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Abstract

Theobjectiveofthisresearchwastostudytheeffective-
ness ofNaFeEDTA-fortified soy sauce for controlling
irondeficiency inahigh-riskpopulation.Thiswasan
18-month, randomized, placebo-controlled interven-
tiontrialin14,000residentsagedthreeyearsorolderin
BijieCity,GuizhouProvince,China,usingsodium-iron
ethylene diamine tetraacetate (NaFeEDTA)-fortified
soysauce(29.6mgFe/100ml).Thestudydataincluded
measurementsoffoodconsumption,hemoglobin,serum
ferritin,andserumretinol.Theresultsshowedthatthe
diet consisted primarily of cereals, fruits, and vegeta-
bles,withverylittlemeat.Foodconsumptionremained
unchangedduringthestudyperiodandwassimilarin
the fortifiedand control groups.Theaveragedaily soy
sauceconsumptionofthegroupconsumingthefortified
productwas16.4mlperperson,whichprovided4.9mg
ofironfromNaFeEDTA.Attheendofthetrial,allage
andsexsubgroupsreceivingNaFeEDTAhadsignificantly
higherhemoglobinlevels,alowerprevalenceofanemia,
andhigherplasmaferritinlevelsthanthecontrols.The
effects became statistically significant after sixmonths
of intervention andweremaintained throughout the
studyperiod.WeconcludethatNaFeEDTA-fortifiedsoy
saucewashighlyeffectiveincontrollingirondeficiency
andreducing theprevalenceof iron-deficiencyanemia

inmen,women,andchildren.NaFeEDTA-fortifiedsoy
sauce isaffordableandwaswellacceptedby the study
population.

Keywords:Anemia,irondeficiency,ironfortification,
NaFeEDTA,soysauce

Introduction

Irondeficiencyisrankedatthetopofthethreeglobal
“hiddenhungers,”withaboutone-fifthoftheworld’s
population suffering from iron-deficiency anemia
[1].Malnutrition related to inadequateprotein, fat,
and energy consumptionwas essentially eliminated
inChinaby the late 1990s.However,micronutrient
deficiencystatesremainamajornutritionalproblem.
IrondeficiencyiswidespreadinChina,affectingmost
segmentsofthepopulation.Theoverallprevalenceof
anemiainthe1990swas10%to30%,withthehighest
ratesinchildren,women,andtheelderly[2].The2000
NutritionSurveyfoundthattheprevalenceofanemia
insix-month-oldinfantswas28%inurbanareasand
50%inruralareas.Inwomenofchildbearingage,the
prevalencewas28%inurbanareasand41%inrural
areas[3].Sunetal.[4]reportedthattheprevalenceof
anemiain6-to17-year-oldchildrenandadolescents
inShanghai in2002was21.6%(17.2% in the inner
cityand24.3%in thesuburbs). Inmostcases, iron-
deficiencyanemiainChinaiscausedbythelowbio-
availabilityofironintheplant-baseddiet.
Itisnowwidelyrecognizedthatbothirondeficiency

and iron-deficiency anemiahave adverse effects on
health, including growth retardation and impaired
cognitivedevelopmentinchildren,increasedsuscep-
tibilitytoinfectiousdiseases,andreducedproductiv-
ityinadults.Rossetal.[5]estimatedthatthelossof
productivitydue to childhood and adult anemia in
2001accountedfor3.6%oftheChinesenationalgross
domesticproduct.Therefore, the implementationof
effectivemeasuresforcontrollingirondeficiencyand
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iron-deficiencyanemiaisanimportantpublichealth
issuethatisrelevanttothefurtherdevelopmentofthe
nationaleconomyinChina.
Food fortification is recognized as an important

strategyforcontrollingmicronutrientdeficiencies.Its
advantagesincludeeffectiveness,lowcost,thepotential
forrapidimplementation,andthepossibilityofcover-
ingwidegeographicareasandmostsubpopulations.
Oneofthebestexamplesofsuccessfulfoodfortifica-
tionissaltiodination.
Ourpreviousworkhasdemonstratedthefollowing:

» Soysauceisacommonlyusedcondimentinallparts
ofChina,inbothurbanandruralsettings.Itisan
important component of theChinesediet.More
than70%ofhouseholdsconsumesoysauce.Most
soysaucepreparationsareproducedbyindustryin
China,andthereisatrendtowardconsolidationin
thesoysauceindustry.Moreover,theamountofsoy
sauceconsumptionisself-limited,soexcessiveintake
ofironisunlikely.

» Thepercentageofironabsorptionfromsodium-iron
ethylenediamine tetraacetate (NaFeEDTA) in soy
sauce(10.5%)wasmorethantwicethatofferrous
sulfate in adult females in a study that employed
stableisotopes[6].

» NaFeEDTAdoesnotcauseorganolepticchangesin
soysauce,anditisstableatroomtemperatureforat
least18months[7].

» Atherapeutictrialwasconductedinanemicschool-
children.Thedailyadministrationof5mgofiron
fromNaFeEDTAin5mlofsoysaucecuredallthe
casesofanemiainthreemonths,andironstoreswere
significantlyincreased[8].
NaFeEDTAhas been approved as a nutrient for-

tificant for soy sauce by theChineseGovernment.
However,beforeNaFeEDTAfortificationofsoysauce
couldbe considered as apotentialnational strategy
for improving ironnutrition inChina, itwasneces-
sary to conduct a large-scale effectiveness trial in a
populationathighriskfor irondeficiencyandiron-
deficiencyanemiatodemonstratethatitcouldreduce
theprevalenceof anemia and to test its acceptance
bythepeople.Therefore,this18-monthintervention
trialwas conductedbetween2000and2003 inBijie
City inGuizhouProvince, in collaborationwith the
InternationalLife Sciences Institute (ILSI), the ILSI
Center forHealthPromotion (CHP), and the ILSI
FocalPointinChina.

Methods

Subjects

TheHaizijieTownofBijieCity,GuizhouProvince,was
selectedasthestudysite.NinevillagesintheHaizijie
Regionwererandomlyassignedtooneoftwogroups.

ThefortifiedgroupwasprovidedwithNaFeEDTA-for-
tifiedsoysauceandthecontrolgroupwithnonforti-
fiedsoysauce.Thetwogroupsofvillageswereevenly
distributedon either sideof a small road.The total
numberofpersonsthreeyearsoldorolderinthestudy
sitewasabout14,000,livingin3,000households.The
numbersofpeople in the two experimental groups
weresimilar.Fourvillages(6,332residents)servedas
controls, and five villages (7,684 residents) received
thefortifiedproduct.Mostoftheadultswerefarmers.
Oralconsentforparticipationwasobtainedfromeach
participantbyvillageleadersanddoctors,afterseveral
villagemeetingshadbeenheldtoexplainthesignifi-
canceandmethodsofthetrial.Villageresidentscould
electnottoparticipateinthetrial.
Thestudywasapprovedbytheinstitutionalreview

boardof the InstituteofNutritionandFoodSafety,
ChineseCenter forDiseaseControl andPrevention,
priortothestartofthetrial.

Studydesign

The studywas a randomized, double-blinded, con-
trolledinterventiontrial.Thesubjectsinthefortified
groupwere given iron-fortified soy sauce,whereas
thoseinthecontrolgroupweregivennonfortifiedsoy
sauceofthesamebrandandquality.Boththefortified
andthenonfortifiedsoysauceswereprovidedbythe
BeijingHuwang-HetiankuanFoodCompanyinBeijing.
Theconcentrationof ironadded to the fortifiedsoy
saucewas29.6mgofironper100mlasNaFeEDTA.
Food-gradeNaFeEDTAwasmanufactured andpro-
videdbytheBeijingVitaCompany.Thequalityofthe
NaFeEDTAwas incompliancewith the JointExpert
CommitteeonFoodAdditives(JECFA)specifications
[9].Thesoysaucesweredistributedtotheparticipants
onceamonthonahouseholdbasisbydesignatedvil-
lagestaffmembers.Thehouseholdswereprovidedwith
enoughsoysaucetoallowforadailyconsumptionof
15mlby each familymember.Detaileddistribution
recordsweremaintained throughout the study.The
interventionwascontinuedfor18months.

Samplingprocedures

Aboutone-thirdof theparticipantswere invited to
takepart in the evaluationprotocol.The sampling
protocolwasbasedon students in the local schools.
Whenone studentwas selected, thewhole family to
whichthestudentbelongedwasselected.Theschool
classwasthebasicunitofsampling,andthesampling
continuedclassbyclassuntilthenumberofsamplesfor
eachvillageandthegroup(activeorcontrol)reached
approximatelyone-thirdof thewholepopulation in
thatageandsexsubgroup(ageandsexproportionalto
naturalpopulationdistribution).Personsselectedfor
theevaluationprotocolwerethenusedastheassess-

J.Chenetal.
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ment cohort andasked toprovideblood samples at
baselineandat6,12,and18months.

Dietaryassessment

Individualfood-frequencyquestionnaires(FFQs)were
administeredfourtimes(atbaselineandat6,12,and
18months) to all subjects on a selectedhousehold
basis. For comparisonof consumptionbetween the
twogroupsofsubjects,thefoodswereclassifiedinto
five groups: cereals, legumes, vegetables and fruits,
animalfoods,andoilsandfats.Thedietaryironintake
was calculated from theChineseFoodComposition
Tables[10].

Biochemicalassays

Hemoglobin(cyanmethemoglobinmethod,standard
supplied by Sigma, St. Louis,MO,USA, andQ/C
samplebyDiaMedAG,Cressier,Switzerland),plasma
ferritin(radioimmunoassaykit,BeijingAtomicEnergy
Institute),andplasmaretinol(high-performanceliquid
chromatography,C18 reverse-phase column, 98%
alcohol, 2%water,UV325nmdetector [11])were
measuredinvenousbloodsamples(withtheexception
ofthree-tosix-year-oldchildren,wherecapillaryblood
wasusedandtheassayswere limitedtohemoglobin
measurements) at baseline and 12months.Hemo-
globinmeasurementswerealsoperformedoncapillary
bloodsamplesat6and18monthsintheotherageand
sex subgroups.Duplicate sampleswere analyzed for
hemoglobin,plasmaferritin,and(inselectedsamples)
plasmaretinol.
Aworkingmanualwasprepared andused as the

trainingmaterialforthelocalworkingteam.Athree-
day training coursewas convened inBijieCity for
about30 local teammembers, and the trainees car-
riedoutapilotbaselinesurveyonthelastdayofthe
trainingcourse.Allofthemethodsusedinthisstudy
were piloted and/or validated.Analytical standards
andblindsampleswereusedinalllaboratoryanalyses.
FFQswerecheckedbylocalteamleadersbeforedata
entry.Alldataweredoubleentered.Logisticchecking
andrangecheckingwereconductedattheInstituteof
NutritionandFoodSafetyinBeijing.Dataanalysiswas
conductedbyanalysisofvariance(ANOVA)withthe
StatisticalPackagefortheSocialSciences(SPSS).

Results

The datawere divided into the following age and
sexsubgroups:3to6years(preschool),7to18years
(school),19to54years(adult),and55ormoreyears
(elderly).Eachsubgroupwasdividedaccordingtosex,
andtheadultfemalesubgroupwasfurtherdividedinto
twoagesubgroups:19to30yearsand31to54years.

Thedataforpreschoolboysandgirlswerecombinedin
somedatasetsbecauseofthesmallnumberofsubjects
inthissubgroup.
Thetotalnumberofsubjectsineachofthenineage

andsexsubgroupsatthebaselinesurveyrepresented
approximatelyone-thirdof thewholepopulation in
thatageandsexsubgroup.Theevaluationcohortwas
thereforerepresentativeofthewholepopulation.The
numbersof subjects in the various subgroupswere
reducedslightlyduringthesubsequentfollow-up.For
example,thedropoutrateforhemoglobinassayswas
14%inthefortifiedgroupasawholeand6%inthe
controlgroupduringthe18monthsofintervention.
Themain reasons fordroppingoutwere that some
subjectswerenot available at the timeof follow-up
examinationsorwereworkingoutoftown.

Dietaryassessmentandsoysauceconsumption

Thedietsofallparticipantsweresimilarinallageand
sexsubgroupsandwerepredominantlycomposedof
cereals,fruits,andvegetables,withonlysmallquanti-
tiesof legumes, animal foods, and fats andoils. For
example,figure1showsthedietarypatternof19-to
54-year-oldmalesubjects.Themajortypesofcereals
consumedwere rice (40%), corn (33%), and fresh
sweetpotatoandpotato(18%);riceandcornwerenot
highlyrefined.ThevitaminCintakeinthesameage
andsexsubgroupwasaround100mgperpersonper
day,mainlyfromvegetables.However,vegetableswere
usuallystir-friedorboiled.Therewerenosignificant
differencesinfoodintakeorfood-preparationmeth-
odsbetweenanyof the fortifiedandcontrol groups
orbetweenthebeginningandendofthetrialperiod.
Theresultsforthedietarysurveysinthetwosubgroups
at greatest risk for irondeficiency (3- to 6-year-old
childrenand19- to30-year-oldwomen) atbaseline
and12months are shown in figure 2.Thedecrease
inconsumptionofanimalfoodafteroneyearinboth
the fortified and the control groupsmaybedue to
seasonalfluctuations,becausethebaselinesurveycov-
eredtheprevious12monthsandtheone-yearsurvey
coveredonly theprevious 6months.The estimated
totaldietaryironintakewashighandmetorexceeded
the recommendeddailyallowance (RDA) [12] inall
subgroups(table1).However,thesmallproportionof
foodfromanimalsourcesandthehighcerealcontent
ofthedietmakeitlikelythatthebioavailabilityofiron
isverylow.
During the trial period, themean soy sauce con-

sumptionincreasedfrom14.3to16.4ml/person/day
inthefortifiedgroupandfrom14.1to15.8ml/person/
day in the control group.The actual amountof soy
sauceconsumedforeachageandsexsubgroupisnot
available,becausethecookingwasdoneonahousehold
basis.Itwasnotpossibletocollectindividualsoysauce
consumptiondata.Noothersoysaucewasbroughtinto

NaFeEDTA�fortifiedsoysauceandirondeficiency
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FIG.1.Food-consumptionpatternof19-to54-year-oldmen
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theninevillages.Allofthevillagestoresdiscontinued
thesaleofsoysauceatthebeginningofthetrial,and
noevidencewasdiscoveredofexchangeofsoysauce
betweenvillages.Theaverageconsumptionvaluesare
slightly higher than theplanned 15ml/person/day,
becauseeachhouseholdwassuppliedwithonebottle
(500ml)permonthforeachhouseholdmember,i.e.,
16.4ml(range,16.1–16.7)perday.Theactualmeas-
uredironconcentrationofthefortifiedsoysaucewas
23mg/dL (range, 21–25).Therefore, persons in the
fortified group consumedon average an additional
4.9mg(range,4.7–5.1)ofironperday.
Asurveyoftheorganolepticqualitiesandacceptance

ofthefortifiedandunfortifiedsoysaucewasconducted
in 187households.Bothproductswere considered

tobeof highquality.Therewereno complaints of
adverseeffects.Thetwosauceswerereportedtotaste
thesame.

Anthropometricevaluation

Theresults fromthethree-tosix-year-oldsubgroup
showthattheheightandweightofthefortifiedsubjects
weremarginallysignificantlylowerthanthoseofthe
controlsubjectsatthebaselinesurvey.However,after
oneyearofintervention,theZscoresofweight-for-age,
weight-for-height,andheight-for-ageinthefortified
subjectswerehigherthanthoseinthecontrolsubjects
(fig.3),butonlythedifferenceinweight-for-agewas
statisticallysignificant,possiblybecauseofthelimited
samplesizeandthelimiteddurationofthetrial.Height
andweightweremeasuredforeverysubjectinallthe
ageandsexsubgroupswhogaveblood.Nosignificant
resultswerefoundforotherageandsexsubgroups.

Hemoglobinvaluesandprevalenceofanemia

Therewere no significant differences between the
hemoglobinvalues inmostof the age and sex sub-
groupsofthefortifiedandcontrolgroupsatbaseline.
Themeanhemoglobinlevelsweresignificantlyhigher
thanthebaselinevaluesineachoftheageandsexsub-
groupsofthefortifiedgroupatsixmonths(table2).An
additionalsmallincreasewasobservedat12months,
withlittlechangeafterward.Thehemoglobinlevelsalso
increasedfromthebaselinevaluesinsomeageandsex
subgroupsofthecontrolgroup,buttheincreaseswere
muchlowerthanthoseinthefortifiedgroup.Themean
hemoglobinlevelsweresignificantlyhigherintheforti-
fiedgroupthaninthecontrolgroupforallsexandage
subgroupsatallsamplingtimes,exceptformenaged

TABLE1.Mean(±SD)dietaryironintakeinthebaselinesurveyaccordingtosexandage
ofsubjects

Sexandage

Fortifiedgroup Controlgroup

n
Feintake

(mg/person/day)
%of
RDAa n

Feintake
(mg/person/day)

%of
RDAa

Bothsexes
3–6yr  86 14.9±7.4 124  52 16.2±7.2 135

Males
7–18yr 178 18.8±7.2 111 158 19.7±8.5 116
19–54yr 252 27.5±15.0 183 235 27.4±12.2 183
55+yr  50 23.7±8.1 158  52 23.4±12.4 156

Females
7–18yr 169 19.0±6.8 100 124 20.5±13.3 108
19–30yr  85 23.9±10.1 120  83 23.0±8.1 115
31–54yr 213 23.9±8.5 120 245 24.1±15.1 121
55+yr  46 22.1±9.9 147  46 20.5±6.1 137

a. Recommendeddailyallowances(RDAs)ofiron:12mgfor3-to6-year-oldchildren,17mgfor7-to
18-year-oldmales,19mgfor7-to18-year-oldfemales,15mgfor19-to54-year-oldmen,20mgfor
19-to54-year-oldwomen,and15mgforpersonsover54yearsofage[18].

FIG.3.Changesinheightandweightofthree-tosix-year-old
childrenbetweenbaselineandoneyearafterintervention.
HAZ,height-for-ageZscore;WAZ,weight-for-ageZscore;WHZ,
weight-for-heightZscore.*p<.05comparedwithcontrolgroup
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54yearsorolderat6and12monthsandchildrenaged
3to6yearsat6months.
WorldHealthOrganization (WHO) criteriawere

used to define anemia: < 110 g/L hemoglobin for
childrenaged3to6years,<120g/Lhemoglobinfor
childrenaged7to12years,<130g/Lhemoglobinfor
males aged13 yearsormore, and<120g/Lhemo-
globinforfemalesaged13yearsormore.Therewere

no differences between the prevalence rates in the
fortifiedandcontrolgroupsatbaseline.Theconsump-
tionoffortifiedsoysauceledtoasignificantdecrease
intheprevalenceofanemia,whichwasevidentafter
sixmonths(table3).Therewasafurtherreductionin
theprevalenceofanemiaat12months.Theimprove-
mentwasgreatestinmalesaged3to6yearsand7to
18yearsandinfemalesaged3to6and19to30years.

TABLE2.Mean±SD(no.ofsubjects)changesinbloodhemoglobinlevels(g/L)duringthetrial

Males

Group
Timeof

measurement

Age

3–6yr 7–18yr 19–54yr 55+yr

Fortified Baseline 111.2±11.6
(120)

120.2±11.9
(481)

133.4±11.5*
(486)

126.2±13.2
(88)

6mo 120.4±10.0c

(94)
131.0±10.4c***

(449)
144.6±11.6c***

(357)
134.4±14.2c

(89)

12mo 120.9±8.5c*
(107)

131.6±10.7c***
(420)

145.0±10.1c***
(390)

137.6±12.6c

(76)

18mo 118.1±9.2c**
(116)

130.2±11.6c***
(397)

143.2±10.5c***
(357)

135.0±11.3c**
(89)

Control Baseline 112.8±9.8
(88)

121.6±10.9
(474)

135.2±11.1
(424)

128.3±13.2
(86)

6mo 117.9±8.9b

(62)
126.4±11.6c

(415)
140.0±11.9c

(305)
130.4±11.9

(72)

12mo 116.8±10.7a

(61)
127.8±10.7c

(466)
139.8±10.9c

(387)
134.1±12.2b

(87)

18mo 113.5±8.8
(70)

127.3±11.0c

(496)
137.7±11.0b

(345)
130.4±11.2

(91)

Females

Group
Timeof

measurement

Age

3–6yr 7–18yr 19–30yr 31–54yr 55+yr

Fortified Baseline 110.8±10.6
(89)

118.4±10.9
(398)

116.7±11.1*
(165)

116.6±10.3***
(417)

116.3±10.3
(100)

6mo 121.2±11.3c

(71)
127.0±9.6c***

(376)
129.0±9.8c**

(122)
125.9±10.9c***

(403)
127.8±10.5c**

(94)

12mo 121.8±9.1c

(75)
128.8±8.8c***

(347)
129.5±9.3c***

(115)
128.9±9.2c***

(386)
127.8±9.5c***

(82)

18mo 118.3±9.1c*
(86)

128.4±10.9c***
(381)

128.7±10.4c***
(124)

127.2±9.3c***
(381)

123.5±9.9c*
(89)

Control Baseline 113.9±9.6
(67)

118.2±9.2
(353)

119.4±9.2
(147)

119.4±9.0
(413)

115.9±10.6
(83)

6mo 118.3±10.3a

(43)
123.4±10.5c

(319)
125.1±10.5c

(88)
122.4±10.2c

(369)
120.2±9.4c

(71)

12mo 119.2±10.3b

(46)
123.9±8.9c

(365)
123.2±9.2b

(139)
124.8±9.2c

(435)
121.7±11.3b

(89)

18mo 114.7±9.0
(56)

124.8±10.0c

(377)
122.9±10.8b

(99)
122.5±9.4c

(381)
120.2±9.4b

(92)

*p<.05,**p<.01,***p<.001comparedwithcontrolgroup;ap<.05,bp<.01,cp<.001comparedwithbaseline.
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Avariable,but considerably smaller,decrease in the
prevalenceofanemiawasalsoobservedinmostofthe
controlsubgroups.Theprevalenceratesweresignifi-
cantlylowerinthefortifiedgroupthaninthecontrol
groupatalltimes,withtheexceptionofchildren3to
6yearsoldat6and12monthsandmenover54years
oldat6and12months.

Plasmaferritin

Afterlogtransformation,thedatashowthatafterone
yearof intervention, theplasma ferritin levelof the
fortifiedgroupincreasedsignificantlyinallageandsex
subgroupsascomparedwithbaselinelevels(p<.05)
(table4).Bothmenandwomenintheolderagegroup
whoreceivedtheunfortifiedsoysaucehadhigherfer-
ritin values than the respective fortified groups.No
specificreasonswerefoundforthisdiscrepancy.

Plasmaretinol

Byusingavalueof<30µg/dLasthecutoffpointfor
subclinicalvitaminAdeficiencyand<20µg/dL for
clinicalvitaminAdeficiency,alargeproportionofsub-
jectscouldbediagnosedashavingvitaminAdeficiency,
especiallyinthe7-to18-year-oldsubgroup(table5).
Therewereno significant systematic differences in

plasmaretinollevelsbetweenthefortifiedandcontrol
subjectsinanyoftheageandsexsubgroups.Therewas
anoverallmoderate improvement inplasma retinol
levels inbothgroups afteroneyearof intervention.
Thereasons for thischangearenotclear.Noresults
areavailable for three- to six-year-oldchildren,who
wouldhavebeenathighriskfornutritionalvitamin
Adeficiency,becausevenousbloodwasnotdrawnin
thisagesubgroup.

Discussion

NaFeEDTAfortificationofsoysauceataconcentration
of29.6mgofironper100mlinapopulationthathad
anaverageconsumptionof16.4mlofsoysauceper
personperdaywasveryeffectiveinincreasinghemo-
globinlevelsandreducingtheprevalenceofanemiain
allageandsexsubgroupsinthistrial.Italsoledtoan
improvementinironstatus,asindicatedbyanincrease
inserumferritinlevels.Thedietaryironcontentwas
relatively high in this population.Themean daily
intakesforadultswerebetween22.1and27.5mg.The
averageincreaseinironconsumptionasaresultofthe
useofNaFeEDTA-fortifiedsoysaucewasonly4.9mg
ofironperpersonperday,equivalentto18%and22%
ofthedietaryironintake.Themostplausibleexplana-

TABLE3.Changesinanemiaprevalence(%)duringthetrial

Males

Group
Timeof

measurement

Age

3–6yr 7–18yr 19–54yr 55+yr

Fortified Baseline 50.0 57.2 36.8 63.6
6mo 14.9c 16.9c***  9.8c* 33.7b

12mo  6.5c** 15.7c**  7.7c* 21.1c

18mo 18.1c* 20.9c** 11.2c* 25.8b

Control Baseline 33.0 53.6 27.8 59.3
6mo 19.4 33.7c 20.0 51.4
12mo 34.4 29.0c 15.8b 39.1
18mo 42.9 33.9c 20.6 46.2

Females

Group
Timeof

measurement

Age

3–6yr 7–18yr 19–30yr 31–54yr 55+yr

Fortified Baseline 51.7 56.3 61.8 61.2 63.0
6mo 12.7c 22.9c** 16.4c* 25.6c** 28.7b

12mo 10.7c 12.1c***  9.6c** 17.1c* 20.7c*
18mo 25.6a 15.7c*** 16.9c** 18.4c*** 28.1b

Control Baseline 29.9 58.6 51.0 50.4 66.3
6mo 16.3 39.2b 34.1 39.8 46.5
12mo 23.9 31.2c 32.4a 26.9c 41.6
18mo 41.1 34.5c 43.4 38.3b 47.8

*p<.05,**p<.01,***p<.001comparedwithcontrolgroup;ap<.05,bp<.01,cp<.001comparedwithbaseline.
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tionforsuchasignificantimpactfromthisrelatively
small amountof iron is theputativeeffectofEDTA
onnonheme ironbioavailability.Thediet consisted
primarily of plant foods.The iron could therefore
bepresumedtobepoorlybioavailable.NaFeEDTAis
known tobe absorbed satisfactorily fromsuchdiets
[13].Moreover, theEDTA iron enters the common
dietarynonhemeironpoolandpromotestheabsorp-
tionoftheinsolubledietaryironaswell[13,14].
Foodis fortifiedwith iron inothercountries.The

ironlevelhasusuallybeenhigherthanthatusedinthis
trial.IntheUnitedStatesandCanada,wheatflouris
enrichedwithabout40mgofironperkilogram.Ifthe
percapitaflourconsumptionis200g/day,theintake
ofaddedironwouldbeabout8mg/day[15].However,
the fortification ironhasusuallybeen added in the
formofanelementalironpowder.Thebioavailability
ofthesepowdersmaybeinadequate[16].
Moreover,absorptionmightwellbereducedbythe

lowbioavailabilityofironintheChinesediet.Wesus-
pectthattheuseofelementalironpowderswouldnot
beefficacious,butastudythatisspecificallydesigned
to answer this question couldhave very important
practicalimplications.
TheeffectofNaFeEDTA-fortifiedsoysauceoniron-

deficiencyanemiawasfoundtobesignificantwithin
sixmonthsandcontinuedthroughoutthewholetrial.
This is in agreementwith themodel developedby
Hallbergandcoworkers[17],whichpredictedthat80%
ofthefinaladjustmentinironstoresthatoccursafter
achange inthedietary intakeofavailable irontakes
placeinthefirstyear.
Wesuggestthatourstudydemonstratestheimpor-

tanceofbioavailability in ensuring the effectiveness
of food fortificationwith iron. Further research is
neededtoprovidedirectevidenceforthisassertion.If
confirmed,itmightsuggestthatNaFeEDTAcouldbea
preferableironfortificant,theuseofwhichshouldbe
promotedinareaswherethedietconsistsprimarilyof
plantfoodstaplesthatarelikelytohavehighlevelsof
themostpowerfulinhibitorsofironabsorption,such
asphytatesandpolyphenols.
It is important tonote that fortificationwas very

effective in three- tosix-year-oldpreschoolchildren,
as indicatedby the80%reduction in theprevalence
ofanemia.Althoughtherewerenosignificantdiffer-
encesbetweenthefortifiedandcontrolgroupsinthe
prevalenceratesofanemiaamongthree-tofive-year-
oldgirls,thefortifiedgrouphadsignificantreduction
ofprevalenceratesat6,12,and18months,whereas

TABLE4.Mean±SD(no.ofsubjects)changesinplasmaferritinlevels(µg/L)duringthetriala

Males

Group
Timeof
measurement

Age

7–18yr 19–54yr 55+yr

Fortified Baseline 4.31±1.99
(446)

6.20±2.28
(459)

5.53±2.79
(73)

1yr 6.18±2.05c**
(352)

12.99±2.12c***
(368)

8.44±2.55a

(64)

Control Baseline 4.66±2.00
(446)

6.64±2.03
(415)

6.31±1.87
(71)

1yr 5.05±2.55
(389)

9.55±2.70c

(373)
9.51±2.51b

(62)

Females

Group
Timeof

measurement

Age

7–18yr 19–30yr 31–54yr 55+yr

Fortified Baseline 3.93±2.08
(370)

3.11±2.29
(157)

3.18±2.37
(393)

5.03±2.39
(91)

1yr 5.67±2.22c*
(284)

4.45±2.96b

(118)
5.04±2.51c

(349)
8.46±2.60c

(73)

Control Baseline 4.11±1.95
(335)

3.08±2.45
(136)

3.82±2.12
(395)

5.50±2.13
(73)

1yr 4.74±2.66b

(301)
3.59±3.05
(127)

4.52±2.78a

(392)
8.97±2.53b

(65)

a. Serumferritinlevelswerefirstcalculatedbylogtransformation,andthenthemeanvaluewassubjecttoantilog
transformation.
*p<.05,**p<.01,***p<.001comparedwithcontrolgroup;ap<.05,bp<.01,cp<.001comparedwithbaseline.
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thecontrolgrouphadmuch less reductionat6and
12monthsandevensomeincreaseat18months.The
latterobservationisverysignificant,becausethisage
subgroupisoneof thehigh-riskgroups inChina.It
also relievesusof our concern that young children
wouldnotconsumeenoughsoysauceforittobean
adequatevehicleforthedeliveryofiron.Itisclearthat
fortified soy sauce is effective, at least inpoor rural
areas, in young childrenwho consume adult foods.
Individualestimatesofsoysauceconsumptionarenot
available in this study. It is thereforenotpossible to
estimatetheminimumeffectivedoseofiron-fortified
soysauce.
Another importantobservation is thepersistence

of anemia in a significant proportion ofmen and
womenwhowere55yearsofageorolder.Thebaseline
prevalenceofanemiawasveryhighinthissubgroup
(around60%).Attheendofthetrial,theprevalence
remainedatabout30%.Theetiologyofthisanemia
wasnot established inour study.Othernutritional
deficiencies,suchasfolateandvitaminB12deficiency,
shouldbeconsideredinfuturestudies.
Theresponsetoironfortificationthatweobserved

demonstratesthatirondeficiencyisamajorcauseof
anemia in theHaizijieRegion. Inmostpersons, the
anemiawasmild.

Inmostcases,hemoglobin levelswere0 to15g/L
belowtheircorrespondingcutoffpoints;hemoglobin
levelswerebelow90g/Linonly27cases(0.6%).Fal-
ciparummalariadoesnotoccurinGuizhouProvince,
andhookworm infections areuncommon.Analysis
ofstoolsamplesfrom4,056personsinthestudyvil-
lagesperformedatthebeginningofthetrialshoweda
prevalenceofonly2%.
Although therewereno significantdifferences in

plasma retinol levelsbetween the fortified and con-
trolgroups,thedatasuggestthattheremaybeahigh
prevalenceofsubclinicalvitaminAdeficiencyinthese
villages.Amoredetailedevaluationthatwouldinclude
theyoungerchildrenshouldbeconsidered.
Thedata fromthisstudydonotallowustomake

anadequateassessmentoftheironstatusofthestudy
population,becauseonlyplasmaferritinwasmeasured.
Fromthepointofviewoftheassessmentofeffective-
ness,we conclude that theprovisionofNaFeEDTA-
fortifiedsoysauceimprovedtheironstatusofthestudy
population, becauseplasma ferritin levels increased
significantlyafteroneyearofintervention,andinmost
ageandsexsubgroups,theferritinlevelinthefortified
groupwassignificantlyhigherthanthatinthecontrol
group.However,italsoshouldbenotedthattheabso-
luteferritinlevelsinthefortifiedgroupafteroneyear

TABLE5.Mean±SD(no.ofsubjects)changesinplasmaretinol(vitaminA)levels(µg/dL)during
thetrial

Males

Group
Timeof

measurement

Age

7–18yr 19–54yr 55+yr

Active Baseline 18.9±8.3
(238)

34.8±13.2***
(257)

31.3±13.6
(38)

1yr 22.5±8.5**
(177)

40.9±16.2
(156)

42.2±19.9
(26)

Control Baseline 20.2±8.6
(279)

40.2±15.5
(220)

35.8±12.6
(47)

1yr 25.4±10.7
(223)

41.5±12.5
(152)

40.7±12.1
(38)

Females

Group
Timeof

measurement

Age

7–18yr 19–30yr 31–54yr 55+yr

Active Baseline 20.6±8.2
(201)

26.0±8.5
(89)

27.6±10.1
(220)

27.9±10.7
(50)

1yr 24.3±8.6*
(154)

29.7±10.6
(55)

31.2±9.9
(162)

32.8±12.5
(35)

Control Baseline 20.5±8.5
(183)

27.7±11.2
(72)

28.6±9.9
(217)

31.5±12.7
(49)

1yr 26.6±11.1
(143)

31.1±10.1
(57)

33.1±11.6
(184)

33.9±11.0
(37)

*p<.05,**p<.01,***p<.001comparedwithcontrolgroup.
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ofinterventionwerestillnotadequate.Whetherthisis
becausetheinterventionperiodwasnotlongenough
orbecausetheamountofironwasnotsufficientshould
beclarifiedinfurtherstudies.
Inconclusion,itisimportanttopointoutthatthe

costofNaFeEDTAfortification is low,although it is
moreexpensivethanelementalironandseveralother
iron compounds.Basedon the results of our trial,
theestimatedannualcostofaneffectiveintervention
withNaFeEDTA-fortified soy saucewould be only
US$0.007perperson.Verylittleadditionalequipment
isneededtoproducethefortifiedsoysauce,because

thetechnologyissimple.Theuseoffortifiedsoysauce
isapotentiallysustainablestrategyforthecontrolof
irondeficiencyand iron-deficiencyanemia inChina
andothercountriesinwhichsoysauceisacommonly
consumedcondiment.
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Toaddressmicronutrientdeficiencies affecting large
populationgroups,foodfortificationisthemostcost-
effective intervention and reaches ahigherpropor-
tionofthepopulationatriskthananyotherfeasible
intervention.Successfulexamplesincludetheaddition
ofarelativelyinexpensiveandhighlyeffectiveiodine
compoundtosaltforhumanconsumptionincountries
whereiodinedeficiencyiscommon.Preventingiodine
deficiency is important because, if present during
pregnancy, the future cognitiveperformanceofoff-
springcanbenegativelyaffected.Ameta-analysisof18
studiesshowedanIQlowerbymorethan13.5points
inchildreniniodine-deficientpopulationscompared
withnon-iodinedeficientpopulations[1].
Fortificationofcerealflourswithfolicacidhasbeen

anothersuccess.IntheUnitedStates[2]andCanada
[3],theadditionoffolicacidtowheatflourresulted
inariseinbloodlevelsoffolateandacorresponding
decrease incongenitalneural-tubedefects.*Folate is
nowbeingaddedtomicronutrientfortificantpremixes
forflourfortificationinmorethan60countries.Origi-
nallyusedinGuatemala[4],andnowinmanyother
countries,thefortificationofsugarwithvitaminAhas
beenimplementedsuccessfullyonanationalscale.
Iron deficiency affects a quarter of theworld’s

population and iswidespread inmost developing
countrypopulations.Ithasseriouseffectsonimmu-
nity,morbidityfrominfections,physicalworkcapacity,
andcognition. Inmany industrializedcountriesand
a growingnumberofdevelopingnations, the forti-
ficationofwheatormaize flourwith apremix that
includesironisanapproachthatreachesmostofthe
population.Reportsonthebenefitsforironstatusafter
introducingflourfortificationinVenezuelahavebeen

published[5,6].
Thereare,however,constraintsonfoodfortification.

Afirstfactorintheeffectivenessofafortifiedfoodis
whetheritiswidelyconsumedbythepopulationstar-
geted.Asecondfactoristhefortifiedfood’sacceptabil-
ityandaccessibilitytothetargetedpopulation.Athird
isitseffectivenessindeliveringtheaddedmicronutri-
entsintothehumansystem,i.e.,thebioavailabilityof
theaddednutrients.
ThepaperbyChenetal.inthisissueoftheBulletin

[7] is important forseveralreasons.First, itdemon-
strates the efficacy of fortifying a condimentwith
NaFeEDTA,a specific ironcompound thathasbeen
receiving increasedattentionasamajor foodfortifi-
cationcomponentinrecentyears.Earlierresearchin
thePeople’sRepublicofChina(PRC)determinedthat
NaFeEDTAwasthemostdesirableformofironforuse
in a liquidpreparation suchas soy sauce for several
reasons.Consumerandproduceracceptancewasbased
onthelackofdetectableorganolepticdifferenceswhen
comparedwiththenon-fortifiedproduct,andalonger
shelflifethansoysaucefortifiedwithFeSO4because
NaFeEDTAdoesnotprecipitateduringstorage[7].
Thepricedifferencebetweenthenon-fortifiedprod-

uctandtheNaEDTA–fortifiedproductwasacceptable
toconsumers.Nutritionistswerepleasedthattheiron
fromNaFeEDTAfortifiedsoysauce iswellabsorbed
[7], and regulators are satisfiedwith the safety of
NaFeEDTAbasedonitslistingbytheCodexAlimen-
tarius and itsGRAS (“generally recognizedas safe”)
ratingintheUnitedStates.
Second,fortifiedsoysaucehasdevelopedoutofthe

decisionbyChina’s nutrition specialists to develop
fortifiedproductsthatarewidelyconsumedbymajor
portions of the population in China and several
other countriesofAsia. In this region largepopula-
tionsdependonriceastheircerealstaple,butdespite
some recentprogress, rice itselfhasprovendifficult
tofortifywithsufficientconsumeracceptance,what-
ever the formof iron.Thepresent study finds that
for a rice-eatingpopulation inwhich soy sauceuse
iswidespread, the fortified condiment can serve as

Commentaryon“Studiesontheeffectivenessof
NaFeEDTA-fortifiedsoysauceincontrollingiron
deficiency:Apopulation-basedinterventiontrial”

*Following statutory fortificationof all enrichedcereal
grainproducts since January1998 in theUS,birthpreva-
lenceofneural-tubedefectsdroppedfrom37.8per100,000
livebirthsbeforefortificationto30.5per100,000livebirths
conceivedaftermandatoryfolicacidfortification.InCanada,
ahigher levelof folicacid fortificationwas thebasis fora
dramatic48%declineinearlymid-trimesterprevalenceof
neural-tubedefects.
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an effective vehicle for providing additional iron.
This work to develop fortified soy sauce with

NaFeEDTAinChinahasalsocontributedtosuccess-
fuleffortstofortifybothsoysauceandfishsaucein
Thailand[8]andfishsauceinVietnam[9].
Third,atthetimeofthisstudyNaFeEDTAhadnot

yetbeenusedinalargescaleprojectfortheprevention
ofirondeficiency.Thissuccessfuluseoffortifiedsoy
saucehasalreadyencourageditsproductionanduse
in the fortificationof cereals andother foodswhere
itscombinedpropertiesofrelativelyhighabsorption,
stability,andlongershelflifeareadvantagesthathelp
offsetitshighercostcomparedwithFeSO4andelemen-
talironpowders.
Forexample,theresultsofthisefficacystudyhelped

openthedoorforitsuseinthefortificationofwheat
inalargeprojectinWesternChinawithfundingfrom
GAIN (GlobalAlliance for ImprovedNutrition).
As a result,NaFeEDTA isnowmorewidely recom-
mendedforuseinfortifyinghigh-extractionwheatand
maizeflours.Moreover,theproductionoffood-grade
NaFeEDTAisgrowing,anditspriceisdecreasing.This
studyprovidesinformationthatwillservetoincrease
theappropriateandcosteffectiveuseofNaFeEDTAin
thefortificationoffoodproductsandtosupportstaple
foodandcondimentfortification.
ThestudybyChenetal.mayalsoassistthosework-

ing on developing new andmore readily available
fortifiedcomplementaryfoodsforinfantsandyoung
children.Thisisimportantbecausefortifiedcomple-
mentaryfoodswillpreventirondeficiencyinchildren
tooyoungtoconsumesignificantamountsoffortified
staplefoodsorcondimentstomeettheironneedsof
their rapidly growingbodies anddevelopingbrains
[10].Evenwith exclusivebreastfeeding, breastmilk
doesnotprovidemorethanhalfoftheironrequired
by the rapidly growing anddeveloping infant.The
remaining ironneeded initiallycomes fromthe iron
storestheinfanthasatbirth.Thesestoresarenormally
exhaustedby about sixmonths inoffspringbornat
termofwell-nourishedmothers.Forinfantsbornof
iron-deficientmothers,thesestoresmaybeexhausted
by the age of fourmonths, and in lowbirthweight
infants,bytwomonthsofage.
Themosteffectivemeansavailableinindustrialized

countriestoreachinfantswiththeadditionalironthey
need,andincreasinglythoseinurbanandsemi-urban
areasofothercountries,isthefortificationofcereals
forcomplementaryfeeding.Provisionofironsupple-

mentsisanotheralternative,butcarrieswithitserious
logistic,cost,andcomplianceproblemsand,recently,
concern about its safety for iron-replete children in
areaswheremalariaisendemic.
Apromisingrecentinnovationisthedevelopment

andintroductoryuseofavarietyof“in-homefortifi-
cants.”Theserangefromsmallpacketsofmicroencap-
sulatedmicronutrients that canbe sprinkledonany
complementaryfoodtocrushablemultimicronutrient
tablets and spreads containingmicronutrients [11].
Among these, the“sprinkles,”developedat SickKids
HospitalinToronto,thesameresearchfacilityrespon-
sibleforthefirstiron-fortifiedinfantcereal,hasmoved
themostquicklytowardwidespreadproduction[12].
Thisproductisnowbeingusedinseveralcountriesto
providemicronutrientstoinfantsandyoungchildren,
andaspartoftheemergencyreliefeffortinIndonesia
followingtheDecember2004tsunami.
In summary,micronutrient fortification of any

appropriatelocallyavailablefoodconsumedbypopula-
tiongroupsatriskofmicronutrientdeficienciesshould
beencouraged.Identificationofalternativevehiclesfor
fortificationwherewheatflourisnotwidelyconsumed
isimportant.Theselectionanddevelopmentofforti-
fiedsoysauceforthelargepopulationswherericeis
thedominant cereal staple is a step that hasmajor
significanceformanypopulationsinAsia.
Unfortunately, fortification of staple foods and

condimentsdoesnotsolvetheproblemofpopulation
groupswithhigherneedsforsomespecificmicronutri-
entssuchasironduringcertainperiodsoflife(infancy
andpregnancy).Theneed forpreventionof iodine,
iron,andfolatedeficienciesamongpregnantwomen,
and iron and vitaminAdeficiencies among young
children, are among themost important indications
formicronutrient programs. It is especially impor-
tanttofindwaystoprovideadditionalirontoinfants
from6to24monthsofage,includingthosewhoare
breastfed,whocannotconsumeenoughfortifiedflour
orsoysaucetobenefitsufficiently.NaFeEDTAironis
afortificantthatisgrowinginrecognitionandusein
effortstocreatemorefoodproductsthatcandeliver
biologicallyeffectiveamountsofirontolargepopula-
tiongroups.

NevinS.Scrimshaw
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InternationalNutritionFoundation
Boston,Mass.,USA
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Abstract

Demographic changes in developing countries have
resultedinrapidincreasesinthesizeoftheolderpopula-
tion.Asaresult,health-carebudgetsfaceincreasingcosts
associatedwiththedeclininghealthandfunctionofolder
people.Somegovernmentshaverespondedtothissitua-
tionbydesigning innovativeprogramsaimedat older
people.Onesuchprogram,implementedbythegovern-
mentofChile,distributesaninstantfoodmixfortified
withvitaminsandmineralstoallpersonsover70years
oldwhoare registered by thenational health service.
Thenationalhealth service coversapproximately90%
oftheolderpopulation.Theprogramspecificallytargets
nutritional vulnerabilityandmicronutrientdeficiency,
whichare commonamongpoorolderpeople inChile.
Wepresentherethefindingsofaone-yearinvestigation
intoall aspects ofChile’s program for the elderly.The
researchincludedin-depthinterviewswithpolicymakers
andprogramimplementers,focusgroupdiscussionswith
usergroups,analysisofthemicronutrientcontentofthe
nutritional supplement, and telephone interviews of a
randomsampleofolderpeople.Theresultsdemonstrate
that there can be a considerable degree of self-target-
ingwithin national programs; programs need to be
sufficiently flexible topermitperiodicprotocol change;

user groupsmustbe consultedbothbeforeandduring
programimplementation;andthedesignofaneffective
program evaluationmust be in place before program
implementation. It is hoped that these resultswill be
useful to policymakers and implementers planning
programsaimedat improving thehealthand function
ofolderpeople.

Key words:Nutritional supplementation, older
people,programeffectiveness

Introduction

AcrossLatinAmerica,declininginfantandchildmor-
talityrates,combinedwithimprovedaccesstohealth
care,areincreasingthemeanlifeexpectancy,resulting
in aprogressive increase in theproportionofolder
peopleinthepopulation.Intheyear2000,nearly8%of
thetotalpopulationofChilewasover65yearsofage,as
were11%and13%,respectively,ofthepopulationsof
neighboringArgentinaandUruguay[1].Thesechanges
havebroughtintosharpfocusthedifficultiesinsus-
tainingmanyof the region’s statepension schemes,
whicharethemainsourceofincomeforolderpeople
inallofthecountriesoftheSouthernConeofLatin
America[2].
TheeconomicdifficultiesthatmanyLatinAmerican

countriesexperiencedinthe1990shaveonlyheight-
enedtheurgencyofthequestforanadequatesocial
safetynetfortheolderpoor.Althougholderpeopleare
notoverrepresentedamongthelowest-incomequintile
ofLatinAmericancountries[2],povertyisestimated
toaffectuptoone-quarterofpersonsover65yearsof
ageinChileandaroundone-thirdinColombiaandEl
Salvador(personalcommunication,QuentinWodon,
WorldBank). In contrast to thoseof industrialized
countries,mostpopulationsinLatinAmericancoun-
tries are agingwithout the corresponding economic
development necessary to secure health and social
services for the aged.There are strong associations
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betweenpovertyandfoodinsecurityinthisagegroup,
andithasbeendemonstratedthatevenintherelatively
wealthyUnited States, food insecurity amongolder
peopleisassociatedwithpoorerdietaryintake,lower
nutritional status, and poorer self-reported health
status[3,4].
Variousprogramoptionsexistfortacklingthetwin

problemsoffoodandnutritioninsecurityamongolder
people.Foodbaskets are still popular in someparts
ofLatinAmerica,andcommunitykitchenshavealso
beenexperimentedwith,particularlyinArgentina.In
MexicoCity,thelocalgovernmentisprovidingauni-
versalmonetarypensiontransferredelectronicallyto
aplasticdebitcardthatcanbeusedinsupermarkets.
Noneoftheseoptions,however,addresstheparticular
problems facingolder peoplewho, for a variety of
physiological, psychological, economic, and social
reasons,may struggle to attainnot justmacronutri-
entbut alsomicronutrient sufficiency in theirdiets
[5–7].Adequatemicronutrientintakeinolderpeople
isincreasinglyseenasessentialforthemaintenanceof
healthandfunctionintolaterlife[8,9].
Inthisarticle,wedescribeandassessaninnovative

food-basedprogram implemented by theMinistry
ofHealth inChile,which specifically addresses the
issueofmicronutrientsufficiencyinthedietofolder
people.Webeginbyoutliningthemaincharacteristics
oftheprogramasoriginallydesigned.Wethenpresent
informationonprogramuptakeandcomplianceand,
drawingonmaterialfromaseriesoffocusgroupdis-
cussions,summarizetheviewsofolderpeopleabout
theprogram.Finally,wepresentsome“lessonslearned”
thatwebelievehave relevance toother, similarpro-
gramsworldwide.

Programdescription

TheHealthProgramfortheOlderPersoninChile[10]
encompassesanumberofactionsinhealthpromotion,
diseaseprevention, andcurative care,promotes suc-
cessfulaging,andislinkedtopublicprogramsaddress-
ingequityandpovertyalleviationinolderpeople.A
core componentof this initiative is theProgram for
ComplementaryFoodinOlderPeople(Programade
AlimentaciónComplementariaparaelAdultoMayor,
PACAM) [11].Theprogram is officially defined as
a groupof actions innutritionwhosepurpose is to
contributetoimprovementsinthehealthandquality
oflifeofolderpeople.Tobeeligiblefortheprogram,
personsmustberegisteredattheirlocalhealthcenter
andbeatleast70yearsofage.
TheprimarycomponentofthePACAMisapow-

deredfoodcalledAñosDorados(goldenyears)thatis
composedofa cereal and legumemix fortifiedwith
vitaminsandminerals.Everybeneficiaryisentitledto
collect two1-kg sachetsofAñosDoradospermonth
fromcollectionpoints located in ruralhealthposts,
healthcenters,andhospitals.Thisdietarysupplement
isdesignedtoprovideapproximately20%ofthedaily
energyrequirementsand50%ofthedailymicronutri-
entrequirementswhenconsumedintherecommended
quantityof50gperday.OtherelementsofthePACAM
aremonthlynutritionalstatusassessmentsandnutri-
tional andhealth counseling.Older people cannot
becomebeneficiariesofthePACAMunlesstheyalso
complywithperiodicmedicalsurveillance.Themain
characteristicsofthePACAMarepresentedinbox1.
ThePACAMwasstartedasapilotinitiativein1998

inthemetropolitanregionofSantiago.Afterpositive

BOX1.MaincharacteristicsofChile’sProgramforComplementaryFoodinOlderPeople(PACAM)

Benefit Two1-kgsachetsofAñosDoradoscollectedfromhealthcentersonamonthlybasis
Fourflavorsavailable:lentils,peas,asparagus,andmixedvegetables

Useofthebenefit AñosDoradosisdesignedtobeusedtoprepareaninstantsoup(withwaterormilk)oras
afloursubstituteinarangeoffoods
Arecipebookisavailableforbeneficiaries

Eligibility Registeredwithnationalhealthservice
Personsaged70+nationwide
Personsaged65+undergoingantituberculosistreatmentnationwide
Personsaged65+livinginhomesfordestitutepeoplenationwide

Budget(2003) Chilean$30,500million(US$51million)a

Chilean$1,500(US$2.5)afor1kgofAñosDorados

Partnership MinistryofHealth
Privatefoodmanufacturersparticipateinpublicbiddingprocessesevery6monthsforthe
contracttomakeAñosDorados
NationalSupplyCenterforstorageanddistribution

Othercharacteristics Nutritionalstatusassessmentandcounseling
Linkstohealthprogramforolderpeople

a. ExchangerateasofMarch2004(600Chileanpesos=US$1)

Chile’snutritionalsupplementationprogram
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evaluationofsensorycharacteristics(tasteandsmell)
andacceptabilityinlaboratoryandfieldsettings,itwas
extendedin2001tocovertheentirecountry[12–14].
AñosDorados isdistributed throughout the country
by the comprehensive primary health network set
upforthedistributionofmilkpowdertochildren,a
longstandingnationalprogramestablished in 1945.
However, health authorities acknowledge that the
current takeup rateofAñosDorados is variable,due
inparttoproblemsassociatedwiththedistributionof
theproductandthefactthatolderpeoplehaveonly
recentlybecomethefocusofpublichealthaction.
Inanefforttohighlightthevalueoftheproduct,the

ChileanGovernmentrequiresthesaleofAñosDorados
in supermarkets.This enables thosewhowould like
morethantheirentitlementorwhoarenotcurrently
eligible for thebenefit topurchase theproduct. It is
hopedthatthiswillalsohavetheeffectofdemonstrat-
ingthevalueoftheproducttocurrentbeneficiaries,
thereby increasing its status in bothmonetary and
sociologicalterms.

Table1showsthenutritionalcompositionofAños
Doradosper100gofdrymaterial,asrequiredbythe
MinistryofHealthintheGuidelinesfortheNutrition
ofOlderPeopleinChile[9]andusedinthetechnical
specificationsof thebiddingprocess.Aspartof the
evaluationof theprogram, adetailed compositional
analysis of the keymicronutrients inAñosDorados
(vitaminA, vitaminC, vitaminD3,α-tocopherol,
thiamine, riboflavin, pyridoxine, niacin, folate, and
vitaminB12)wasconductedonsamplesobtainedfrom
distributionpointsinhealthcenters.Duplicatesamples
of thenutritionalproduct, as suppliedby the three
mainprivatemanufacturers,wereanalyzedinablinded
mannerbyaninternationallyrecognizedindependent
laboratory familiarwithsuchanalyses (RocheLabo-
ratoriesAnalytical Services,Basel,Switzerland).The
analysesdemonstratedthatthesupplementprovided
bytwoofthethreemanufacturersdidnotattainthe
requiredcontent(withinamarginof±20%)ofvita-
minE,niacin,andvitaminB12.Themostsignificant
departure from the specifiednormswas in vitamin
B12content.
Indiscussionswithmanufacturers,itwasdetermined

thattheadditionofvitaminB12wascarriedoutona
drybasis,thatis,byaddingthecrystallinevitaminto
thepowderedproduct.GiventheverylowvitaminB12
contentoftheproduct(5µg/kg),itisvirtuallyimpos-
sibletoassurehomogeneity,andthereforesomebags
could contain an excess of vitaminB12whilemost
containedvirtuallynothing.Theinformationobtained
fromthisanalysishasresultedinseveralchangesinthe
normsandtechnicalspecificationsestablishedbythe
MinistryofHealthofChile.Specifically,thetechnical
specifications indicating theprocessbywhich some
micronutrients shouldbe added in themanufactur-
ingprocesshavebeenmodified,andboththeanalytic
monitoringofnutrient compositionof theproduct
bymanufacturersand thequalitycontrolconducted
by theMinistry ofHealth have been considerably
enhanced.

UptakeofAñosDoradosandthenatureof
programusers

Inordertoassessthecurrentlevelofparticipationin
thePACAMbythetargetpopulation,astandardized
telephonesurveywasconductedinAugust2003.The
individuals contacted in the surveyweremembers
ofacohort involved ina large,cross-sectional study
conducted inSantiago,Chile,betweenOctober1999
andMarch2000.Thisstudy,calledSABE(Health,Well-
being,andAginginSpanish)waspartofamulticenter
project aiming to evaluate thehealth conditionsof
olderpeopleinLatinAmericaandtheCaribbean[15].
The SABE sample included 958 randomly selected
personsaged70yearsorolder living inSantiago. In

TABLE1.NutritionalcompositionoftheAñosDoradosfood
supplementusedintheProgramforComplementaryFood
inOlderPeople(PACAM),Chile,2004a

Nutrient Per100g Perserving

Energy(kcal) 400 200

Protein(g) 13 6.5

Saturatedfat(g) 1.6 0.8

Monounsaturatedfat(g) 5.4 2.7

Polyunsaturatedfat(g) 4 2

Cholesterol(g) 0 0

Carbohydrates(g) 62.3 31.2

Totalfiber(g) 6.2 3.1

Vitaminsandminerals
VitaminA(µgRE) 240 120
VitaminC(mg) 30 15
VitaminD(µg) 1.5 0.75
VitaminE(mgTE) 4 2
Thiamine(mg) 0.4 0.2
Riboflavin(mg) 0.4 0.2
Niacin(mgNE) 4.5 2.25
Pyridoxine(mg) 1 0.5
Folate(µg) 100 50
VitaminB12(µg) 0.5 0.25
Sodium(mg) 280 140
Calcium(mg) 400 200
Iron(mg) 2.8 1.4
Phosphorus(mg) 400 200
Magnesium(mg) 150 75
Zinc(mg) 3 1.5

a. RE, retinol equivalents;TE, tocopherol equivalents;NE,niacin
equivalents.

A.D.Dangouretal.
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August2003,researchnursesmadeamaximumoffour
attempts to contact eachof these individualsby tel-
ephoneandwereabletocontactatotalof393persons
aged70yearsormore,67%ofwhomwerefemale.This
represents41%ofthoseaged70yearsormorefromthe
originalSABEcohort.OftheremainingSABEsample,
2 (0.4%)were institutionalized and103 (18%)had
died.Atotalof460(48%)oftheoriginalSABEcohort
werelosttofollow-up:92(20%)withdrewduringthe
SABEstudy,147(32%)hadnotelephoneatbaseline
andwerethusunabletobecontactedbytheresearch
nurses, and221 (48%) couldnotbe contacted.The
researchwasapprovedbytheresearchethicscommit-
teesoftheInstituteofNutritionandFoodTechnology
(INTA)andtheLondonSchoolofHygieneandTropi-
calMedicine(LSHTM).
To assess the representativeness of the follow-up

sample, thebaselinecharacteristicsofpersons inthe
samplewerecomparedwiththoseofpersonsaged70
yearsormorewhowereintheSABEsurveybutwere
not contacted in the current study (n=565).There
werenodifferencesbetweenthetwogroupsinmean
age,proportionofwomen,orsocioeconomiclevelof
theareaofresidence.However,becausethefollow-up
surveywas carriedout by telephone, the follow-up
samplewasfoundtobesignificantlyricher,asmeas-
uredbyownershipof a rangeof household goods,
andalso significantlybettereducated (p= .01) than
the individuals fromtheSABEcohortwhowerenot
inthefollow-upsample.Therewerenobaselinedif-
ferencesbetweenthetwogroupsinscalesofphysical
function(suchasactivitiesofdailyliving),depression,
orhealthstatus(prevalenceofdiabetes,hypertension,
andosteoarthritis).
Thosepersonswhowerecontactedwereinformed

of thenatureof the study andgaveoral consent to
answering an18-itemquestionnaire regarding their
knowledgeandlevelofinvolvementwiththePACAM.
Theindividualsinthefollow-upsamplereportedthat
theywerepredominantlyambulatory(95%,374/393),
andthemajority(60%,235/393)reportedeitherexcel-
lent,verygood,orgoodhealth,withonly3%(10/393)
reporting“poor”health.Thesamplewasdrawnfrom
acrossthesocioeconomicspectrum,with10%(41/393)
livinginareasofhighersocioeconomicstatusand18%
(71/393)livinginpoorerareas.
Duringtelephoneinterviews,67%(262/389)ofthe

persons in the follow-up sample reported that they
wereregisteredatthelocalhealthcenterandthereby
eligibletobeenrolledinthePACAM;52%(195/377;
the denominator is different from the preceding
becausenotallparticipantsprovidedresponsestoevery
itemof the telephone-administered questionnaire)
knewabouttheavailabilityofAñosDorados;and30%
(118/387)reportedthattheywerecurrentconsumers
ofthenutritionalsupplement.Amongthoseregistered
athealthcenters,70%(184/262)wereenrolledinthe

PACAM,and44%(116/262)reportedcurrentlycon-
sumingAñosDorados.Finally,amongthosewhowere
registeredinthehealthcenterandknewoftheavail-
abilityofAñosDorados,66%(114/173)reportedthat
theyconsumedit.
Amongthosereportingthattheydidnotcurrently

consumeAñosDorados,36%(97/269)saidthatthey
werenotregisteredatthehealthcenterandwerethere-
forenoteligibletoreceivethesupplement.However,
therewas also a rangeofother reasons fornoncon-
sumption: 32%(87/269) reported that theydidnot
knowabouttheprogram,8%(22/269)thattheydid
notneedthesupplement,8%(22/269)thattheydid
notlikethesupplement,and3%(7/269)thattheywere
notabletogotothehealthposttocollectthesupple-
ment.Theviewsofolderpeopleabout theprogram
were collected ina seriesof focusgroupdiscussions
conductedbyoneoftheauthors,apsychologist(X.M.).
Asummaryoftheirviewsispresentedinbox2.
Persons living in poorer comunas (state-defined

geographicurbanareaswhose socioeconomic status
isdefinedbytheMinistryofPlanning[16])weresig-
nificantlymorelikelythanthoselivinginrichercomu-
nas toberegisteredatahealthcenter(test for trend
χ2=15.6,p<.001)(fig.1).Personslivinginpoorer
comunaswerealsosignificantlymorelikelythanthose
livinginricherareastoknowabouttheavailabilityof
thenutritional supplement (test for trendχ2= 7.6,
p=.02).Finally,therewasasignificantdecreaseinself-
reportedconsumptionofAñosDoradoswithincreased
socioeconomic statusof the comuna (test for trend
χ2=6.3,p=.04).Therewasonlyonegenderdiffer-
encepresentinthesefindings:incomunasofmedium
socioeconomicstatus,womenweresignificantlymore
likelythanmentobeawareoftheprogram(59%vs.
42%;Pearson’sχ2test=7.4,p=.006).

FIG. 1. Percentages of sample registered inhealth center,
awareof availability ofAñosDorados, and reporting the
consumptionofAñosDorados,accordingtosocioeconomic
statusofcomunaofresidencein2003inSantiago,Chile.SES,
socioeconomicstatus
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Amongthosereportingcurrentconsumptionofthe
supplement,89%(101/113)reportedcollectingAños
Doradoseverymonthfromthehealthcenter,and93%
(104/112) stated that the amount they receivedwas
sufficientforthemonth.However,lessthanhalfofthe
sample (46%,51/110) reported that they consumed
allofthesupplementthemselves;37%shareditwith
oneotherperson(41/110)and16%withthreetofive
otherpeople(18/110).Ingeneral,thesupplementwas
verywellreceived,with59%(60/102)reportingdaily
consumption,andamongthosewhohadevertasted
the supplement, 86%(163/189) stated that it tasted
goodorverygood.
TheSABEstudy(fromwhichthecurrentsamplewere

drawn)collectedinformationonhealthandfunctionin
olderpeople.Thesedata,collectedapproximatelyfive

yearsbeforethecurrentfollow-upsurveyandbefore
theintroductionofthePACAM,wereusedtocompare
personswho reported current consumptionofAños
Doradoswiththosewhodidnot.Personsreportingcur-
rentconsumptionofAñosDoradosweresignificantly
less likely tohave reported fiveyearspreviously that
theyhadcompletedsecondaryschool(comparisonof
proportionsχ2=19.9,p< .001)(fig.2).Therewere
nogenderdifferencespresentinthisrelationship.Fur-
thermore,analysisofmarkersofsocioeconomicstatus
demonstratedthatthosereportingcurrentconsump-
tionofAñosDoradoswerepoorerintermsofowner-
shipofhouseholdgoodsfiveyearsbeforethecurrent
survey.Althoughtheywereaslikelyasnonconsumers
toreportownershipofrefrigerators,washingmachines,
televisions,videos,radios,heaters,telephones,andfans,

BOX2.PerceptionsoftheProgramforComplementaryFoodinOlderPeople(PACAM)amongolderpeopleinSantiago

FromAugusttoOctoberof2003,sevenfocusgroupinterviewswereconductedwitholderpeopleintheGreaterSan-
tiagoMetropolitanRegionusingastructuredformat.Someoftheapproximately80olderpeopleinterviewedwere
regularusersofAñosDorados,whileotherswereinfrequentornonusers;allwereofrelativelylowsocioeconomicstatus.
Amorein-depthqualitativeassessmentoftheprogramwasconductedinasmallnumberofindividuals.Someofthe
majorpointstoemergefromtheseinterviewsareoutlinedbelow.

FactorsaffectingtheinitialuptakeofAñosDorados
Thereweremanycomplaintsaboutthelackofavailableinformationabouttheprogramandtheproduct.Somenonus-
erswereunawareofhowtogetAñosDorados,andmanyusersfeltpoorlyinformedaboutalternativepreparationmeth-
ods.Fewhadseentheofficialrecipebook.
Amongthosewhohadnottriedtheproduct,manypreconceptionsaboutthepresentationandqualitywereidenti-

fied:“Awomanateitanddidn’tlikeit”;“Ithadamouseinit.”Organizedsocialgroupsseemedeffectiveatreinforcing
positiveandnegativeimagesoftheprogram.
TherewasastrongsenseofAñosDoradosasamedicalinterventionratherthanafood:“[Atthehealthcenter]they

givemeaspirinandEnalapril.Andsoupsalso.”Forsomenonusers,theassociationoftheproductwiththehealthsystem
andwithillnessinparticularappearedtobeoff-putting.
Theproducttendedtobeseenasawelcomeadditiontolimitedhouseholdresources:“Thankgoodnesstheygiveus

atleastthat.Somethingisbetterthannothing.”Ontheotherhand,itcarriedthestigmaofahandoutfortheverypoor:
“Forpeoplewhodon’thaveanythingit’safavor[thegovernment]doesforthem.”Itwascommonfornonuserstoreject
theprogramasinappropriateforpersonsoftheirsocialstanding:“We’repoor,butnotthatpoor.”Suchpersonsmight
collecttheproductfromthehealthcenterandthenpassitontootherstheyfeltneededitmore.

FactorsaffectingthecontinueduseofAñosDoradosovertime
Amongthosewhohadtriedtheproduct,thereweregenerallyfavorableassessmentsoftheflavorsandpresentation:
“Nice,reallynice.Ifindthatthevegetableflavoristhebestofall.”Therewasalsoawidespreadappreciationofthenutri-
tionalqualitiesoftheproduct:“It’sgotlotsofvitamins,allkinds.”
Therewasasensethatthedistributionoftheproductwaswellorganizedandthatsomehealthcentersmadespecial

effortstogiveindividualstheflavorthattheypreferred.However,itwasrareforthefullrangeofflavorstobeavailable
atanygiventime.Somerespondentsmentionedbeingboredwitheatingthesameflavorsregularly.
OnlyafewofthoseinterviewedclaimedtofeelbetterasaresultofeatingAñosDorados.Ontheotherhand,itwas

rareforrespondentstosaythattheproducthadnotagreedwiththem.
Forsome,eatingAñosDoradosappearedtobeanecessary,andperhapsjoyless,partofthestruggleagainstphysical

deterioration:“It’saroutineyouhavetofollowaspartoftakingcareofyourself–justlikenoteatingsalt–ifyouwantto
liveabitlonger.”
Manyoftheolderpeopledescribedtheirlivesintermsofaconstantstruggletomakeendsmeet:“Manypeopledon’t

realizethejugglingactapensionerhastopullofftobeabletosurvive.”Forthesepeople,theadditionalresourceprovided
byAñosDoradoswaswelcome.

FactorsaffectingthequantityofAñosDoradosconsumed
Someofthoseinterviewedclaimednottosharetheproduct,whereasotherssaidtheydidshareitwithneighborsor
family:“Igiveittomygrandchildren,whoare16and17yearsold.”Onewomanmentionedalsogivingittoherdog.In
general,however,therewasfiercecensureofthoseidentifiedaswastinganimportantresource.

A.D.Dangouretal.
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theywerelesslikelytoreportownershipofmicrowave
cookers(28%vs.40%,p=.03)andwaterheaters(77%
vs.85%,p= .06).Moreover, thosereportingcurrent
consumptionofAñosDoradosweresignificantly less
likelytohavereportedfiveyearsearlierthattheyhad
“enoughtoliveon”(27%vs.39,p=.03).
Anthropometricmeasurements obtained in the

originalSABEstudywereusedtocomparebodysizein
thosecurrentlyreportingandnotreportingconsump-
tionofAñosDorados.Table2showsthatapproximately
fiveyearspriortothecurrentfollow-upsurvey,men
reportingcurrentconsumptionofAñosDoradoswere
slightlybutnotsignificantlyshorterandlighterthan
thosenot reporting its current consumption. Simi-
larly,womenreportingcurrentconsumptionofAños
Doradoswere slightly but not significantly shorter
fiveyearsearlierthanthosenotreportingitscurrent
consumption.
Althoughtherewerenodifferencesbetweencurrent

consumersandnonconsumersinmarkersofphysical
ormentalfunctionmeasuredfiveyearsearlier(datanot
shown), thereweredifferencesbetweencurrentcon-
sumersandnonconsumersinsomemarkersofhealth
status.Table3 showsthat thosereportingconsump-
tionofAñosDoradosweresignificantlylesslikelythan
thosenotconsumingthesupplementtohavereported
thattheirhealthwas“goodorbetter”fiveyearsearlier
(p=.002).Similarly,currentconsumersreportedasig-
nificantlyhigherprevalenceofdiabetesfiveyearsprevi-
ouslythandidnonconsumers(p=.01).Supplement
consumerswere slightly less likely tohave reported
usingthehealthservicesintheprecedingthree-month
period(p=.06).Finally,currentconsumersweremore
likelythannonconsumerstohavereportedperceived
weightlossfiveyearsearlier(p=.009).

Conclusionsandresearchrecommendations

ThePACAMisthenewestcomponentoftheChilean
ComplementaryNutritionProgram.Theprogramis
designedtoprovideallChileansatleast70yearsofage
with approximately 50%of their total dailymicro-
nutrient requirements and 20%of their total daily
energy requirement.Byusing a fortified cereal and
legumepowderedfood,theprogrammanagestosupply
micronutrientsatacostthatisconsiderablylowerper
unitweightthancanbeachievedbyconsumingmore
expensive regular foods. Furthermore, although the
datapresented in thispaper certainlyhighlightpos-
sibleareasforimprovementoftheprogram,theyalso
suggestthatcurrentusersare,onthewhole,content.
Noinformationisavailableonchangesinfoodsecurity
amongeligiblepersonssincetheinitiationofthepro-
gram.However,thesignificantlygreaterconsumption
ofthesupplementbypersonslivingincomunasoflow
socioeconomicstatusthanbypersonslivingincomu-
nasofhighsocioeconomicstatussuggeststhatthereis
agreaterrequirementforsuchprogramsamongpoor
persons,whomaybefoodinsecure.
In commonwithChile’smore longstandingpro-

grams,thePACAMintegratesnutritionsupplementa-
tionwithhealth-caredeliveryanddiseaseprevention.
Thisisanimportantstrength,sinceitsecuresaccessto
healthsurveillanceandcare,includingthemanagement
andcontrolofcommondiseaseconditions,whileitalso
providesafoodsupplementtailor-madeforthetarget
group.Theprogramservestoattractolderpeopleto
thehealthcenters,sinceitincludesallbeneficiariesof
theNationalHealthService.Althoughnearly90%of
allolderpeopleinChileareeligibletobeenrolledin
theNationalHealth Service and thereby entitled to
thePACAM,thedatapresentedinthispapersuggest

TABLE2.Comparisonofmeasures of preprogrambody
size(datacollectedinSantiago,Chile,1999–2000)between
consumersandnonconsumersofAñosDoradosasof2003
(mean±SD)

Measure Consumers Nonconsumers pvalue

Men
n 34 93
Age(yr) 76.7±4.6 76.6±5.9 .9
Height(cm) 163.9±6.4 165.6±6.9 .2
Weight(kg) 71.0±11.3 75.4±12.0 .06
Body-mass
index(kg/m2)

26.5±4.2 27.5±3.8 .2

Women
n 83 173
Age(yr) 78.6±6.2 78.6±6.3 .9
Height(cm) 148.6±5.8 150.2±6.3 .06
Weight(kg) 63.9±11.9 64.4±11.5 .7
Body-mass
index(kg/m2)

28.9±5.2 28.6±4.9 .6

FIG.2.PercentageofsamplereportingconsumptionofAños
Dorados inSantiago,Chile, in2004,according to reported
levelofeducationalachievementin1999-2000
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thatinpracticethereisalargedegreeofself-selection
withregardtoenrollmentinthePACAM.Specifically,
persons reporting enrollment in the PACAMwere
morelikelytobefromthelowest-incomegroup,tobe
lesseducated,andtobemorecompromised in their
preprogramhealthandnutritionalstatus.
IntegratingthePACAMintothehealthsystemhas

ensuredaccesstocurativecarewhileatthesametime
providinganopportunityforeffectivediseasepreven-
tion. In addition, the cost of implementing such a
programcorrespondstotheincrementalcostassoci-
atedwith thedistributionof fortified foods and the
associated staff time. Since themajor setup costsof
thenationalprimaryhealthinfrastructurearealready
covered, the additional incremental costs areonly a
fractionofthetotalcosts.Indeed,theannualcostof
thenutritionalsupplement(US$51million)represents
only2.5%ofChile’stotalannualhealthcarebudgetof
US$2billion.Chile’sapproachtonutritionandhealth
carehasbeencriticizedasbeingtooexpensiveformost
developingcountries,yettheexistinginfrastructurehas
theadvantageofprovidingtheopportunitytoimple-
mentadditionalprogramswhileamortizingthecostof
settinguptheinfrastructure.
Theprogramhasademonstratedcapacitytounder-

takesomedegreeofself-monitoring.Forexample, it
tracksprocess indicatorsbychecking theamountof
fooddistributed,theacceptabilityoftheproduct,and
thecoverageoftheprogramwithinthecatchmentarea
ofeachhealthcenter.Thereportedcoverageofaround
50%correspondswellwiththedatapresentedinthis
paper.Thisfiguremayseemlow,butitisnotunrea-
sonable,given the fact thatnotallolderpeoplemay
needtheprogramonthebasisoftheirsocioeconomic
status. Indeed, a cleardifference in coverageaccord-
ingtosocioeconomicstatuswasdemonstratedinthe
sample,with80%ofthoselivinginpoorcomunasbut

only44%ofthoselivinginrichcomunasbeingenrolled
in theprogram.A limitationof the telephone inter-
viewdatapresentedinthispaperisthepotentialfor
introducingbiasbecauseofthenatureofthesample,
sincehavingatelephonemaybeassociatedwithother
characteristics inwhich studyparticipants andnon-
participantsdiffer.
Special efforts aremade through social support

networks to identify the indigent,whomaynot be
reachedbythehealthcaresystem.Theprogramalso
hastheabilitytoactuponnewinformationasitarises.
Thisisclearlydemonstratedbytheevaluationofthe
nutritionalcontentofthefortifiedfoodspresentedin
thispaper,whichresultedincorrectiveactionsbeing
immediatelyputinplacebyprogramimplementers.
Unfortunately, because theprogramwas initiated

withoutundertaking aneeds assessmentorbaseline
survey, the opportunity to evaluate its impact in a
controlledmannerwaslost.Infact,thecurrentpaper
demonstrates that the participants in the program
aredifferent from thosepotential beneficiarieswho
optednottoenrollintheprogram.Moreover,partici-
pantswhoselevelofcompliancewiththeprogramis
higherarelikelytobedifferentfromthosewhoareless
compliant.The evaluation effortsundertaken so far
haveaddressedefficacyratherthaneffectiveness,and
althoughthismaybeappropriatetooptimizethetech-
nicalaspectsofthefoodsprovided,itdoesnotreplace
theneedtoassessprogrameffectiveness.
The coverageof theprogramaspresently imple-

mentedisdependentontheeffortmadeateachhealth
center to reachpotential beneficiaries.This effort is
highlyvariable,withsometeamsquiteactiveinout-
reachactivitieswhileothersrespondmainlytospon-
taneousdemandfromthecommunity.Thismayhave
beenareasonableapproachduringtheinitialstagesof
theprogram,butinordertoincreaseitseffectiveness,

TABLE3.Comparisonofmarkersofpreprogramfunctionandhealth(datacollectedinSantiago,
Chile,1999-2000)betweenconsumersandnonconsumersofAñosDoradosasof2003(percentage
ofrespondents)

Marker
Consumers
(n=117)

Nonconsumers
(n=266) pvalue

Self-reportedhealthstatus
 Goodorbetter 23.3 42.0 .002

Medicalhealthstatus
 Prevalenceofdiabetes 18.8  9.8 .01
 Prevalenceofosteoarthritis 39.3 31.6 .1

Healthserviceuse
 Consultationinprevious3mo 15.5 24.2 .06

Perceivedweightlossinprevious3mo
 >3kg 11.9 10.9 .009
 1-3kg 30.8 18.0
 Nochange 50.4 66.2
 Don’tknow  6.9  4.9

A.D.Dangouretal.
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concertedeffortsshouldnowbeundertakentoincrease
coverageoftheprogramtoallpersonswhomayneed
it.Infact,programeffectivenessisentirelydependent
uponcoverageandcompliance,onceefficacyhasbeen
accountedfor.
Finally,aswithallnutritionsupplementationpro-

grams, the potential for adverse effects related to
increased energy intake should be considered.The
nutritional supplementwas carefullydesigned after
assessing thenutritional statusanddietary intakeof
thepotentialbeneficiaries.MostolderpeopleinChile
haveanormalorevenelevatedbodymassindex[17],
whileontheotherhand,dietarysurveyssuggestinsuf-
ficientintakeofkeymicronutrients[18].Theemphasis
was therefore placedonmicronutrient rather than
macronutrientsupplementation,andthesupplement
providesamicronutrient-enrichedfoodwithamodest
amountofenergy.Thismaybeappropriateformost

recipients,butforsome,iftheextraenergysuppliedis
notoffsetbyincreasedphysicalactivity,excessweight
gainmayresult,withtheconcomitantrisksofobesity
andmetabolicconsequencessuchasdiabetes.Thishas
notbeenfullyexploredtodate,butinourassessments
beneficiariesandprogramimplementerssuggestedthe
needtointegratephysicalactivityandexerciseinter-
ventionswithin thePACAMtoenhance thepositive
effectsonhealthandqualityoflifeofolderpeople.
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Abstract

Food-basednutrition interventions, including kitchen
gardens and nutrition education, offer a potentially
sustainable approach to reducingmultiplenutritional
deficiencies,buttheyhavebeenpoorlyevaluatedindevel-
opingcountries. Inapoor regionof the terai (the flat,
subtropicalagriculturalregionthatbordersonIndia)in
ruralNepal,wedevelopedandevaluatedtheimpactofa
nutritionprogramaddedtotheMarketAccessforRural
Development(MARD)Project.Theprimaryobjectiveof
theMARDProjectwastoaugmenthouseholdincomeby
increasingtheproductionofhigh-economic-valuecrops.
Theobjectiveof thenutritionprogramwas to increase
vitaminAandironintakesbypromotingkitchengardens
(training,technicalassistance,andseeddistribution)and
nutritioneducation.One-thirdofthekitchen-gardenpro-
gramparticipantsalsoattendednutritioneducationor
agriculturaltrainingsessionsthatwerepartoftheMARD
Project.Theprogramwasevaluatedafter36monthsbya
cross-sectionalnutritionsurveyin430MARDhouseholds
withkitchengardensand389non-MARDcontrolhouse-
holds.Thelackofknowledgeaboutnutrition,including
thecauses,prevention,andtreatmentofnight-blindness
andanemia,wasremarkable.However,comparedwith
controlhouseholds,thekitchen-gardensgrouphadsignifi-

cantlymorenutritionknowledge(38%vs.13%knewone
ofthecausesofnight-blindness,and17%vs.3%knew
oneof the causes of anemia),weremore likely to feed
specialcomplementaryfoodstoinfantsandtopreserve
food,andconsumedmoreof16typesofhome-produced
micronutrient-rich vegetables and fruits.Although the
cross-sectionalnatureof the study limitsourability to
attributethesedifferencestotheprogram,weobserveda
strikinglackofnutritionknowledgeinthesecommunities,
andaclearopportunitytoincreasetheintakeofvitamin
AthroughhomeproductionofvitaminA–richplants.

Keywords:Agriculturaldevelopment,complementary
feeding, fruits and vegetables, iron, kitchen gardens,
Nepal,nutritioneducation,vitaminA

Introduction

Micronutrientdeficienciescontinuetoimposeasub-
stantialhealth,economic,andsocialburdenworldwide.
Becauseof lackof resources, religiousobservances,
limitededucation,andresultingpoornutritionalprac-
tices [1],manynonindustrialized countries, such as
Nepal,struggletomaintainadequatenutritionalstatus
for theentirepopulation.Theconsequencesofpoor
nutritionalstatuscanincludepregnancycomplications;
reducedworkcapacityduetoanemia;compromised
growth,development,cognitivefunction,behavior,and
immunity;andincreasedriskofmorbidityandmortal-
ity,especiallyinchildrenandpregnantwomen[2,3].
Supplementationwithmicronutrientsisonestrat-

egyforimprovingnutritionalstatus.Thisapproachis
limitedbyastrongdependencyoninternationalfund-
ing[4],aninabilitytoreachallhigh-riskpopulations
[5],unreliableand inconsistentdelivery systems[6],
dependenceonindividualcompliance,andatendency
totargetonlysubgroupsofapopulation,oftenwomen
andchildrenunderfiveyearsofage.Additionally, in
thecaseofvitaminAdeficiency,researchsuggeststhat
high-dosesupplementationalone isnot sufficient to
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eliminatedeficiency and shouldbe accompaniedby
nutritionandhealthinterventionprograms[7–9].
Analternativeorcomplementaryapproachtosup-

plementationistoincreaseconsumptionofmicronu-
trient-rich foodsby establishinghousehold kitchen
gardens [10].A kitchen-garden approach enables
long-term sustainability through theharvesting and
replantingof seeds and thereby supportshousehold
independence.Kitchen gardens can lead to overall
improvementindietwithanincreasedintakeofsev-
eralnutrients.InruralPuertoRico, forexample,the
presenceofakitchengardenwasfoundtobeastrong
predictorofchildnutritionalstatus[11].
Several studies have evaluated the impact of the

kitchen-garden approachon vitaminA status.The
diversity[12]ratherthanthesize[12,13]ofthekitchen
gardenpositivelyaffectsvitaminAstatus.Households
inNepalthathadfewercarotenoid-richvegetablesin
thekitchengardenbetweenOctoberandMarchwere
more likely tohaveachildwithxerophthalmia[13].
Consumptionofdark-greenleafyvegetableswascor-
relatedwith a lower incidenceof cornealdisease in
Indonesia[14]andwithhigherserumretinolconcen-
trationsinIndia[15].InthePhilippines,thevalueof
thekitchen-gardenapproachwasstronglysupported
byavitaminA–richcropyieldfromkitchengardens,
with average vitaminA production reaching over
130%of therecommendeddietary intakepercapita
perharvestduringpeakseason,and84%duringthe
leanmonths[16].
Despitethesepositivefindings,somestudiesshow

thatthekitchen-gardenapproachmaynotbeacom-
pletely effective tool fordecreasing vitaminAdefi-
ciency. In Indonesia, the associationbetween serum
retinolconcentrationandvitaminAintakefromveg-
etablesandfruitswasmuchweakerthanexpected,pos-
siblybecauseofthelowbioavailabilityofprovitaminA
[17–19].Incontrast,arecentstudyusingspinachand
sweetpotatoesthatwerepuréedtomaximizeprovita-
minabsorptiondidfindthatplantsourcesimproved
liverretinolstores[20].
Thesuccessofkitchengardensforimprovingnutri-

tionalstatusmaybedependentonsupportinginter-
ventions.Forexample,educationtochangeknowledge,
attitudes, andhouseholddietarypracticesmay also
berequiredtoeffectpositivechangesinconsumption
andnutritionalstatus.InIndonesia,socialmarketing
playedacriticalroleinincreasingtheconsumptionof
vitaminAfromplantandanimalsources[21].Insome
populations,socialcustoms,suchasthelowstatusof
dark-greenleafyvegetablesasfoodinNepal[13],may
interferewithimplementation.Lackofknowledgeof
thecausesandconsequencesofnutritionaldeficiencies
shouldbeexpectedtoinfluencefoodchoices,evenin
resource-poorpopulations.
Agriculturaldevelopmentactivitiescanprovidean

opportunitytopromoteandsupportimprovedhome

productionofnutrient-richplants.TheMarketAccess
forRuralDevelopment (MARD)Project, fundedby
theUnitedStatesAgency for InternationalDevelop-
ment(USAID),beganinruralNepalin1997.Thepri-
maryobjectiveoftheMARDProjectwastoaugment
householdincomebyincreasingproductionofhigh-
economic-value crops, especiallypotatoes, tomatoes,
onions, andcauliflower.Because thesecropsare low
inmicronutrientsandbecausetheexpectedincreased
incomewouldnotnecessarilyresultinanincreasein
thepurchaseorconsumptionofnutritiousfoods[22],
a secondaryobjective of theMARDProjectwas to
increasethenutritionalstatusofwomenandchildren
under the ageof five years throughkitchen-garden
andnutritioneducationandtraining.TheUniversity
ofCalifornia,Davis,particularlythePrograminInter-
nationalNutrition,wasresponsible for thenutrition
componentoftheMARDProject.Thepresentpaper
describesthekitchen-gardenandnutritioneducation
activities and the results of a cross-sectional survey
designedtocomparehouseholdnutritionknowledge
andbehavior,andtheconsumptionofmicronutrient-
richcropsproducedinthekitchengardens,inpartici-
pantandnonparticipanthouseholds.

Methods

Locationandpopulation

TheMARDProject operated in six districts of the
Lumbini-GandakiZones of the terai (the flat, sub-
tropicalagriculturalregionthatbordersonIndia)of
southwesternNepal.Nepal’sdistricts are subdivided
intoVillageDevelopmentCommittees(VDCs),which
containbetween9and14wards,eachwithtwoormore
villages.MARDProject activitieswere implemented
inasubsetoftheVDCwardswithinfourcontiguous
VDCsof eachdistrict (fig. 1) andplanned to influ-
ence cropproduction in about 37,000households.
Themajorityof thepopulation inthe terai relieson
farmingastheirprincipaloccupation.Loweconomic
status,illiteracy,poorhygieneandsanitationpractices,
nutritionalstunting,andendemicmicronutrientdefi-
cienciesarecommonwithinthisregion.

MARDProject

The primary focus of theMARD Project was to
increasetheproductionandsalesofhigh-valuecrops
byprovidingtechnical support to local farmers.The
secondaryfocuswastoimprovethenutritionalstatus
ofthetargetpopulationbyimplementinganutrition
program.TheMARDProjectteamwascomposedof
ateamleader,fourspecialists(inmarketing,horticul-
ture,nutrition,anddataanalysis),administrativesup-
portstaff,andfieldstaff(fig.2).Fieldstaff,whowere

ConsumptionofvitaminA–richplants
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directlyresponsibleforimplementingMARDProject
activitiesattheVDCandwardlevels,includedMARD
DistrictCoordinators(DCs,oneperdistrict),Nutrition
DistrictCoordinators (NDCs,oneperdistrict), and
LocalMotivators(twoperdistrict).
TheNutritionSpecialistwasinchargeofdesigning

interventions thatwouldhelpachieve the secondary

objectiveoftheMARDProject.TheDCsworkedwith
allfourMARDProjectspecialists,includingtheNutri-
tionSpecialist,toimplementMARDProjectactivities
atthedistrictandVDClevels,whiletheNDCsworked
exclusivelyonnutritionactivities.TheLocalMotiva-
torswererequiredtoworkwithboththeDCsandthe
NDCswithin their assigneddistricts.TheHorticul-
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FIG.1.MapoftheLumbini-GandakiZone,Nepal,wheretheMARDProjectwasresponsibleforimplementedactivities.
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turalSpecialistwasintegraltothedevelopmentofthe
kitchen-gardenprogram.

Nutritioneducation

Development of the nutrition component of the
MARDProjectbeganwiththeinvestigationofnutri-
tion-relatedbeliefsandpracticesinruralNepal.Eleven
focusgroups,composedofwomenwithat leastone
child under the age of five years,were conducted.
Basedontheresults,itwasdeterminedthatnutrition
knowledge, attitudes, andpractices, especially those
most relevant topregnancy, lactation, and comple-
mentaryfeeding,wereextremelypoorandneededthe
most improvement [23].The focus groups aided in
thedevelopmentandimplementationofaculturally
appropriatenutritioneducationtrainingprogram.
As part of the general nutrition education and

kitchen-garden strategy,NutritionDemonstration
Households (NDHs)were identifiedandestablished
withineachVDC(fourperdistrict).Fieldstaffworked
withtheNDHstodevelopamodelkitchengardenand
supporttheadoptionofbeneficialnutritionpractices
promotedbytheMARDProject,suchasconsumption
ofmicronutrient-rich foodswithin the household.
Thehouseholdwasdesigned to serveasanexample
to the surroundingcommunityof thebenefits tobe
gainedbymaintainingakitchengardenandadopting
healthynutritionpractices.MARDProjecthigh-eco-
nomicvaluecropdemonstrationsiteswerelocatedin
closeproximitytotheNDHtomaximizetechnology
diffusion.TheNDCs andLocalMotivators visited
theNDHsat leastonceaweektomonitorpractices,
distributeseeds,andprovideinstruction.Duringthe
lastyearofMARDProjectnutritioneducationimple-
mentation,additionalNDHswereestablished.
Educationalmaterialsweredeveloped in the form

offactsheetsforfarmers,andtrainingsessionswere
conductedinallsixMARDProjectdistricts.Eachof
the fact sheets containedproduction tips andnutri-
tion facts relevant to a specific crop.Nutrition facts
oftenincludeda listofthenutrients inthecrop,the
roleofthesenutrientsinthebody,andcookingtips.
The fact sheetsweredistributed to literate farmers,
whowereencouraged toshare the informationwith
othercommunitymembers.TheNutritionSpecialist
and theNDCs facilitated educationon five topics:
nutritioneducationtraining,causesofvitaminAand
irondeficiencyandlocalfoodsourcesofthesenutri-
ents, kitchen-garden training, recipedemonstration
and improvedhygiene and sanitationpractices, and
modernfood-preservationtechniques.
Nutritioneducationtrainingsessionscoverednutri-

tionduringpregnancy(adverseeffectsofundernutri-
tion, adequateweight gain,need for iron andother
supplements,andadvicetoeatmoreofspecificfoods);
breastfeeding (importance, and additionalmaternal

foodandfluidrequirements);complementaryfeeding
practices (appropriate age for complementary feed-
ing, recipesbasedon local foods); vitaminA (night
blindness recognition, cause and treatment, specific
excellentandgoodplantsourcesandhoweachcanbe
grown,animal-sourcefoodsandmethodsofpoultry
production,best foodpreparationmethods, recipes,
importanceofavoidinghighdosesupplementsuntil
lactation);andiron(causesandrecognitionofanemia,
foodsources,enhancersandinhibitorsofabsorption,
cookinginironpots,ironsupplements).Thesecond
training focused specificallyonvitaminA,with the
importanceof vitaminAandvitaminA–rich foods
emphasizedintrainingsessions3,4,and5.
Training sessionswereheld in theNDHwith 30

to 40men andwomen attending, usually a village
women’s groupor farmer’s group,with eachperson
representing adifferenthousehold.Eachof the five
trainingsessionsstartedwithabrieflecturefollowed
byhands-onactivities.Forexample,thekitchen-garden
training includedaviewingof theNDHgardenand
identificationof crops,while the recipedemonstra-
tion/improvedhygieneandsanitationpracticestrain-
ingincludedactualcookingandeatingoffoodsusing
vitaminA–richrecipes.Eachofthefivesessionslasted
approximately twohours andwasheldonedayper
week in eachVDC.Toward the endof the project,
recipedemonstration/improvedhygiene and sanita-
tiontrainingsessionswereheldmostoften,whilethe
nutritioneducationtrainingtookplaceapproximately
onceamonth.
In addition to thesenutrition educationactivities

heldintheNDH,thenutritioneducatorsalsoprovided
additionaltrainingsessionstogroupsof10to20indi-
viduals aspartof theongoingmeetingsofwomen’s
groups and farmers’ groups (total 161 individuals).
Duringa sessionof approximately1 to2hours, the
same information as that in theNDH sessionswas
provided,butwithmoreemphasisonspecific issues
of interest to eachgroup, e.g., onvitaminAduring
pregnancyandlactationforthewomen’sgroups,and
howtogrowfoodsourcesofvitaminAforthefarmers’
groups.Thustheseadditionalsessionswereintendedto
reinforcetheinformationgivenintheNDHsessions.

Kitchengardens

Projectactivityaimedatincreasingtheproductionand
consumptionofvitaminA–richcropswasinitiated36
monthsprior toevaluation in theLumbini-Gandaki
Zones;however, thekitchen-garden componentwas
addedsixmonths later.During this time, theNDHs
were chosen and theNutrition andHorticultural
Specialistsidentifiedhigh-economic-valuevitaminA
plantsthatweregrowingwithintheregionandcould
togetherprovide continuedproduction year-round.
Broad leaf,mustard leaf, spinach, cress, Swiss chard,

ConsumptionofvitaminA–richplants
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fenugreek, amaranth, carrot, broccoli,HelenKeller
sweetpotatoes (a varietyhigh in carotenoids), colo-
casia, kangkung (water spinach, Ipomoea aquatica),
climbingspinach,pumpkin,andpapayawereidenti-
fied,andseedsweredistributedbytheNDCsandLocal
Motivators during the appropriate seasons.Mango
plantswereprovided.Importantly,aworkshoprevealed
thatthebaselineknowledgeofmanyAgriculturalSpe-
cialistsconcerninggoodsourcesofspecificnutrients,
suchasvitaminA,wasoftenlackingorincorrect.
Modelkitchengardenswerefirstestablishedatthe

NDHswith eventual diffusion to the neighboring
households.MARDProject field staff visitedhouse-
holdkitchengardens,providinghorticulturalinstruc-
tion and seeds andofferingnutrition education to
the communities.Localbusinesswas supportedand
the interventionwasmade sustainable by training
andmobilizing local“agrovet” businesses tomake
vitaminA–rich seeds and other supplies available.
TheHelenKellersweetpotatoeswereimportedfrom
Bangladesh;the localvarieties inNepalhadredskin
withwhitefleshandweretraditionallyconsumedonly
onspecialdays.

Evaluation

Across-sectionalsurveywasdesignedtogatherdataon
generalhouseholdcharacteristicsandsocioeconomic
status, cropand livestockproduction,maternal care
andpractices during pregnancy, foodpreservation
and storage practices, hygiene and sanitation, and
generalnutritionknowledge.Ten interviewers,who
were familiarwith the area and the local languages,
werehiredtoconductthesurvey.Thenutritionteam
trained interviewers for 3.5days before theybegan
datacollection.

TheprojectwasapprovedbytheOfficeofHuman
ResearchProtection at theUniversity ofCalifornia,
Davis.Additionally,consenttoconductthesurveywas
obtainedfromtheVDCchairmenpriortoinitiation,
andoralconsentwasobtainedfromeachhousehold
immediatelypriortothehouseholdinterview.
The surveywas implemented inRupandehi and

Kapilbastu, the twodistricts consideredmost at risk
formalnutritionbecauseof theirhighprevalenceof
vitaminAdeficiency[24].Allhouseholdsparticipating
inthekitchen-gardenprograminthesedistrictswere
selectedfor interview(n=430).Becauseofpolitical
instability inthesurroundingregion,controlhouse-
holds (n=389)were locatedwithinMARDProject
VDCsinwardsthatreceivednodirectassistancefrom
theproject(i.e.,nokitchen-gardensupport,nutrition
education,oragriculturalsupport)(fig.3).Interview-
ers visited every 3rd to 10thhouseholdwithin the
controlwardsbasedonanumber(between3and10)
thatwasrandomlypreselectedandchangeddaily.
Self-identifiedprimarycaregiversrespondedtoques-

tions,butadditionalmembersofthehouseholdwere
oftenpresenttoassistinansweringquestionsrelatedto
foodproduction.Aftertheinterview,eachhousehold
wascompensatedwith twobarsof soap.Forquality
control,surveyswerereviewedforconsistencybythe
coordinator.

Statisticalanalysis

Thehypothesis testedwas that participants in the
kitchen-garden programwould have better nutri-
tion knowledge and practices and consumemore
home-producedmicronutrient-richfoodsthanthose
in the nonparticipant control group. The EpiInfo
statisticalprogramwasused to compare continuous

FIG.3.Organizationofhouseholdselectionforsurvey.KG,kitchengarden;VDCs,VillageDevelopmentCommittees
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variablesbetweengroupsbyt-testsandanalysisofcov-
arianceandcategoricalvariablesbyPearson’sχ2test.
Regressionanalysiswasusedtocontrolforpotentially
confounding socioeconomic variables that differed
betweengroups.

Results

Household composition, caregiver characteristics,
andsocioeconomicstatusweresimilarinthekitchen-
gardenandcontrolgroups(table1).Asexpectedinthis
rural community, farmingwas theprimaryoccupa-
tion.Inbothgroups,thecaregivershadanaverageof

onechildlessthanfiveyearsold.Lessthan10%ofthe
caregiversinbothgroupswerecurrentlypregnant,and
justoverhalfwerelactating.Approximatelytwo-thirds
ofthecaregiversinbothgroupswereilliterate.
Selectedpossessions,(bicycle,telephone,radio,and

television),indicatorsofhousingquality(e.g.,typeof
roof,presenceofelectricity),andtheaveragenumber
oflivestockperhouseholdwereusedtoassesssocio-
economicstatus.Slightlymorecontrolhouseholdshad
electricity,whereasmorehouseholdswithkitchengar-
densownedabicycle.Householdswithkitchengardens
alsoownedmore livestock (cowsorbuffaloes,oxen,
andgoats),butnotmorepoultry.Manyhouseholds
didnotownany livestockorpoultry, and less than
5%ofallhouseholdswereinvolvedinpigproduction
oraquaculture.Thevariablesthatshowedstatistically
significantdifferencesbetweengroupswereused as
covariateswhen the control andparticipanthouse-
holdswerecompared insubsequentanalyses.Unless
otherwisestated,therewerenoeffectsofcovariateson
outcomevariables.

Nutritionknowledgeofcaregiversinhouseholds
withkitchengardensandcaregiversincontrol
households

MARDProjecthouseholdswithkitchengardensscored
anaverageof2.3±1.9outof6possiblepointsonthe
nutritionknowledgetestversus1.1±1.5pointsforthe
controlhouseholds(p<.0001)(table2).Surprisingly
andunacceptably,only38%ofhouseholdswithkitchen
gardens and13%of controlswere able to identify a
causeofnight-blindness,eventhoughtheconditionis
widelyrecognizedinthisregionofNepalandthereare
nationalprogramsforitsprevention.Correctresponses,
givenindescendingorderoffrequency,were“lackof
dark-greenleafyvegetables,”“lackofvitaminA,”“lack
ofyellowvegetablesandfruit,”and“lackofeggs,milk,

TABLE 1.Characteristics of kitchen-garden and control
households

Characteristic
Kitchen-garden
(n=430)

Control
(n=389)

Meansizeofhousehold  8.9  8.3
Meanageofcaregiver
(yr)

33.1±8.9 32.6±9.5

Caregiverspregnant(%)  8.1  4.9
Caregiverslactating(%) 50.7 54.9
Caregiversilliterate(%) 65.6 72.5
Electricity(%) *26.7* 35.8
Telephone(%)  1.4  2.1
Radio(%) 48.1 41.8
Television(%) 20.0 24.0
Bicycle(%) * 90.2** 81.4
No.ofcowsorbuffaloes/
household

1.8±2.2* 1.1±1.6

No.ofgoats/household 1.3±2.0* 1.1±1.5
No.ofoxen/household 1.7±1.3* 1.3±1.3
No.ofpoultryor
pigeons/household

2.6±6.3* 2.3±5.2

*p<.05;**p<.005,significantlydifferentfromcontrolgroup.

TABLE2.Percentageofkitchen-garden,control,andMARDvitaminAawarenesstraineeswhorespondedcorrectly
tonutritionknowledgesurveyquestions

Question
Kitchen-garden
(n=418)

Control
(n=385)

MARD
vitaminAaware-
nesstrainees
(n=161)a

Whatcausesnight-blindness? 38.1 13.3 51.9
NamefoodsrichinvitaminA 52.0 22.6 67.7
Whatcausesanemia? 17.1 3.4 —
Namefoodsrichiniron 25.6 9.8 —
Atwhatageshouldchildrenbefedfoodsother
thanbreastmilk?

17.0 10.1 —

Nametheingredientsofanutritiouscomple-
mentaryfood

61.8 50.5 —

Averagenumberofcorrectresponses(0-6) 2.3±1.9* 1.1±1.5 —

a. ThesubgroupoftheKGprogramrecipientswhoreceivedadditionaleducationonvitaminAinwomen’sgroupsandfarmer’s
groups.

*p<.0001,significantlydifferentfromcontrolgroup.
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small fish,and/or liver.” In total,52%ofhouseholds
withkitchengardensand23%ofcontrolhouseholds
couldnameatleastonefoodrichinvitaminA.Inboth
groups,themostcommonresponsewas“dark-green
leafy vegetables,” followedby“yellow fruits,”“yellow
vegetables,”“milk,”“eggs,”“smallfish,”and“liver.”
Caregivers in both groups had great difficulty

answeringquestionsabout ironandanemia,but the
kitchen-garden groupperformedbetter.Only 17%
of caregivers fromhouseholdswithkitchengardens
and3%ofthosefromcontrolhouseholdswereableto
identifyacauseofanemia,andwhenaskedtoname
foodsrichiniron,26%ofcaregiversfromhouseholds
withkitchengardensand10%ofthosefromcontrol
householdscouldnameatleastonegoodsource.
Exclusivebreastfeedingofchildrenuntiltheageof

fivetosixmonthswaspromotedinnutritioneducation
trainingsessions.Whenaskedatwhatagefoodother
thanbreastmilkshouldbegiventochildren,17%of
caregiversfromhouseholdswithkitchengardensand
10%ofthosefromcontrolhouseholdsansweredfive
tosixmonths.Aboutthree-quartersoftherespondents
inbothgroupsbelievedthatfoodshouldbegivenafter
sixmonthsofage,whereastheremainderbelievedit
shouldbeprovidedbeforetheageoffivemonths.The
correctresponsewasintendedtobe“fivetosixmonths.”
However,becauseofthesomewhatambiguousnature
ofthequestion,somecaregiverswhoanswered“after
sixmonths”mayalsohavebeencorrect.Finally,62%of
caregiversfromhouseholdswithkitchengardensand
50%ofthosefromcontrolhouseholdscouldnamethe
ingredientsofanutritiouscomplementary food, the
compositionofwhichhadbeendiscussedinMARD
Projectnutritioneducationtraining.
TheMARDProjectprovidedvitaminAawareness

training, outsideof thenutrition educationoffered
inkitchen-garden training, to 37.7%ofhouseholds
in the kitchen-garden group.A higher proportion
(52%)ofparticipantsinthisadditionalMARDProject
vitaminAawarenesstrainingcouldidentifyacauseof
night-blindness,comparedwith28%of those in the
kitchen-gardengroupwhohadnotparticipatedinthe
additionaltraining,and13.3%ofthoseinthecontrol
group.Similarly,68%ofthosewhoreceivedadditional
trainingcouldnameatleastonesourceofvitaminA,
versus43%of thosewhowereonly educated about
vitaminAinthekitchen-gardenprogramand23%of
controls(table2).

Productionandconsumptionofmicronutrient-rich
vegetables

Thehouseholdsdescribedproductionandconsump-
tionpatternsof16micronutrient-richvegetablespro-
motedbytheMARDProject.Self-reporteddataonthe
levelofhouseholdproductionandconsumptionwere
recordedforeightdark-greenleafyvegetables(broad

leaf,mustard leaf, Swiss chard, fenugreek, amaranth
leaf, spinach,kangkung, andclimbing spinach), and
eightothercrops(broccoli,coriander,colocasia,Helen
Kellersweetpotato,carrot,ripepumpkin,ripepapaya,
andripemango).
Householdproductionforconsumptionwashigher

inthekitchen-gardengroupforallvegetables(fig.4).
Conversely,morecontrolhouseholdsreportedbuying
vegetables,exceptforSwisschard,forhomeconsump-
tion.Seasonalconsumptionofallvegetableswasalso
assessedonaneight-pointscale.For13vegetables(all
exceptcolocasiaandHelenKellersweetpotato)andfor
ripemango, the reported frequencyof consumption
wassignificantlyhigherinthekitchen-gardengroup.
In both groups, broad leaf,mustard leaf, spinach,
coriander,carrot,ripepumpkin,andripemangowere
consumedmostoften,followedbyripepapaya,Helen
Kellersweetpotato,colocasia,amaranth,andfenugreek.
Two-thirdsofallhousesreportednevereatingclimbing
spinach,kangkung,broccoli,orSwisschard.

Foodpreservationandstorage

Avarietyof vegetables arepreserved in ruralNepal.
In this survey, cauliflower, cabbage, gourd, eggplant,
tomato, radish, and sagwere often cited as being
preservedby respondents. Specialized foods such as
masouraandsinki(driedgrainsandvegetables)were
alsocommonlynamed.Inthisregion,foodsarepre-
servedbysolardryingandthenstoredinplasticorfoil
wraporinacontainersuchasanearthenwarepot.
More householdswith kitchen gardens reported

preservingfoodsinthepreviousyear(86.9%vs.60.1%
ofcontrols,p<.005)andpreservingenoughfoodto
lastthroughtheseasonofscarcity(49.1%vs.38.3%,
p< .05).Although this variablewas also correlated
withthepresenceofelectricityinthehousehold,the
differencebetween groupswas still significant after
controllingforelectricityandallotherbaselinediffer-
ences.Manycaregiversfromhouseholdswithkitchen
gardens (29%) reported attending a specialMARD
Projecttrainingsessiononfoodpreservation,outside
ofthespecificactivitiesofthekitchen-gardenprogram.
This course coveredmethods of solar dryingwith
locallybuilt equipment,buildinghomemade storage
facilities for sweetpotatoes,homedehydration, and
minimizingdamage and foodwastage afterharvest.
Ofthehouseholdswithkitchengardensthathadpar-
ticipatedinthetraining,95.8%,versus77.9%ofthose
notparticipatinginthetraining,reportedpreserving
foodsinthelastyear,comparedwith60.1%ofcontrols
(p<.005).

Consumptionofanimal-sourcefoods

Animal-source food intake did not differ between
groups, in spite of nutrition education topromote
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its consumption.Themean frequencyof consump-
tionofeggs,small fish, liver,andmeatwas lessthan
onceaweek inbothgroups. Seventy-fivepercentof
all households did not consume eggs on aweekly
basis,whereasthemeanfrequencyofconsumptionin
householdsreportingproductionofeggswas2.4times
perweek.The frequencyofmilk consumptionwas
greater than for theother fouranimal-source foods,
withhouseholdswithkitchengardensconsumingmilk
4.3timesaweekonaverage,andcontrolhouseholds
consumingmilk3.5timesperweek.Thegroupdiffer-
encewasnotstatistically significantaftercontrolling
forownershipofacoworbuffalobythehousehold.In
milk-producinghouseholdsofbothgroups,themean
frequencyofmilkconsumptionwas7.5timesperweek,
comparedwith1.8timesperweekfornonproducing
households.

Maternalnutritionpractices

ThenutritioneducationmessageoftheMARDProject
included the need to consumemore energy and
higher-qualityfoodssuchasanimalproductsduring
pregnancy.Exclusivebreastfeedinguntiltheageoffive
tosixmonthswaspromoted,aswasfeedingofcolos-
trum.Morecaregiversincontrolhouseholdsreported
adjustingtheirdiettoconsume“specialfoods”during
pregnancy(91.9%vs.82.8%,p<.005)(table3).This
variablewasalsocorrelatedwiththepresenceofelec-
tricityinthehousehold,buttheintergroupdifference

was still significant after this variable and all other
baselinedifferenceshadbeencontrolledfor.Animal-
sourcefoodssuchasfish,meat,eggs,milk,andghee
were commonly identified, aswere a varietyofnuts
anddriedfruits,suchaschhorha(dates),coconut,and
raisins.Frequentlymentionedwere foods associated
specificallywithpregnancy,suchasjwanosoup(soup
fromomumseeds),bheli(sugarsoup),andsot(herbs
mixedwithflourandsugar).Manywomenalsostated
thatconsumptionofstaplefoodssuchasrice,dal,and
rotiwasincreasedinpregnancy.
Therewerenodifferencesbetweenhouseholdswith

kitchengardens and controlhouseholds in theper-
centageofcaregiverswhoreportedfeedingcolostrum
tonewborns, or in the reported lengthof exclusive
breastfeeding.Inall,78.2%and62.5%ofhouseholds

TABLE3.Percentageofkitchen-gardenandcontrolcaregivers
reportingnutritionpractices

Practice

Kitchen-
garden
(n=413)

Control
(n=382)

Adjustdietinpregnancy 91.9** 82.8
Feedcolostrum 72.9 66.5
Feedmilktochildren
under5yrofage

74.8** 64.7

Feedlitotochildren 25.4* 17.5
Feedjaulotochildren 46.5** 24.7

*p<.05;**p<.005,significantlydifferentfromcontrolgroup.

FIG.4.Householdswithkitchengardens(KG)reportedconsumingmorehousehold-producedmicronutrient-richfruitsand
vegetablespromotedbytheMARDProjectthandidcontrolhouseholds(p<.05forpapaya;p<.001forallothercrops)
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withkitchengardensandcontrolhouseholds,respec-
tively,reportedthatanimalmilk(buffalo,cow,orgoat)
wasthefirstdrinkotherthanbreastmilkgiventotheir
children (anonsignificant difference),with buffalo
milk specifiedmostoften.The remaining caregivers
gavewater, fruit juice,or someother liquid, suchas
bheli(asugarsoup),totheirchildrenasafirst food.
Thefirstfoodsmostcommonlymentionedwerestaples
suchasrice,roti,anddalandthecompletemealof“dal
bhattarkari.”Somecaregiversnamedtraditionalhigh-
qualitycomplementaryfoodssuchaslito,jaulo,kichari
(cerealandlegumegruels),orcommerciallyavailable
infantcereals,butthiswaslesscommon.
Therewasnodifferencebetweenhouseholdswith

kitchengardens and controlhouseholds in theper-
centageofcaregiverswhoreportedfeedingmilk(other
thanbreastmilk)tochildrenlessthanfiveyearsofage
(74.8%ofhouseholdswithkitchengardensand64.7%
ofcontrolhouseholds).However, therewasa strong
correlation between this behavior and household
ownershipof a coworbuffalo (datanot shown). In
bothgroups,mostwomen(two-thirds)reportedfeed-
ingbuffalomilk,followedbycowmilk(29.6%),goat
milk(5.2%),andpowderedmilk(3.6%).Consump-
tionoflitoandjaulo(higher-qualitytraditionalcom-
plementary foods)washigher in thekitchen-garden
group(table3).Thisvariablewasalsocorrelatedwith
thepresenceof electricity andaworkanimal in the
household,butthedifferencewasstillsignificantafter
theseassociationsandallbaselinedifferenceshadbeen
controlledfor.

Hygieneandsanitation

Thenumberof householdswith access to a latrine
(15.2% of thosewith kitchen gardens and 23.4%
of controls)wasnot significantlydifferent between
groups. For the kitchen-garden and control groups

combined,aboutthree-quartersofhouseholdsreported
thatthelatrinewasnotmorethan50feetawayfrom
the house. Soap andwaterwas themost popular
methodofcleansingthehandsafterusingthelatrine.
Mud,ash,andplainwaterwerealsoused.
Caregiversself-reportedhygienicpractices,specifi-

callyhowoftentheywashedtheirhandsbeforeprepar-
ingfoodandbeforefeedingchildren,andhowoften
childrenweremade towash theirhands afterusing
the latrine andbefore eating (table 4).A scale from
1(everytime)to4(never)wasused.Inallsituations,
thekitchen-gardengroupscoredsignificantlyhigher
thanthecontrolgroup(p<.05).Caregiverswereasked
whatcaretheytooktokeepfliesawayfromfoodwhen
cookingandawayfromtheirchildren’sfoodandface.
Accordingtothesamescalingsystem,householdswith
kitchengardensscoredhigher(p<.005).Households
thathadalsoparticipatedinMARDProjecttraining
sessions on sanitation and hygiene (49%of those
withkitchengardens) scoredhigher thanuntrained
respondents(kitchen-gardenhouseholdsandcontrols
combined)oneverybehavior(p<.005).

Discussion

Thecross-sectionaldesignofthisstudymeansthatit
isnotpossibletoprovecausalitybetweenparticipation
inthenutritionandkitchen-gardenprogramandthe
betternutritionknowledgeandpracticesof thepar-
ticipants.Theoverall verypoorperformanceon the
nutritionknowledgetest,evenintheMARDProject
kitchen-gardengroup,highlights theneed formore
extensivecommunitynutritioneducation.Knowledge
ofthecausesofnight-blindness,whichmayaffect16%
to25%ofpregnantwomenintheterai[25,26],and
ofthecausesofanemiaisshockinglypoor.Thebetter
knowledgeof vitaminA inhouseholdswithkitchen

TABLE4.Reportedhygienebehaviors

Surveyquestion
Kitchen-garden
(n=422)

Control
(n=385)

MARDhygiene
andsanitation
trainees
(n=209)

Caregiverswashhands
 Beforepreparingfood 1.16±0.45** 1.24±0.52 1.08±0.32***

 Beforefeedingchildren 1.43±0.75** 1.65±0.82 1.35±0.68***

Childrenmadetowashhands
 Afterusingthelatrine 1.52±0.82** 1.72±0.85 1.40±0.79***

 Beforeeating 1.57±0.86** 1.80±0.84 1.56±0.76***

Caregiversattempttokeepfliesaway
 Fromchildren’sfood 1.74±0.90** 1.98±0.85 1.69±0.91***

 Whilecooking 1.41±0.68** 1.64±0.72 1.32±0.63***

Scale:1=always,2=mostofthetime,3=sometimes,4=never.
*p<.05;**p<.005,significantlydifferentfromcontrolgroup;***p<.005,significantlydifferentfromhouseholdswithno
MARDProjecttraining.
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gardens that participated in the additionalMARD
ProjectvitaminAawarenesstraining,comparedwith
householdswithkitchengardensthatdidnotpartici-
pate,andthebetterperformanceofthelattercompared
withcontrols,suggestthatintensivenutritioneduca-
tiontrainingcanimprovenutritionknowledgeinthese
communities.
Nutritionpracticeswerebetterinthekitchen-garden

group, but these practiceswere reported and not
observed.Manyofthecaregiversinhouseholdswith
kitchen gardenshad receivedMARDProjectnutri-
tion trainingaswell askitchen-garden training, and
theymayhaveadjustedtheirresponsesonthebasisof
messagesreceivedintheseprograms.Forexample,half
ofthekitchen-gardengrouphadreceivedtrainingon
hygieneand sanitationpractices, and theymayhave
reportedmorefrequentapplicationofhygienicprac-
tices,suchashandwashingandcleanfoodpreparation,
eveniftheyhadnotactuallyadoptedthesepractices.
However,theincreasedreportsofgoodpracticesinthe
kitchen-gardengroup reflect, at least, that informa-
tionprovidedintrainingsessionswasretainedbythe
participants.
Byprovidingqualityseedandtechnicaladviceonthe

productionofnontraditional vegetables, theMARD
Project increased household access tomicronutri-
ent-richplant-sourcefoods.Increasedproductionby
MARDProjecthouseholdswithkitchengardensalso
mayhave increased theavailabilityof these foods to
othermembersofthecommunity,sincemanyhouse-
holdsreportedsellingextrakitchen-gardenproducein
thelocalmarket.Althoughsomenontraditionalveg-
etables(suchasSwisschard)wererejectedbythecom-
munity,manyothers(suchasbroccoli)wereaccepted
andintegratedintothediet.Increasingproductionof
micronutrient-richfoodsinthekitchengardenisan
especiallypromisingstrategyforcombatingchildhood
malnutrition,because ingeneralNepali childrenare
not fed special complementary foodsbut share the
family’smeal[23].Caregiversalsoreportedincreased
palatabilityofthedietandlesstimespenttravelingto
themarketasbenefitsofakitchengarden.
Thediet inRupendehiandKapilbastu,and in the

teraiingeneral,rarelyincludesanimalproducts,with
the exceptionofmilk. Fish,meat, and eggswere all
reportedtobeconsumedanaverageoflessthanonce
perweekinbothgroups,andmanycaregiversreported
eatingthesefoodslessthanonceeveryseveralmonths.
In addition to theprohibitive costof animal-source
foods,manyfamiliesinNepalfollowapatternoffood
avoidancemandatedbyreligionorcaste.Atotalof89
kitchen-gardenhouseholdsand32controlhouseholds
reported avoiding eggs, fish, andmeat, andmany
otherhouseholds avoidedoneof these foods.These
constraintsreducethepotentialroleoffish,meat,and
eggsinthediet,andeveninhouseholdsthatproduce
theirownanimalproducts,theseareoftenprizedcom-

modities,consumedonlyforspecialevents.
Milk,which is awell-accepted food,mayplay an

important role in adietotherwisedevoidof animal
products. Even in households that did not own a
milk-producinganimal,theaveragefrequencyofcon-
sumptionofmilkforthekitchen-gardenandcontrol
groupscombinedwas1.8timesperweek.Households
thatproducedtheirownmilkconsumedmilkanaver-
ageof7.5timesperweek.Somehouseholdsreported
consumingmilkupto21timesperweek,or3times
perday.Milkisanimportantsourceofnutrientsfor
children,with75%ofkitchen-gardenhouseholdsand
65%ofcontrolhouseholdsfeedingmilk(notincluding
breastmilk)tochildrenunderfiveyearsofage.
Thekitchen-gardenapproachhas thepotential to

further improvenutrition in theLumbini-Gandaki
Zone. Itwasobvious fromobserving activities and
landuse in thecommunities thatprovisionof seeds
and technical advice increased the production of
nontraditionalmicronutrient-rich vegetables, and
participantsinthekitchen-gardenprogramhadbetter
nutritionknowledgeandbehavior.Thecombination
ofagriculturaltrainingwithnutritioneducationpro-
videsparticipantswithknowledgeoftheimportance
of foodandnutrition, aswell aspractical adviceon
howtogrowandpreparenutritiousfoods.Forexam-
ple, the preparation and distribution of calendars
that listedappropriate timesof theyear forplanting
andcultivating specific seeds assisted thehousehold
implementationofthekitchengardens.TheAgricul-
turalProductionSpecialistsalso learnedagreatdeal
abouttheimportanceofnutritionandhowagriculture
canbeusedtoimprovenutritionalstatus.Priortothe
workofthenutritionteam,theHorticulturalSpecial-
istslackedbasicinformationabouttheimportanceof
micronutrients in thediet and sourcesofnutrients.
For example,wewere informed that the localwhite
sweetpotatoesprovidedvitaminAbecausetheyhad
red skins. Some seeds (such asmustard seed)were
perceivedtobegoodsourcesofcarotenoidsandiron,
eventhoughtheycouldbeconsumedonlyinverysmall
quantities.Eventhoughthekitchen-gardenapproach
maybelesscost-effectivethansupplementationforthe
short-termeliminationofmicronutrientdeficiencies,it
makesmicronutrient-richfoodsaccessibletotheentire
householdandcanimprovethequalityofdietandlife
foralifetime.
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Abstract

Thispaperexplorestheprevalenceofthecoexistenceof
astuntedchildandanoverweightmotherinthesame
household (SCOWT), a somewhat paradoxical phe-
nomenonwhen found in thedevelopingworld. It tests
whetherthisphenomenonisassociatedwithacountry’s
level of economicdevelopment andurbanizationand,
by implication, thenutrition transition. It thenhigh-
lightspolicydirections forpublicnutrition.Data from
42Demographic andHealth Surveys inAfrica,Asia,
andLatinAmericawereused.Stuntingwasdefinedas
height-for-age<–2SDofthereferencepopulation,and
maternaloverweightasabody-massindex>25kg/m2.
WorldBankandUnitedNations figureswereused for
grossdomesticproduct(GDP)percapita(anindicator
of economic development) and for level of urbaniza-
tion.Descriptive statisticswerederived,andregression
analysiswasusedtomodeltheassociationbetweeneco-
nomicdevelopment,urbanization,andtheprevalenceof
pairsof stuntedchildrenandoverweightmothers.The
prevalenceofthisphenomenonisgenerallybelow10%,
exceptinfourcountries,threeoftheminLatinAmerica.
Thephenomenon is generallymoreprevalent inLatin
America than inAfrica, thoughnot necessarilymore
prevalent in urban than in rural areas.The analysis
findsthatthephenomenonisassociatedwitheconomic
development, but not urbanization, and that it does

differbetweenurbanandruralareasandregions.The
associationwithGDPpercapitasupportsthehypothesis
thatSCOWTincreaseswitheconomicdevelopment,up
to a point. SCOWTappears to bemost prevalent, as
expected,inthosecountriesinthemidstofthenutrition
transition.Recognizing this phenomenon is important
fordelineatingstrategiesthatrespondtothedifferential
needs of individualswithin thehouseholdanddonot
justaffect thehouseholdasawhole.Thismaybecome
especiallyimportantwithfutureeconomicdevelopment
and,potentially,urbanization.

Keywords:DHS(DemographicandHealthSurveys),
economicdevelopment,malnutrition,nutritiontransi-
tion,overweight,stunting,urbanization

Introduction

Incruelandironiccontrasttothedeprivationassoci-
atedwithpoverty,diseasesmoreoftenassociatedwith
excess,suchasdiabetes,obesity,andheartdisease,have
alsoemergedasseriousconcernsinmanydeveloping
countries[1,2].Thesecountriesnowfacetheworstof
twoworlds:millionsof infants, youngchildren, and
adults suffer fromhungerandundernutritionat the
sametimeasothermillionscontendwithovernutrition
anditsconsequences.
Traditionaldeveloping-countrydietsconsistlargely

ofunprocessedfoods,andmosthouseholdsstruggleto
getenoughfoodforeveryonetoeat.Yetwithincreased
economicdevelopmentandurbanization,populations
inmany developing countries are now consuming
more energy,moreprocessed foods, includingmore
refinedgrains,andfoodshigherinsaturatedfat,sugar,
and salt.National food andnutritionpolicies that
affect the relativeprices of foodsmay also encour-
age such changes. In theMiddleEast, for instance,
somegovernmentssubsidizestapleitemssuchasoil,
sugar,andwheat.Therelativelylowerpricesofthese
foods can lead to theiroverconsumptionat the cost
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ofamorebalanceddiet.Adeclineinphysicalactivity
mayaccompanythesedietarychanges.City-dwellers,
includingruralmigrants,takeonmoresedentaryjobs,
andfirmsandhouseholdsadoptlabor-savingtechnolo-
gies[3,4].Togethertheseconditionsarecontributing
toarise inoverweightandnutrition-relatedchronic
diseases(NRCDs)amongthesepopulations[4,5].The
situationappearsespeciallyacuteinthemiddle-income
nationsofLatinAmericaandtheNearandMiddleEast
[2, 6].During this“nutrition transition,” symptoms
ofunder- andovernutrition logically coexist at the
populationlevel.Overnutritionemergesasanational
problem, evenasundernutrition remainshigh,with
wealthierhouseholdsexhibiting“diseasesofaffluence,”
includingobesity, andpoorerhouseholds exhibiting
foodinsecurityandmalnutrition.
Thenutrition transition is often conceivedof as

a national phenomenon, awave of change in diet,
physicalactivity,andbodycompositionpatternsthat
acountrygoesthroughontheroadtohigherlevelsof
economicdevelopment[4],butrecentworkindicates
under-andovernutritioncanalsoexistnotonlyinthe
samepopulation,butinthesamehousehold[3,7].As
Popkin [5]notes, this is somewhat surprising, since
indeveloping countriesundernutrition is generally
thoughtofasreflectingdeprivationatthehousehold
level:lackofincome,lackoffood,poorsanitation,and
low levelsofeducation,amongothers.These factors
affectallmembersofthehouseholddirectly,orindi-
rectlythroughtheirimpactoncare,feedingpractices,
anddiet.Numerous economic studies confirm the
associationofundernutritionandfoodinsecuritywith
lowincomeindevelopingcountries[8–14].
Inthefaceofpan-householdconstraints(suchasthe

verylowhouseholdincomefoundinmanydeveloping
countries),itisnotsurprisingthatthenutritionalstatus
ofhouseholdmembers is fairlywell correlated.The
jointprobabilityofundernutrition for childrenand
mothersinthesamehousehold,then,wouldnotjust
occurasasimple functionofrespectiveprevalences.
Usingthedatainthisstudy,forexample,andtesting
withaone-sidedFisherexacttestofsignificance,we
foundassociationswithp<.10betweentheprevalence
ofstuntedchildrenandofunderweightmothersin29
ofthe42countries.In38countries,usingatwo-sided
Fisherexacttestofsignificance,wefoundanassocia-
tionwithp<0.10betweentheprevalenceofstunted
childrenandoverweightmothers.
Thecoexistenceofundernutritionandoverweight

amongmembersofthesamehouseholdthusrepresents
aweakeningofintrafamilialassociationsofnutritional
statusandraisesquestionsaboutitscauseandimpli-
cations forprogramsandpolicies.Onepossibility is
that in thesehouseholds,pan-household constraints
havebecome less severe.Onemightconceiveof this
situation occurringmore often inmore economi-
callydevelopedandmoreurbanized countries,with

higheroverall levelsofhousehold incomeandmore
widespread food availability. Individual-level and
intrahousehold factors, such as food choices, caring
behaviors, and individual diets, become relatively
moreimportant.Thelocusoftheleadingconstraints
tofoodinsecurityandmalnutritionmayshiftfromthe
householdtotheindividuallevel.Inthecaseofover-
weight,thehouseholdmayhavereachedapointwhere
sufficientresourcesexistforatleastsomeindividuals
toget“enough”foodtoeat,intermsofenergy,evenif
it isof lowquality.Somehouseholdmemberscould
remainundernourishedduetodeficienciesofenergy
andessentialnutrients,andothersbecomeoverweight
fromexcessenergy.Asomewhatdifferentpossibilityis
thatatthesehigherlevelsofeconomicdevelopment,
energy issufficient forbothchildrenandadults,but
micronutrientintakesremainlow,leadingtostunting
inchildrenandoverweightinadults.
Inanycase,thecoexistenceofunder-andovernutri-

tioninthesamehouseholdhasimplicationsforfood
andnutritionprogramming.Manyprogramsindevel-
opingcountriesimplicitlyassumethatchildundernu-
tritionindicateshouseholdfoodinsecurity.Programs
thentargetmorefoodormoreincometohouseholds
withmalnourishedchildren.Yetunder-andovernutri-
tioninthesamehouseholdmakesthissortoftargeting
lesseffective.Inthiscase,foodchoicesanddistribution
withinthehouseholdmaybemoreimportantfactors
thanthehousehold’soverallfoodavailabilityandlevel
ofresources.Thechallengetopublicfinancesandtoa
publichealthsystemthatmustsimultaneouslyaddress
the causes of bothunder- andovernutrition in the
populationisdifficultenough,butthepresenceofboth
insidethehouseholdcomplicatesmatters.

Objectives

Thispaperreportstheprevalenceofthephenomenon
ofunder-andoverweightmembersinthesamehouse-
holdandinvestigatesitsrelationtoglobalfactorsasso-
ciatedwiththenutritiontransition,namelyeconomic
development andurbanization.Thepaper looks at
aparticular expressionofunder- andovernutrition,
theoccurrenceofastunted(undernourished)childin
thesamehouseholdasanoverweight(overnourished)
mother.Wetermthispairingofastuntedchildandan
overweightmotherSCOWT.Thepaperwillquantify
theprevalenceofSCOWTinanumberofdeveloping
countries,exploretheassociationofSCOWTwitheco-
nomicdevelopmentandurbanization,andhighlight
policydirectionsforthepublicnutritioncommunity.
Somestudieshaveexaminedbroadnationaltrends

ofincreasinglevelsofobesityoroverweightinregions
wherechildundernutritioncontinuestobeaserious
problem[2].Othershavelookedatthecoexistenceof
overweightandunderweightamonganymemberof
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thesamehouseholdincountriesgenerallyconsidered
tobeundergoinganutrition transition[3,15].This
studydocumentsthecoexistencewithinahousehold
ofchildhoodstuntingandmaternaloverweight.It is
the first topresentdataon the globalprevalenceof
thisphenomenonandoncountriesathigherandlower
levelsofeconomicdevelopmentandurbanization.This
allowsforcomparisonofcountriesthatarearguably
fartheralonginthenutritiontransitionwiththosethat
haveonlybarelystartedalongthispath.
The rationale for a focuson stunting rather than

underweightorwastingasanindicatorofchildunder-
nutrition is that stunting reflects the cumulative,
long-termeffectsofthenumerousinsultsexperienced
by childrenduring their intrauterine andpreschool
years[16].Programmatically,then,manyresearchers
anddevelopmentpractitioners consider it indicative
of long-termdeprivations at the household level.
Although the specific etiologies differ, the nature
of stunting andBMI as indicators of longer-term
nutritionalstatusmakeitnaturaltopairthemforthis
analysis.
Asanecologicalstudy,thispaperdoesnotseekto

identifyspecifichousehold-orindividual-leveldeter-
minantsofundernutritionoroverweight.However,
it does explorewhether SCOWT is associatedwith
longer-term economic and social processes at the
populationlevel.Inthisstudy,wehypothesizethata
higherprevalenceofSCOWTisassociatedwithhigher
levelsofurbanizationandeconomicdevelopment.We
knowdiet,activity,andchild-carepatternsshiftwith
urbanlivingandwithhigherincomes,andsoweexpect
toseehigherlevelsofadultoverweightandobesity.If
notaccompaniedbysimilarratesofdeclineinstunt-
ingatthehouseholdlevel,wewillseetheemergenceof
theseSCOWTpairsalongwiththeriseinoverweight
thatoftensignalsthenutritiontransition.

Methods

Data

Toconductthisanalysis,weusedpubliclyavailabledata
setsfromtheDemographicandHealthSurveys(DHS)
for42countries(27inAfrica,8inLatinAmerica,and
7inAsia).TheDHSarefundedbytheUSAgencyfor
InternationalDevelopmentandcoordinatedbyMacro
International.Datacollectionisusuallycarriedoutin
collaborationwithcountrygovernmentsusingpopula-
tionsamplingframes.Alldataarenationallyrepresent-
ative.Theyearsofthedatarangefrom1992to2001.
AlthoughpredominantlyfromAfrica,thedatadocome
fromalldeveloping-countryregions,sotheyprovideat
leastsomeindicationoftheprevalenceofthephenom-
enonaroundtheworld.Thesedatasetsareavailable
fromtheDHSwebsite(www.measuredhs.com).

Wechosedatasetsthathadanthropometricdatafor
mothersandtheirchildren.Children6to60months
oldandtheirnonpregnantmothersaged18yearsor
olderwereincludedintheanalysis.In29ofthedatasets
themaximumageofchildrenwas60monthsold;in
theremaining13itwas36monthsold.Ifamotherhad
morethanonechildinthisagegroup,weselectedone
ofthechildrenrandomlyforanalysis.
For children’s nutritional status,weusedheight-

for-age Z scores (HAZ). Stuntingwas defined as
HAZbelow–2 SDof theWorldHealthOrganiza-
tion/NationalCenterforHealthStatistics/Centersfor
DiseaseControl(WHO/NCHS/CDC)referencestand-
ards[17].UsingtheWHOguidelines,weconsidered
motherswithabody-massindex(BMI)>25kg/m2as
overweight[18].
WeusedWorldBank figures forGrossDomestic

Product(GDP)percapita(inconstant1995dollars)
forthesameyearsasthenutritionalstatusdata[19].
GDPpercapitaisthepercapitavalueoffinalgoods
producedwithinthecountryandhereservesasaproxy
foracountry’slevelofeconomicdevelopment.Useof
GrossNationalIncome(GNI)wouldhaveaddednet
receiptsofprimaryincomefromabroad,butwasnot
availableinconstant-dollarpercapitaterms.GDPper
capitacalculatedusingpurchasingpowerparity(PPP)
rates, rather than exchange rates,might arguablybe
appropriateaswell,butthecomparabilityofestimates
usingPPP rates is subject to significant doubt and
heateddebate[20,21].Weestimatedthepercentageof
thepopulationinurbanareasintheyearoftheDHS
usingUnitedNationssources[22].

Statisticalanalysis

From these datawe calculated the prevalences of
stunted children, overweightmothers, andSCOWT
pairs(asapercentageoftotalchild-motherpairs)in
eachcountry.WeusedtheStatisticalPackageforthe
SocialSciences(SPSS)fordescriptivestatistics.
Using STATA,we estimated amultivariate linear

regressionmodeltoexploretheindependentassocia-
tionofthelevelofurbanizationandeconomicdevelop-
mentwithSCOWT.Itisimportanttonotethatthisis
across-countryregressionmodel.Itisnotanattempt
tomodelthedeterminantsofnutritionalstatusatthe
householdorindividuallevel,norto“explain”either
stuntingorBMI.Thismodelprovidesasimplecontrol
todeterminetheassociationofnational-levelfactorsof
urbanizationandeconomicdevelopment(holdingthe
other factor constant)withSCOWT. Initially squar-
ing theurbanization andGDPper capita variables
allowedforflexibilitytoaccountforpossiblenonlinear
relationships.
Wealsodevelopedandtestedmodelsthatincluded

interaction terms to see if thesenational-level fac-
torsexhibitedanydifferenceintheirassociationwith

Stuntedchild–overweightmotherpairs



212

SCOWTacross regionsor inurbanand rural areas.
Dummyvariableswereused to represent categorical
variablesforgeographicregions(Asia,Africa,andLatin
America) andurban-rural areas.Main effectswere
interactedwith theurbandummyand the regional
dummies,using a jointF-test todeterminewhether
therewere any significant differences of themain
effects in urban versus rural areas, or in different
regions.We considered coefficientswithp values<
.10significantwithregardtomaineffectsandF-tests
withpvalues<.10significantforgroupsofinterac-
tions.The interactionsof themain effectswith the
urbandummyrevealednosignificantdifferences.The
interactionswith regionaldummies (Asia andLatin
America,withAsiaastheinitialreference)revealedno
significantdifferencebetweenurbanandruralAsiaand
ruralAfrica.Consequently, the finalmodel excludes
main-effectinteractionswiththeurbandummyvari-

ableandincludesonlyregionalinteractionsforAfrica
(urban)andLatinAmerica(urbanandrural).
With 42 countries, using both rural and urban

observations,wehada totalof84observations.The
relatively small number of observationsmeanswe
mustbecarefulininterpretingresultsbecauseofthe
limitedstatisticalpower,particularlywithintheAsian
andLatinAmericanregions.

Results

Prevalence

Overweightisaseriousprobleminmanydeveloping
countries,withprevalenceappearingtobehigher in
higher-incomeandmoreurbanizedcountries(table1
andfigs.1–3)[2,3].Therangeofoverweightmothers

FIG.1.Percentageofmothersoverweight
Source:DemographicandHealthSurveysfromeightLatinAmericancountries
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FIG.2.Percentageofmothersoverweight
Source:DemographicandHealthSurveysfromsevenAsiancountries
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acrossAfricanandAsiancountriesisparticularlylarge.
AmongAfricancountriesinoursample,thepercent-

ageofoverweightmothersrangesfromalowof2%in
Ethiopiatoahighof71%inEgypt.InAsia,threeof

TABLE1.Descriptivestatistics

Regionandcountry
Year

ofsurvey
Children
stunted(%)

Mothers
overweight
(%)

Children
inSCOWT
pairs(%)

Urban
residence(%)

GDPper
capita

(1995US$)

Africa
Benin 2000 32.1 16.5 3.5 42.3 429
BurkinaFaso 1999 41.9 5.8 1.9 16.7 272
Cameroon 1998 35.7 19.8 4.8 49.0 639

CentralAfricanRepublic 1994 38.7 6.8 2.2 39.1 323
Chad 1996 46.0 5.2 1.8 22.2 212
Comoros 1996 37.2 19.6 5.6 30.4 453
Côted’Ivoire 1998 25.4 17.3 2.5 43.6 870
Egypt 2000 19.4 70.8 12.4 42.1 1,217
Ethiopia 2000 55.1 2.0 0.9 14.9 116
Ghana 1998 27.2 16.1 2.7 43.9 390
Guinea 1999 30.4 13.4 2.9 32.6 613
Kenya 1998 34.8 11.9 2.4 35.9 340
Madagascar 1997 56.1 3.5 1.1 25.5 237
Malawi 2000 52.7 11.0 4.8 15.1 168
Mali 2001 43.9 13.8 4.0 30.2 303
Morocco 1992 25.0 32.8 5.8 48.4 1,293
Mozambique 1997 39.8 10.3 2.2 26.2 165
Namibia 1992 30.1 20.7 3.8 26.6 2,106
Niger 1998 47.5 7.6 2.1 20.6 220
Nigeria 1999 48.6 19.6 8.3 44.1 250
Rwanda 2000 45.5 13.5 5.6 13.6 267
Senegal 1992 26.2 17.3 2.5 40.0 547
Tanzania 1996 47.2 13.4 4.5 26.9 180
Togo 1998 24.8 11.5 1.8 33.4 344
Uganda 2000 40.7 11.2 3.1 12.0 339
Zambia 1996 46.4 12.8 4.5 37.3 409
Zimbabwe 1999 29.3 26.0 5.9 33.6 664

Asia
Bangladesh 2000 46.8 4.4 1.0 23.2 373
Cambodia 2000 45.5 5.6 2.5 16.9 388
India 1998 50.1 4.6 1.2 27.7 430
Kazakhstan 1995 16.8 24.3 2.7 56.4 1,268
KyrgyzRepublic 1997 28.2 18.7 4.5 36.0 414
Nepal 2001 52.9 3.6 1.5 13.7 247
Uzbekistan 1996 33.2 14.2 5.5 38.4 585

LatinAmerica
Bolivia 1998 27.0 46.4 11.5 61.9 958
Brazil 1996 9.5 35.7 2.6 77.8 4,474
Colombia 2000 12.6 40.5 4.2 74.9 2,289
DominicanRepublic 1996 8.9 38.0 2.2 56.6 1,726
Guatemala 2000 45.5 44.5 16.0 45.1 1,563
Haiti 2000 21.0 27.4 2.8 35.6 359
Nicaragua 2001 19.4 46.8 6.9 56.1 504
Peru 2000 24.4 47.8 9.6 72.8 2,334

GDP,GrossDomesticProduct.
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thesevencountriesarecountriesoftheformerSoviet
Union(FSU).Thepercentagesofoverweightmothers
inFSUcountriesaremarkedlyhigherthanthefigures
forBangladesh,Cambodia, India, andNepal,where
overweightmothers are practically nonexistent. In
contrast, overweightmothers arequiteprevalent in
LatinAmerica.InallLatinAmericancountries,more

than one-fourth ofmothers are overweight, with
figuresrangingfrom27%ofmothersinHaitito48%
inPeru.
Yetchildhoodstuntingremainsaseriousproblemin

thesecountriesaswell,eveninurbanareasandevenin
countrieswithahighprevalenceofoverweightmothers
(table1,figs.4–6).Forinstance,inEgyptandPeru,the

FIG.3.Percentageofmothersoverweight
Source:DemographicandHealthSurveysfrom27Africancountries
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countrieswith thehighestprevalenceofoverweight
mothers,19%and24%,respectively,ofchildren6to60
monthsoldarestunted.Morethan40%ofpreschool-
ers are stunted inmany southernAfrican countries
andinBangladesh,Cambodia,Guatemala,India,and
Nepal.Asdocumentedpreviously, theprevalenceof
stuntingisconsistentlyhigherinruralthaninurban
areas[23].
Overweightmothersandstuntedchildren,ofcourse,

couldoccur in thepopulationbutnotnecessarily in

the samehousehold.Figures 7, 8, and 9 present the
prevalenceofSCOWTpairsinthesampleofcountries
studied.TheprevalenceofSCOWTisgenerallybelow
10%,exceptforfourcountries,ofwhichthreearein
LatinAmerica(Bolivia,Guatemala,andPeru).Egypt
is theother country,with aprevalenceof 12%.The
levelofSCOWTvariesacrosscountriesandisrelated,
asexpected,tolevelsofbothoverweightandstunting.
Forinstance,BoliviaandGuatemalahavethehighest
prevalencesofSCOWTinLatinAmerica.Boliviahas

FIG.5.Percentageofchildrenstunted
Source:DemographicandHealthSurveysfromsevenAsiancountries
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FIG.6.Percentageofchildrenstunted
Source:DemographicandHealthSurveysfrom27Africancountries
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thehighestrateofoverweightmothersintheregion,
at47%,andGuatemalahasthehighestlevelofstunt-
ing,at46%.
Surprisingly,SCOWTisnotalwaysmoreprevalent

inurbanthaninruralareas(figs.7–9).SCOWT,then,
isnotpurelyanurbanphenomenon.Thisisbecause
theprevalenceofSCOWTisaffectedbothbytherates
of childhoodstunting,whichareconsistentlyhigher
inruralthaninurbanareas,andbytheprevalenceof
maternaloverweight,whichisalmostalwayshigherin
urbanareas.
In all LatinAmerica countries exceptHaiti, the

prevalenceofSCOWTisactuallyhigherinruralareas.
InAsia,theprevalenceofSCOWTishigherintherural
areasoffourofsevencountries,althoughprevalences
arelowingeneralandtheurban-ruraldifferencesare
small.InAfrica,SCOWTprevalenceishigherinrural
areasinonlythreeof27countries,butagain,urban-

ruraldifferencesareusuallysmall.SCOWTprimarily
occurs inurban areas inAfricabecause fewer rural
womenthanurbanwomenareoverweight(fig.3),even
thoughstuntinglevelsaregenerallyhighinbothrural
andurbanareas(fig.6).

Associationwitheconomicdevelopmentand
urbanization

Theregressionresultsfromthefinalmodel(table2)
show that economicdevelopment, as representedby
GDPpercapita,isassociatedwithSCOWTbuturbani-
zationassuchisnot.Economicdevelopmentisalmost
always positively associatedwith the prevalence of
SCOWTacrossregions,thoughatadecliningrate,as
indicatedby thenegative coefficienton the squared
term forGDPper capita.However, atGDP above
US$1,691percapita(asituationfoundinfiveofthe

FIG.8.Percentageofmother-childpairsconsistingofstuntedchildandoverweightmother
Source:DemographicandHealthSurveysfromsevenAsiancountries
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FIG.7.Percentageofmother-childpairsconsistingofstuntedchildandoverweightmother.
Source:DemographicandHealthSurveysfromeightLatinAmericancountries
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study countries), the associationbecomesnegative.
Thisisconsistentwithourpreviousfindingfromanal-
ysisofthedescriptivestatisticsthatSCOWTdepends
on theprevalencesofbothstuntingandoverweight.
Athigherlevelsofeconomicdevelopment,stuntingin
particularmaydecline,andthusSCOWTmaydecline
aswell,resultinginaninverseU-shapedrelationship
betweeneconomicdevelopmentandSCOWT.

Thecoefficientsandlevelsofsignificanceofsomeof
thejointregional-urbandummyvariablesindicatethat
otherfactorswithinsomeregions,andurbanandrural
areas,areassociatedwithSCOWT.Theresultsindicate,
however,thattheassociationswiththesefactorsdonot
differbetweenruralAfricaandurbanandruralareasin
Asia.TheassociationsinurbanAfricaandruralLatin
Americawere significantly andpositively different
fromtheseregionalassociations,whereastheassocia-
tionwithurbanLatinAmericawassignificantlyand
negativelydifferent.Wedonotexploretheseregional
relationships inmoredepth, but once again,when
placing these areas along a continuumof economic
development(and,logically,otherrelatedfactorsnot
includedherebutrepresentedbythesedummyvari-
ables),theresultswouldsuggestarelationshipinthe
shapeof an inverseU,with an increase from lowest
levels(say,ruralAfrica)tohigherlevels(urbanAfrica
andruralLatinAmerica)and thenadecreaseat the
highestlevels(urbanLatinAmerica).

Discussion

Thispaperhasattemptedtoidentifyhowwidespread
thephenomenonof SCOWT is and the conditions
underwhich SCOWT ismore or less prevalent, in
particularitsassociationwithfeaturesofthenutrition
transition(economicdevelopmentandurbanization).
We find that SCOWT isnot yetwidespread, but in
viewofitshigherprevalenceinLatinAmericaandits

TABLE2.Regressionresultsa,b

Variable
Coefficient

(standarderror) pvalue

Levelofurbanization .003(0.032) .94

GDPpercapita .003*(.001) .01

GDPpercapita
squared –8.87e–07*(2.79e–07) .00

Africadummy-urban 2.01*(1.36) .01

LatinAmericadummy-
rural 5.18*(1.43) .00

LatinAmericadummy-
urban –3.09*(0.71)0 .03

Intercept 1.87(0.96) .06

a. Dependentvariable:SCOWT.
b. AdjustedR2=0.30.
*Significantatp<.10.Asia-ruralistheomitteddummyvariable.
Asia-urbanandAfrica-ruralwerenot significantlydifferent from
Asia-ruralandsoarenotincludedinthismodel.Thecoefficientson
theAfrica-urbanandtheLatinAmerica-urbanand-ruraldummy
variablesarerelativetoAsia-rural.

FIG.9.Percentageofmother-childpairsconsistingofstuntedchildandoverweightmother
Source:DemographicandHealthSurveysfrom27Africancountries
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associationwitheconomicdevelopment,thefindings
suggest that policymakersneed tobe alert to it as
countriesadvanceeconomicallyand,potentially,enter
thenutritiontransition.
TheprevalenceofSCOWTinruralaswellasurban

areasconfirmsthatSCOWTisnotnecessarilyassoci-
atedwithlivinginanurbanenvironment.Griffithsand
Bentley[24]hintatthisonthebasisofdatafromthe
IndianstateofAndhraPradesh,wheretheyfoundthat
socioeconomicstatuswasamoreimportantdetermi-
nantofunder-oroverweightamongwomenthanwas
urbanor rural residence.Popkin [25] also contends
thatitisnoturbanresidencepersethatcausesover-
weight, butdifferences in lifestyle factors associated
withanurbanenvironment.
Thismaybebecauseincountrieswithahigherlevel

ofeconomicdevelopment,bothurbanandruralareas
areusuallymore integratedwith economicmarkets.
Theseruralareasmaysharelifestylesimilaritieswith
urbanareas.Manyfarmersproducefoodnotforsub-
sistenceor for theirownconsumption,but forcash.
Mechanizationofagriculturalproductionreducesthe
levelofphysical activity.Rural towns are connected
byroadsandtelecommunicationswiththerestofthe
world,justasarecities.Thefoodsavailabletourban
consumersareadvertisedandavailableinruralareas
aswell.Thefactorsthatleadtothenutritiontransition
andareassociatedwitheconomicdevelopment[5]are
apparentinruralaswellasurbanareas,andsothedis-
tinctionbecomesnotthatbetweenurbanandrural,or
evenbetweenmoreandlessurban,butbetweenmore
andlessdeveloped(orindustrialized).
Previousresearchonthecoexistenceofunder-and

overweight individuals in the samehousehold [3,7]
indicatedSCOWTcouldappearaspartofanutrition
transition associatedwith increasing urbanization
and economic development. Perhaps surprisingly,
urbanizationdidnot have a significant association
withSCOWTinourstudy.But in fact,urbanization
itselfmaynothave any significant associationwith
SCOWTbeyonditscorrelationwitheconomicdevel-
opment.Variation in thedefinitionof“urban area”
acrosscountriescouldinfluencethisresult,asmight
collinearityofurbanizationwithGDPpercapita. In
furthertestingforcollinearity,however,thecoefficient
onurbanizationremainednonsignificant,evenwhen
GDPper capita termswere removed.On theother
hand,theGDPpercapitatermsremainedsignificant
whentheurbanizationvariablewasomitted.Theasso-
ciationwithGDPpercapitasupportsthehypothesis
thatSCOWT increaseswith economicdevelopment,
uptoapoint.SCOWTappearstobemostprevalent,
asexpected,roughlyinthosecountriesinthemidstof
thenutritiontransition.
Ofcourse,thisecologicalstudyexploresonlyasso-

ciations among SCOWT and social and economic
processesatthepopulationlevel.Itdoesnotinvestigate

theexactcausesoftheemergenceofunder-andover-
nutritioninthesamehousehold,andfindingscannot
be applied to the individualorhousehold level. For
example,despiteour finding thatSCOWT is associ-
atedwithhigher levels ofnationalGDPper capita,
thepooresthouseholdswithinthosecountriescould
exhibitthehighestlevelsofSCOWT.Still,theexistence
ofSCOWTanditsassociationwitheconomicdevelop-
mentencouragesthinkingaboutitscausesandimpli-
cationsforpolicy,whichcanleadtosomeinteresting
hypothesesforfutureresearchtotest.
InterpretingtheSCOWTphenomenonasanexpres-

sionofweakeningintrafamilialassociationsofnutri-
tional status,wepose a primaryhypothesis that in
the leastdevelopedcountries,onaverage,household
income tends to be a principal constraint on the
household’sabilitytoattainadequatenutritionforall
householdmembers.As incomes rise and countries
becomeincreasinglyurbanized,intrahouseholdfactors,
includingindividualdiets,activity,anddiseasepatterns,
emergeasrelativelythemostimportantdeterminants
ofnutritional statusofhouseholdmembers.Asone
scenario,motherscouldnowbeeating“enough”(or
toomany) calories, thoughpossibly of lowquality,
while children still donot get“enough”of the right
foods and suffer fromother insults, suchasdisease,
aswell. In any case, generally speaking, household
income isno longer theprimary constraint to food
security,andfoodsecurity,asindicatedbyhousehold
caloricavailability,isnolongertheprimaryconstraint
togoodnutrition.
Ourhypothesisdoesfindsupportinworkofother

researchersondevelopingsocieties.Monteiroetal.[15]
arguethatinlessdevelopedcountries,undernutrition
is highly dependent on food availability, so a high
degreeofintrafamilialassociationofnutritionalstatus
(say,underweightwithunderweight)shouldexist.In
moredevelopedcountries, suchasBrazil,where the
problemsoflowincomeandlackoffoodarelesswide-
spread,undernutritionwouldbeassociatedwithspe-
cificdiseasesorindividualcharacteristics.Intrafamilial
associationofnutritionalstatus—ofwhichSCOWTis
oneexample—wouldbeweakerinthesehigher-income
developingcountries.
The finding of Townsend et al. [26] that in the

United States low income is associatedwith food
insecurity andwithoverweightdoesnot contradict
thishypothesis.Partly this is a resultofdefinitional
differences.Townsend et al. [26]donot take“food
insecurity”tomeancalorieinsufficiency,theindicator
mostcommonlyusedinthedeveloping-countrycon-
textandwhatwemeanhere.Rather“food-insecure”
womenintheTownsendetal.[26]studyeatenough,
“butnotalwaysthefoodstheindividualwants,”and
only“sometimes”donot get enough to eat. In fact,
theauthorsexcludehouseholdsthat“often”donotget
enoughtoeat,effectivelyexcludingthosehouseholds
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morelikelytobecalorieinsufficient.Amongthefew
“severely food insecure”women in their sample (11
of4,509),thosewho“often”donotgetenoughtoeat,
overweightisactuallylessprevalent,asexpected.
Taken together as part of a global development

continuum, these results suggest that theprevalence
ofoverweight (orobesity) across income levels fol-
lowsaninvertedU-shape.Ourownstatisticsshowlow
prevalencesofoverweightmothersamongthepoorest
nations.Monteiroetal.[27]lookedatacountryinthe
midstofthetransition(Brazil)andfoundhigherlevels
ofobesityamongthehigher-incomehouseholdsofthe
less developed regions andamong the lower-income
householdsof themoredevelopedregions.Likewise,
Townsendetal.[26]foundhigherratesofoverweight
amonglower-incomehouseholdsofamoredeveloped
country,theUnitedStates.
TheemergenceofaphenomenonsuchasSCOWT

wouldalsonotbesurprising,giventhatmostresearch
indicates thathouseholdmembersprobablydonot
experiencethechangesinphysicalactivityanddietthat
accompanythenutritiontransitionuniformly,leading
todifferentindividualoutcomes[7,28].Indeed,dif-
ferencesinhowinfantsandsmallchildrenandadults
experiencethenutritiontransitionseemquitelikely.
Theprocessofeconomicdevelopmentitselfmayalso

enhancethepossibilityofSCOWT.Theso-calledfetal
originhypothesislinksfetalandearlychildhoodnutri-
tiontochronicdiseaseriskslaterinlife.Thehypothesis
isbasedonthepremisethatnutritionalinsultsduring
criticalperiodsofgestationandearlyinfancy,followed
byrelativeaffluence,increasetherisksofchronicdis-
easesatadulthood[29–31].Althoughmostevidence
todatelinksearlymalnutritiontotheriskofdiabetes,
highbloodpressure,andcertainformsofcancers in
adulthood,thereissomeindicationofanassociation
betweenchildhoodstuntingandincreasedriskofobes-
ityduringadolescenceandadulthood[32].Thus,the
prevalenceof SCOWT, especially in those countries
withhistoricallyhighratesofchildhoodstuntingthat
arenowathigher levels of economicdevelopment,
maybeduetothefactthatmanychildrencontinueto
experience stunting,while their stuntedmothersare
increasinglybecomingobese as a resultof increased
householdavailabilityoffoodandenergy.
Ontheotherhand,otherresearchsupportstheidea

thatasinglefactor,dietaryquality,underliesthecoex-
istenceofunder-andovernutritioninthesamehouse-
hold[33].If,asincomesincrease,householdsaddress
problemsofhungerandenergyinsufficiency,dietary
quality—themicronutrientcontentofthedietandits
composition in termsofpercentagesofenergy from
saturatedfatsandrefinedsugars—maybecomethekey
nutritionalconstraintforbothchildrenandadults.Low
dietaryqualityinchildrenusuallyleadstoinadequate
micronutrient intake,which in turn causesmicro-
nutrient deficiencies andpoor growth, health, and

developmentaloutcomes.Inadults,low-qualitydiets
mayresultinmicronutrientdeficienciesandincrease
the riskofobesitybecauseof the excessive amounts
ofenergy,saturatedfats,andrefinedsugarsthatthese
dietsoftencontain.Poordietaryqualityamongenergy-
sufficienthouseholdsmaythusberelatedtoSCOWT
aswell.Alongtheselines,overweightandobesitycould
existamongthestuntedchildreninourSCOWTpairs,
suggestingabroaderroleformicronutrientdeficien-
ciesasacauseandalesserroleforcalorieinsufficiency.
Although recent researchhighlights the existenceof
anassociationbetween stuntingandobesity in chil-
dren in countriesundergoing anutrition transition
[32,34, 35], thisdoesnot appear tobe a significant
factor inourownsample. Inonly4of the42 study
countriesweremorethan5%ofthestuntedchildren
overweight(>2SDof theWHO/NCHS/CDCrefer-
encestandards).
Undereitherhypothesis,broadlyspeaking,improve-

mentsinfeedingpracticesarecalledfor.Butinthecase
of an energydeficit, themost appropriate response
wouldbechangesinintrahouseholdresourcealloca-
tions,withmore food for the child. In the case of
micronutrientdeficits,thequalityofthedietshouldbe
improvedwithbetter,andnotnecessarilymore,food.

Policyandprogramchallenges

Webeganbynotingthatmanywouldconsiderthatin
developingcountriesitwouldbelikelyforundernu-
trition tobe commonamongmembersof the same
household,ormoregenerally, thatnutritional status
wouldbeassociatedamonghouseholdmembers.We
took theprevalenceof a specific example, SCOWT,
wherethiswasnotthecase.
Themain point of the paper, however,was not

to establish the statistical independence (ornot)of
thenutritional statusof familymembers.Forpolicy
purposesmore relevant is the fact that SCOWT is
animportantpublicnutritionphenomenoninsome
countries, and that these countries tend tobe those
withhigher levelsof economicdevelopment (in the
contextofdeveloping-countryregions).SCOWTthus
posesachallengeforpolicymakersandprogrammersin
developingandrapidlyurbanizingcountries.SCOWT
isalreadyaphenomenonthatincreasesthecomplexity
ofnutritionandfood-securityinterventionsinLatin
America.With increased economic development,
SCOWTwillprobablyemergeasacomplicatingfactor
inAsiaandAfricaaswell.
Policymakers and programmers can no longer

assumethatthosehouseholdswithmalnourishedchil-
drenaresimplyinneedof“morefood.”Theymusttune
theirantipovertyandfoodandnutritionprogramsto
amorecomplexreality.Inhigher-incomedeveloping
countries,which tend tobemoreurbanized,policy
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makersmayneedtoemphasizechangesinindividual
dietaryandactivitypatternsandincaringandfeed-
ingbehaviors,notonlychangesingeneralhousehold
access to food.They alsoneed to address issues of
dietaryquality. In lower-income,and lessurbanized,
developingcountries,however,policymakersmayin
factneedtocontinuepayingattentiontopoliciesand
programs that increasehousehold food availability
andaccess.
This analysis highlights the individual nature of

nutritional status and food insecurity in transition
countries.Inthesecountries,policymakersandpro-
grammersmust tailorpoliciesandprograms todeal
with the conflictingdemandsof dietary excess and
deprivationnotonly in thepopulation, but also in
thesamehousehold.TheanalysisreinforcesUauyand
Kain’s[36]concernthatprogrammersmustbecareful
whenimplementingfeedingprogramsforchildrenin
countries in the“advanced stagesof the transition,”
becauselackoffoodmaynotbetheprimaryconstraint
to goodnutrition. It also casts doubt on thewide-
spread,ofteninformal,useofchildnutritionalstatus
as an indicator of household-level food insecurity,
especiallyincountriesintransition.
Todealwiththechallengesofthenutritiontransi-

tion,experiencesinBrazil,China,andFinlandsuggesta
numberofelementsofsuccessfulprogramstoimprove
diets andactivity levels [37, 38].Lessons from these
programs suggest that interventionsmust involve a
widerangeofcommunityactors,includinghealthserv-
icesandschools,homemakers’organizations,andcom-
munityleaders,andencouragecommunityownership;
buildcapacityamongthesecommunityorganizations;
conveyresearch-basedmessagesondietchange,sup-
portedbyhealthinformationandnutritioncounseling;
includethefoodindustryasallies,andenactappropri-
ateregulations,especiallyregardinglabeling;andsup-

portappropriateamountsofphysicalexercise.
Althoughtheseprogramsencouragehealthiereating

andsoareapplicabletobothundernourished(food-
insecure) and overweight individuals,we have few
examplesofsuccessfulpublicnutritionprogramsthat
directlyaddresstheotherpartoftheproblem—under-
nutrition—atthesametime.China’sdevelopmentofa
diet-qualityindexandfoodguidepagodaisoneofthe
fewexamplesofaconceptualbasisforpolicy-making
thattakesbothdeficiencyandoverconsumptioninto
account[39].
We have few instances, however, of policies or

programs that fully embrace the fact that theymust
simultaneouslyaddressover-andundernutrition. In
general, even in transition countries, policymakers
will stillhave topursuepolicies to improve income,
education, andhealth andhygienebehaviors.They
muststillensureaccesstogoodhealthcare,sanitation,
andwaterforall.Atthesametime,theymustdevelop
strategies that respond to the differential needs of
individualswithin thehousehold anddonot affect
justthehouseholdasawhole.Theconcreterecogni-
tionofthisphenomenoncouldbeanimportantstep
indelineatingmoreeffectiveandintegratedstrategies
todoexactlythat.
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Abstract

Nutritionaldeficienciesamongchildrenandmothersin
lower-incomehouseholds in Sri Lanka continue to be
amajor obstacle to the country’s social and economic
development.Thisstudyinvestigatesthefactorsaffecting
dietary caloric adequacy in Sri Lanka, paying special
attentiontomaternalincome.Aneconometricanalysis
wasperformedusingahouseholddatasetcollectedfrom
a sample of 183 low-incomehouseholds in theurban,
rural,andestatesectors.Theresultsshowedthatonaver-
age,mothersandchildreninthesampledidnotconsume
adequatelevelsofcaloriesaccordingtotherecommenda-
tionsoftheMedicalResearchInstituteofSriLanka.The
mother’sincomeandeducationalstatus,thenumberof
childrenandadults in the family, and theages, sexes,
andbirthordersofthechildrensignificantlyinfluenced
householdandindividualcaloricadequacy.Specifically,
themother’sincomehadasignificantpositiveeffecton
thetotalcaloricintake(CI)andcaloricadequacyratio
(CAR) of the household,mother, and children anda
significantnegativeeffectontherelativecaloricalloca-
tion(RCA)ofthechildren.Theresultsimplythatwhen
maternalemploymentgeneratesextraincome,theCIsof
allindividualsincrease,yettheallocationofcaloriesto
thechildrenofthehouseholdisreduced.Thus,provision
of employment opportunities formothers, alongwith
adequatechild-carefacilitiesandnutritionaleducational

programs,isapossiblestrategytoimprovecaloricade-
quacyamonglow-incomehouseholdsinSriLanka.

Key words: Dietary caloric inadequacy, gender,
mother’sincome,SriLanka

Introduction

Povertyandmalnutritionaretwoofthemajordevel-
opmentalchallengesfacingSriLanka.Successivegov-
ernmentshaveidentifiedtheimportanceofahealthy
andproductivefuturegenerationfortheeconomicand
socialdevelopmentofthecountry,andhavetherefore
placedmuchemphasison improvingthenutritional
statusofthepeople,especiallychildrenandmothers.
Concurrentwithpovertyalleviationprograms,govern-
mentshave implemented specialmaternal andchild
nutritionimprovementprograms,aswellasnutritional
awarenessprogramsthroughhealthclinics.
Despite such efforts,malnutritionhas been con-

tinuously reported amongmothers and children,
especially those from low-income groups.Data on
malnutritionamongchildrenandmothers,which is
oneoftheresultsofdietarycaloricinadequacy,show
that thehighestpercentagesof stunted (33.8%)and
underweight (44.1%) children are recorded in the
estatesector,followedbytheruralandurbansectors.
Furthermore,thehighestpercentageofmalnourished
mothersaccordingtobodymassindexisrecordedin
the estate sector (58.6%), followedby the rural and
urbansectors[1].
Household and individual income levels, sources

ofincome,foodhabits,andhouseholdcharacteristics
affectthefoodintakeandtherebythedietarycaloric
adequacyofhouseholdmembers.Empiricalevidence
suggeststhatmothersplayasignificantroleindeter-
mining thenutritional levelof thehousehold.Stud-
ieshave shown that there are significantdifferences
betweenthewelfarebenefitsofincomefrommenand
thatfromwomentothehousehold,andtheshareof
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incomegeneratedbymothersmakesasignificantcon-
tributiontotheproportionofthehouseholdbudget
that is allocated to education and staples.* Further,
studieshaveshownthatwomen’seducationallevelsand
statuswithinthehousehold,thehealthenvironment,
andthecarereceivedbychildrenaffectthenutritional
status of the children [2, 3].At present,women in
SriLanka are involved inmany economic activities.
Womenworkers aredominant in the teaplantation
andgarmentsectorsandasexpatriateworkersinthe
MiddleEast. It is expected thatwith the increase in
incomelevelofwomen,theirbargainingpowerinthe
allocationofhouseholdresourceswilltendtoincrease.
Previousstudieshavefoundthatpoorwomeninthe
teaplantationsectorofSriLankaearnhigherincomes
thanpoorwomen in other sectors andhave better
access tohealth-care facilities and speciallydesigned
maternalnutritionprograms,yetthelevelofnutrition
ofmothersandchildrenstillremainslow[4,5].
Giventhiscontext,themainobjectiveofthisstudy

is toassess thedietarycaloricadequacyamong low-
incomegroupsinSriLanka,placingspecialemphasis
onmaternal income.The specific objectives are to
determinethedietarycaloricadequacyatthehouse-
hold and individual levels (children andmothers),
and the factors affecting caloric intake and caloric
adequacyatthehouseholdandindividual levelsand
caloric allocationamongdifferent individuals in the
samehousehold.

Paststudies

Manysocioeconomicstudieshavebeenconductedin
SriLankatoexaminethenutritionalstatusofhouse-
holds and the factors affecting food intake.Tudawe
[6],whoconductedastudyonthenutritionalstatus
ofpeopleintheKirindiOyaProjectarea,foundthat
differencesindistributionofincomeinfluencednutri-
tionalintake.Gunasekara[7]foundthatthestatusof
malnutrition,asmeasuredbyanthropometricindices,
dependsontheemploymentstatusofthemother,the
numberoflivingchildren,thepregnancystatusofthe
mother,andherlevelofeducation.However,onlyafew
studieshaveconsideredtheeffectoftheincomelevelof
mothersondietarycaloricadequacy.Itwasfoundthat
thematernalnutritionalstatusofteaplantationwork-
ers, asmeasuredby caloric intake andhealth status,
waslowcomparedwiththatofmanyothersegments
ofSriLankansociety.Itwasalsofoundthatnutritional
status and health status are the results of specific
income-related,work-related, historical, social, and
structural factors [4,5].RathnayakeandWeerahewa
[8],followingSenauretal.[9],conductedastudyto

identifythefactorsdeterminingintrahouseholdallo-
cationofcaloriesamongtheurbanpoor.Theyfound
thatonaveragechildrenandmothersdonotconsume
adequate calories in comparisonwith fathers.They
alsofoundthatthemother’sincomehadasignificant
positiveeffectonherownrelativecaloricallocationand
a significantnegativeeffecton thechildren’s relative
caloricallocation.
Studies conducted inother countrieshave found

thatimprovementsinwomen’seducationallevelshelp
to reduce the level ofmalnutrition among children
[10]. Furthermore, according to Smith et al. [11],
thenutritionalstatusofchildrencanbeimprovedby
improvingwomen’ssocialstatusortheirpowerrelative
tomen.Fabella[12]foundthatthefoodintakeofchil-
drenincreasedwithincreasedfamilyincome,andthat
increaseintheeducationallevelofthemotherhelped
toincreasethefoodintakelevelsofgirls.

Methods

Thecaloricintake(CI),caloricadequacyratio(CAR),
and relative caloric allocation (RCA)ofhouseholds,
fathers,mothers, and childrenwere considered the
indicatorsofdietarycaloricadequacyintheanalysis.
CIwascalculated fromthe food-consumption levels
ofdifferentindividualsandthecaloriccontentofdif-
ferentfooditems.Thismeasuredoesnotconsiderthe
individualcaloricrequirements,andhenceitdoesnot
give any clearpictureof caloric adequacy.CARwas
calculatedbydividingtheactualCIofanindividualby
therecommendeddailyallowanceofcaloriesforeach
individual.CARmeasurestheproportionoftherecom-
mendedlevelofCIconsumedbyanindividualfamily
member.Age-andsex-specificvaluesofdailylevelsof
caloriesrecommendedbytheMedicalResearchInsti-
tute(MRI)ofSriLankawereusedfortheindividuals
inall thesectors[13].Thevaluesofpercapitadaily
allowance of calories recommended by theWorld
HealthOrganization(WHO)andtheMRIofSriLanka
arethesame.However,therearedifferencesbetween
thevitaminandirondailyrecommendationssuggested
byWHOandMRI,whichwerenotconsideredinthis
study.Thesedailycaloricrequirementsarenotadjusted
foractivitylevelsoftheindividuals,becauseoftheuna-
vailabilityofdatafortheurbanandestatesectors.In
ordertofindoutthenatureoffoodallocationamong
householdmembers,RCAwasusedasthe indicator.
TheRCAistheratiobetweentheCARsofindividuals
andthehouseholdCAR,anditmeasuresthedistribu-
tionof caloriesamong individuals in relation to the
totalnumberofcaloriesavailabletothehousehold.It
delineatesnotonlynutritionaladequacybutalsothe
distributionofcaloriesamonghouseholdmembers.
Multipleregressionanalysiswasperformedtodeter-

minethefactorsaffectingCI,CAR,andRCA.Separate

* ThomasD,ChenCL. Income shares and shares of
income: empirical tests ofmodels of resource allocation.
UniversityofCalifornia,LosAngeles,USA,Mimeo,1993.
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modelswereestimated forhouseholds,mothersand
children.CI,CAR,andRCAwereusedasthedepend-
entvariables,andtheincomelevels,educationallevels,
andagesof themothersand fathers, the familysize,
andthesex,birthorder,andagesofthechildrenwere
consideredastheindependentvariables.Themother’s
pregnancyorlactationstatuswasalsoincludedwhere
appropriate. If themotherwaspregnant, a valueof
onewas assigned, and zerowas assignedotherwise.
Similarly,ifthemotherwaslactating,avalueofonewas
assigned,andzerowasassignedotherwise.
Caloric adequacy elasticitieswith respect to the

mother’sincomelevelwerealsocalculatedforhouse-
holdsandindividualsinthetotalsamplebyusingthe
followingfunctionalforms(notethatYistheindica-
torofcaloricadequacy,Xisthevectorofindependent
variableswithj=1,…,nwherej=1indicatesmother’s
income):

(i) ThelinearmodelwasspecifiedasYi=α+
j=
Σ
j=n

1

βjXij ,
andinthisformationthecaloricadequacyelas-

ticityisgivenbyη1=β1X
–
1/Y
–
.

(ii) Thelog-logmodelwasspecifiedaslnYi=α+

j=
Σ
j=n

1

βj lnXij ,andinthisformationthecaloric
adequacyelasticityisgivenbyη1=β1.

(iii)Thelog-linearmodelwasspecifiedaslnYi=α+

j=
Σ
j=n

1

βjXij ,andinthisformationthecaloricade-
quacyelasticityisgivenbyη1=β1X

–
1.

(iv) Thelinear-logmodelwasspecifiedasYi=α+

j=
Σ
j=n

1

βj lnXij ,andinthisformationthecaloric
adequacyelasticityisgivenbyη1=β1/Y

–
.

ThefieldsurveysconductedbyRathnayakeandWee-
rahewa [8]duringDecember2001–March2002and
byWijewantha* andShyamalie**duringDecember
2002–March2003attheDepartmentofAgricultural
EconomicsandBusinessManagement,Universityof
Peradeniya, SriLanka,wereused to extract relevant
data.Whenthesurveywasconducted,theseresearch-

erswerestudentsattheUniversityofPeradeniya,and
they gathered thesedata inorder to complete their
researchworkunder the supervisionof the second
authorof thispaper.The relevant authoritiesof the
UniversityofPeradeniyagaveapprovaltoconductthe
above studies.The sample included260 low-income
households,which consistedof 60households from
anurbanarea(KandyMunicipalLimits),100froma
rural area (PolonnaruwaDistrict), and100 froman
estatearea(St.CoombsEstateinThalawakale).Inthe
urbanarea,datawerecollected from fourpurposely
selectedGramasevakadivisions, since lower-income
groupsareconcentratedintheseareas.Thosedivisions
were Suduhumpola,Deyyannewela,Bahirawakanda,
andMahayyawa. In the rural area, datawere col-
lected from five randomly selectedGramasevaka
divisions:includingBandiwewa,Alikimbulawa,Katu-
kaliyawa, Bogahadamana, andYudaganawa. From
this sample,householdswhosemonthly income fell
belowRs1,206.04(US$1=Rs94.95)perpersonand
thatconsistedofafather,amother,andtheirchildren
(i.e.,nuclear families)were selected for the analysis.
AmonthlyincomeofRs1,206.04perpersonwascon-
sideredthepovertyline.***Thislimitedthesampleto
43,60,and80householdsfromtheurban,rural,and
estateareas,respectively.
The researchers used structured questionnaires

tocollectdataon foodconsumptionandhousehold
characteristics.Thequestionnairewasdevelopedby
theresearchersthemselvesandwasinitiallypretested
on20householdsintheurbanarea.Duringthepretest,
itwasfoundthatthemaindifficultieswerecollecting
reliable data onhousehold income levels anddaily
food-consumptionlevelsbyrecall.Asaremedy,afew
indirectquestionswereincludedinthequestionnaire
to cross-check the responses. For example, in addi-
tiontomonthlyincomelevels,questionsonmonthly
expenditure levelswere also included.Furthermore,
questions on individual food-consumption levels
weremoredisaggregated.Separatepretestswerecon-
ductedintheruralandestatesectors,andsubsequent
modificationsweremade for thequestionnaireused
intheurbansector.Thefirstsurveywascarriedoutin
theurbansectorbythefirstauthorofthispaper,and
instructionswereprovidedtootherstocarryoutthe
othertwosurveys.
Individualfood-consumptiondatafortheprevious

24-hourperiodforallfamilymemberswerecollected
bytherecallmethod.Dataonmealsandsnackseaten
out of the homewere also collected by the recall
method.Thefamilymemberswereaskedtheamount
of foodtheyhadconsumedduring theprevious24-
hourperiod.Thequestionsweredirectlyaskedofthe

*WijewanthaV.Anassessmentofintra-householdalloca-
tionofcalories:AcasestudyofruralpoorinPolonnaruwa.
Unpublishedproject report.Department ofAgricultural
Economics,UniversityofPeradeniya,Peradeniya,SriLanka,
2003.

**ShyamalieHW.2003.Anassessmentof intra-house-
hold allocationof calories:A case studyof estatepoor in
Thalawakale.Unpublishedreport.PostgraduateInstituteof
Agriculture,UniversityofPeradeniya,Peradeniya,SriLanka,
2003.

***SiddhisenaKAP,JayathilakaMDRK.Identificationof
thepoorinSriLanka:Developmentofcompositeindexand
regionalpovertylines.Colombo:InstituteofPolicyStudies,
2003.
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mother(orifnot,ofafemaleadult)ofthehousehold,
sincefoodallocationisdonemainlybymothersorby
other femalemembersof thehousehold.Themain
limitationsof the recallmethod for gathering food-
consumption data are that the respondent cannot
preciselyrecallfood-consumptionlevelsandthatthe
dayonwhichtheinterviewisconductedmaynotbe
representative.Therefore,food-consumptiondatawere
collectedonfiverandomlyselecteddayswithinaperiod
ofonemonthbymakingpersonalvisitstoeachhouse-
hold.Thecaloriccontentofeachmealofeachfamily
memberexceptinfantswascalculatedfromstandard
food-conversion tables.Themain limitationof the
questionnaire, apart from thedifficulties associated
withrecall,isthatitislengthy,requiringapproximately
40minutestobefilledinbytheinterviewer.

Table1 showsselectedsocioeconomiccharacteris-
ticsofthesample.Asstatedearlier,thedatasetgives
information from183nuclear families.An average
householdconsistedofapproximatelythreeadultsand
twochildren.Onaverage,afamilyearnedamonthly
incomeofRs5,232.40,ofwhichthecontributionof
themotherwasRs 1,435.50, far below the amount
contributedbymen.Theaverageeducationallevelof
themothersandfathersinthesamplewassixyears.

Results

Table2 shows the statusof caloric adequacyamong
different individuals indifferentsectors.Onaverage,
thesubjectshadaCARof less than1, implyingthat
theCIwasinadequate.However,thereweredifferences
betweendifferentsectorsanddifferentindividuals.All
theindividualsintheruralsectorhadCARsoflessthan
one,whereasonlythechildrenintheestatesectorhad
aCARoflessthanone.
Regressionanalysiswasperformed to identify the

determinants of CI, CAR, and RCA, focusing on

mothersandchildren,sincetheyweretheindividuals
whodidnotconsumeadequateamountsofcalories.
In addition, thedeterminants of householdCI and
CARwereexamined.Anumberofspecificationswere
estimatedtoidentifythedeterminantsbyincludingdif-
ferenttypesofindependentvariablesandusingvarious
functionalforms.
Linearmodelswere found to be satisfactory for

theCIofhouseholds andmothers, anda log-linear
model was found to be satisfactory for children.
Table3presentstheresultsoftheanalysis.Theresults
clearlyshowthatthemother’sincomehasasignificant
positive effecton theCIsof thehousehold,mother,
andchildren.Itwasfoundthattheincomeearnedby
fathersdidnothaveasignificanteffect,althoughthe
coefficientshave the expectedpositive sign.Among
educationvariablesincludedinthespecifications,the
mother’seducationhadapositiveandsignificanteffect
onlyonthemother’sCI,suggestingthatthenumberof
yearsofformaleducationofthemotherinfluencesonly
herownCI.Theresultsalsoindicatethatwhenmoth-
ersareolder,theytendtoconsumemorecaloriesand
feedtheirchildrenwell.Amongchildren,boysconsume
morecaloriesthangirls.Also,theelderchildrenwere
fedbetterthantheyoungerchildren,asrevealedbythe
coefficientforbirthorder.Largerfamilies,asmeasured
bythenumberofadultsandchildren,consumemore
calories.
Amongthespecificationstestedtoidentifythedeter-

minantsofCARofhouseholds,mothers,andchildren,
linear specificationwas found tobe satisfactory for
householdsandmothersand log-linearspecification
forchildren.Theanalysisclearlyshowsapositiverela-
tionbetween themother’s incomeand theCARsof
thehousehold,themother,andthechildren(table4).
Contrary to thepopularbelief that educationhas a
strongpositiveimpactinalleviatingcaloricinadequacy,
thehigherthelevelofthemother’seducation,thelower
theCARof the childrenand thehigher theCARof
themother.Thelargerthefamilysize,theloweristhe
householdCAR,butthelargerthenumberofadults,
thehigheristheCARofthechildren.Thelatterresult
implies that such adults, i.e., elder children in the
family,help inchild-careactivities.Amongchildren,

TABLE1.Socioeconomiccharacteristicsofthesample

Independent
variable Level Mean SD

Age(yr) Father 38.51 13.98
Mother 36.20 11.78
Children 9.87 4.58

Educational
level(yr)

Father 6.43 3.68
Mother 6.31 3.69

Income(Rs/
month)a

Total 5,232.40 2,094.89
Father 3,495.69 1,643.36
Mother 1,435.50 1,806.17

Birthorder Child 2.15 1.12

Familysize Adults 2.57 0.94
Children 1.96 1.23

a. US1$=Rs94.95.

TABLE2.Caloricadequacyratio(CAR)forchildren,moth-
ers,fathers,andhouseholdsinthedifferentsectors

Group Rural Urban Estate SriLanka

Children 0.56
(n=124)

0.77
(n=66)

0.76
(n=152)

0.69
(n=342)

Mothers 0.77
(n=60)

0.87
(n=43)

1.06
(n=80)

0.95
(n=183)

Fathers 0.79
(n=60)

1.04
(n=43)

1.06
(n=80)

0.96
(n=183)

Households 0.69
(n=60)

0.88
(n=43)

0.97
(n=80)

0.85
(n=183)
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TABLE3.Regressionresultsforcaloricintake(CI)a

Variable Category Households Mothers Children

Intercept  321.84(757.77) 900.47**(229.58) 6.40**(0.13)

Income Mother 0.44**(0.08) 0.10**(0.02) 4.37E–05**(0.00)
Father 0.01(0.09) 0.72E–02(0.02) 4.19E–06(0.00)

Education Mother –53.95(43.79) 33.10*(13.26) –6.29E–03*(0.00)
Father 7.38(48.91) –3.70(14.81) NA

Age Mother –13.72(15.48) 10.10*(4.69) 8.26E–03*(0.00)
Father 37.01**(12.34) 1.36(3.73) NA
Child NA NA 3.85E–02**(0.00)
Child’sbirthorder NA NA –7.01E–02**(0.02)

Familysize No.ofchildren 1,039.26**(130.65) 25.19(39.58) 1.88E–03(0.02)
No.ofadults 1,574.94**(197.80) –32.86(59.92) 5.41E–02(0.03)

Child’ssex (Male=1,female=0) NA NA 0.10**(0.03)

Other Pregnancy
(yes=1,no=0)

NA NA NA

Lactation
(yes=1,no=0)

NA NA NA

Statisticalcriteria R2 0.54 0.19 0.47
No.ofobservations 183 183 342
Functionalform Linear Linear Log-linear

NA,variablesnotincludedintheanalysis.
a. Numbersinparenthesesarestandarderrors.
*p<.05;**p<.01

TABLE4.Regressionresultsforcaloricadequacyratio(CAR)a

Variable Level Households Mothers Children

Intercept 1.11***(0.08) 0.41***(0.12) –0.56***(0.13)

Income Mother 0.44E–04***(0.95E–05) 0.56E–04***(0.13E–04) 4.59E–05***(0.00)
Father –0.91E–06(0.11E–04) –0.11E–05(0.15E–04) 1.60E–07(0.00)

Education Mother –0.70E–02(0.51E–02) 0.01**(0.70E–02) –8.53E–03*(0.00)
Father 0.27E–02(0.57E–02) –0.30E–02(0.78E–02) NA

Age Mother –0.26E–02(0.18E–02) –0.73E–02***(0.24E–02) 5.61E–03*(0.00)
Father 0.26E–02*(0.14E–02) 0.13E–02(0.19E–02) NA
Child NA NA –4.49E–03(0.00)
Child’sbirthorder NA NA –7.08E–02***(0.02)

Familysize No.ofchildren –0.08***(0.01) 0.61E–02(0.02) –1.57E–02(0.02)
No.ofadults –0.05**(0.02) –0.01(0.03) 6.40E–02*(0.03)

Child’ssex (Male=1,female=0) NA NA 6.76E–02**(0.03)

Other Pregnancy
(yes=1,no=0)

NA NA –0.32***(0.09)

Lactation
(yes=1,no=0)

NA NA –2.27E–02(0.06)

Statisticalcriteria R2 0.21 0.23 0.20
No.ofobservations 183 183 342
Functionalform Linear Linear Log-linear

NA,variablesnotincludedintheanalysis.
a. Numbersinparenthesesarestandarderrors.
*p<.10;**p<.05;***p<.01
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theboysarebetternourishedthanthegirls,andelder
childrenarebetternourishedthanyoungerchildren.
Further,when themother is pregnant or lactating,
calorieadequacyamongchildrentendstobereduced.
RegressionresultsforRCAarepresentedintable5.

Log-linearandlinearspecificationswerefoundtobe
satisfactory formothers and children, respectively.
The results show that themother’s incomehas no
significanteffectonherownRCAbuthasasignificant
negativeeffectonthechildren’sRCA.Theresultsalso
imply thatmore-educatedmothers allocatemore
caloriestothemselvesthandoless-educatedmothers.
Amongchildren,malechildrengetafairallocationof
foodcomparedwithfemalechildren,andelderchildren
getafairallocationcomparedwithyoungerchildren
inafamily.
The above results very clearly indicate that extra

income earnedbymothersby engaging in employ-
menthas a significant impact on caloric adequacy.
This aspect is highlighted in table 6 by the use of
caloric adequacy elasticities,which indicate that the
CIandCARofhouseholds,mothers,andchildrenare
increasedbyincreasedmaternalincome.Formaleduca-
tionisnotsufficienttoalleviatecaloricinadequacy,and
hence specifically targetednutritionalprogramswill
beneeded.Furthermore,astheconventionalwisdom
suggests,provisionof adequate care is important in
alleviatingnutritionaldeficiencies.

Conclusionsandpolicyimplications

This study investigated the statusof dietary caloric
adequacyandassessedtheimpactofdifferentcharac-
teristicsofmothersoncaloricadequacyinlow-income
households in Sri Lanka.CI,CAR, andRCAwere
usedasindicatorsofcaloricadequacy.Thedatawere
obtainedfromasurveyconductedinanurban,arural,
andanestatearea.Separateregressionanalyseswere
performedusingCI,CAR,andRCAofmothersand
childrenandCIandCARforhouseholdsasdepend-

TABLE6.Caloricintake(CI),caloricadequacyratio(CAR),
andrelativecaloricallocation(RCA)elasticitieswithrespect
tomother’sincomea

Level Measure Elasticity

Household CI
CAR

0.08*

0.67*

Mother CI
CAR
RCA

0.08*

0.81*

0.14
Children CI

CAR
RCA

0.05*

0.05*

–0.03*

a. Forcalculationofelasticities,themeanincomelevelofthemoth-
erswasconsideredatRs1,435.50(US$1=Rs94.95).

*p<.01

TABLE5.Regressionresultsforrelativecaloricallocation(RCA)a

Variable Level Mothers Children

Intercept –0.16*(0.08) 0.73***(0.08)

Income Mother 0.11E–04(0.77E–05) –2.34E–05***(0.00)
Father –0.10E–04(0.92E–05) –6.12E–06(0.00)

Education Mother 0.92E–02**(0.43E–02) –4.61E–03(0.00)
Father –0.01***(0.47E–02) 7.18E–03**(0.00)

Age Mother –0.10E–03(0.19E–02) –6.57E–04(0.00)
Father –0.19E–03(0.12E–02) NA
Child NA 1.06E–02***(0.00)
Child’sbirthorder NA –2.94E–02**(0.01)

Familysize No.ofchildren 0.08***(0.01) 2.88E–02**(0.01)
No.ofadults 0.06**(0.01) 1.78E–02(0.02)

Child’ssex (Male=1,female=0) NA 8.24E–02***(0.02)

Other Pregnancy(yes=1,no=0) NA NA
Lactation(yes=1,no=0) NA NA

Statisticalcriteria R2 0.29 0.18
No.ofobservations 171 342
Functionalform Log-linear Linear

NA,variablesnotincludedintheanalysis
a. Numbersinparenthesesarestandarderrors.
*p<.10;**p<.05;***p<.01
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entvariables.Householdcharacteristics,includingthe
income,education,andageofthemothersandfathers,
theage,gender,andbirthorderof thechildren,and
familysize,wereconsideredasindependentvariables.
ThemeanCARsofhouseholds,mothers,andchil-

drenwere0.85,0.95,and0.69,respectively,indicating
thatonaverage,households,mothers,andchildrendid
notconsumeadequatelevelsofcaloriesascompared
withthedailyrecommendedlevels.Theresultsofthe
regressionanalysisshowthattheincomelevelofthe
motherhas a statistically significantpositive impact
ontheCIandCARofthehouseholds,mothersthem-
selves,andchildren.Thisclearlyimpliesthatthehigher
theincomeofthemother,thehighertheCIandthe
lowerthecalorieinadequaciesofallindividualsinthe
household.Theregressionresultsalsoindicatethatthe
mother’sincomehadastatisticallysignificantnegative
effectonchildren’sRCA.Thisresultdoesnotindicate
thatthenutritionalstatusofthechildrenisworsened
whenthemotherworks,becausetheactualCIandCAR
ofthechildrenincreasewhentheirmotherworks.This
phenomenoncouldbeduetothefactthatmothersdo
nothaveadequatetimetocarryouttheallocationof
foodwhentheyareemployed.Furthermore,theresults
showedthatthemother’seducational level,asmeas-
uredbyheryearsofformaleducation,didnothavea
significantpositiveeffectoncaloricadequacies.Rather,
thechildren’sCARincreasedasthenumberofadults
inthehouseholdincreased,aresultimplyingthatthe
adultswereprovidingmorecaretothechildren.
Thefindingsofthisstudyhaveanumberofpolicy

implications.They suggest that significant improve-
ments in the dietary caloric adequacy of children
can be achieved by improving the level of income
ofmothers in low-incomehouseholds inSriLanka.
However,theresultsindicatethatincreasingmothers’
incomesaloneisnotaneffectivestrategytoimprove
thenutritionalstatusofchildren,sincetheincreasein
mothers’incomesisassociatedwithareductioninthe
relative allocationof calories to children.The study
emphasizes the importanceof providing child-care
facilitiesforworkingmothers.Furthermore,itrecom-
mendsinvestments intargetednutritionaleducation
programs, since formal education, asmeasured by
yearsofschooling,doesnotseemtocontributetothe
alleviationofcaloricinadequacies.
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Commentary

Thisarticleisofinterestbecauseitprovidesadiffer-
ent lens throughwhich to view the role that family
structureplaysinthenutritionalstatusofchildren.In
additiontolookingatsocioeconomicfactors,suchas
parentalemploymentstatus,theauthoralsolookedat
themother’sseniorityamongthewivesinpolygamous
households.Itwasfoundthatchildrenofthefirstwife
weremorelikelytobemalnourished,supportingthe
author’sassertionthatthesewivesandtheirchildren
aremorelikelytobeneglected.Atthesametime,the
study failed to support thenotion thathigherbirth
orderisrelatedtomalnourishment.Thisfindingisof
interestbecauseitcontradictsmanyotherstudiesthat
havefoundalinkbetweenhigherparity(orincreasing
birthorder)andriskofbeingmalnourished.However,
thestudydidnotexaminethetotalnumberofchildren
in thesehouseholds, raising thepossibility that this
couldhavebeenasignificantfactor.Finally,thisstudy
willbeinterestingtothosewhoareinterestedingender
differences in care-seekingbehaviors.The fact that
almosttwo-thirdsofthechildreninthishospital-based
studyweremalesraisesthepossibilitythatparentswere
lesslikelytoseektreatmentforfemalechildren,ashas
beendocumentedinSoutheastAsia.

JerrySternin,JenniferOlsen
PositiveDevianceInitiative
Boston,MA,USA02111

Abstract

Thisstudyfocusedontheroleoffamilystructurein458
malnourishedchildrenunderfiveyearsofageclinically
diagnosedwith protein-energymalnutrition (PEM),
kwashiorkor,andmarasmus.Themajorityofthesechil-
drenwereofhigherbirthorder(3rdchildandhigher):
63.2%basedon themother’s parity and56.4%based
on the father’s parity.More thanhalf (54.8%)of the
malnourishedchildren’smotherswerethefirstwivesof
theirrespectivehusbands.About43.9%ofthechildren’s
fatherswereurbandanfo (publicminibus transport)
drivers.Half (51.5%) of themotherswho claimed to
besingleoptedintosinglestatusandweremostlyfrom
polygamoushouseholds,but87.6%ofthechildrenwere
frompolygamousfamilies,ofwhich18.6%ofthemothers
haddivorced.Only27.7%ofthechildrenlivedwithboth
parents;40.4%livedwiththeirgrandparents,and37.8%
were the financial responsibility of their grandparents.
Weobservedanassociationbetweenchildrentreatedfor
malnutritionand father’s occupation,parents’marital
status,mothers’seniorityamongotherwives,andsource
offinancialresponsibilityforthechildren.

Keywords:Familystructure,malnutrition,riskfactors

Introduction

Anestimated85%ofchildrenbornintheworldlive
indeveloping countries.Of these children, 10%die
beforetheyreachtheageofoneyear,and4%dieof
malnutrition andotherdiseasesbefore they are five
yearsold[1].Themostaffectedareusuallythechildren
ofilliterateparentsinlowsocioeconomicbracketswho
havelowpurchasingpowerintheeconomy.Theeffect
ofmalnutritiononthesusceptibilityofthesechildren
to awide range of diseases has long been amajor
researchconcern.Severalobservationshaveshownthat
thenutritionalstatusofchildrenpriortotheonsetof
seriousinfectionshasalargeeffectonhowwellthey
withstand the infection [2–4]. Several studies have
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shownthatchildrenwhoarealreadymalnourishedsuf-
feredseverecomplicationsofmeaslesandhaveahigher
mortalityratethanadequatelynourishedchildrenwith
measles[5–10].
Children in lowsocioeconomicgroupscommonly

suffer from inadequatenutrition [11,12].The eco-
nomicandpoliticalsituationinNigeriaprobablyhas
increased stresson family structure.Thepurposeof
this studywas to assess the effectof conditions that
mightbeassociatedwithmalnutrition.Thereislittle
doubtthatfamilystructureandsocialconditionscon-
stituteamajorinfluenceonchildnutrition,butthereis
littleornoinformationontheroleoffamilystructure,
andthestressesonit,inmalnutrition.

Methods

ThisinvestigationwasconductedinIbadan,thecapi-
talofOyoState inNigeria.The samplingprocedure
involved the consecutive selection of 458 children
under five years of agewhowere hospitalized for
severemalnutrition and received treatment at three

majorhospitals:UniversityCollegeHospital,Adeoyo
Hospital,andOluyoroCatholicHospital.Theaimwas
to assess the family structure andother sociodemo-
graphiccharacteristicsofthemalnourishedchildren’s
families.Eachchildwasautomaticallyselectedintothe
samplebasedonadmissionformalnutrition.All the
familiesselectedvoluntarilyparticipatedinthestudy,
whichwas approvedby theUniversity institutional
reviewboard.
Detailedfamilyhistories,aswellassocioeconomic

anddemographiccharacteristicsoftheparentsofthe
children,wereobtainedbystructuredquestionnaires
and interviews; in addition, information regarding
familystability,potentialstressorsexperiencedbythe
family,andfamilysocialconditionswasrecorded.

Results

Thedemographiccharacteristicsofthe458malnour-
ishedchildrenwereasfollows:55.7%weremaleand
44.3%werefemale;41.3%weretwoorthreeyearsold;
15.5%wereoneyearoldoryounger;34.5%werefour

Characteristics No.(%)

Sex
Male 255(55.7)
Female 203(44.3)

Age(yr)
≤1 71(15.5)
2–3 189(41.3)
4–5 158(34.5)
≥5 40(8.7)

Birthorderbasedonmother
1 83(18.1)
2 92(20.1)
3 88(19.2)
4 58(12.7)
≥5 137(29.9)

Birthorderbasedonfather
1 96(20.9)
2 104(22.7)
3 134(29.3)
4 65(14.2)
≥5 59(12.9)

Father’soccupation
Civilservant/clerk 30(6.6)
Skilledworker(e.g.,artisan) 69(15.1)
Semiskilledworker(e.g.,driver) 201(43.9)
Unskilledworker 114(24.9)
Unemployed 44(9.6)

TABLE1.Demographiccharacteristicsofthemalnourishedchildren(n=458)

Characteristics No.(%)

Mother’smaritalstatus
Single 236(51.5)
Married 107(23.4)
Separated/divorced 85(18.6)
Deceased 30(6.6)

Familystructure
Monogamous 57(12.4)
Polygamousa 401(87.6)

Mother’sseniorityamongwives
1 251(54.8)
2 90(19.7)
3 30(6.6)
4 87(18.9)

Financialresponsibilityforchild
Bothparents 71(15.5)
Motheronly 143(31.2)
Fatheronly 55(12.1)
Grandparents 173(37.8)
Otherrelatives 16(3.5)

Child’slivingarrangement
Withbothparents 127(27.7)
Withmotheronly 85(18.6)
Withfatheronly 42(9.2)
Withgrandparents 185(40.4)
Withotherrelatives 19(4.1)

a. Themajorityofwomenwhoclaimedtobesinglewerefrompolygamoushouseholds.Theyactuallyoptedoutofthemarriagetoremain
singleforlackoffinancialsupportfromtheirspouses.

Familystructureandmalnutrition
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orfiveyearsold;and8.7%werefiveyearsoldorolder
(table1).
Thefamilystructuresbreakdownasfollows:43.9%of

thechildrenbelongedtofamilieswithfatherswhoheld
semiskilledjobs,mainlyasurbandanfodrivers;24.9%
belongedtofamilieswhosefatherswereemployedas
unskilledlaborers,suchasinfarmingorpettytrading;
9.6%of the fatherswere unemployed; 15.1%were
artisans;and6.6%werecivil servants/salaryearners.
Ofthe107motherswhoweremarried,54.8%were

thefirstwivesoftheirhusbands,19.7%weresecond
wives,18.9%werefourthwives,and6.6%werethird
wives.Alittlemorethanhalf(51.5%)ofthemothers
weresingleparents,23.4%weremarried,and18.6%
weredivorced,and6.6%weredeceased.
Themajority of the children (87.6%)were from

polygamous families, and only 12.4%were from
monogamous families; 40.4%of the children lived
with their grandparents, 27.7%with both parents,
18.6%withtheirmothersalone,9.2%withtheirfathers
alone, and the remaining4.1%withother relatives.
Only15.5%of these childrenwerebeing financially
supported by both parents; 37.8%were supported
bytheirgrandparents,31.2%bytheirmothersalone,
12.1%bytheirfathersalone,andtheremaining3.5%
byotherrelatives.
Over50%ofthechildrenwereofhigherbirthorder

(3rdpositionandhigher):61.8%withrespecttotheir
motherand56.4%withrespecttotheirfather.Ofthe
mothersofthe458malnourishedchildren,38%were
between20and29yearsofage,26.2%werebetween30
and39yearsofage,22.7%wereunder20yearsofage,
and13.1%were40yearsoldorolder.Ofthemoth-
ers, 41.7%hadprimary education, 36.5%hadonly
aQuraniceducation,19.4%were illiterate,andonly
2.4%hadpostprimaryeducation.Halfofthemothers
(50.4%)were traders, 35.2%earned salaries, 12.9%
werehousewives,and1.5%werestudents.
Theprevalenceofmalnutritionwasstronglyrelated

to the father’s occupation, themother’s seniority
amongotherwives,themother’sparity,andthechild’s
livingpattern(wherethechildlivedandwithwhom)
(χ2=0.791,0.681,0.771,and0.613,respectively).

Discussion

Thereislittledoubtthatparentaloccupation,especially
the father’s employment status and ability to take
responsibilityforhisfamily,playsamajorroleinchild
malnutrition[13,14].Inthisstudy,abouthalfofthe
malnourishedchildrenbelongedtofamiliesinwhich
the fatherswere semiskilledorunemployed.About
halfofthemotherswerepettytraderswithlowmeans
oflivelihood.
Otherriskfactorsformalnutritionwerethesocial

conditionsofthefamily,thelivingpatternofthechil-
dren(where thechildren livedandwithwhom), the
levelofeconomiccooperationamongtheparents,and
theleveloffinancialstressexperiencedbythefamily.
Oneofthemostdistinguishingfeaturesofthefamilyas
asubjectofsocialinterestisitsimportanceasthebasic
unitofsociallife.Severalstudieshaveshownthatthe
economicstrengthofa family,especially the father’s
occupational status, ishighly correlatedwith family
health[6,9,10,15].
Althougheconomicstrengthisnodoubtimportant,

itisapparentfromthisstudythatthelevelofinterper-
sonal relationship that existedbetween thehusband
andwife,i.e.,economicandfinancialcooperationfor
propercareofthechildren,wasfarmoreimportant.
Onlya fewof thechildrenbelonged to families that
includedsuchcooperation.Interestingly,themajority
ofthemothersinthisstudywerefirstwives.Inastrictly
traditionalhome,itisnotuncommonforthehusband
toneglect, emotionally and financially, the firstwife
andher children. Simple analysis of the correlation
coefficientshowedthatfather’soccupation,mother’s
seniority among otherwives,mother’s parity, and
child’slivingpatternweremajorfactorsinthechild’s
malnutrition.Only15%of the childrenwere finan-
ciallysupportedbybothparentsandonly12%bytheir
fathers;38.7%weresupportedbytheirgrandparents,
while30%ofthemothersstatedthattheyweresolely
responsible for their children,without any financial
supportfromtheirhusbands.
Wedidnothaveacontrolgroupinthisstudysoour

observationsinthestudygroupcannotbecompared
withagroupsimilarexceptforpresenceofmalnutri-
tion.However,ourobservationofthesefamilieswith
severelymalnourishedchildrenindicatethatfullfamily
support,especiallyfromfathers,isanimportantfactor
inachild’snutritionalstatus.
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TotheEditor:

IwouldliketocongratulateDr.Gargarionthework
hehasdoneonassessingtheprevalenceofoverweight
andobesity amonghigh-school girls inTabriz, Iran,
[1].Thiswillundoubtedlycontribute to thepoolof
much-neededdataonobesityintheAsiaregion.How-
ever,Iwouldliketomakesomecommentsaboutthe
methodologytheauthorsadoptedduringtheanalysis
ofthedata.
1.WhywereNHANESIpercentilesusedwhenbody-
mass index (BMI)-for-agepercentile charts from
NHANESIIIwereavailableonlineatthetimeofthis
study?[2]

2.TheInternationalObesityTaskForce(IOTF)cutoff
values given for female adolescents are confusing.
AccordingtothepublishedIOTFcutoffvalues,[3]
thereferenceBMIcutoffswerenotgivenasarange
foraspecificagerange,butasaspecificcutoffvalue
foreachage.ItistruethatIOTFpublishedtheBMI
cutoffsforeverysix-monthagegroupfrom2to18
years.However,forachildwhoseagefallsbetween
anagegroupforwhichcutoffvalueshavebeengiven
(e.g.,14yearsand9months,or9.75years)theBMI
cutoffforoverweightorobesityshouldbecalculated
bylinearextrapolation.

  TheBMIrangesthataregivenforoverweightare
likewiseconfusing.Forexample,theBMIrangefor
overweight among 14- to 14.9-year-old girlswas
givenas23.66to28.87,butthetwofiguresarethe
BMIcutoffsforoverweightandobesity,respectively,
in 14.5-year-old girls. If Iwere to determine the
stateofobesity/overweightinagirl14yearsand11
monthsoldwithaBMIof28.9,wouldthischildbe

LettertotheEditor

InresponsetoGargarietal.,“Prevalenceofoverweightandobesity
amonghigh-schoolgirlsinTabriz,Iran,in2001”
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classifiedasobese?Notreally,sincethecutoffwould
be28.87+(29.11–28.87/6months×5months)=
29.07.Sothischildisnotobesebutonlyoverweight.
Therefore,ifthiscorrecttechniquewereused,Iam
suretheprevalencewouldchange.

3.When IOTF overweight and obesity cutoffs are
comparedwiththe85thand95thpercentiles,respec-
tively,oftheNCHS/CDC2000BMI-for-agecharts,
the95thpercentileofBMI-for-ageislowerthanthe
age-matchedIOTFBMIcutofffor14-to16.9-year-
oldgirls.Therefore,Ibelievethatthenumberofchil-
drendiagnosedasobeseaccordingtoIOTFshould
belowerthanthenumberofchildrendiagnosedas
obeseaccordingtotheNCHS/CDC2000chartsfor
theagegroupfrom14to16.9years.

4.Finally,pleaseclarifywheretheunderweightdefini-
tionsweredrawnfrom.Tothebestofmyknowledge,
thebestreferencesfordefinitionwouldbetheWHO
TechnicalReportonPhysical Status:Theuse and
interpretationofanthropometry[4].Underweight
isadescriptivetermbasedonweight-for-ageparam-
eters, and this reportdismisses theuseofweight-
for-ageinadolescents(page272,paragraph3).The
descriptive terms related toBMI-for-age are thin-
ness,overweight,andobesity(page271, table29).
ThinnessisdefinedasBMI-for-age<5thpercentile.
Therefore, I think thatdefinition shouldbeused
universallyindefiningthinnessorunderweight.
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Author’sresponse

TotheEditor:

IthankDr.Wickramasingheforhisthoughtfulremarks
onourpaperonoverweightandobesityinhigh-school
girls in Tabriz [1]. The authors’ responses appear
below.
1.Weusedtwocriteria.
» OneistheBMIcutoffsofMustetal.[2],which
are basedon theNHANES I study.These cut-
offshavebeen introducedby theWorldHealth
Organization/NationalCenterforHealthStatistics
(WHO/NCHS) for international use.AWHO
expertcommitteerecommendedBMIatorabove
the85thpercentile for internationaluse toclas-
sifyadolescents as overweight [3],whereas the
NationalCenterforHealthStatistics/Centersfor
DiseaseControl andPrevention (NCHS/CDC)
BMI cutoffs are basedon the 2000CDCBMI-
for-age-growthcharts for theUnitedStates and
thus are country-specific. I do not think that
thesecutoffshavebeenintroducedbyWHOfor
international use. In this set, basedon current
recommendationsofexpertcommittees,children
withBMIvaluesatorabovethe95thpercentileof
thesex-specificBMIgrowthchartsarecategorized
asoverweight[4].

» Theother is the IOTF [5] sex-andage-specific
BMIcutoffs.Theseweredevelopedon thebasis
ofdatafrommanynations,includingBrazil,Great
Britain,HongKong,theNetherlands,Singapore,
and theUnited States. They are derived from
sex-specificcurvesthatpassthroughaBMIof25
and30byage18yearsforoverweightandobesity,
respectively.

2.Weusedthemidyearvalues(forexample,14.5-year
BMIvalues for the 14- to 15-year age group) for
definitionsofoverweightandobesity.Ifwewantto
defineapersonasoverweightorobeseintheclinical
setting,weneedtolinearlyinterpolateBMIcutoffs
tothesubject’sexactage,whereasforepidemiologic
use,withagegroupsoneyear inwidth, thecutoff
point at themidyear valuewill give an essentially
unbiasedestimateoftheprevalence,asColeetal.[5]

havediscussed.
» Accordingtotable4inColeetal.[5],theIOTF
BMIcutoffsthatcorrespondtoBMI=25kg/m2

inadultsforthemiddleofthefemaleagegroups
14–15,15–16,16–17,and17–18yearsare23.66,
24.17,24.54,and24.85years,respectively.

» Accordingtotable4inColeetal.[5],theIOTF
BMIcutoffsthatcorrespondtoBMI=30kg/m2

inadultsforthemiddleofthefemaleagegroups
14–15,15–16,16–17,and17–18yearsare28.87,
29.29,29.56,and29.84,respectively.

» Therefore,we consideredBMIvaluesof 23.66–
28.87,24.17–29.29,24.54–29.56,and24.85–29.84
toindicateoverweight,andBMIvaluesof≥28.87,
≥29.29,≥29.56,and≥29.84toindicateobesity
fortheaboverespectiveagegroups.

3.WedidnotuseNCHS/CDCBMI-for-agecutoffs.
» TheBMIcutoffshavebeenwidelyusedtodefine
childhoodandadolescentunderweight,andthey
werealsorecommendedforinternationalusefor
adolescentsaged10to19yearsbyaWHOexpert
committee [3]. Inmany studies, theyhavebeen
used for the definitionof underweight [6-10],
althoughsomestudieshaveusedBMI-for-age<
20thpercentile, somehaveusedBMI-for-age<
15thpercentile, and somehaveusedBMI-for-
age<5thpercentileforthedefinitionofunder-
weight.

» TheCDChasusedBMIcutoffsforthedefinition
ofunderweightinchildrenandteenagers[11].The
CDChasdefinedunderweightandoverweightas
follows:

Underweight BMI-for-age<5thpercentile

Atriskofover-
weight

BMI-for-age85thpercentile
to<95thpercentile

Overweight BMI-for-age≥95thpercentile
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Counter-response

TotheEditor:

IthankDr.Gargariforhisresponsestomycomments.
Hispaper isnowquiteclear tome.Towrapup this
exchangeofviews,Iwouldliketosharesomethoughts
thatcametomymindwhilereadingtheseresponses.
1.Myquestionwas,Whywasanoldsetofdataused
whenthenewdataforpercentilecutoffswereavail-
able?TheNHANESIisasetofdatacollectedfrom
1971to1974intheUnitedStates.NCHS/CDC2000
wasalsobasedonUSdatafrom1963to1994.How-
ever,theweightandBMIofthegroupabovesixyears
ofagewereexcludedfromNHANESIIItoprevent
anydistortionthatcouldariseduetotheincreasein
theprevalenceofobesityduringthatperiod.(IOTF
alsodidnotusethisdatasetwhentheyuseddata
fromtheUnitedStates.)

  WHOwould have recommendedNHANES I
becauseatthattimeitwasthebest.However,when
theCDC2000chartsbecameavailable,theywould
havenot done so because by that time they had
their own growth chart project aswell as IOTF
functioning.

  MypersonalreservationabouttheIOTFcutoffs
is aboutwhether they are trulyworld representa-
tive.TheydonotincludeanySouthAsianorMiddle
Easterncountries(thetwoAsiancountriesincluded
mainlysubjectsofChineseancestry).Itisverywell
knownthatSouthAsianshavealowBMIbutahigh
percentageoffatmass,andevenWHOthinksthat
theBMIcutoffforadultsinthesubcontinentshould
beaslowas27kg/m2.(SomeoftheworkIdidon
SriLankanmigrantchildreninAustraliahadsimilar
results.Ifailedtodetectasinglecaseofobesitybased

onIOTF,butthechildrenhadaveryhighpercent-
ageoffatmass[1,2]).Thiscouldalsobethecasefor
children in theMiddleEast.Therefore, ideallywe
shouldcross-validatethesecutoffsbeforeweapply
them,otherwisetheycouldreallybeunderestimating
theproblem.

2.IagreewithyouandIhopetheagehadanormal
distribution.Iwishthishadbeenexplainedinthe
text.However,mypersonalbeliefisthatratherthan
usingashortcut,itwouldhavebeenbettertoanalyze
individualcasesinordertodeterminetheprevelance.
IntheexampleIhavequoteditisclearthatresultsdo
getdistortedifthereisanimbalanceinthedistribu-
tionoftheages.

3.ThisisanobservationIhavemadeinmywork,and
itwouldhavebeenthecaseifyouhadusedtheCDC
2000charts.

4.Iwishthesereferenceshadbeenquotedinthetext.
However, I believe that youwill agree that in the
WHOTechnicalReport854[3]hasstatedthat“BMI
wasrecommendedasthebasisforanthropometric
indicatorsofthinnessandoverweightduringado-
lescence”[3], and that ithasdescribedBMIbelow
5th percentile as indicating thinness rather than
underweightandhasnotentertainedagradationof
underweightinthisagecategory.Further,Ithinkthat
eventheCDCusesBMIbelow5thpercentileasindi-
catingunderweightratherthansevereunderweight.
Therefore, Ibelieve there shouldbeuniformity in
defining various types of nutritional status.This
willmakeitpossibletocomparedatafromvarious
countriesandregionsandprovideamoremeaning-
fulcontexttofutureresearch.
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Key words: Food policy, diet transition, health
outcomes

Inthetwenty-firstcentury,developingcountrieswill
havetocopewiththetransitionfromacutediseaseto
acutepluschronicdisease.Thetwomaincontributors
tothistrendaredietandactivitylevels,bothofwhich
are changing at historically rapid rates.This paper
focusesondietarychanges.Wheregooddataonfood
consumptionareavailable,theyshowthattheavailabil-
ityandintakeoffoodsthatareriskfactorsforchronic
diseasesareincreasingrapidlyinurbanandruralareas
andacrossallincomegroups.Increasesinoverweight
andobesityratesinthedevelopingworldshowsimilar
patterns.Thecoexistenceofadoubleburdenofunder-
nutritionand“overnutrition”addstohumansuffering
andeconomiccosts.Italsocomplicatesthedesignof
foodpolicy.
Thispaperasks:“Whatcanfoodpolicydotoredirect

thetransitionindietstowardhealthieroutcomes?”The
paperreviewsthedriversofthechangesindietandthe
potentialofbothdemand-andsupply-sidefoodpolicy
options to influence thedrivers.Thepaper endsby
highlightingthechallengesposedtofoodpolicydesign
by the coexistence of—and linkages and trade-offs
between—under-andovernutrition.

DriversofDietaryandNutritionTrends

Thecommonly listeddriversofconsumptiontrends
include (1) income growth, (2) changes in relative
pricescausedbytechnology,institutional,andpolicy
changes, and (3) the socioeconomic and activity
changesassociatedwithurbanization.
Asincomegrows,consumerswanttodiversifyout

ofcerealsandotherstarchystaples.Theconsumption
ofthepooresthouseholdstendstobemostresponsive
toincreasesinincome.Preliminarysimpleregression
analysisofproducerpricesinNigeria,SouthAfrica,and
Indiadidnotdemonstrateanysignificantsystematic
differencesinrelativepriceincreasesbyfoodcategory.

InChina,however,oilslowinsaturatedfats(soybean,
sunflower,rapeseed,andsesame)postedsignificantly
higherprice increasesover the1976–95period than
palmoil(highinsaturatedfat),whichshowedoneof
thelowestpriceincreasesovertheperiod.IntheUnited
States, the price of nonalcoholic beverages (domi-
natedbycarbonatedsweetenedsoftdrinks)dropped
dramaticallyoverthe1982–97periodcomparedtoan
all-foodaverage,ashavethepricesofdairyproducts,
fatsandoils,eggs,meat,poultry,andfish.Projections
oftheinternationallytradedpricesfornonstaple,non-
fruit,andnonvegetablegoodsindicateacontinuation
ofthesetrends.
Moreanalysesofpasttrendsinproducerandretail

foodpricesneedtobeundertakenfromahealthper-
spective.Forexample,wedonothaveconsumerfood
price trendsby fat contentor,preferably,by typeof
fatcontent.Suchtrendswouldhelpidentifythemain
sourcesofanydeclineorincreaseinthepriceoffator
addedsugar.Suchinformation,aswewillsee,isimpor-
tantforpolicyformulation.Inaddition,morestudies
areneededthatseeklinkagesbetweenpricetrendsand
healthoutcomes.Manystudieslinkundernutritionto
pricechangesbutfewlinkratesofchronicdiseaseor
obesitytorelativepricechangeswhilecontrollingfor
arangeofotherfactors.Twoofthefewsuchstudies
todosousingU.S.datasuggestthat40percentofthe
growthinweightoftheU.S.populationbetween1976
and1994 is due to technology-based reductions in
foodprices.
Technology innovation and policymay be one

important sourceof change in the relativepricesof
foods that pose a chronic health risk; institutional
policychangesareanother.Forexample,moreresearch
is needed from a health perspective on how trade
liberalization(e.g.,China’smembershipoftheWTO
and its impactonedibleoilprices facedbyChinese
consumers)willaffectthepriceofdifferentfoodsthat
representdifferenthealthrisks.
Urbanizationisproceedingrapidlyinthedevelop-

ingworld and is accompaniedby amarked reduc-
tioninphysicalactivityforthemajorityofthelabor

Whatcanfoodpolicydotoredirectthediettransition?
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force.Thehigherpopulationdensityofurbanareas
lowerstheperpersoncostofmass-mediaadvertising,
where the spending power of foodmanufacturers
andprocessorssurelyoutweighsthatofpublichealth
authorities.Theurbanenvironmentisalsomarkedby
agreaterphysicaldisconnectbetweenplacesofwork
andresidenceandsmallerhouseholdsizes,especially
forwomen.Inthisenvironment,freetimeisscarcer,
atleastforthosegainfullyemployed,andwherethe
fixedcostsoffoodpreparationarehigherinsmaller
families,more food tends to be purchased outside
thehomeevenforpoorhouseholds.Thisfoodtends
tobemuchmorehighlyprocessed,andhigherinsalt
andfat.

Whatcanfoodpolicydo?

Whatistherationaleforpublicactiontosteerthediet
transitiontowardgreaterhealthiness?Perhapsthemost
obviousrationaleisinformationasymmetrybetween
producers and consumers aboutwhat is and isnot
healthy.Thepaper reviewsoptions from the supply
anddemandsidesanddiscussessomeofthetrade-offs
betweenaddressingunder-andovernutritionthatare
accentuatedindevelopingcountries.
Possiblesupply-sideinterventionsconsideredinclude

(1)morepublic investment in technology todeliver
high-productivity, low-costvegetablesandfruitsand
low-fat livestockproducts topoorer consumers, (2)
eliminating incentives on growing high-fat foods
andrelaxingrestrictionsongrowinghealthierfoods,
and (3) evaluating food tradepolicy fromahealth
perspective.
Demand-sideinterventionsconsideredinclude(1)

increasing the relative costofpurchasingunhealthy
choices(eitherthroughchanginglocationofpurchases
or price), (2) providing clearer information about
productcontents,and(3)improvingawarenessabout
consequencesofpoordiet.
Policyformulationondietarychangeinthedevelop-

ingworldmustbuildontheevidencebaseaccumulated
inthe industrializedworld.However, thedeveloping
countrycontext isverydifferent.First,policymakers
inthedevelopingworldarefacedwithfoodconsump-
tiondeficits.Second,certaingroupsneedtoconsume
even foods that are“empty” sources of the dietary
component being discouraged, e.g., edible oils, to
increasetheenergydensityofinfantcomplementary
foods.Third, the capacity to influence preferences
viathepublicsector is likelytobe lowerthaninthe
industrializedworld.
Finally,itisimportanttonotethatfoodrepresentsa

classofcommoditiesthatisdifficulttoinfluenceina
predictablemanner—forexample,effortstoincrease
thepriceofhighfatproductswillalsoincreasetheprice
ofanymicronutrientstheycontain.Moreover,foodis

notyetliketobacco,inthattherearefewer“triggers”
inplaceforstrongpublicactiontooccur.

Informationandanalysisgaps

Research in theareaofdiet transition indeveloping
countriesisinitsinfancy.Mostoftheworkhasbeen
spent documenting the transition and, to a lesser
extent, analyzing its causes.Muchof thisworkhas
madedowithcrudefoodconsumptiondata,andvery
littleresearchhasfocusedonpolicyanalysis.
Thepapersuggeststhat(amongotherthings)there

isaneedto(1)useexistingnationallyrepresentative
household surveydata to systematicallychart trends
in availability of“bad”diet components, (2) better
connectthelocationoffoodpurchaseandthehealth
content of that purchase, (3) generate food-price
elasticitiesforlargedevelopingcountriesthataredis-
aggregatedenoughtobepolicyrelevant(e.g.,“edible
oil”isnotuseful,but“high-saturatedfatedibleoil”is),
(4) evaluatenonprice interventions to changediets,
both in termsofquality andquantity, (5) spell out
thetrade-offsintermsoftheconsumptionchangesof
differentdietarycomponentsofdifferentpopulation
subgroupsresultingfromthechangeinthepriceofa
singlecommodityandtheimplicationsforsmallholder
income generation, and (6) conductmore research
ontheinvestmentsandinstitutionalinnovationsthat
smallholder farmers need to linkupwith growing
domesticandinternationalmarketsforhealthyfoods.

Conclusion

Thediettransitioninthedevelopingworldseemsto
beaccelerating.Itseemstobeatransitiontowardan
increasedburdenof chronicdisease. It is increasing
human costs in termsofmortality and thedisease
burdens,anditisincreasingeconomiccostsinterms
oflowerproductivity.Itisdrivenbychangingprefer-
ences fueledby growing incomes, changing relative
prices, andurbanization; by changing food choice
optionsfueledbychangesinfoodtechnologyandin
fooddistributionsystems;andbyalegacyoflowbirth
weightsfromthepreviousgeneration.Isthereacasefor
publicinvestmentineffortstoinfluencethetransition
towardincreasinglyhealthyoutcomes?Theexistence
ofinformationasymmetriesandnegativeexternalities
suggeststhatthereis.
What can food policy do?We have identified a

numberofoptionsfromthefoodsupplyanddemand
sides.Theseoptionshavehadmixedsuccessinindus-
trializedcountries.Thepolicytrade-offsinthedevel-
opingworldareevenmorecomplicated.Forexample,
efforts toovercomeovernutritionmightundermine
effortstoovercomeundernutrition.Thepublichealth
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antismokingpolicymodeloffers some insights, but
it shouldnotbe leanedon tooheavily—food isnot
tobacco.Thereareplentyofareasinwhichadditional
technicalresearchisneededtoassesscompetingrisks
andtohelpdeveloppolicyoptions.Butthereisalsoa
greatneedforresearchtoengageactorsinthepolicy
process underlying the diet transition. In a debate
wheresomuchisatstake—marketshares,profits,live-
lihoods,andlifeitself—thereisapotentiallypowerful
roleforresearcherstobringdifferentactorstothetable.
Thismayhelp to improve thedecisionmakingproc-

essesunderlyingtheattemptsoffoodpolicytoredirect
thediettransitiontowardhealthieroutcomes.

ReprintedwithpermissionfromtheInternationalFood
PolicyResearch Institute (IFPRI). IFPRI (www.ifpri.
org)holdsthecopyright.Thefulltextofthisdocument
and other FoodConsumption andNutritionDivi-
sion (FCND)DiscussionPapers are available on the
IFPRIwebsite(www.ifpri.org/divs/fcnd/dp.htm)orfrom
M.Aspillera@cgiar.org.
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Key words: Child-feeding practices, childhood
malnutrition,caregivingbehaviors,formativeresearch,
programdesign,Haiti

Positive changes in child health and nutrition are
manifestedinmanyforms,includingimprovedgrowth
anddevelopmentandreducedmorbidityandmortal-
ity.Eachchildhealthoutcomeresults fromcomplex
interactionsbetweencommunity, familial, andcare-
giverresourcesthat,inturn,laythegroundforeither
optimalorpoorcaregivingbehaviors.

Background:Purposeofbehaviorchange
communicationprograms

Forchildrentogrownormally,therearemanyparental
caregivingbehaviorsrelatedtofoodthatareessential
toensuringadequatenutritionalintake:obtainingand
selecting foods thatmeetnutritional requirements,
preparingthemsafelyandinaformthatisappropriate
forthechild’sage,andfeedingtheminamannerthat
encouragesadequateintake.Toengageinthesecritical
caregivingbehaviors,parentsneedaccesstothefoods
their children require; fuel,water, andothermateri-
alstoprepareandpreservethesefoods;andthetime
andenergytocarryouttheactivities.Theyalsoneed
knowledge.Theseareessentialunderpinningsofnutri-
tionandhealth-givingbehaviors,andtheprerequisites
for childhealth andwell-being.Because caregiving
behaviorsarethelinksbetweenresources,knowledge,
andchildhealth,programsthatseektoimprovechild
healthandnutritionmust,bydefinition,changecare-
givingbehaviors.Programsthataimtoimprovechild
outcomesby improving childcarebehaviors are col-
lectivelyreferredtoasbehaviorchangecommunication
(BCC)programs.

Purposeandmethodologyofthisstudy

This paper summarizes findings from a formative

researchstudyconducted inHaiti todevelopaBCC
strategytoimproveinfant-andchild-feedingpractices
andtoreducechildhoodmalnutrition.Italsodescribes
the tools developed to facilitate decision-making
and effectiveuseof formative research forprogram
planning.
The studyused formative researchmethods that

includedindividualandgroupinterviews,foodrating
exercises,andparticipatoryrecipetrials.Theaimsof
thestudywereto
1.Studycurrentinfant-andyoungchild-feedingprac-
ticesintheCentralPlateauofHaiti;

2.Identify individual, household, and community
factorsthatmayfacilitateorconstrainadoptionof
recommendedbehaviors;and

3.Use the information from the formative research
toprioritizebehaviorstobetargetedanddesignan
effectiveBCCstrategy.

Results

Thestudyrevealedsomenonoptimalinfantandyoung
child-feedingpracticesinthispartofruralHaiti,such
aslowratesofexclusivebreastfeeding,earlyintroduc-
tionofnutrient-poorgruels,andthescarcityofnutri-
ent-densefoodssuchasanimalproductsinthediet.A
numberof constraintswere also identified thatmay
limittheabilityoffamiliestoengageinoptimalfeeding
practices.Theseincludetheearlyresumptionofwork
outsidethehomebywomen,whichisdrivenbyeco-
nomicnecessityandresultsinfrequentandsometimes
longseparationsofthemotherfromheryounginfant.
The lackof time toprepare special complementary
foodsforthechild,theperceptionthat12-month-old
infantsarereadytoconsumethefamilydiet,andthe
lowavailabilityofmicronutrient-richfoods(animal-
sourcefoodsinparticular)areadditionalconstraints
onpoor families to achievingoptimal child-feeding
practices.
The data also highlighted some facilitating fac-

torsthatcouldbeusedtodesignlocallyrelevantand

Fromresearchtoprogramdesign:Useofformative
researchinHaititodevelopabehaviorchange
communicationprogramtopreventmalnutrition
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powerfulcommunicationmessages.Thefewmothers
whoreportedhavingexclusivelybreastfedtheirinfants,
forexample,emphasizedthatthispractice improved
their infants’ health and reduced healthcare costs.
Similarly, theabsenceofculturalrestrictionsregard-
ingfeedinganimal-sourcefoodstoinfantsandyoung
children,andtheknowledgeamongsomemothersthat
thesefoodsaregoodforchildren,arepositivefactors
likelytofacilitatebehaviorchangerelatedtotheseprac-
tices.Therecipetrialsalsoprovidedvaluableinsights
regardingfeasible,affordable,andacceptablerecipesfor
enrichedcomplementaryfoodsthatcouldbepromoted
throughtheBCCintervention.

Organizationofresultsintoa“decisiontool”

Tosimplify interpretationofthefindings,weorgan-
ized the information gathered into a decision tool.
Thistoolconsistsofamatrixcontainingthefollowing
elements:
1.Agoaltoachieve,
2.Practicestopromotetoachievethisgoal,
3.Currentpracticesinthepopulationstudied,
4.Facilitatingconditionsforbehaviorchange,and
5.Issues thatmay affect the capacity for behavior
change(e.g.,potentialconstraints).
A second, complementarymatrix summarizes the

constraints and facilitating factors identified for the
differentpractices and includes columns to identify
programmaticoptions(eitherwithinoroutsideofthe
currentprogramcontext) to alleviate someof these
constraintsortooptimizeuseoffacilitatingfactorsin
promotingbehaviorchange.

Conclusion

Theuse of formative research for programdesign
provedextremelyuseful,especiallyforidentifyingpri-
orityareasofintervention.Thedecisiontooldeveloped
inthisstudyhelpedtostructurethelargeamountof
datagathered,anditallowedpresentationoftheinfor-
mationinasystematic,clear,andeasy-to-graspmanner.
Thetoolalsoprovedvaluableindiscussionsrelatedto
programplanning,asithelpedbuildconsensusandset
prioritiesforactionintheshortandlongterm.
InHaiti,thetoolwasusedafterWorldVision’sfive-

yearprogramcyclehadbeenestablished.Thislimited
theflexibilityoftheprogramtodesigninterventions
that are outside of their currentmandate. In the
future,formativeresearchandthetypeofdecisiontool
developedinthisstudyshouldbeusedtoplanforth-
comingprogramcycles.Thiswouldhelpensurethat
constraintstobehaviorchangeareaddressedthough
appropriateprogrammaticinterventions,evenifthese
maybeoutsideof theusual scopeof activityof the
implementingagency.

ReprintedwithpermissionfromtheInternationalFood
PolicyResearch Institute (IFPRI). IFPRI (www.ifpri.
org)holdsthecopyright.Thefulltextofthisdocument
and other FoodConsumption andNutritionDivi-
sion (FCND)DiscussionPapers are available on the
IFPRIwebsite(www.ifpri.org/divs/fcnd/dp.htm)orfrom
M.Aspillera@cgiar.org.
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Phytochemicals in health and disease (oxidative
stressanddisease).EditedbyYongpingBaoandRoger
Fenwick.MarcelDekker,NewYork, 2004. (ISBN0-
8247-4023-8)384pages,hardcover.US$195.

Interest in theroleofphytochemicals in thediet for
diseasepreventionhas risen rapidly in recent years
as the scientific evidence has provided increasing
confirmationoftheirimportance.Thisbook,bycon-
tributorsfrom16institutionsin8countries,describes
thefunctions,metabolism,andbiologicalactivitiesof
selectedphytochemicalsanddocumentstheirrolein
themodulationofenzymeactivityandgeneexpression.
Itpresentsthelatestmolecularevidenceforbiological
effects of selectedphytochemicals on cellularproc-
esses involved in cancer, cardiovasculardisease, and
hypertension.Thephytochemicalsarefoundinfruits,
vegetables,teas,andspices.
Chapter 1 introduces the fundamentals of nutri-

tionalgenomics(nutrigenomics),chapter2thefactors
affectingbioavailability,andchapter3reviewstherole
ofpolyphenols.Chapters4through6presentspecific
compounds thatmay influence the risk of cancer,
includinggenistein-inducedgene expression; ginkgo
bilobaextracts,andisothiocyanatesulforaphane.Chap-
ter 7demonstrateshowheterocyclic amine-induced
DNAadductformation,abiomarkerofDNAdamage
andriskofcancer,canbeaffectedbyphytochemicals.
Chapters8through11aredevotedtoconsiderationof
thetwomainclassesofphytochemicals—organosulfur
compoundsandpolymethylatedflavonoids.Chapter12
summarizestheroleofdietaryphytochemicalsinthe
preventionofcardiovasculardisease,whilechapters13
through15examinetheactionofresveratrol,lycopene,
andoltipraz.The concluding chapter elaborates on
these as it addresses researchdirections, challenges,
andopportunities.
Thesignificanceofphytochemicalsinthedietisof

suchgreat interest tohealthworkers that this book
provides a veryuseful sourceof currentknowledge.
Althoughwrittenfortheresearchandscientificcom-
munity,theeditorshavepresentedtheinformationin

amannerthatshouldbeunderstandableandconveyed
accurately to sciencewriters and the generalpublic,
especiallyinlightofthedemonstratedhealthsignifi-
canceofsomephytochemicals.

Towardstheglobaleliminationofbraindamagedue
toiodinedeficiency.EditedbyB.Hetzel(senioreditor),
F.Delange,J.Dunn,J.Ling,V.Mannar,andC.Pandav.
OxfordUniversity Press,NewDelhi/Oxford, 2004.
(ISBN019-567095-7)578pages,softcover.US$20.

BasilHetzel,thesenioreditorofthissubstantialbook,
hasbeen the global leader in alerting governments,
internationalagencies,andnutritionandhealthwork-
erstothehighprevalenceandgraveconsequencesof
iodinedeficiency.Themost serious is the impactof
iodinedeficiency inpregnancyon thedevelopment
of thefetalbrain.Unfortunately it is too latetocor-
rect thedeficiencyafterbirth. Inmuchof theworld
iodine isdeficient in theenvironmentdue toglacial
iceorheavyrainfall,andthedistributionofIQislower
withouttheavailabilityofsaltorsomeotherstaplewith
addediodine.
An introductory chapter gives the history and

magnitudeofiodinedeficiencydisorders(IDD).The
globalprogramfor theeliminationofbraindamage
duetoiodinedeficiencypromotedbytheInternational
Council forControlof IodineDeficiencyDisorders
(ICCIDD)toengagetheinternational,bilateral,non-
governmental agencies and the salt industry iswell
described.Aspointedoutinasectionofthebook,the
programbridgesthegapbetweenresearchandappli-
cation through themultiplepartners.The scientific
basisfortheeliminationofbraindamageduetoiodine
deficiencyisthoroughlydiscussedasaretheproblems
related toproductionof iodized salt and the roleof
educationandcommunication.
In general the global programhas been a great

success as the iodationof salt is invarious stagesof
implementation inmost countries at risk of IDD.
IndividualchaptersdescribetheprocessinAfrica,Asia,
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CentralEurope,China,theMiddleEast,NorthAfrica,
SoutheastAsia,andtheAmericas.Onceimplemented,
iodizationmustbesustainedpermanently.Examples
aregivenofcountriesthatachieveduniversalsaltioda-
tion,thuseliminatingIDD,onlytohaveitrecurwhen
monitoringandenforcementwasdiscontinueddueto
politicalturmoil.Anappendixprovidesvaluabledocu-
mentationoftheprogressofthecampaigntoeradicate
IDDcountrybycountry.
The subtitle of the book,“A global program for

humandevelopmentwith amodel applicable to a
varietyofhealth,socialandenvironmentalproblems”is
welljustified.Itisnotonlythemostcompleteaccount
availableofaremarkablepublichealthcampaign,but
isalsousefultothosepromotingotherpublichealth
initiatives.Thebook is also available as aCD-ROM
from the ICCIDD.For information, send e-mail to
cpanday@iqplusin.org. For the ICCIDDnewsletter,
availablefreeofcharge,visithttp://www.iccidd.org.

Mendel in the kitchen:A scientist’s view of geneti-
callymodifiedfoods.NinaFedoroffandNancyMarie
Brown.Washington,D.C.,NationalAcademiesPress/
JosephHenryPress,2004.(ISBN0-309-09205-1)370
pages,hardcover.US$24.95.

Thereisagreatneedforthisbalancedandauthoritative
treatmentoftheissuessurroundingtheapplicationof
biotechnologytotheimprovementoffoodcrops.The
prefacepointsoutthatallofthefoodcropswedepend
ontodayaretheresultofhumanmanipulation,empha-
sizingthatwecannotturnbacktheclockbecausethe
humanpopulationistoolargeandtheavailableland
toosmall.Astheauthorsputit,“Thechallengeofthe
comingdecades is to limit thedestructive effectsof
agricultureevenaswecoaxevermorefoodfromthe
earth.”Theydescribehowthetaskismadelessdaunt-
ingbynewknowledgeandnewmethods—iftheyare
wiselyused.
The first chapters review the profound genetic

changes induced in crops that are now considered
natural,includingexamplesofpast,fierceresistanceto
newfoods,suchasthepotato,whenitwasintroduced
inEurope, and the flexiblebarriersbetween species
evenwithso-calledconventionalbreedingtechniques.
Transgenictechniquesforcreatingnewplantvarieties
aredescribedwithanemphasisonthepropertiesofthe
product,notthewayinwhichithasbeenproduced.
Yet inmost countries todayplants,modifiedusing
moleculartools,aresubjectedtoevaluationbymultiple
agenciesandrestrictivelegislationneverappliedinthe
pasttoinducedmutationwithequallyprofoundresults
ontheresultingcultivars.
Alargesectionofthebookisdevotedtothepossible

risksandhazardsofgeneticallymodifiedplantvarie-
ties.Eatinganyfoodispotentiallydangerous,andall

newfoodsneedtobescreenedforsafetyregardlessof
howtheyareproduced.However,whenplantsareengi-
neeredtoproducenewproteinsthatmayaffecthuman
healththefoodstuffsmadefromthemmustbecarefully
evaluated.Thepossibleriskofintroducinganallergen
throughplantbreeding is thoroughlydiscussed. It is
alsodemonstratedthatbreedingcanmakeplantvarie-
tiessaferandhealthier.
Thebookinvestigatesindepthsomeoftheclaims

thathavebeenmadefortherisksforhumanconsump-
tionandtheenvironmentofgeneticmodificationof
plantpotentialhazards,andexposesthepoorscience,
orlackofscience,behindthem.Italsodocumentsthe
impossibilityoffeedingthepresentpopulationofthe
earthwith theplant varieties available in1961.The
challenge for the 21st century is to greatly increase
ourfoodsupplyonroughlythesameamountofland
inproduction today.Despite the appealof“organic
farming,” thebookestimates that theworldhas less
than20%oftheorganicnitrogenneededtosupport
globalorganicfarming.Theconclusioniswewillneed
allofthehelpavailablefromnewtechnologiestomeet
the food requirements of 2 billionmorepeople by
mid-century.
Theauthorsinvestigatemanyexamplesandclaims,

use frequentquotations, and thoroughlydocument
their conclusions in each chapter.An extensivebib-
liography isprovided.Thisbook iswritten fromthe
objective viewpointof anoutstanding scientist and
published through theNationalAcademies Press.
Mendel’sKitchenmakes for informativereading,and
forthescientistorthelaypersonwillingtoconsider
objectively the scientific evidence for and against
geneticallymodifiedfoods,itwillproveeasytofollow
andpromoteanunderstandingofthecomplexissues
surroundingtheremarkableandessentialadvancesof
foodtechnology.Negativeclaimsandpolitical issues
arenotignored,butratherdiscussedwiththeknowl-
edgeofthebestavailableevidence.Thebookshould
bemadeavailableinmanylanguages,andwidelycir-
culated.Itisstronglyrecommendedforallconcerned
withthesubjectitdealswith.

Adultobesity:Apaediatricchallenge.EditedbyLinda
D.VossandTerenceJ.Wilkin.Taylor&Francis,New
York, 2003. (ISBN0-4153-0015-0) 112pages, hard-
cover.US$99.95.

ThereisconcerninGreatBritainthatlevelsofobes-
ityhavetripledinthelast20yearstothehighestrates
inEurope, andare approaching those in theUnited
States,whereoneperson in four isobese. It is clear
thatobesityandmanyassociatedadultdiseasesbegin
inchildhood,whichmakesadultobesityachallenge
forpediatricians.Thissmallvolumepresentsaseries
ofessaysfroma2001NationalSymposiumonObesity
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intheUnitedKingdom.Itattemptstoprovideanswers
tosuchquestionsas:Whataretheearlyfactorsrespon-
sibleforadultobesity?Towhatextentdofatchildren
becomefatadults?andWhatcanbedonetohaltthe
trendtowardadultobesity?
Individualtopicsincludeobesityasaglobalproblem;

over-nutritionandunder-activity,roleofgenes,social
inequities andobesity, and effect of self-image and
self-perception.
Thechaptersexplorethepediatricoriginsofobesity

andtheroleofprimaryhealthcare.Thefinalchapteris
devotedtothetitlethemeofadultobesityasapediatric
challenge.Thissmall,well-writtenbookwillbeuseful
toallhealthworkersconcernedwithpreventingobesity
anditsoutcomes.

Guidelines for the inpatient treatment of severely
malnourishedchildren.A.Ashworth,S.Khanum,A.
Jackson,C.Schofield.WHO,Geneva,2003.(ISBN92-
4-154609-3)48pages,softcover.US$9.

This bookprovides simple, practical guidelines for
successfully treating severelymalnourished children.
Italsotakesintoaccountthelimitedresourcesavail-
ableinmanyhospitalsandhealthunitsindeveloping
countries.Thebookisdirectedtowardhealthworkers,
dietitians,nurses,anddoctors,aswellastheirtrainers
andsupervisors.
Substantialreductionsinmortalityarereportedby

hospitalsusing theseguidelines,withmortalityrates
of30–50%havingfallento5–15%.Theaimistoassist
inimprovingthequalityofinpatientcare,andprevent
unnecessarydeaths.Theguidelinesareauthoritative,
andtheinstructionsclearandconcise.

Theseguidelinescanbeusedasapractical10-step
treatmenttoolandasadditionalsupportmaterial to
theWHO training courses on severemalnutrition
management.

Perinatal nutrition: Optimizing infant health and
development.EditedbyJatinderBhatia.MarcelDekker,
NewYork, 2004. (ISBN0-8247-5474-3) 440 pages,
hardcover.US$179.95.

Thehighinfantmortalityratesindevelopingcountries
aredueaboutequallytoneonatalandpostnatalmor-
tality.Inturn,neonataldeathinthefirstmonthoflifeis
asignificantandmostintractablecomponentofinfant
mortality.This bookpresentsnutritional strategies
forthecareofperinatalpatientsfrompreconception
throughinfancy.Soregardlessofthequalityandvalue
ofthe14chaptersthebooktitleismisleading.Thefirst
five chaptersdealwithmaternalnutritional factors,
manyofwhichcontributetoperinatalmortality.The
nextsixchapterscoveraspectsofnutritionthroughout
infancy.Twochaptersdealwithprenatal and infant
nutrition in thepathogenesisof type1diabetes and
with adolescentpreconception.A final chapterdis-
cusses theethical issuesofartificialhydrationof the
neonate,buttheapplicationtoactualclinicalcondi-
tionsisnotspecified.
Thebookcontainsrecommendationsfor ironand

vitaminintakeandenergyexpenditure-basedmaternal
body-massindex(BMI),andreviewscurrentroutines
in infant nutrition. The information provided is
appropriateandtimely,however,thecontentsarenot
describedbythetitleofthebook,thereforetheaudi-
enceforthispublicationisnotclear.

—NevinS.Scrimshaw
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PAHO/WHOpromotesthenewinternational
growthcurvesintheregionoftheAmericas

Growth references are among themost commonly
usedandvaluable tools for assessing thehealth and
well-beingofindividuals,groupsofchildren,andthe
communitiesinwhichtheylive.However,thecurrent
international reference, theUSNationalCenter for
HealthStatistics(NCHS)/WHOInternationalGrowth
Referenceposesmajor limitations,and incongruities
arepresentedbytheapparentpoorgrowthofhealthy
breastfed infantsofwell-nourishedwomen living in
favorable conditions. In the early 1990s, theWork-
ingGrouponInfantGrowthconvenedbytheWorld
HealthOrganization(WHO)concludedthatnewrefer-
enceswerenecessaryandthatitwastimetoconsider
theproductionofreferencesthatwouldmoreclosely
approximatestandards,i.e.,todescribehowchildren
shouldgrow inall settings rather thanadescription
ofhowchildrengrowinaspecificsettingandtime.In
1997WHO,incollaborationwithanumberofinstitu-
tionsworldwide,begantoconductacommunity-based,
multi-country study to develop new international
growthreferencesforinfantsandyoungchildren—the
MulticentreGrowthReferenceStudy (MGRS).Data
collectionwascompletedinlate2003,andbytheend
of 2005, operationalmaterials (i.e., growth charts,
software, trainingmaterials, etc.) are expected tobe
ready fordissemination and implementation at the
country level. TheMGRS rationale, planning, and
implementationdocumentwaspublishedintheFood
andNutritionBulletin inMarch2004(Vol.25,No.1
[Supplement1]).
Inpreparationfortheimplementationphaseandas

partofabroaderglobalworkplan,thePanAmerican
HealthOrganization (PAHO) conducted a regional
consultationwiththepurposeofpromotingthenew
internationalgrowthstandardsbysharingdetailsofthe
MGRS,reviewingthecurrentuseofgrowthchartsand
practicesinchildgrowthmonitoring,anddiscussing
theimplicationsofimplementingthenewstandards,in
ordertoelaborateadisseminationstrategyforadopting

theminthePAHORegion(i.e.,LatinAmerica).The
regionalconsultation,thefirstintheRegionandpart
ofaworldwideprocess,wasorganizedbythePAHO
NutritionUnitwithkeymembersoftheMGRSExecu-
tiveCommittee.ItwashostedbytheResearchCenter
inNutritionandHealthof theNational Instituteof
PublicHealthofMexico(CentrodeInvestigaciónen
NutriciónySalud,InstitutoNacionaldeSaludPública,
CINyS/INSP).The two-daymeeting tookplace on
December9-10,2004,inCuernavaca,Mexico.
Representativesof theMaternalandChildHealth,

Nutrition and/or Immunization Programs of the
MinistriesofHealth and representativesofnational
pediatric societies fromeightLatinAmerican coun-
tries gathered to exchange experiences and lessons
learnedandtodiscussactionstoimprovechildgrowth
monitoring. Participants from theUnitedNations
University(UNU),theInternationalUnionofNutri-
tional Sciences (IUNS), theUniversityofChile, the
EpidemiologicalResearchCenter ofBrazil, and the
LatinAmericanPediatricAssociation (ALAPE) also
participated toprovide their technical expertise and
perspectivesinthediscussionofaregionaladoption
frameworkanddisseminationstrategy.Aschildgrowth
monitoring involves awide array of governmental
departments,healthprofessionals, academic institu-
tions,andothernationaland internationalpartners,
participantsrepresentingsomeofthesevariousentities
wereinvitedtoproposehowtoadvocateandplanfor
the implementationof thenewgrowth standards in
thedifferentarenas.
Formore informationcontact:PAHO/WHONutri-

tionUnit, 525 23rd Street,NW,Washington,D.C.
20037,USA;tel:202-974-3853;fax:202-974-3675;e-
mail:kimsunny@paho.org;webaddress:www.paho.org

PAHO,ILSI,andCDC’s“HealthyLifestyles,
HealthyPeople”Initiative:Athree-country
pilotprojectinLatinAmerica

HealthyLifestyles,HealthyPeople(HLHP)isaninitiative
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ofthePanAmericanHealthOrganization(PAHO),the
InternationalLifeSciencesInstitute(ILSI),andtheUS
Centers forDiseaseControl andPrevention (CDC).
Theproject’smainobjectiveistomakeacontribution
toobesityandnon-communicablediseaseprevention
inLatinAmericathroughtheevaluationofexistingor
newpopulation-baseddietaryand/orphysicalactivity
interventions.
TheHLHP initiative shares similar goalswith the

WHOGlobal Strategy onDiet, PhysicalActivity
andHealth, and therefore constitutes an important
Regionalefforttoimplementthestrategybyproviding
scientificprogrammaticevidence,guidelinesforpolicy
development,andstakeholderinvolvement.Oversight
forHLHPwillbeprovidedbyanExecutiveandaCoor-
dinationCommittee integratedbyPAHO, ILSI, and
CDCrepresentatives.Inaddition,aScientificAdvisory
Committee (SAC),with fivehighlyqualifiedprofes-
sionals,willassistinreviewingproposals,selectingthe
bestonesforfunding,andassessingprojectresults.
Atpresent,theHLHPinitiativeisconcentratingits

effortsinthreecountries—Brazil,Chile,andMexico.
In order to capitalize on the knowledge, strengths,
resources, and commitmentof themultiple sectors
withineachtargetcountry, ILSIandPAHOarepro-
motingtheorganizationofalocalconsortiumineach
country,integratedbyrepresentativesfrompublic(e.g.,
MinistryofHealthandotherpublicinstitutions)and
privatesectors(e.g.,localprivatecompanies,scientific
andacademicinstitutions).Themainactivitiesofthe
local consortium include identifyingpromisingpro-
gramsor interventions, promoting their evaluation
among local research groups, submittingpromising
proposals for funding to theSAC, andcollaborating
inthedisseminationanduseofthestudies’results.In
eachcountry,thethreebestproposalswillbeawardeda
grantofuptoUS$100,000each.Localresearchgroups
ineachcountrywillbe invited todevelopproposals
accordingtopredeterminedcriteria.

Timelineforproposalselection:

» March10, 2005:Deadline for submissionofpre-
proposals

» April12,2005:Announcementofselectedpre-pro-
posals.TheScientificAdvisoryCommittee (SAC)
willselect18pre-proposals(6percountry)

» April 27–29, 2005:Workshop—one representative
fromeachoftheselectedpre-proposalswillattend
aworkshoptoimprovetheirproposals

» June 30, 2005:Deadline for the 18 pre-selected
researchgroupstosubmitafullproposal

» July 29, 2005: The SACwill announce the nine
awardedprojectproposals

Formoreinformationcontact:PAHO/WHONutrition
Unit, 525 23rd Street,NW,Washington,D.C. 20037,

USA; tel: 202-974-3539; fax: 202-974-3675; e-mail:
jacobyen@paho.org;webaddress:www.paho.org

JointFAO/WHOnutrientriskassessment
consultation

Aninterdisciplinarytechnicalworkshoptodevelopa
modelforriskassessmentfornutrientsandrelatedsub-
stanceswillbeconvenedbytheFoodandAgriculture
Organization(FAO)andWHO.Suchworkwillprovide
scientificadviceontheprinciplesandmethodologiesto
beusedinconductingriskassessmentfornutrientsand
relatedsubstances.Itisanticipatedthattheworkshop
willbescheduledforMay2005.

For further information, please visit: http://www.who.
int/ipcs/highlights/nutrientraproject/en/

FAO/WHOworkshoponfunctionalfood

TheFoodandAgricultureOrganizationoftheUnited
Nations(FAO)andWHOjointlyorganizedaworkshop
on“FunctionalFoods:SafetyandRegulatoryAspects,”
onSeptember6,2004,attheLotteHotelJejuinJeju-do,
RepublicofKorea,immediatelypriortothe14thSes-
sionoftheCodexCoordinatingCommitteeforAsia.

Forfurtherinformation,pleasevisit:ftp://ftp.fao.org/es/
esn/food/meetings/2004/korea_report.pdf

GlobalStrategyonDiet,PhysicalActivityand
Health (World Health Organization, 2004)

Respondingtoconcernsoverthethreatofanepidemic
of diet-relatednoncommunicable diseases (NCDs)
suchasheartdisease,certaintypesofcancer,diabetes,
andobesity,WHOpreparedaGlobalStrategyonDiet,
PhysicalActivityandHealth,whichwasendorsedby
theWorldHealthAssembly inMay 2004.The full
text of the strategy is available in several languages
at: http://www.who.int/dietphysicalactivity/strategy/
eb11344/en/

Marketingfoodtochildren:Theglobal
regulatoryenvironment(WorldHealth
Organization,2004)

Aspartofthestrategydevelopmentprocess,WHOhas
beenexaminingarangeofinterventionsthathavethe
potentialtoplayaroleintacklingthegloballyrising
ratesofnoncommunicablediseases. In this respect,
the regulationof themarketing of food, especially
to children, has emerged as one area necessitating
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furtherattention.Thisdocumentreviewstheregula-
tory environment that surrounds themarketingof
food(includingnonalcoholicbeverages) tochildren.
It is available at: http://whqlibdoc.who.int/publica-
tions/2004/9241591579.pdf

Nutritionlabelsandhealthclaims:The
globalregulatoryenvironment(World
HealthOrganization,2004)

Thisreviewoftheglobalregulatoryenvironmentcon-
cerningnutrition labelingandhealthclaimsaims to
provideanoverviewofexistinginternational,regional,
andnationalregulationsandadescriptionofpastand
future regulatorydevelopments. It compiles, catego-
rizes,andtabulatesinternational,regional,andnational
regulations,andcomparesdifferingregulatorysystems
in74countriesandareas. Italsoreviewsregulations
onthequantitativedeclarationofingredients(infor-
mation that indicates to consumers theproportion
ofhealthfultolesshealthfulcomponentsofthefood
product).Thereportisavailableat:http://whqlibdoc.
who.int/publications/2004/9241591714.pdf

Fruitandvegetablesforhealth.Report
ofaFAO/WHOworkshop(WorldHealth
Organization/FoodandAgriculture
OrganizationoftheUN,2005)

In2003FAOandWHOjoinedforcestopromotethe
productionandconsumptionoffruitandvegetables
forhealth.Thisworkshop,bringing togetherhealth
andhorticulturescientists,developedaframeworkfor
thepromotionoffruitandvegetablesatthenational
levelandreviewedcurrentscienceonthehealtheffects
of fruit andvegetables, theeffectivenessof fruit and
vegetablepromotionprograms,andproductiontrends.
Thereportandthebackgroundpapersareavailableat:
http://www.who.int/dietphysicalactivity/fruit/en/

Protectingandpromotinggoodnutrition
incrisisandrecovery.Aresourceguide
(inpress)

This book complements the TechnicalHandbook
SeriesonFAO’sEmergencyActivities.Itoffersguidance
in adopting a longer-termperspective in addressing
problemsofhouseholdfoodinsecurityandmalnutri-
tionduringperiodsofcrisisandrecovery.Itprovidesa
frameworkforanimplementationstrategythatfocuses
notonlyonsavinglivesintheshortterm,butalsoon
strengthening livelihoods to ensure thathouseholds
arelessvulnerabletofoodandnutritioninsecurityin
thefuture.

Thebookpresentsdifferent typesof interventions
in areas that range frompromoting improved food
productionanddiversificationtoimprovinginforma-
tion systems. Itprovides examplesofhow the these
interventionscanbetranslatedintoactionstoprotect
andpromotegoodnutrition.Thebookwillberelevant
andusefultoplannersandtechniciansinthefieldsof
nutrition, foodsecurity,agriculture,andcommunity
andsocialdevelopmentwhoareable to“crossover”
from relief to developmentmodalities ofworking
andwhorecognizetheneedtoadoptamultisectoral
approachtoachievingthecommongoalofimproved
nutritionalwell-being.

Familynutritionguide(FAO,Rome2004)

TheFamilyNutritionGuideisbasicnutritioneduca-
tionmaterial,writtenprimarily forhealthworkers,
nutritionists,agriculturalextensionworkers,orother
developmentworkersindevelopingcountries.Itpro-
vides anup-to-date summaryof relevantnutrition
information andgivesmany suggestionsonhow to
sharethisinformationwhenworkingwithgroupsof
people.Theguidewillalsobeusefulfortrainingand
is a resource fordesigningmore effectivenutrition
educationcurriculaandmaterial.
While the illustrations and food examples in this

guidemainly reflect the situation in countries of
Eastern andSouthernAfrica, thebasic information
isrelevantforallregions.Similarnutritioneducation
material fordeveloping countriesworldwide canbe
preparedusing thisbookasaguide.Suggestions for
adapting the guide’s technical information toother
areas,aswellasforpreparingaspecificcountryver-
sion,aregiven.
Theguideisdividedinto11topicsthatcoverbasic

nutrition,includingmicronutrients,familyfoodsecu-
rity,mealplanning,foodhygiene,andthespecialfeed-
ingneedsofchildren,women,andmen,andofelderly,
sick,andmalnourishedpeople.

Guideforplanningnutritioneducation
curricula(comingin2005)

Theoverallgoalsof schoolnutritioneducationpro-
gramsaretoimprovethehealthandnutritionstatusof
schoolchildrenandtoestablishlifelonghealthyeating
habits and life styles among the schoolpopulation.
Using thisplanning guide can result in a varietyof
actionprogramsplannedandcarriedoutateitherthe
localornationallevel,orboth.Applyingtheplanning
processpromotedinthedocument,theseactionpro-
gramswillbespecificallytailoredtosuitlocal,regional,
ornationalcircumstancesandresources.
Theplanningguideisaimedatestablishingeffective

Newsandnotes



249

nutritioneducationprogramsinschoolsinvolvingthe
family, the community, and all relevant sectors and
stakeholders. It comes in two volumes, a technical
readerandacollectionofactivitysheets.Themainuse
oftheplanningguidewillbeincurriculumdevelop-
ment coveringactivitiesboth in the school environ-
mentandintheclassroom;itmayalsobedrawnupon

forpolicy formulation and for advocatingnutrition
educationinschools.Theguidecanbeaninstrument
forteachertraininganddevelopmentandinstitution-
alizedinteachereducationprograms.Itisconsidered
essentialpreparationforthedevelopmentofteaching
materialsandlessonplansfornutritioneducation.
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GeorgeKelsoDavis,theUniversityofFloridaresearcher
whosepioneeringworkinmicronutrientsgavealiftto
Florida’sonce-ailingcattleindustry,diedOctober27,
2004,inGainesville.Hewas94.
“Hewas an outstanding scientist and aman of

greataccomplishment,”saidBobCousins,aneminent
scholarinnutritionalbiochemistryattheUniversityof
FloridaInstituteofFoodandAgriculturalSciences.
Educatedasabiochemist,Davisfilledawidevariety

ofrolesattheUniversityofFlorida,fromanimalsci-
enceresearchertoheadoftheuniversity’snuclearsci-
encesprogram.HewasthefirstUniversityofFlorida
facultymembertobeelectedtotheNationalAcademy
ofSciences.
BorninPennsylvania,Davisreceivedhisbachelorof

sciencedegreefromPennsylvaniaStateUniversityand
hisPh.D.fromCornellUniversity.
HecametotheUniversityofFlorida in1942,ata

timewhencattlemenoftenhad trouble raisingcows
intheSunshineState.Cattleseemedtobeunableto
putonweightwhilegrazingonpasturesinsomeareas
of the state, evenwhen the grass seemed lush and
healthy.
“WhenIcametoFlorida,Iwastold,inallserious-

ness,thatpurebredcattlecouldnotsurviveinFlorida,”
Davissaidina1992speechcommemoratinghis50th
anniversaryattheuniversity.
Davisbelievedtheproblemcouldbetracedtodefi-

cienciesintracemetals,suchascopperorzinc,inthe
dietsof livestock.By feeding radioactive isotopesof
zinc,copper,andothertracemetalstoanimals,hewas
abletotracktheiruseinanimalmetabolismandprove
thatthemetalswerevitaltotheanimals’health.
Hisworkledtotheuseoftracemetalsasnutritional

supplementsforcattle,notjustinFlorida,butalsoin
partsofAsia,Africa,andSouthAmericawheresoilsare

deficientinthosemetals.
“Wewantedtoknowwhyyoucouldputcattleon

aseemingly lush fieldandsee themstarve,” saidBill
Davis, theresearcher’sson.“Whenhewasdone,you
couldput10timesthenumberofcowsonthesame
fieldandseethemputon250poundseach.”
Hisworkwithradioisotopesandhisabilitytoattract

largeresearchgrantsledUniversityofFloridaadmin-
istrators to appointhimdirectorof theuniversity’s
fledglingnuclear sciences department in 1960.The
UniversityofFloridaNuclear SciencesBuildingwas
constructedduringhistenureintheposition.In1965,
hewasappointeddirectoroftheuniversity’sbiological
sciencesprogram.
From1970to1975,DavisservedastheUniversityof

Florida’sDirectorofSponsoredResearch,overseeing
researchfundingfortheentireuniversity.Sponsored
researchfundinggrewfrom$18millionto$35million
peryearduringthattime.
In1976,DaviswaselectedtotheNationalAcademy

ofSciences.HewasthefirstUniversityofFloridapro-
fessortobesohonored.
After retiring fromhis administrativepositions in

thelate1970s,Daviscontinuedhisresearchinanimal
nutrition, investigating the roleofplantcompounds
that have been linked to the development of car-
diovasculardisease in livestock,pets, and laboratory
animals.
“Muchofhisworkaddressedfundamentalquestions,

buthealwaystriedtobalanceitwithappliedresearch,”
saidCousins.“Hewanted todowork thatoffereda
tangiblebenefittosociety.”

ByTimothyLockette,InstituteofFoodandAgricultural
Sciences,UniversityofFlorida.Reprintedwithpermission.

InMemoriam

GeorgeDavis,pioneerinanimalnutritionresearch,
diesat94
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