lysine and 0.1'" L-thI reo-
nine to Thai glutinous rice increased the net 
protein utilization of' the rice protein to Ihat of, 
lactalbumin (4). In recent years. technological 
advances permitting tie large-scale industrial 
production of amilo acids and tile developm1ent 
of artificial and natural rice carriers of nutrients 
including amino acids have made the possibility 
of rice fortification with anllilto acids attractive 
as one of the means for combating protein 
malnutrition. 

There are those who are skeptical of health 
benefits to be derived froml fortification pro-
grams. Such people are particularly dubious 
about the possible benefits which amino acid 
folrlification might provide. Others argue that 
the results of animal studies and mnetabolic 
studies are COmnpelling and that where possible.
amiino acid tortificatin prograns shntld be 

started as soon as possible. They a'gue that as 
scientists, with the data aheady available, it is 
possible to make positive decisions regarding 
amino acid fortification without doing large-
scale field studies which, if' unsuccessful for any 
of' a large otnuber of ntonnutritiollal reasons, 
would prevent tile initiation of much-needed 
programs. With many others, we believe that 
the ilornation which exists reqtnires that 
amino acid f'ortification of' primarily grain diets 
be seriously considered. We also recognize that 
resoutrces for solving health problelms in devel-
oping societies are limited and that amino acid 
f'ortification programs will be expensive. It 
seems reasonlable that economic planners aL 
political decision-makers will ask proponents of 
nutrition programs to quantify tile health 
benef'its which their programs are expected to 
provide so that cost-benef'it analyses for their 
programs catl be derived and compared with 
competing proposals. 

In late 1968, we decided to explore the 

possibility of initiating a field study of the 
etfects of' tile for'tification of rice with Ivysine 
and threnliine alld other ltrientS ill a popula
lion receiving approximately 70 80"; of' its 
calories from rice. Ill selecting a country ill 
which to work. a number of criteria had it be 
met. It had tt) have a segment ot'its population 
which received the bulk of its calories from rice 
and in which there was evidence of prteil 
malnutrition, te availability of rice to ihe 
population could not be so limited that belefits 
derived Ifrolm1increasiig protein availability 
would be obscured by energy dleficiellcy. 
Similarly, the extent of' infeclious and ttnltii

fectious diseases had to be at a level which 
would i1ot obviate beneficial ecttCCls of 1 
tortif'i catiot rgram. The peop e to be served 
had io ie cooperative and their political leaders 
and iealth workers at every level had it) be 
receptive to tile program. A group of well
tr;ained health prof'essionlals who could work on 
tile project had to be available. Finally, a 
system for delivering the fortification mixture 
which would work ill tie study area was 
needed. All of these criteria were met itt 
Thailand and itt tle later part of' 1901) the 
Department of Nutrition at the I larvard School 
of Public Ilealth and the Division of' Nutrition 
of tile Thai Depalrtetlt of IHealth initialed a 
12-month pilot sludy oftlte feasibility of rice 
fortiftication in 'our villages ill tile province of. 

Chiang Mai. 
The trpose of' the pilot sindy was It 

determine as far as possible the niethodolhgical 
problmCs which Might occuIr ill doing : full
field study of' rice f'orlif'ication ill Thailald. 
Following the successfhtl conmpletiol of 1lt. 
pilot study, a full-field study involving 21) 
Chiang Mai villages in tile valley of" tihe Ping 
River with a total Ip)Opulation of'apprloxittiately 
13.500 was started itl Jantary 1971. 

The villages Were divided in to five grouips: 
Group I--raw control.no intervenlion pro

vided 
Group 2--placebo control. RFG-3 plus day

care centers for preschool children 
Group 3--RFG-2, vitamin and iron f'ortifica

tion plus day-care centers 
Group 4-RFG-I. vitamin. iron and atni no 

acid fortification plus day-care cen
ters 

Group 5-RFG- I , no day-L. re centIers 
The following are descriptions of the various 

http:control.no


172 ;I.:RSIIOI:F 1:1' AL.. 

clomponients and considerationis whic went 
th tihe design of these studies, 

Rice r(frlicaiongrains (RG) 

A malor deterrent to rice fortification with 
aiiiii acids has been difficulty in designing an 
acceptable vehicle for conveving nutrients. At 
least I'orthe purpos's of this intervention 
study', we were attracted by artificial rice 
granules prelpared by the Ajiion oto cotipaiv 
Of Japan. These RFG are made by alleXtruIlSioll 

prtcess alid can be designte d to carry varying 
alioUlnts Ot a variety otl"tiltrieiils. \ perfect 
RFG would look like rice, cook like rice altd 
tasle like lice. and would itaintain its nutrient 
qualities during the cooking process. With such 
ch"IZicterist is. theICiitItrdction at tiCe l'tfrtifica-
tioll'rinule illo tilerice supp'lyV wmhOUld involVe 
a Ofiiii'n illlorlniallisrt'ptiotl cookig 
and fLediiig lpraCtes anld little nutrition educa-
tiol would bc iCeded. The RI:G. although 
itiiperf~ect were judged satisfactory for the 

tpUrlposes ot li e prmOpsed stud'. Three dif'fereit 
types of R; added to rice at I1I;level have 
been used illthese studies. Because of'laws pre-
venting the import Of rice t rice products 
inIO 'lalilaild. the biiider illthe R,'I:G h1asbeenm 
cttiposed of cor starch. hlhtlugh we have 
judged that a Illore palatble producl coulI be 
made villirice floul. The RFR; are shellac 

, coated. RFG-3 is i placebo. RlG'21 caontains 
0 .0 87 .;'; lhi:l l inl l 1al ih C di 'OItJeth a l e ne Su l l n 
(eqfUivaletit to 0.05'; iliailil titrate). OSI 5''; 
of retiinol aICeta-te. alid 0.8'; FePO4 :411,0 
(0.2'.; iron). RF;-I contains tiletwo vitainiis 
plus iroti plus 20'; -lysilte I1I0 aid I0'; 

of the amlino acids in different batches of RFG 
have bee,1 tested ill theserat growth studies. Iln 

studies, diets containing. onl a dry weight basis,
 
90.5'; fortified and utnfortified rice, 4'4 mixed
 
Salts, 4': corn oil. I':; cod liver oil, 0.' choline
 
chloride, and 0.2"' of a complete water-soluble
 
vitain mixtureC carried on sucrose. have been
 
fed to weanling rats for 3 4 weeks. 3efore
 
being mixed with the other ingredienllts, the rice
 
has been cooked by putting it illI1,0. bringing
 
tile11,0 to and cooling under low
boil. hllen 

Iieat for 15 inin by which time tle rice becomes 
soft and the water absorbed. In a typical 
3-week feeding test. the mean weighlt gaiii ± SE 
I-l 8 weailing male Charles River (') rats fed 
the tn fortified rice diet was 3,S± 3 g.3ud ''or 
those lfed the fortified rice diet 6) ± 6 g. Intile 
lot study anl duriiig the fllsty'ear 0t' the 

full-field study, ribollaivnl was not added to the 
RR; because of collcerii over the efect that 
coloring the R:G might have. Because o' the 
large tiumber of ClildreIt Who slowed clinlical 
sighs cotisistent with ribol1avii del'iciettcy. the 
very low levels at' ribolavii illthe diets 
coinSlllllel. and tileIOW levels 01f ribollavin ill 
time urine and serum of the Tli villagers. 
ribollavin was added to R:(;-I and 2 inlAugust 
1Q 72 at 0.04',;. Analyses have indicated that 
esseiiially no rilbola,,ii is lost duriing the 
mlanufact tiring process or during storage. 

R G f i p ns n q i m n 

Approximately 90'' of tie rice coinsumed iii 
Thai villages is milled by Small village Mills. The 
l'armers bring their paddy to t1e iMill and pay 

l-thureotlitte. Sludies of the biouvailabilitvo tOffor the milling either with cash or by giving the 
these nutriet,, anld losses luritlg p)rocessiing and 
Storage1' have beell cotiducted. Riceit) vliclh 
RI:; tad ,eeti added Was \washeId inl I11. 
soaked illII,() for t-hours and steamed f'or 2 
houl. (heroical atialysis indicated that S"2; of 
the Ilvsitle atid 7W; of tle tlhimiin remained. 
Aplr \itialely 5()';of tilevitatititi A activity 
of' tle RFR; was lost illthe processigt aid 
storae atftIle RF(G. The availability of'the irot 
illRF4;-I was detertutitted by a stamidard 
slope ralio assay illchicks (5). Compared to 
ferrous sull'lte. the iron illtileRG was 30': 
available. Interestingly., terric orlhlophosplhate 
tested separately was I1 available inOnly I15'; 
this type of'assay.1 

Throughout the field studies. the availability 

miller the bran. In the latter case, the rice is 
al'teti over Milled. II either instance. the village 
mills crack a very high percetitage of the rice 
grains. Ill tile tarvillages of' this study, paytimenit 
milling has been iii cash. Villages were selected 
with a single mill and a cooperative miller. The 
mills were equilped Wvith dispeisels bitill ill 
Thailand and adapted from rice enrichment 
feeders designed at Clemson Utiversity. Tile 
RR; dispensers cost about S50 to construct 
and could easily be adjusted to add RR; at a 
I':; level to tie milled rice as it strealmed forth 
f'roti tihe mill. I)aily imeasurements of' tile 
amutits of rice Itiilled illeach mill and th1e 
anouit of' R used itIdicate that illtie field 
s tudies cotducted. RFG has been added daily 
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at 1.0 ± 0.0117. All dispensers have been 
examined at least once :aweek. At no tile 
during the study has there b~een any tlrohle 
with the peerfortance of the feeders. Fignre I 
shows a feeder a1tached to a village Mill. 

Dat'-care cc''nfct'.br CS'ChIJIhildnit 

The provision of' day-care centers for pre-
c.eniiers provide custodial caire. inlschool children in sorte of the villages aind ali day-care 

evaluation o, tihe benefits which light be 
derived 'roM iheml were attra.ictive in these 
studies for a number of' reasons. The day-care 
centers were a visible matnifestation of" our 
intention Itoprovide beinefits to tlte villCes. 
The, were enitlsiastically received hW tihe 
villagers and were expected iohelp enstire their 
cerXIatioll in the stUldyI. InlitYleCt. it is 
questionable whether flme day-cale centers have 
had a siglificanlit effecl oil tle cooperalioni 
obtained. since cooperation has been generally 
good inl them. We paid abolluvillages wilhoumt 
two-thirds of tihe S7, comst of builditig the 
day-care centers. The villagers paid the otlher 
third and did the consiructioni work. [or each 
day-care center. two yonling adull volnn lia0 

heen trained 1t be day-care altlendants nd paid 
a mlonthly s:alary hy us. As with any gtil 01" 
workers, their quality hais Vaied. hut I'mtile 
Iost pairt their perlllonnl'ce hias b'ee \'el\ 

goLid. Children :attlldiP ie dM -CIItCelieIs 
have been to lhei s'iasked bring r lu11e0. 
vecause of thlle1aT 01otie study., n)0 f'od 
SUlllell elts have beetI dislribtl ted it] the 
day-c'are centers in this sidv'. Since the 

parents immediaiely look advaillae of theil 
availability so that the\, could work il lhe.' fields 
without worrying about theil preschool chil
dren. There have been two main reasons ,hv 
Sliile IpescliOi(l Childti have o1 atileided Ie 
cetlers. SOlle of' tile villa aire lot eo!iph1 0 
icall' anid sollie hmms are so I'mIlom the 
village day-clre centerIhat11 imlihers h liOl 

wallt tio o Ihrnlilh tile dlilV e'o0rt ol'biinein 
their children to tIle celler and Ihllenpickii g 
tlhemt up agailitl thie alflectiollate limatliriarcalil 
Thai culture. s1nall clildii atle very ,i'h,'d it 

their mothers anld millany :ItpesClleis lel'Ilsed 
fI'rst to alttlend tlhe day-ciae centers. I v.il' 

tlhe\ could he induced to speild a1few days iii a 
ci, rilidly came to like the experieceenter, the' 

1:16. I. Picture of village rice inill wihI RR; IGeeder to it riceleft. Note tube directing RI; to area of inilled 

flov. 
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and Iie opportInity to play with other 
Children. and stayed without objection. 

Ifn-jrmed consent 

FIomi the very beginning of these studies, 
their success has been dependent on tile 
VOlunitay cooperation of the Thai villagers. At 
no0 time ha1s there been) anly coisideration Of 
usilig illy type of coetciot or social prcssurC to 

obti the irtici io te village pole.
Thus, it was liecessarv to provide them with 

allild~lllt.t~re~tonvll'itg ll't~ll;.litll:.llabiiidai Correcta 
about the poiect. Villages were selected whose 

hi neithi itidlicaLed CIhusiasn andl anlld itnillers 
a desire to cooperate. aflter being inforiued 
abotu the study. In the lpiht study villages, 
iltost of, the inforlinlatioll aboitlihe program was 
oblaine,d by the villagCrs from ouir pelstll lel 
will sollic cling floill tihe ladilnieI and 
imillers. TL oll chagrin, we discovered shortly 
after starting thre hil-field study that the popl C 

vere gelling most o their iiforinatioudy tieIfhil
lell ild ll ill" Iher inal rlnd Il'lttleiltMe.

theadicn and iiiillers and iil f'roln wis 
mchFnrherior. f te iforatin '~"needed onl a' full o~r ~art-litle basis to d th he 

to Lh l tileinaccl urate or incon plete. As a result, a numb rI di) to day \orflk o r tle bais 

Oif things were doie. An illustrated brochure. l 
color, descrbitg thie purpose oit thre nutriiomialcohi, th'scibilgtle IUllO~e f te llllr L 
aspects of' the study was prepared and distrib-
uted to) all households ini the villages receiving 
R'FG. A nimnber (l mass iiteings were held i 

each village to describe lhe study and answer 
quesLitis, aild finally we directed oiur personnel lsI talli )epar niemni have 

to live i tilie villages. They were asked tL rolate 

lhrough the villages biweekly. While there, they 
were asked to visit the liies aid furilier 
explain the purposc and details Lit the study. 
('oopration has bemi good 1bnt1has varied f'rom 
village to village. At the mills. the addition oifo 
RI(; las beeim tie toptioni of the consumer. 
Whether r iot a child has attended tie 
day-ca In cii t hoatsmhis i a dec isoy adel , bmeet 

* by iin Use of the day-care 
centers has iot been depeiideit on use of' the 
RFG and coinversely (Ise of RF; has [iot been 
coliniiigeit Liii use (if" the day-care centers. 
Pelrsonlit-' 

"he t Litdies were initiated by :a visit of 
members of tile faculty oi' the l)epartment of 
Nutrition at the Ilarvard SchLool of Public 
Ilealth i tIhc Division "ofNutrition of' tile Thai 
I)epartiient ol' IH.ealth iii January I(969. )uring 

this visit, a considerable anio nt of time was 
spent discussing the proposed study, the 
reasons to doing it. and its feasibility with Thai 
government officials and academicians inter
ested in nutrition, public health, and medicine. 
Allthough Opinions varied widely as to what 
might be the best approaches to nullitioti 
Iroblenms iin southeast Asia and Thailanid in 
particular. tIlce was universal agreementilthat 
worthwhile informiatioin would be generated by

c-OriatiO s ad that it woul be 
I -'ii c i sudy il ild b1 
conlsider'ahle illplOrt.lilce. \yoei the? promlises ol"t such a.istudy ini Tha.iland. Ot' 

cooperatioi and support which \were received. 

Ilappily., the past 5 years have proved that thepromises were sincere and the support provided
hy tile various gro Ups in the Thai )epartent 
of. Ilcalth, particularly ill the Chiang Mai Health 

t.pDeparmenl,a lybvi theThai aademic co-li 

unlnily has been helpful.
Ill addition to rol'essional )CersOLMllcnl needed 

to supervise the work and It conduct and 
inteipret tile physical. X-ra., parasitologic and
otlier examinations. a group of people were 

.A. te S 

.Adersil anld several drivers wvere hired 
A i' st ti.ieThodr of 

it'aPfIublic• Ilhealth 1tiil 1101tleTaSCIO 
Or full-ic ortk. As needed. laboIratiry 
tecnicimis and dietitians froti tlliTai l)ivi
sion Li Nuriion and public health nirses 
sanirias aiid iiidwies 

Ti' collc 'tionz ofdata 
Census data. ihe niap 

of' the ('niig Mai 
beeii tiade available. 

presented iin Fig. 2 
shows that the 21) villages Lf the f'ull-field stuly 
were selected in an area which extends from 
.about 35 k north to about (05 k south olf('hiang 
Mai. A iiap Lof each village was constructed 
showig tire location and idenifying numbers 
slivicviiiLif' the houses.theei A recordamidof' identifyingeach utinbershousehold was 
made listing the names and ages of all its 

iembers. Each child from 6 Lmonths to 5 years 
of' age was givei a 7 digit idemitification iiuiber 
listing his village. fimily, and persoial number 
\wilhin the family. As the study progressed, all 
newborn children have been added to it. As 
clildren have aged, they have not been dropped 
with the result that at the start of' the full-field 
study 1,265 preschool children were examuined, 
but cuirreiitly, 3 years later, there are approxi
niately 2,050 childreii iin the study. '[li 
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to each other. L.Lrge 1111,1111'l,
FIG. 2. %lap of l-hailarnd showing geLograplhical reltio ,hi, O"ttest villages 

idenlily tile villages: the small antll)erstihe distiances of' tile villages from ('Iiu gt \I:ai Ill are approx intIe 
R,(-3 4 day-car,..cntcr.kilomelers. Villages 14, 2(0. 21. 22. 24. 25 raw, control. Villages I, 3. 6. 7. II, 26 
RF ;-I +dayv-.:tc cnch.

Villages 4, 16, 18. 19, 28 RI:G-2 + day-care centets. Vill:ges 2. 5, 8. U. 1O,27. 29 
Villages 12. 13, 15. 17, 23 RFG-I no day-care centers. 

parents that tile examiiinations w'c! taking
availahility ot complete census records has 

place. As a result, during ach study miod
provided Iiany advata;lges. It has been of'valie 

oh" the children ill til e study
ill getling inlorimtion to the hlseholds wilh more thall 09',; 

haVe heen exanted. The census data have als, 
growing children. During exaniatiol periods. .ll 

been oh assistance in ohlaitiing intorttollti
it has made immediate idenlificaion possihle of 

children not examined. thus permiittin on-the- about hirtlhs, morhidity, and deaths. 

spot visits to their houses to retmind their Ph'hal examnations. Two physical examti
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exnatiins have been conducted every year one illdata were obtained during the physical 
lnuary-I:ebruiary and tile other in July-August. 

.lanruary ill('hiang Mai is a period with little 
The temperature may drop into tile 40's at 

night bil rises to 5-90(i during tile 
m i. 

day. It is the 
period afler Ihe Iarvest anld food shortages are 
rrillimi:l. Jily aind August are monsoon months, 
The temperature at night is about 70 and 

dinilg th1e dly abollt 90. It is v'ery tlnriilid and 

aminations and from records kept at the 
day-care centers. It became obvious that this 
would not supply adequate information, par

ticularly since the results of other studies ill 
different parts of the world indicated that 
oftentimes significant effects of interventions 
could be found in morbidity data when 
anll not seen. StartingthrOpometric changes were 

diiiing heaivy mais floodiig may occur. lt*ec-July I.1972 a system for collecting morbidity 

rtioi di,,eases. paticulally diarrheal and respira-
tiv.alteinlole prevalent Ihlan illthe beginning 
of tle \eal. 

Dtllumg botih examilatiouls. a short medical 
hkti.lorisoblajired. Reclining lengths. weights. 
head. Jr .1itda clel circinitlfelellces. atid triceps 
amd subscaipula skinflds are measured. The 
lliai childrenI illthis sitidy all have birth 
cel tificales witi their date of hirill. Knowledge 
of birth dales has been very helpful iii 
evaluating tIre:aitloporuetric data.'\ physical 
examrination directed toward signs assOcialed 
with irritriliorral di ease is done. I lowever. other 
Imedical pIrIbheI.s such as illlectiouLs disease or 

noted. Alth ugh we 
are aware oft[Ie efecis o1" extlareo.us itlerve-
tiuriS ill studies of Ihis type. parents have been 

alppraised f acute health p-,rtIbeIms :Mrd 1rrw to0 
oblair Irredical care for their sick children. In 
some'iristairce. we rave talmSpIStled children o 
('hiare Mali ard had Ihrerm admiited to tIme 
1Jliivelsily II uspital. 

)uiring tile winler examimalio. hemeighbin 

alld Iellltocrit deterliniiatiois have Ieem done 
oi thre ituuthrerS aMl tire children older than I 
year. Ii addition. hand wrist X-rays have been 
oblained ot the clrildre ard M\here pIssible 
(50 t(10;) fecal sa,mples have been exanirined 
fo0r palasiles. 

Iigiees 3. 4.arid 5 show the cards oir which 
the iefo' rraiitr cnllecled is placed before being 
tiansfered to IBM cards. 

physical ahiialities :are 


Colhction olr,,ra/lit''. ,Iiorbidi'v and hirlh, 
/lata. lpurtallill 

ilniglts c:i be ;ilie\'ed fron examinatiotms of 
riruirtality. irtuliidity. ard birth \Veighl data. 
Irtf'rltimately. lhe collecti Ofmtl these data 
oftem presents prurhleris. In tire present study. 
because Of tIre coMIpleteniess of tlme census dala 
ard the cotunstanlt cumunicatiuns betweel our 

it 	 ighi In studies Of this kinid. il 

data on each child every 15 days throughout 
the year was initiated. The mechanics of doing 
this will be described in another report. The 
collection of morbidity data has been accom
panied by two other benefils. It has improved 
surveillance of th1e use of tileRFG and it has 
helped in obtaining the weights of newborn 
babies. Because only a small percent of" the 
expectalt women use filegovernment midwives 
stationed ill each village, it has been impossible 
to collect tireweights of babies at birth. 
However. it is now possible for us to collect 
weights of babies duriig the first 15 days of 
life. 

Chiang Mai rillage preschool children base 

line data. Baseline data were obtainmed illtile29 
test villages during the winter and summer of 
IQ71. The following data were derived from the 

winter eamirniation. Tile total population of 
the villages was approximately 13.500. There 
were 1.265 children between tileages of 6 
moths and 5 years in the villages. All were 
examined. Only one failed to get a hand wrist 
X-ray and about 848 provided fecal samples for 
a parasite examination. The children caine from 
985 families. Bloods for hemoglobin and 
henatocrit deterrminations were obtained from 
928 of mothers children examined.the of tile 
Table I presents the blood data of the mothers 
and children examined using criteria adapted 
from the Interdepartmental Committee on 
Nutrition for National Defense (01. As can be 

seen from these data. more thllan 20'; of tile 
mothers showed noracceptable lemogl ohbin and 
hernatocrit values and similarly large tlumbers 
of the children showed not acceptable hemo
globin values. However. with the standards 
used. the children's hernatocrit values were not 
aS 	poor'. 

The most comminon clinical findings consist

ield personnel arid the peorple of tlhe with malnutrition were angular lesionsvillages, it ent 
has beer ptossible to collect mrortality data. observed iii 2.5(, and 4.2," of the children 

At tlhe start of the full-field study morbidity examined, respectively, illthe winter and 

http:extlareo.us
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summer of 1971 and filiform papillary atrophy 
scen in U. and 3.2, olf the children in the two 
examinations. Of the 848 fecal samples ex-
anined 232 (27,") showed evidence of hook-
worn infection, 92 (11t ) oflascaris, 14 (2':r) of 
taenia. and 120 (147(3 ) otrother parasites. 

Con siderable information was obtained 
about the reploductive hi iStorieS of the mothers. 

The ages ot" the mothers and the percent ofthe 
total in each age category were as follows: 

m DII-A
 

L I1 'ATUOM'O{E 

1
END CANRD 

ttj IiiIdgh. 

lb 19 .'ears of' age (3.2""): 20 24 (22.1 ): 
25 29 (18.9): 30 34 (18.9): 35 39 (19.8): 
over 40 (17.1). The number of living clildren 
each woman had at tihe lime ftfthe examilnation 
and the peicentll of oMothers ill each category 
were: I child (21 .4;): 2 (15): 3 (12.9): 4 
(10.5): 5 (9.2): 6 (9.8): 7 (7.3): 8 (5. 1): ) Lil 
more (8.7). Th percnt ot nothers who 

reported one or More stillbirths was Q.) and 
10.7',"e reported one or nure abortions. The 985 
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1: 1G. 4.Card 2 usCd in li ing data. 

mothers reported a total of 4,071 live births: metric indices measured indicate that the 
596 (14.6';-) of these children had died. 01 Chiang Mai village children of this study were
these. 66,; died under I year of age, 23r/ severely retarded in growth and development. It 
between I and 5 years of age, and 119, over 5 can be seen that bone ages derived from the 
years of age. Fels standards (9) for hand--wrist X-rays of

Tht anthroponietric data obtained on the boys and girls support this conclusion. Equiva
village children are presented in Table 2 and lent bone ages for children up to I year of age
Figs. 6 and 7. These data are consistent with were essentially normal but by the time the 
previously published and unpublished reports Thai village children reach 4 years of age. they
of the lengths and weights of poorly nourished ;ire approximately I year behind in the ossifica-
Thai preschool children (7,8, and J.D. Wray. lion of their hand-wrist bones. 
personal conmlmunlicalion). All of the an thropo- Middle-class Bangkok preschool children
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FIG. 5. Card 3 used in listing hand wrist X-ray 
data. 

baseline data. Anthropometric measurements 
were obtained from 3 15 preschool, middle-class 
Bangkok children. The children, aged 3 years 
and older, were obtained from a private 
kindergarten and two municipal preschool 
day-care centers which charge for their services. 
They probably cane from wealthier families 
than the younger children who were examined 
in three well-baby clinics, two at city hospitals 
and one at a municipal health center, which do 
not charge for their services. Iland - wrist X-rays 
were obtained on 261 of' then. The data 
obtained are presented in Table 2 and Figs. 6 

and 7 and are consistent with previous reports 
of the lengths and weights of well-nourished 
Thai children (8, Wray, personal communica
tion). For all of the anthropometric measure-
ments made, the values obtained for the 
middle-class children were greater than for the 

village children. This was particularly true for 
equivalent bone age, length, weight, and head, 
chest and arm circumferences. Tile hand -wrist 

X-rays indicated that tile development of 
ossification centers was normal for tile goups o 
middle-class children studied with tile possible 
exception of the 4-5 year olds. This may have 

been in part a reflection of the relative 
of evaluations of hand wrist X

rays in this age group to measure bone age as 
compared to younger groups. 

Prerentartnum preschool children - hingth and 
weight data. There is in Bangkok an institution 
called a Preventarium designed to care for the 
well babies of poor tubercular and leprous 
mothers. Tile institution has excellent physical 
facilities and houses approximately 145 babies 
ti to 5 years of age. It has a staff of 60up 

including a full-time daypediatrician. The children 
receive abundant quantities of food each day in 
3 meals and 2 snacks. Their housing and 
medical care are e:cellent and of great impor
tance each child receives considerable personal 
attention. Weights and lengths are measured at 
least once a Ionth on each child. These data 
were made available to Us. 

II Figs. 6 and 7. 12-month changes in length 
and weight of groups of these children froni tile 
time they entered the Preventarium are con

trasted with the growth changes of children in 

the test villages and the middle-class Bangkok 
children. Tile village children between 0.5 and 
4.5 years of age grew approximately 6.7 cl a 

year. The median growth of NorthI Anerican 

children of the same age isabout 8.6 cm ayear. 
The average increase in lengthr of the Preven
tarium children during the first year they were 
in the institution was 12.4 cr0. Ii contrasting 
weight changes with age for these groups of 
children, it is interesting to note that the 
marked increase in change of' length of the 
Preventariuti children 2.5 to 4.5 years was rot 
accompanied by similar weight clanges. 

TABI.: I 
Itel-roglolhin and hlrratocrit values for Chiang Mai 
villge children and their mothers 

Ifeloglohinr Ileiralocril 

deficient low deficient tow 

12.7 1.8 21.3
 
(hildren
 
Mothers 9.7 

%ge 1 1.9 20.2 26.7 1.9 12.6 
Age 2 2.9 7.5 19.2 t.t 3.4 
Age 3 -3.9 4.6 1.7 0 1.3 

Age 4 -4.9 3.1 1. 1 1.4 1.4 

ti (ill g1 100 < I10, lowFor hemotglobin| ml1) deficient 

I0 t0.9 -or hematocrit (as '.*;)deficien <3I, tow 
3t0 37 for mothers, 30-33.9 Ior children. 

http:OIAS.G~r.St
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TA I.E 2 
"I'li: village and middle-class children anthroponeiri± c 1n.asur'i nlls 

llonc Ilead ('tist Arln Triceps Subscalp 
L.ength. Weight. aM circum. circum, circum. skin 'old, skint'old.N. f 

k year cn on CIiI i1In il1Age children Cill 
I"i/lag. 

116 66.2'3.5 7.3- 1.3 0L65 (0.28 42.6 -1.9 43.1-2.7 
(m.71)

-I .49 276 74.7,4.4 8.9 !1.3 1.35,0.56 45.1 !1.5 46.0±2.3 13.6t 1.0 7.4! 1.3 5.0j 1.2 
11.54) 

2-2.99 287 81.7'4.6 10.0- 1.4 2.1)5 t0.65 46.6-1.8 48.4-,2.4 14.01 1.0 8.0!-1.4 5.3± 1.3 
(2.191 

3-3.99 290 89.8,4.3 12.3- 1.3 2.68'-0.77 47.4!1.3 49.9,2.4 14.4i 1.0 8.O.-1.4 5.2'-1.3 
13.50) 

4-4.9) 296 96.11!4.3 13.7- 1.5 3.36 '(.86 47.8' 1.3 50.9!±2.3 14.6! 1.0 7.6 ±1.5 4.9! 1.2 

(4.521 

Middhe-Class 
(431 

<1 54 69.5-3.4 8.1± 1.2 0.77!11.43 43.5 .5 44.8-2.2 
11.65) 

(33) 
1-1.99 68 78.4!4.3 101.4,1.7 1.65,(.71 46.2f1.7 48.0-2.1 14.3i 1.0 7.6I 1.2 5.6-!1.0 

(1.46) 
(42) 

2.2.99 5(1 88.3o4.2 11.9- 1.5 2.5711.90 47.)b 1.2 49.9_1.8 14.8,10.8 8.3-1.2 5.6! 1.0 
(2.54) 

(52) 
14.2-!2.2 3.63 -1.18 48.8 1.3 51.1 ±2.4 15.5i 1.6 8.2± 1.7 5.7i 1.63-3.99 58 96.8 5.9 

(3.52) 171) 

4-4.99 81 I102.0-5.2 15.0! 2.1 3.8011.97 48.7o1.4 51.4_2.3 15.4i 1.3 7.8!1.2 5.11 9 
14.511 

IigOres ill I I ill Coln11i I are mIea aiges and ini coluln 5 are the number of middle-class children whose 

ha nd-wrisa X-ra ys were measured. V-.1tiLs include mansCs SI). 

Discussion 

The purpose of this paper has been to 
describe a large-scale field study of rice lortili-
cation now underway in villages of northern 
Thailand and to present sonie of the baseline 
data obltained in the initial examination of the 
village preschool children and their mothers. Oti 
tlie basis of the data collected in (lie initial 
studies. the villages were assigned to (le five 

study goups in such a way that (no significant 
differences were apparent aiiong fle people of 
each group for the parameters measured. 

Because Thailand has a higher standard of 
living than most countries of Asia. there is less 

malnutrition there than in sonic of its less 
fortunale neighbors. There are some who 
question doing nutrition studies in Thailand 
because of this and we have frequently heard 

nutritionisls from industrialized countries ques-

tion whether there really is a significant amount 
of' protein-calorie malnutrition in Thailand. It 
is unfortuonate that ,uch individuals call have 
their perspective so easily distorted by the 
specter of rampant disease and acute malnutri
tion in other coutries. It would clearly be 
toolish to do Iortification studies in a popula
tion which could not nearly meet its nutrient 
energy requirements or in which disease existed 
in unchecked epidemics. On the other hand, it 
would be equally foolish to do fortification 

studies in a country in which there was little 
evidence of* nutritional disease and in which 
dietary surveys indicated little cause for con
cern. This has not been true in Thailand. 
Although the availability of calories appears 
substantial, there is considerable evidence that 

many people, particularly preschool children, 
do not consume adequate calories. Further
more, protein consumption and the intake of a 

http:3.8011.97
http:2.5711.90
http:1.65,(.71
http:0.77!11.43
http:2.68'-0.77
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childen:Frn i rc e ,P e e t r u h l r G . eighl age 7. Changesin tor tit' Ih'ai 

n umb e r o f trie n ts p ar icullarly th ia nlill , r i gles. nid d le-c h Lassildr n ; %(luart:. illage Chil.n~u . 
dr-21: circle. Preventarium children.andd somle areasriboflavin, vitamnl A 111 iodlille 

and oher elements is p)or. It is 1101difficult o T edaah mfl rvn ri mi dcte h t 
firldsubstantial numbers of' peopIle Wilih Clinical Thdtafo ePrenri idcieht 

is dhine tile efflects oil growth ,oI"
mlanifestations of' these deficiencies il tile 	 When Such 

the size of, those in tlhe(Chiang
Chiang Mai area. Ma.')(nutrilhml is genlerlly% 	Thiii children. 

N~ivlae a ecnsdrbe hnp
associated Willi poor repro~ductive perl'rmmince. 

health prograim. tile cmach-tip
high rates of' infant anld preschool ChiId 	 vided with a full1 

grl,,vih of file Thai Childrenl illfilePreveltlr-iinl
mortality. and poor growth rates. As carn he 	

5heXrasit year. asi determined/ by ine;asurhii lengthl. 
seen ill the diaw presented, thiese Conditions :ire I'mFunkr 

all present illthe population being studied. It is waIs C01s'derably grealer than tile aLvelm-'e 

clear that smll 01ftlhe childrenl 	 growth ol'Nolth American children.tile Size .ill:Ige 

does not have it Simple genetic explaaion Fulume reports ,willdescriie [iheelfeclk of le 

ill Table ' and figs. 6 and 7 fPtfc l p (Tyl'll Set "i'lh ill ilspaper.Since it call be seen 
Th tlential fir imiproving health and accel

that the village childrenl Were conlsideraly 

bone develop- Crating development ill poor Thai children and 
smraller ill Ilglh, Weight. 111d 

inldeprived children tllllghoul 
nment and aill other anthroponletric ilices 	 by extenlsion 

tile world by tihe proper kinds of' intervent io is 
measured than middle-class Baim,kok children, 

r
differ- clear and exciting,It is assurred that tile developmental 
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