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1. Introduction

Thereis a strongpositive associatiorbetweenhealthand economicprosperity. This is
observedn both micro andmacrodata. It hasbeenshownto be true for a wide array of health
indicatorsand for many different dimensionsof economicprosperity. However,isolatinga causal
effect of healthon economicprosperityhasprovedto be very controversial.

It seemgeasonabléo supposehat causalityrunsin both directions. Many studieshave
documentedhat higherincomeindividualsinvestmorein humancapital,including health. As income
grows, individualsinvestin higherquality diets,improvedsanitationpracticesand betterhealthcare.
Moreover,thereis someevidencethatinvestmentsn healthare particularly susceptibléo income
innovations. Someof this evidenceis discussedn Section2 which setsthe stagefor the remainderof
the paper.

Thinking of healthas onedimensionof humancapital, it is likely thatimprovementsn health
will, like educationyield returnsin the labor force. If a healthierworker is lesssusceptibldo
diseasejs more alertand hasmore energy,thenhe or shewill probablybe a more productiveworker
and commandhigherhourly earnings. Establishingthis link is not straightforward. It is, however,
very important. If healthdoesaffect economicprosperitythenevaluationsof healthinterventionsthat
do not takethis into accountwill tendto understateheir economicbenefits.

Section3 discusses key stumblingblock in this literature:measuremendf health. It is
incontrovertiblethat healthis multi-facettedand spansmany domainsof an individual’s life. In
contrastwith educationwhich is often reasonablywell summarizedor a particularindividual in a
single statistic (highestgradeattained),no similar summarystatisticfor healthstatushasbeenshown
to performaswell at the individual level. Moreover,healthis a stockthat evolvesover the life course
and many healthproblemsthat are associatedvith early life experiences- including intra-uterine
growth -- only emergemuchlaterin life. We arguethat the time is ripe for investmentin long term
longitudinal studiesthat provide the informationinfrastructurenecessaryo conductscientific studies
that seekto isolatethe causaleffectsof differentdomainsof healthon a variety of behaviors. Good
measuremendf healthwill form oneof the pillars of thatinformationinfrastructure.

We turn in Section4 to the micro-basecevidenceon the impactof healthon prosperity.
Threecomplementaryapproacheso evaluatinghow healthaffectseconomicand social behaviorsare

describedexperimentaktudiesthat involve someform of randomizedreatment-controtesign;quasi-



experimentghat attemptto constructa randomizatiorschemeby exploiting variationin the social,
economic,political or healthenvironment;and observationaktudies. We arguethat eachof these
approachesasdistinct advantagesind disadvantages Greaterintegrationof experimentabndnon-
experimentalmethodsarelikely to reaplarge rewards.

Thereis a solid body of evidenceindicatingthat somedimensionsof nutritional statushavea
causaleffect on work capacity,productivity and,in all likelihood, economicand social prosperityin
low incomesettings. While thereare goodreasongo supposehat otherdimensionsof healthand
nutrition also affect labor outcomesthe scientific evidencedemonstratingheselinks is not aswell
established.With rapid changesn the technologyof healthmeasurementenderingit feasibleto
conductphysicalassessment®r many healthdomainsin a field setting,in combinationwith the
dramaticimprovementin the quality of socio-economiaatafrom low incomesettingsover the last
few decadesandthe emergencef long-termlongitudinal studies theseare exciting times. The
scientific communitycanreasonablyexpectthat therewill be manyimportantbreakthroughsn our

understandingf the causallinks betweenhealthand economicprosperityover the next few years.

2. Effects of economicprosperityon health

A gooddeal of evidenceindicatesthatincomehasa causalimpacton health. Evidenceat the
householdevel indicatesthat increasesn economicresourcesre investedin improveddiet, better
sanitationand healthpracticesncreasediseof healthservicesand, possibly, more effective useof
theseservices. (SeeBehrmanand Deolalikar,1988; and Straussand Thomas, 1995, for discussion®f
the evidenceat the micro level. Ruger,Jamisonand Bloom, 2001, summarizethe macroliterature.
Seealsothe 1993 World DevelopmentiReportand 1999 World Health Report.)

An importantbody of evidencedemonstratethat, over the long run, thereis a positive
associatiorbetweeneconomicprosperityand healthof a populationas measuredy morbidity,
mortality or nutritional status. (See,for example,Preston,1975; Fogel,1992,1994,1999; Steckel,
1995.) Informationon the attainedstatureof adultsin the United Statesand Europehasbeen
combinedin creativewayswith informationon indicatorsof economicstatusby Fogeland his
collaboratordo yield importantinsightsinto the links betweennutrition and economicprosperity.

A similar strategyusing datafrom developingcountriestoday hasthe potentialto provide

further insightsinto the linkagesbetweenhealthand economicgrowth. The upperpanelof Figure 1l



displaysthe relationshipbetweenyear of birth and attainedheightof male and femaleadultswho were
measuredn the 1997 wave of the IndonesiaFamily Life Survey(IFLS). Therewas substantiabnd
essentiallyuninterruptedgrowth in attainedadult heightduring the generatiorprior to the 1955 birth
cohort. On average)ndonesiammalesandfemalesgrew by aboutl.5 cmsin eachdecadeduring this
period. Subsequentohortshavenot faredaswell. Among malesborn between1955and1962,there
wasvery little improvementin attainedheight. Although the 1963through1966 cohortsdid
experiencesubstantiaimprovementsn height,by 1967, growth levelled off again. Among females,
growth in heightwasarrestedslightly later thanfor males(in the 1960 cohort) andthereis no
differencein attainedheightof all womenborn during the 1960sandthe first half of the 1970s.

The substantiaincreasesn heightenjoyedby the cohortsborn prior to 1955 suggest
considerablemprovementsn the diet, healthpracticesof parentsandthe healthand sanitary
environmentghesepeopleexperiencedluring early childhood. The economicand political crisis of
the 1960s,andthe turmoil associatedvith it, apparentlytook its toll on the longer-termhealthof
childrenborn during that eraof Indonesia’shistory.

A closerexaminationof the evidencesuggestghatthe link betweeneconomicperformance
and statureof adultsin Indonesiais not straightforward. The relationshipbetweenadult statureand
year of birth is reproducedn the lower panelof Figure 1 andthe relationshipis overlaid with
estimatef real GNP per capitain the yearof birth for the period after the SecondWorld War to the
mid-1970s. While thereare no reliable estimatesof GDP prior to 1945for whatis now Indonesia,
we do know that the late 1930sand early 1940swas a period of tremendouslisruption;thereis no
evidencethat heightof Indonesiansvasimpacted.

During the decadefollowing the end of World War II, Indonesiaenjoyedsubstantiaincreases
in real GDP per capita. In 1954, inflation shotup andalthoughit was quickly broughtundercontrol,
a shortrecessiorensuedwith positive economicgrowth returningin the late 1950s. Hyperinflation
emergedn the late 1950sandtherewas an extendedand very deeprecessiorfrom 1960though1966
at which point Indonesiaron a pathof rapid economicgrowth for 30 years.

Bearingin mind that adult statureis largely determinedduring the first few yearsof life,
including the fetal period, the effectsof economicdownturnsduring thoseyearsin a person’slife will
plausibly be reflectedin attainedheightof anadult. If the impactof a downturnin the macro-

economydiffers acrosshouseholdor if thereis scopefor householdgo shift resourcesacrosstime,



thenthe link betweeneconomicdisruptionsandthe statureof an averageadult may be quite complex.
Apparently,it is.

The recessioraround1955 appeardo havebeenaccompaniedy a very substantiadeclinein
the nutritional statusof the 1955-1958birth cohortof males;in contrasttherewasvery little
disruptionin the growth of femalesin this cohort. As the economyexpandediuring the late 1950s
and early 1960s,nutritional statusof both malesandfemalesimproved. But, with the onsetof the
recessiorthat beganaround1962,improvementsn the nutritional statusof femaleshalted:thereare
no differencesin the attainedstatureof femalesborn between1960and 1975. Males,however,appear
to havebeenprotectedfirom the effectsof this economicdownturn,at leastinitially. Improvementsn
their nutritional statuscontinueduntil the 1967 cohortandthen,aswith females,haltedabruptly.
Digging a little further, we find that the recessiorof the mid 1950stook its greatestoll on rural males
andit is they who benefittedmostfrom the economicgrowth of the late 1950s. The recessiorof the
1960saffectedurbanandrural dwellersandit affectedchildrenacrossthe entire distribution of socio-
economicstatus.

The fact that changesn the macro-economylid not havethe sameimpacton malesand
femalesmay reflect gender-specifidifferencesin resilienceto reducedhealthinputs and/ordifferences
in behavioralresponsesf families to economicfluctuations. Evidencefrom the mostrecentcrisisin
Indonesiasuggestghat the latter is at leastpart of the story.

After threedecade®f sustainececonomicgrowth, Indonesiais in the throesof a major
economiccrisis. In late 1997,the Indonesiarrupiah cameunderpressureand declinedfrom Rp 2,500
perUS$to Rp 4,000. In early 1998,the rupiahcollapsed. In the spaceof a few days,it fell to Rp
15,000per US$. Inflation spiralledto 80% and GDP declinedby 12-15%in 1998. Figure?2 provides
somepreliminary evidenceon the impactof the crisis.

The figuresare basedon datafrom the 1997 and 1998 wavesof IFLS. Heightfor ageand
weightfor heightz-scoredor childrenunder9 are arrayedagainstage (measuredt the time of each
survey)in the left handpanel. Thereis very little evidencethat heightof childrenhasbeen
deleteriouslyimpactedby the crisis and,apartfrom very young children, weight given heightis little
changed. While reducedweight, conditionalon height, of the youngestchildrenis not significantit
may be substantivelyimportantandit may presageeducedinear growth. (Thereis no evidenceof

differencesby genderin thesedata.)



In contrastwith the evidencefor children,weight hasdeclinedsubstantiallyand significantly
amongadultsof all ages. The declineis largerfor women,relativeto men,andit is largerfor older
adultsrelativeto youngeradults. For example,asshownin Table 1, amongwomenage40 through
65, body massindex (BMI) which is weight divided by heightsquaredchasdeclinedby 0.42 kg/n?
(p<0.001)andtherehasbeena 25% increasein the fraction of thesewomenwhoseBMI is below 18
kg/n? (p<0.001). Thesedeclineslikely reflecta combinationof changein diet andincreasesn energy
expendituregsincethe proportionof peopleworking in the labor marketor in a family businesshas
increasedsincethe onsetof the crisis). Oneinterpretationof the evidenceis that, in the immediate
term, adultshavesoughtto protectthe nutritional statusof their childrenand grand-children.

Have otherdimensionsof children’s healthand well-being beenprotectedfrom the crisis?
The answeris a resoundingno. Table 1b summarizesdditionalresultsfrom IFLS. Children’suseof
healthcare,particularly public sectorcare,hasdeclinedsubstantially. The declineis concentratedn
preventiveservicesfor young childrenasevidenceby a 60% declinein useof the posyandu, the
communityhealthpostwheretheseservicesaretypically provided. Therehasbeensomesubstitution
to othersourcesof carealthoughthis substitutionis not completesincerelativeto 1997,in 199822%
few childrenunder3 receivedVitamin A, a micro-nutrientthat helpsward off illness.

It is possiblethat shortterm declinesin the weight of adultsandreduceduseof preventive
healthcareamongchildren havemodestimpactson well-beingin the longerterm. If however,adult
BMI remainslow andif childrendo not receivethe healthcarethey need,thentheremay be serious
healthconsequencegf the crisis. Clearly the mediumandlongerterm effectsof the crisis canonly
be revealedas new databecomeavailable. Nonethelessthe evidencefrom IFLS suggestghat
household$haveadoptedbehaviorsthat seekto protectchildrenfrom the deleteriousconsequencesf
the crisis. More generally,it is likely thathouseholdandfamily memberswill respondto changesn
the economicand social environmentaroundthemwhen making decisionsaboutinvestmentsn health
-- andhumancapital -- aswell asdecisionsaboutthe allocationof time. (See,for example,Pitt,
Rosenzweigand Hassan1979.) This shouldbe keptin mind when evaluatingthe evidenceon the
effectsof individual healthon economicprosperity.

Prior to discussingsomeof that evidence,n the next sub-sectionywe examinethe issueof
measuremendf healthstatusin the contextof understandinghe links betweenhealthand economic

status.



3. Effectsof healthon economicprosperity:Measurement

It is widely recognizedthat healthis multi-dimensionalreflecting the combinationof an array
of factorsthatinclude physical, mentaland social well-being, genotypeand phenotypenfluencesas
well asexpectationandinformation. Healthstatusis alsohardto measure.A multitude of health
indicatorshavebeenusedin scientific studiesdrawing on datafrom both the developedand
developingworld. Understandingvhat thoseindicatorsmeasurds centralif the resultsreportedin
studiesof the links betweenhealthand economicstatusareto be interpretedin a meaningfulway.

Threeissuesarisein the contextof linking healthandlabor outcomes. First, if different
dimensionsof healthaffecttime allocationand labor productivity differently, it is importantto
measureand modelthosedifferences. For example physicalstrengthmay be an importantattributein
the determinationof wagesof a manuallabor but not amongthosewith more sedentaryoccupations.
A physicalinjury might havea devastatingmpacton the earningscapacityof the former but a more
mutedimpacton the earningsof the latter. Moreover,individualsarelikely to choosetheir time
allocationand possiblyinvestmentsn otherdimensionsof humancapitalin responseo their health
status. A lessrobustperson,for example,may chooseto acquireskills that arerewardedin the labor
force independentf the person’sstrength. Therehave,to date,beenratherfew studiesthat
simultaneouslyrelatemultiple dimensionsof healthto labor outcomes. To a large extentthis is a
reflectionof the availability of data. Thereis likely to be a substantiateturnto investmentsn this
regard. It is usefulto contrastthe literatureon educationand labor outcomes. Educationis also
multi-dimensionalandincludesamountof time spentin school,natureof the curriculum, quality of
schoolingat eachstage,extentof learningin school,post-schoolingraining and skill acquisition.
However,yearsof schoolinghasprovedto be a very good overall summaryof educationahttainment
andhasbeenthe work horseof the literaturelinking educationto labor marketsuccess.No such

summaryindicator hasbeenwidely acceptedn the literatureon the healthof individuals?

Life expectancyhasprovedto be a valuabletool in the arsenalof macro-economistgalthoughseeBehrmanand
Rosenzweigl994,for adiscussiorof the quality andinterpretatiorof thosedata). At theindividual level, futureyears
of life may not adequatelycaptureall domainsof currenthealththat affect economicprosperity. First, and most
immediately,thereare very few surveysthat containsuchdata,particularlyin low incomesettings. Suchsurveys
would needto eitherinterviewrespondentduringtheir working lives andsubsequentlidentify the dateof deatheither
throughrepeatinterviewsor linking with mortality records. The former would requirevery long panels(which are
not abundant)and the latter would require good mortality records(which are evenless abundantin low income
countries). Secondthereis limited evidenceon the associatiorbetweenongevity andhealthlimitationsduringone’s
working life. Thelink may be quitetight in very poor societiesn which peoplework until they die but ratherlooser
in societiesvherepeoplelive for manyyearsbeyondretirement. In thatcase theinformationaboutdomainsof health
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The fact that healthis a stockwhich reflectsboth genotypeand phenotypenfluencesfurther
complicateaneasurementMany genotypeinfluencesare difficult to observeand may only be
revealedaterin life. Moreover,healthat a point in time combinesthe cumulativeeffectsof
phenotypefactorsincluding an individual’s behaviorthroughthe life courseaswell asthe healthand
socio-economi@nvironmentgo which the individual hasbeenexposed. Capturingall of these
influencesis extremelydifficult. Indeed,recentevidencesuggestghat exposureto nutritional distress
during key periodsof intra-uterinegrowth resultsin healthproblemsthat emergeonly in middle or
later life suchascoronaryheartdiseasestrokes,diabetesand hypertensionBarker,1997). Barkerhas
shown,for example,if thereareinadequatenutrientsprovidedduring the fetal periodin which arteries
aredevelopedan individual is more susceptibléo hardenedarteriesand vasculardiseaseduring
adulthood. As a secondexample,evenamongnormal birthweightbabies,shortlengthrelativeto head
sizeis associatedvith lessdevelopedivers which, in turns,is associatedvith elevatedevels of
cholesterol. Evidencefrom the Dutch famine of 1944-45yields similar conclusiongregardingthe role
of fetal exposureto nutrition insults. Thosepeoplewho were exposedo the famine during the last
trimesterof fetal growth are morelikely to suffer from diabeteshan similar childrenborn beforeor
after the famine.

The British cohortstudies,and similar studiesin other Europeancountries,havedemonstrated
that the evolutionof healthover the life courseis very complex (WadsworthandKuh, 1997). For
example low birthweight, shortnessat birth or thinnessat birth are all indicative of reducedintra-
uterinegrowth and havebeenshownto be associatedvith increasedorevalenceof coronaryheart
diseaseand biological risk factorsassociatedvith that diseasgsuchashypertensionnon-insulin
dependentiabetesabnormalitiesn lipid metabolismandblood coagulation). (Wadsworthand Kuh,
1997.) Following a cohortof childrenfrom birth, Erikssonet al (1999) showthatit is thosechildren
who werethin at birth but heavyaroundage 11 who are at greatestisk of deathfrom coronaryheart
disease.In fact, they reportthat a high ponderalindex (birth weight/lengtf) providesprotection
againstthis disease.

Clearly, a snapshotecordingan individual’s healthat a particularpoint in time will revealan

incompletepicture of the person’shealthstatus. If currentlabor marketoutcomesare correlatedwith

which affect economicprosperitythatis containedin future yearsof life may vary systematicallywith the level of
incomeof an individual, communityor country.



prior healthbehaviorswhich are not observedjnterpretationof the relationshipbetweenconcurrent
healthandlabor outcomeshecomessery complicated.

The third, related,measuremenissuerevolvesaroundthe fact that individuals may vary in
their propensityto reporthealthproblemsandthat propensitymay be systematicallyrelatedto labor
marketoutcomes. The issuehasbeenraisedin the contextof disability insuranceand early retirement
in the United Stateswhereit hasbeenarguedsomeindividualsreportan illnessor disability in order
to becomeeligible for health-relatedocial benefits(Parsons1982; Bound, 1991). It is likely thatthe
issueis of moregeneralconcern.

A largeliteraturediscusseshe validity andlimitations of different healthindicators. Murray
and Chen(1992) provide a goodreview. Someof the moreinsightful empirical studieshave
comparedndicatorsof specific morbiditiesreportedby respondent#n healthinterview surveyswith
indicatorsbasedon healthexaminationsof the sameindividuals conductedby trainedhealthworkers.

Using datafrom the United Statesfor example Krueger(1957) and National Centerfor
Health Statistics(1965) indicatethereis a wide gap betweenrespondenperceptionsf healthand
evaluationsby a physicianand concludethat self-reportsare unlikely to serveasa tool for the
measuremendf diagnosablalisease.Belcheret al. (1976) provide an early examplein a developing
country setting. Respondenevaluationsof morbiditieswere comparedwith physicianreportsof the
samepeopleoneto four dayslaterin a study conductedn Ghana. The authorstreatthe physician
assessmerdstruth and concludethereis a tendencyfor self-reportsto understatehe incidenceof
healthproblemsandthat the extentof understatemeris greaterthe lessreadily observedhe ailment.

Thereare,however,severalproblemsthat are difficult to detectin a clinic setting(suchas
problemsthat emergeintermittently). Moreover,evenin a clinic, many healthproblemsinvolve
eliciting informationfrom the responden{suchaspain) in which casephysicianreportsare
themselvescontaminatedy differencesin the propensitieof respondent$o reportailments. It is
reasonabléo arguethat clinical measuresire not perfectandthatin someinstancespne’s perception
of one’shealthis a legitimatefactor in decisionsabouttime allocationandlabor marketoutcomes.
Reported and measured anthropometry

A key complexity that arisesin isolatingthe role of differencesin the propensityof individuals
to reporthealthproblemsis that "true" healthstatusis seldomknown. To side-stepthat complexity

andfocusattentionon the role of reportingdifferenceswe examineindicatorsof health(or, more



precisely,nutritional) statuswhich can be measuredvithout any ambiguity: heightandweight. We
exploit the fact thatin the National Health and Nutrition ExaminationSurvey (NHANES), respondents
provide self-reportsand are measuredy a trainedanthropometrist.Figure 3 displaysthe difference
betweenmeasuredand self-reportecheightand weight for the sameindividuals age 20 through90 in
the third round of NHANES (conductedbetween1988and 1994)? For prime ageadults,heightis
fixed and so any differencebetweenreportedand measuredeight mustbe dueto reportingeffects.

As seenin the upperpanelof the figure, mentendto overstatetheir height-- by around1 cm until
age50 whenthe overstatemenincreasesvith age. Apparently,as menshrink with age,they do not
updatetheir height. Womenalso overstatetheir heightbut the extentof overstatemenis small (and
not significant) until they reachage50.

The differencebetweenreportedand measuredveightis presentedn the lower panel. Weight
doesvary throughthe day and betweendayswhich will affectthe varianceof the deviation. This
shouldnot, however,affect the first momentof the differencewhich we would expectto be zero. It is
not. Whereaspn averagementendto overstatetheir weight by nearly two-thirds of a kilogram,
womentendto understateveight by nearly 1.5 kgs. (The standarderrorsare0.07 kg in eachcaseand
so the differencesare significant.) Weight under-reportings greateseamongyoungerwomen,declines
with ageand,amongwomenin their 80s, reportedweight exceedsneasuredveight.

In principle, if it is knownthat mentendto reportthemselvesastaller and heavierthanthey
areandthatwomenreportthemselvesslighter thanthey are,it would be possibleto adjustreported
heightandweight (taking accountof differencesby agegroup)andnot incur the costsof conducting
anthropometrianeasures. That conclusionwould be premature.

Table 2 reportsthe correlatesassociatedvith the differencebetweenreportedanthropometry
and measuredanthropometry. The agesplinesessentiallyreplicatethe shapesn Figure 3. In
householdsurveysiit is often arguedthat bettereducatedespondentprovide more accurateanswers;
in the healthmeasuremeniteraturethis might be attributedto the bettereducatedchavinga more
completesetof information. However,we seethat bettereducatednentendto overstateheightmore
thanthosewho arelesseducated.Bettereducatedvomen,on the otherhand,tendto reportheights

that arecloserto the truth. For weight, the reverseis true. Bettereducatednentendto report

The figures relate respondentgeto the gap betweenreportedand measuredanthropometry. The non-parametric
locally weightedsmoothedscatterplotgCleveland,1980) usea tricube weighting function and 20% bandwidth.
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weightsthat are closerto the truth whereashettereducatedvomentendto understateheir weight
more thanthosewith lessschooling. Apparentlythe link betweeneducationand accuracyof reporting
is not simple.

To probemore deeply,the regressionalsoinclude controlsfor whetherthe respondenteels
he or sheis underweightor overweight. They are powerful predictorsof the differencebetween
reportedand measuredveight: thosewho feel they are overweighttendto understatéheir weight
whereaghosewho feel they needto put on weighttendto overstatetheir weight. The sameresult
emergesf we replacethesecontrolswith indicatorsfor respondentsvho aretrying to gain or lose
weight. (Hope springseternal?)

Apparently,evenin the caseof healthindicatorsthat are easily verified, suchasheightand
weight, the gap betweenperceptionsandreality is large, significantand depend=n a hostof factors.
Putting asidethe fact that older respondentsyhoseheightdeclineswith age,do not appearto update
their perceptionof their height,oneis temptedin this exampleto concludethat self reportsincorporate
the respondent’©wn perceptionof someideal healthstatus. Men wantto be taller and as education
increasegsheir ideal heightincreases;womenwantto be thinnerandastheir educationincreasesheir
ideal weight decreases And thosewhoseweight deviatesfrom their ideal wantto movetowardsthat
ideal.

BMI is often usedasa summaryindicator of currentnutritional statusandreflects,in part, net
energyintake. The gapbetweenreportedand measuredBMI is presentedn the third panelof Table
2. Sincewomentendto under-reportveight, BMI tendsto be understatedvith the magnitudeof the
gap beingapproximatelyconstantuntil aroundage50 whenthe gaprises(becausainder-reportingof
weight diminisheswhile over-reportingof heightemerges). Womenaroundage60 tendto under-
reportBMI by 1 kg/m?. Reportedand measuredBMI of malesare very similar for menunderage40.
Among older men, the effect of over-statingheightresultsin BMI beingunder-statednd,for those
aroundage70, the averageunderstatemeris 0.5 kg/n?. Bettereducatednentendto understateBMI
more (reflectingthe combinedeffect of understatingveight and overstatingheightmore as education
rises). Among women,educationis not relatedto mis-reportingBMI (asthe understatemeraf both
heightandweight canceleachotherout). Perception®f ideal weight also significantly affect errorsin
reportedBMI. Respondentsvho considerthemselvedo be over-weighttendto reporttheir BMI is

0.6 kg/n? lessthanis measuredind thosewho considerthemselvesinder-weightunderestimat@MI

10



by almost0.5 kg/nm?. BMI basedon self-reportecheightand weight clearly containsmeasurement
error thatis not trivial andvariessystematicallywith the characteristicef the respondentn a
complexway.

In theseanalyseswe havesoughtto determinewhetherthereare systematiaifferencesin
reportingof healthstatus,relativeto "true" health acrossthe socio-economidistributionwhich might
contaminateanalyse<f the links betweenhealthandlabor outcomes. The implicationsof these
resultsaretwofold. First, therearedifferencesin reportingacrosssocio-economictatus,as measured
by educationwhich is, in turn, relatedto labor outcomes. Secondthereis evidenceof regression
towardsthe meanin self-reportecheightandweight. If thisis alsotrue in otherindicatorsof health
statusthenthe varianceof the healthof a populationwill tendto be understated. If deviationsfrom
the norm are indicative of poor health,self-reportswill likely understatehe incidenceof poor health.
Moreover,whereasn modelsof the effect of healthon labor outcomesrandommeasuremenrgrror in
healthwill resultin downwardbiasedestimatef its effect, the "reporting differences"uncovered
herearelikely to substantiallycomplicateinterpretationof relationshipsbetweenself-reportechealth
andlabor outcomes.

Reported health, measured health and respondent characteristics

We turn next to healthindicatorsfor which "truth” is not known. The majority of studiesthat
cross-validateeportedhealthwith measure®f healthhavecontrastedspecific symptomsor diagnoses
reportedby a respondenin aninterview with clinical assessmentsMany of the healthindicators
recordedin healthinterviewsare, however,very difficult to cross-validatdoecausehereis no obvious
clinical counterpart. The mostobviousexamplesgeneralhealthindicatorswhich are often collectedin
interview surveys;indeed,many multi-purposesurveysfocus primarily on "global” or "summary"
healthstatusindicatorspreciselybecausehe numberof itemsrequiredto "fully” characterizeénealth
statusis large.

The mostcommonlycollecteditem is self-reportedgeneral health status (GHS). Oneof the
mostextensivelydocumentedelationshipgo emergein the literatureon healthstatusis that self-
reportedGHS is a significant predictorof subsequeninortality. (SeeMcCallum, ShadboltandWang,
1994; Idler and Benyamini,1997, provide a recentreview.)

It is not obviouswhat accountgor the strongrelationshipbetweenself-ratedhealthand

subsequentortality. It is likely that self-reportedhealthis very inclusive with respectto both the
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rangeand severityof conditionsthatit reflects® Respondentsnay incorporateknowledgeof family
history (andthus genetichealthendowment)nto their answer. Possiblyself-ratedhealthis
associatedvith practicesandresourceshat affect subsequentealth. In-depthinterviewssuggesthat
the presenceor absencef particularhealthproblemsor of positive and negativehealthbehaviors
shapeghe response®f the majority of answergo questionson generalhealthstatus. Moreover,this
work suggestghat factorswhich leadto a rating of good healthdiffer from thoseassociatedvith a
rating of poor health(Krauseand Jay,1994). Respondents "good" healthreportedchoosingthis
rating on the basisof comparisonsvith otherpeoplefar more frequentlythandid respondentsvho
ratedthemselvesn fair or poor health. All of the respondent&n poor healthcited healthproblemsor
difficulty with physicalfunctioning (not healthcomparisonr healthbehaviors)asthe reasonfor their
choiceof rating (KrauseandJay,1994). Severalstudiesconfirm thesefindings andthe results
indicatethatit would be incorrectto treat"good" and"poor" healthsymmetrically(Smith, Shelley,
andDennerstein1994).

While one cancertainly aska physicianto provide an assessmenif anindividual’s overall
health,unlessthe physicianhasa completeindividual andfamily history, a goodworking relationship
with the respondentandknows a considerableamountaboutthe respondent’dife style, physicians
reports will measuré'true” healthwith error. It is, therefore not clearwhatto makeof comparisons
betweenself-reportsand physicianreportsin this case.

To provideanillustration, we draw on datafrom the secondwave of the IndonesianFamily

Life Survey(IFLS2)? In the survey,respondentsvere askeda long batteryof healthquestionshat

3Self-reportechealthmay pick up diseaseghat have begunto affect respondentdhealthbut that havenot yet been
diagnosed. However,one of the studiesthat found significantimpactsof GHS on subsequentortality found no
effectsof GHS on the onsetof chronicdiseasegPijls, Feskins,and Kromhout, 1993).

“This is not the entire explanation. Even after controlling family history, severalstudiesdemonstratehat GHS
continuesto be a significant predictor of mortality (Pijls, Feskins,and Kromhout, 1993; Borawski, Kinney, and
Kahana,1996; Deeget al., 1989).

*ThelFLS is anon-goinglongitudinalsurveyof individuals,householdsfamilies andcommunitiesn Indonesia. The

first wave was conductedn the last half of 1993 andincludeda sampleof 7,224householdsn 321 communitiesin

13 of the archipelago’sprovinces;the sampleis representativef 83% of the populationof Indonesia. The second
wavesoughtto re-interviewlFLS1 respondentfour yearslaterin 1997:94.5%of the IFLS1 householdsverelocated
andinterviewswerecompletedwith morethan30,000respondentsEnumeratorsnterviewedall householdnembers
(apartfrom young childrenwho were interviewedby proxy) to obtain comprehensivénformation on consumption,
incomeandwealthof the family, labor markethistories,educatiorhistories migrationhistories marriagehistoriesand
fertility historiesof eachhouseholdnember. While the surveyis fundamentallymulti-purposejt doescontaina good
dealof detailon healthstatusandhealthbehaviors. Eachrespondentompletecda batteryof questionsabouttheir own

health,useof healthcare,healthinsurance smokingandthe healthof non co-residenfamily members.In addition,
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includedtheir currentgeneralhealthstatus difficulties with a seriesof Activities of Daily Living
(ADLSs), questionson specific morbidities(including probesto obtaindetails)and extensivequestions
aboutuseof healthcare. In addition,a trainedhealthworker (a nurseor recentlyqualified doctor)
visited the householdseparatelyand conducteda seriesof physicalassessmentsThesemeasuresvere
selectedo representifferentdimensionsof healththat are of epidemiologicakelevanceo Indonesia
(and mostdevelopingcountries)while alsobeingfeasibleto field in a householdsurveysetting. For
eachadult respondentthe healthworker measurecdeight, weight, hemoglobinstatus,lung capacity,
blood pressureandthe speedwith which the respondentvasableto standup five timesfrom a sitting
position. Additionally, at the end of the assessmer#nd after a brief discussiorwith the respondent,
the healthworkerratedthe person’shealthrelative to someoneof averagehealthof the sameageand
sexusinga scaleof 1 (for very poor) through9 (for excellent).

This evaluationof a respondent’'generalhealthby the healthworkerandthe respondent’wn
assessmerdf generalhealthprovidesan obviouscontrast. While the meanhealthworkerscore
declinesas self-reportsmove from goodto averageandthento poor, thereis a good deal of variation
in the healthworkerscoreswithin eachself-reportedGHS category. This is to be expected. It is
consistenwith the notion that healthstatusis complexand not adequatelysummarizedy one
trichotomousindicator. It alsosuggestghereis a gooddeal of heterogeneityithin eachself-reported
category. However,thereis also substantiabverlapin the marginaldistributionsof healthworker
scoresacrossthe GHS categoriesvhich may be causefor pause. While it is likely thata complete
physicalexamination the resultsof a batteryof testsanda family history would reducethe variance
in the healthworkerscoresthe centralissuewill likely remain:it is not possibleto separatelydentify
physician(or healthworker)error from respondentreporting differences"whencomparisonsre made
betweenself-reportsand measure®f health,whenneithercanlegitimately be construedasrevealing
someintrinsic level of health.

We turn, therefore to an alternativestrategyin orderto betterunderstandhe natureof
information containedin self-reportedand measuredealthindicators. Contrastingthe correlations

betweenrespondentharacteristicand self-reportechealthwith the correlationsbetweenthe same

atrainedhealthworkewisited eachhouseholdandconductedh seriesof physicalassessments thehome. IFLS2 was
comingout of the field as Indonesiafell into the biggesteconomicand financial crisis in threedecadesand so we
returnedto the field and conducteda re-surveyof 25% of the enumerationareasincludedin IFLS. That survey,
IFLS2+, wascompletedin late 1998 andthe next wave, IFLS3, was completedduring the last half of 2000.
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characteristicand measuredssessmenffords an opportunityto provide someinsightsinto how the
meaningof healthvarieswith thosecharacteristics.For concreteness;onsidereducationasan
example. The correlationbetweenit and self-reportechealthwill reflect at leasttwo componentsthe
influenceof educationon underlyingintrinsic healthand alsothe relationshipbetweeneducationand
the respondent’perceptionof his or her own health.

Let self-reportechealth, 8%, indicateunderlyinghealth,8’, with adjustmentghat are, for
simplicity of exposition,assumedo be additive and comprisethree parts:anindividual idiosyncratic
componentg;, a factor associatedvith the specificobservabléandicator, ¢;, and a factor that varies
with both the individual andthe indicator, e

9i5j=9?+si+sj+sij [1]
where®’ is multi-dimensionaland hencevector-valued. It is usefulto provide concreteexamplesfor
the threetypesof adjustments.First, considertwo individuals with the samelevel of intrinsic health,
0’; if oneis moreinclinedto reporta healthproblemthanthe other,thenthis differencewill be
reflectedin ¢;. Secondgsaya healthstateis difficult to detectbecausat is asymptomaticself-reports
will tendto be noisy indicatorsof the prevalenceof the stateasreflectedin a relatively large variance
componentg;. Third, if a healthstateis betterknown amongsomepeople,relativeto others,then
thesedifferenceswill be reflectedin the componente;. This might arise,for example,if we wereto
focuson diagnosechealthproblems;if two peoplehavethe samelevel of intrinsic health,a
respondentwwho hashad more contactwith healthservicesis morelikely to reporta diagnosisrelative
to a respondentvho hasneverseena trainedphysician®

Two self-reportedndicators,8,;, and6,,, reportedby the sameindividual will sharethe
commoncomponentg;, which, intuitively, may be thoughtof asthe propensityto reportoneselfasill.
As a result,the two will be positively correlatedevenif neitheris relatedto 8°. Clearly, "internal
validity" of self-reportedmeasureshasedon their being correlatedwith one another,doesnot imply
they arevalid indicatorsof 8". In practice,e; doesprovidesinformationaboutthe respondent’s
perceptionof his or her own healthwhich may be an importantdimensionof healthstatus.

Recognizingthis, we referto e, asa "(self)-reportingeffect” for want of a bettershorthand.

81t is straightforwardto allow the adjustmentdo dependon the level of intrinsic health,in which casethe effects
becomemultiplicative. This would makesensdf respondentareinclinedto reporttheir own healthascloseto the
norm (averagehealth)so thatthe adjustmentvould be largestfor thosein poorest(or best)health. We will allow 6
and e to dependon a commoncharacteristicx, below which alsountiesthe additivity assumption.
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Allowing underlyingdimensionsof healthandthe componentsassociatedvith reporting
effectsto dependon socio-economicharacteristicsy, yields:

eisj = e?j(x) +g(X) + g + g;(X) (2]
Educationwill be associatedvith anindividual’s reportingpropensity,e;, if bettereducatedeopleare
betterinformed abouttheir healthand are,therefore,morelikely to identify a healthproblem
(conditionalon a particularlevel of 8°). If whatis construedas"normal” (or "difficult") varieswith
educationthenthattoo will be capturedin g,(x).

The relationshipbetween'reporting effects" and educationis likely to differ dependingon the
particularself-reportedndicatorsandso ¢; is allowedto be a function of x. For example,a person
with little or no educationmay not know abouthealthailmentsthat afflict him or her and so may
report GHS asvery good; a bettereducatedpersonhowever,with the samelevel of 8" but more
informationaboutit may perceivehimself or herselfto not be in very good health. In contrast,
whethera personhasdifficulty breathing-- a relatively obviousproblem-- may be lessproneto
"reporting effects" of this form. In generalthe more"objective"the indicator-- or the more
objectively definedthe referencecategory-- andthe more obviousthe healthproblem,the lesslikely
that "reporting effects"will vary with educationor any otherelementof the vector of socio-economic
characteristicsx.’

In contrastto self-reports correlationsbetweensocio-economicharacteristicand physical
assessmentwill not be affectedby individual characteristicainlessthe assessmentvolves
participationof the responden{suchas performinga puff test) andthat participationis relatedto the
characteristic. Thus

e’\i/lj = eTj(X) T gt ogy (5]
andso differencesin the effectsof x on elementsof 8% and 6" that are closely relatedto the same
underlyinghealthmay be interpretedas beinginformative about(de,/0x + 0e;/0x), thatis the
"reporting effects"in self-reports. Thesecomparisonaill be contaminatedf the healthindicators
differ in their utility as measure®f 8" which arguesfor basinginferenceson multiple healthstatus

indicators.

"See,for example Mackenbactet al. (1996)who reportgreaterunder-reportingdf chronic conditionsby thosewith
lesseducationin the Netherlands.
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Table 3 presentgesultsof the correlationsbetweena seriesof healthindicatorsand respondent
characteristicdor adultsage20 through80 in IFLS2. In additionto genderwe focuson two
respondentharacteristicsper capita expenditurg(PCE)levelsin the householdvhich is a measureof
longer-runhouseholdesourcesand can be thoughtof asan indicatorof SESandthe educationof the
responden{which combinesSESand informationabouthealth). The modelsalso control height,age
andlocation of residenceof the respondent.(SeeThomasand Frankenberg2001a,for details.)

PanelA of the tablefocuseson physicalassessmentsonductedby the healthworker. The
first two reflect nutritional statusof the respondentBody massindex (BMI), weight/height, is thought
to be correlatedwith physicalcapacityandVO,,,,, andextremesof BMI havebeenshownto be
relatedto elevatedmorbidity and mortality. For both malesandfemales,BMI tendsto increaseas
householdesourcesncrease particularlyamongthe poorest,and as educationincreasesat leastfor
thosewith lessthan6 yearsof schooling. (Among bettereducatedvomen,BMI declineswith
educationafter controlling PCE.)

Low levelsof hemoglobinindicateiron-deficiencywhich hasbeenshownto be linked to
susceptibilityto diseasefatigue andlower levels of productivity. Hemoglobinlevelslikely reflectthe
combinationof a diet thatis higherin animal proteins(a primary sourceof iron) andgreater
absorptioncapacity(which is reducedby diseasensults,the presenceof worms,loss of blood and
alsoby dietsthatarehigh in rice). As with BMI, bettereducatednenhavehigherlevels of
hemoglobin;the sameis true of womenin the lower half of the SESspectrunt.

Lung capacityis higheramongbettereducatedespondentsvho alsotendto performbetteron
the timed sit to standtestwhich capturesmuscular-skeletgbroblemsand primarily reflectslower body
motor functioning. (Eachrespondentvasaskedto standfrom a sitting positionandthenreturnto the
seatedoositionfive times. The total time takenwasrecordedin seconds.) The fifth physicalmeasure
is blood pressurejn the regressionswe estimatethe probability a respondent’sneasuredlood
pressuras high (>160,>100 Hg mm). For both menandwomen,blood pressureéncreaseswith
educationuntil completionof primary school;amongbettereducatedmales,the probability of high
blood pressuras constantand declineswith educationamongwomen. Sinceelevatedblood pressure

tendsto be correlatedwith weight (andthusrise with SES)andwith stress(andthus possiblyrise

8Greaterattainedheightis associatedvith elevatedhemoglobincountssuggestinghat the effectsof early childhood
nutrition experiencesnay reachinto adulthood;an alternativeinterpretationthat heightis capturingthe influence of
SESis not very appealinggiven the latter’s relatively modesteffectin the regression.
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with wages),it is plausiblethatthe relatively modestrelationshipshetweenSESandblood pressure
reflect the effect of treatmentamongthe betteroff andthe bettereducated.Finally, the health
worker’s evaluationof eachrespondent’'generalhealthstatusis positively associatedvith PCE,
especiallyamongthe poorest,aswell aswith education.

Of thesemeasurespnly BMI and hemoglobinsatisfy the conditionthat measuremengrror is
unlikely to be relatedto respondentharacteristics.For the others,thingsare a bit more complicated.
Lung capacityand it-to-standtimesrequireinteractionbetweenthe healthworkerand respondent.in
the field, not all respondentapproachedheseteststhe same:older, higher SESwomenwere
sometimesnoretentativethan otherrespondents.In our judgementthe impactof thesedifferencesis
relatively modest. Healthinterventionsthat moderateblood pressureare more likely amonghigher
SESrespondentsand so we are cautiousin our interpretationof thoseresults. While the
healthworkerswvereinstructedto only evaluatethe healthof the respondentywe cannotrule out the
possibility that the healthworkemwasinfluencedby the respondent’slemeanorattitudeandhomeall
of which arelikely to belinked to SES.

With all of this in mind, thereis one key point to be drawnfrom panelA of the table.
Measuredhealthtendsto be positively associatedvith SES-- PCEor education- particularlyin the
caseof thoseindicatorsthat do not involve respondentinteraction.

PanelB of the table presentscomparablaegressionsirawing on someof the self-reportsof
healthstatuscollectedin IFLS2. Many healthinterview surveysinclude questionsaboutADLS, the
respondent’perceptionof his or her ability to perform physicalactivities suchaswalking or lifting
heavyitems, or activitiesthat are necessaryn daily life suchasbathingor dressingnstrumental
Activities of Daily Living, (IADLs). We examinetwo of the questionancludedin IFLS2 andreport,
in the first columnsof the table,the characteristicassociatedvith a higherprobability that a
respondenteportshavingdifficulty walking 5 kms (columnsl and 2) anddifficulty carryinga heavy
load (columns3 and4).

It hasbeenarguedthat questionsaboutADLs are easyfor respondentso understandsthey
askaboutactivitiesthat are well-definedand capture(or are good proxiesfor) importantdimensionsof
functional healthstatus.Theoreticalwork hasrelatedADLSs to the underlyinghealthdimensionghey
areintendedto tap (Nagi, 1965; Kopec,1995; Johnsomand Wolinsky, 1993). While thereis

controversyin the literatureregardingthe successvith which ADLs do (and should)matchobjective
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measure®f functioning (Daltroy et al., 1995,Hoeymanset al., 1996),if predictivepower of future
healthproblemsis a metric againstwhich to evaluatehealthindicators,ADLS appearto performfairly
well. Studieshavefound that scalesof physicalfunctioningbasedon ADLs are significant predictors
of subsequentortality, net of covariatessuchasageandevenself-reportedGHS (Reuben Siu, and
Kimpau, 1992; Scottet al., 1997). Neverthelessthey are not without problems. The notions
"difficulty” and"heavy" are not explainedin the surveyand dependon the respondent'wn
perception. For somerespondentsthe ADLs are outsideof the rangeof their own experience.And,
for manyof the ADLs that are commonlyincludedin surveysfew prime agerespondentseport
difficulties completingthe activity.

The striking resultin the regressionsn panelB of the tableis the absenceof a negative
correlationbetweenSESanddifficulty with either ADL (exceptin the caseof menwith little
educationand carryinga heavyload). In fact,amongwomenin the top half of the distribution of
PCE,a higherlevel of PCEis associatedvith more difficulty carryinga heavyload. The sameis not
true of walking 5 kms nor is it true of men;oneis temptedto concludethat the act of carryinga
heavyload is not somethinghigherincomewomenview as part of their daily activities,andreporting
difficulties is morea reflectionof perceptionof the appropriatenessf the activity than physical
constraints.

Columns5 through8 reportthe relationshipbetweenGHS and respondentharacteristics. The
characteristicassociatedvith respondentsvho reportthemselvesasbeingin goodhealtharein the
first two columns;the characteristicassociatedvith beingin poor healtharein the secondpair. Two
issuescloud interpretationof theseresponses.First, it is unclearwhat referencethe respondentisesas
the benchmarkis it the averagepersonin the survey(country),in the communityor someondn the
respondent’eergroup? While this can,in principle, be addressedby explicitly specifyingthe
referencegroupin the interview, the possibility remainsthat a respondent’siotion of "good" health
will be influencedby his or her own behaviorsand prior experienceand may vary with socio-
economicstatus,interactionwith the healthsystemandso on.

To illustrate, considerdifferencesin reportedhealthof malesandfemales. A significant
incidenceof poor healthemergesnuch earlieramongfemales(during their thirties) than males(during

their fifties) -- a patternalso observedor carryinga heavyload. Waldron(1983)and othershave
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written extensivelyon this topic and suggesthat perceptionf health(e;) differ systematically
betweenmenandwomen.

The issueof the referencehealthemergesagainwhenwe considerthe relationshipbetween
GHS and SES. If the references the nationalaveragewe would expectGHS to improve with SES;
if the referencds one’speergroup (which is typically comprisedof peoplewith similar levels of
SES),thereis no reasonto expectan association.We find no associatiorbetweenSESandthe
probability that a respondenteportshimself or herselfasbeingin goodhealth. Thereis, however,a
negativeassociatiorbetweenthe probability of reportingpoor healthand education put only among
thosewho havecompletedprimary school. If thesepatternsreflect differencesin the referencehealth,
they suggesta complexinteractionamongdifferent measure®f SES, levelsof SES,ageandgender.

The lack of a clearly definedreferencehealthstatusis not the only problemwith interpreting
GHS. Rather,the observedoatternsprobablyalsoreflect differencesin perceptionof whatis "good"
or "poor" healthaswell asdifferencesin the informationrespondentfiaveabouttheir health.

Dow et al. (1999) presentsomeevidencesupportingthe secondcontention. Drawing on data
from two socialexperimentspne conductedn the United Statesand one conductedn Indonesiathey
showthat asthe price of healthcareis increasedthereis a declinein useof care. However,GHS
tendsto improve wherepricesare raisedand, conversely GHS worsenswherepricesare lowered. If
onewereto interpretthat evidenceat face value,onewould concludethat raising the price of health
careimproves health. In fact, whenphysicalassessmentsf healthare examinedthe evidence
suggestghat 8" improvedwhen priceswere reducedand respondentsaw healthprofessionalsnore
often. Dow et al. concludethatit is not seeingthe doctorthat makesonessick, but seeingthe doctor
doesincreaseone’sinformation setandtherebyinfluencesone’s perceptionof one’shealth. Since
both experimentsnvolved randomizatiorof the treatmentthe analysesare not contaminatedy the
potentialfor reversecausality-- that thosewho seethe doctor more often are morelikely to report
themselvesasill. SeeNewhouseet al., (1998)for a fuller descriptionof the U.S. experiment.

The lasttwo healthindicatorsin panelB arethe numberof daysthe respondenteportshaving
hadto limit his or her normalactivity in the previousfour weeksandthe numberof daysspentin bed
during thattime. Many studieshavearguedthat becauseheseindicatorsare conceptuallyvery clear
anddo not demandjudgementf the respondenaboutthe meaningof "poor" or "difficulty,” they are

likely to be rathergood measure®f health. We are more sanguine.
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As notedabove,it is well known in developedcountriesthat the incidenceof reportinglimited
activity risessubstantiallywhen peopleare applyingfor or arereceivingpublic assistancéhatis
linked to disability. It hasalsobeensuggestedhat peoplewho are unemployedor who haveretired)
aremorelikely to reportlimited activity asa rationalizationfor their not working. While public
provisionof disability insuranceand unemploymeninsurances uncommonin developingcountries,
theremay well be a tendencyto reportoneselfasin poor healthif oneis not working.

Moreover,in low incomesettings,it is not obviousthat "limited activity" is well-defined.
Health problemsthat limit the activity of a laborermay be different -- and possiblymore serious--
thanthosethat limit the activity of a sedentaryworker. The meaningof "limited activity" is likely to
vary acrossSES. It is alsolikely to vary with employmentstatus:a self-employedoersonwhose
incomeis directly tied to his or her beingactively at work is lesslikely to havelimited normaldaily
activities (failed to go to work) than someonavhoseincomeincludessuchbenefitsas sick pay (and
so may missa day of work without incurring an incomepenalty). The meaningof "limited activity"
is likely, onceagain,to vary systematicallywith SES.

The regressiorresultssupportthis view. In contrastwith the physicalassessmentéor males,
thereis no associatiorbetweenSESand eitherthe numberof daysof limited activity or the numberof
beddays. Among females,the numberof daysof limited activity declineswith educationbut
increases with PCE (amongwomenin the lower half of the PCE distribution) suggestinghat among
thesewomen,asincomeincreasesthey are morelikely to be sick. We suspecthatis not the case
andthat, rather,they are morelikely to reporttheir activitiesarelimited by healthproblems.

To summarizethe evidencein panelB of the table suggestghatit is difficult to interpretself-
reportsaboutthe kinds of generalindicatorsof healthstatusthat are commonlycollectedin health
interviews. The more specificthe question theremay be lessambiguityin the interpretationof the
questionby the respondentbut, unfortunately that doesnot necessarilytranslateinto a more readily
interpretedanswerby the analyst.

PanelC of the tableturnsto specific questionsaboutmorbidities. As discussedibove,it is
thesesortsof questionghat havebeenthe basisfor the majority of the cross-validation®f self-reports
andclinical assessmentnd severalstudieshavedescribedheir strengthsand weaknessesWe will

not, therefore dwell on them.
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In IFLS2, questionswere askedaboutwhetherthe respondenhad experienced particular
morbidity, readingdown a list of 30 items. If so, additionalquestionsvere askedaboutthe natureof
the morbidity in somecases- suchasthe type of coughing-- to elicit moreinformation. Six
morbiditiesareincludedin panelC of the table.In generalthe bettereducatedare lesslikely to report
the presenceof a morbidity; thereis little associatiorwith PCE.

The contrastbetweencoughingand breathingdifficulties is informative. The regressions
suggeshigher PCEwomenare morelikely to reportthey suffer from coughingproblems. They are
not, however,morelikely to reporthaving breathingdifficulties and, recall, they do not tendto have
lower levelsof lung capacity. One suspectghat the positive link betweenSESandreportedcoughing
reflects,in part, differencesin whatis consideredo be a "cough” acrossthe SESdistribution,a
differencethat may not carry throughto the more generalterm, "breathingdifficulty.” A similar
argumentmight be madefor the incidenceof reported'nausea’'which riseswith PCE for both men
andwomen(amongthosebelow medianPCE).

Why doesthe incidenceof coughingdiffer acrossthe SESdistribution? It is possiblethat
poorerwomenare not awareof coughingwhereashigherincomewomenare;while we cannotrule
that out, it seemamorelikely to usthat poorerwomenconsidera particularamountof coughingto be
normalwhereashigherincomewomenreportthat sameamountof coughingasanillness. (SeeBhatia
andCleland,1995.) It is clearthatthe precisenatureof questionsaboutmorbiditiesmakesa
difference. Sindelarand Thomas(1991) arguethat evidencefrom Perusuggestghat relative to
diagnosegwhich often involve interactionwith the healthsystem)questionsaboutsymptomsare less
proneto differencesin interpretationacrossthe SESdistribution. SeealsoZurayk et al. (1995)and
Murray and Chen(1992).

Furtheranalysesndicatethat physicalassessmentsre significant predictorsof GHS (and,in
particular,seemto be betterpredictorsof whethera respondenteportshim or herselfasbeingin poor
health). The physicalassessmen@re alsoableto predicta good deal of the variationin reported
ADLs. GHS andADLs clearly containimportantinformation aboutthe healthof a respondent- and
it is likely thatthey containinformationthat will be very difficult to revealin physicalmeasures.A
centralissuefor the interpretationof analysesf the links betweenhealthand labor outcomesrevolves

aroundwhetherself reportsof GHS and ADLs are also affectedby "reporting” differencesthat are
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correlatedwith thoselabor outcomesWith theseissuesin mind, we turn nextto a discussionof

estimationandinterpretationof labor outcomefunctions.

4. Effect of healthon economicprosperity:Estimationandinterpretation

It is usefulto distinguishtwo classe®f studieswithin the empiricalliteratureon the links
betweenhealthand economicprosperityat the micro level. Experimentalstudiesinvolve someform
of randomizatiorof treatmentsand controlsand proceedto examinethe impactof aninterventionon
economicoutcomes. Thesestudiescan provide direct evidenceon the causaleffect of healthon the
outcomesstudies. Observationaktudies,in contrastaretypically basedon surveydataand estimated
in conjunctionwith a model of the behaviorsof individuals and householdghat seeksto providea
plausibleargumentfor interpretingthe evidencein a causalframework. We beginwith a discussion

of experimentaktudiesandthenturn to evidencefrom observationaktudies.

Experimental studies of nutrition and labor outcomes

Thelink betweennutrition and productivity arguablyprovidesthe bestdocumentedevidencein
the literatureon inter-relationshippetweenhealthand economicprosperity. Moreover,thereis
evidencethat, alongwith genotypeand environmentainfluences,diet playsa role in the etiology of
many chronicdiseases.Nutrition providesa good startingpoint for an assessmeruf the evidence.

In recentyearssubstantiaktrideshavebeenmadein our understandinghe links between
nutrition and healthin low incomesettings. In earlierdecadesit was generallybelievedthat poor
nutrition aroseprimarily becausef inadequateenergyor proteinand effort wasfocussedon
increasingenergyintakesamongthe poor. As it becameapparenthat protein-energymalnutritionwas
only oneelementin improving the nutritional statusof peoplein low incomesettings,the focus has
shifted towardsbetterunderstandinghe influenceof micro-nutrientssuchasiron, iodine, zinc, calcium
andseveralkey vitamins on healthand nutrition. This work suggestghat labor outcomesare probably
influencedby both macro-and micro-nutrients.

Experimentaldesignsare well-suitedto isolatethe impactof specific nutrientson labor
outcomes. Severalsuchstudieshavedemonstratedhat thereis good reasonto believethereis a
causaleffect of iron deficiencyon reducedwork capacity.Haasand Brownlie (2001) provide an

excellentreview.
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Iron playsan essentialole in oxidative energyproduction. Iron deficientanemia(IDA) -- that
is low levelsof hemoglobin(Hb) in combinationwith abnormallevelsof otheriron indicators-- is
associateavith, inter alia, greatersusceptibilityto diseasefatigue andreducedchild development.in
severecasesijt is associatedvith elevatedinfant and maternalmortality. Iron deficiencyaffects
physicalactivity throughprimarily two pathways. First, ashemoglobinlevels decline,the maximum
amountof oxygenthat the body can use(aerobiccapacity)declines. Secondasiron storesare
depleted the amountof oxygenavailableto musclesdeclines,reducingenduranceandthe heartworks
harderto producethe sameamountof activity.

Rigorousstudiesof both animalsand humanshavedemonstrate@ causalrelationshipbetween
iron deficiencyandreducedmaximumaerobiccapacity(VO,max). For example studiesindicatethat
experimentallyinducedanemiaresultsin abouta 30% declinein VO,max whereasron
supplementatioior around12 weeksproducesabouta 25% increasen VO,max (Celsinget al., 1986;
Li etal., 1994;Woodsonet al. 1978). Thereis alsoevidencethat IDA is associatedvith reduced
enduranceat below maximalwork rates. In contrast,ron deficient(but non-anemicjndividuals--
individualswith normal Hb but depletediron storesas evidencedby, for example low transferrin
saturationor elevatedevels of transferrinreceptor(TfR) -- may also suffer from fatigue, but thereis
little evidencethat for theseindividualsiron statushasany effect on VO,max or endurance.
(Scrimshaw,1991; Haasand Brownlie, 2001).

Demonstratinghat maximal capacityand endurancere impededby iron deficiencydoesnot
necessarilynform us aboutthe economicconsequencesf iron deficiencyin daily life. Those
consequencesiay be more closely alignedwith energyefficiency which is the amountof
physiologicalenergyrequiredto performa giventaskandis usually assessedy indirect calorimetry.
Laboratorystudiesindicatethatiron deficiencyimpairs energeticefficiency (Zhu andHaas,1998; Li
etal. 1994). Li andcollaboratorsfor example,conducteda randomizedreatment-controstudy of
Chinesefemalecottonmill workers. After 12 weeksof iron supplementatiorthey found a 5%
increasan grossand net energeticefficienciesamongthe treatmentgelativeto the controls. They
alsoobserveda significantreductionin heartratesanda 17% increasen the productionefficiency of
the women. Therewasno increasein work output(which was constrainedy the technologyof the
mill) but time spenton leisureactivitiesincreasecamongthe treatedas did energyexpendituren

theseactivities. A similar finding is reportedby Edgertonet al. (1979):iron supplementatiomf Sri
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Lankanfemaletea plantationworkersis associatedvith increasedroluntary activity. Theseresultsare
importantbecauseahey suggesiron deficiencyaffectshow time is allocatedby an individual.

Whereascausaleffectsof iron statuson aerobiccapacityand endurancénave beenextremely
well-documentedn both animalsand humansthe link with economicsuccesss lesswell established.
Obviously experimentaktudiesthat examinethe relationshipbetweeniron deficiencyandwork output
or productivity arelimited to a field setting. The strongestevidenceis providedby a longitudinal
study of nearly400 male rubbertree tappersandweederdn Indonesia(Bastaet al., 1979). Baseline
healthmeasuresndicatedthat 45% of the study populationwas anemic(Hb<13g/dl). It is likely that
hookwormexplainsa good part of the high levels of anemia(with examinationof stoolsof a 10%
sub-sampléndicating that wormswere presentin 88% of the men). Amongthe anemic,baseline
productivity (measuredy kilogramsof latex collectedby tappersper day andthe areaof trenchesdug
by weeders)vas about20% lower thanthe productivity of non-anemionorkers. In the experiment,
workerswere randomlyassignedo one of two groups(irrespectiveof their anemiastatus). The
treatmentsvere given a daily iron supplemen{100 mg ferroussulphate)for 60 days;the controls
were given a placebo. Workersreceivedan incentivepaymentto takethe pills asscheduled. At the
end of the period, blood hemoglobin,aerobiccapacity(measuredy the Harvardsteptest) and output
of thosewho wereinitially anemic,andreceivedthe treatmentjncreasedo nearlythe levelsof the
non-anemionorkers(whosebiological indicatorsdid not change). Among thosein the control group
who were anemic,productivity and blood hemoglobinlevels alsorose,althoughthe increasewvas
substantiallysmallerthanamongthosein the treatmentgroup. (This is attributedby Bastaet al. to
the effect of the incentive payment,a claim which is corroboratedby a comparisorof dietaryintakes
beforeand after the experimentithey point out that, during the experimentanemicsin the control
group spentmoreon leafy greensaswell asotherfoodswhich provide higheramountsof iron.)

The resultssuggesthat the output of workerswho areIDA canbe raisedby around20%
throughsupplementation.This is a very large effect. An issuethatis not addressedh the Bastaet al.
studyis the possibility of selectiveattrition. Although the studyinvolved a sampleof 156 tappersthe
final analyticalsampleincludedonly 77 of thoseworkers. If thosewho attrited from the studywere
not randomwith regardto productivity (and productivity change) thenthe advantagesf the

experimentadesignwill be dissipated.
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In fact, two other studiessuggesthe effectsof iron supplementatiomay be considerably
smaller. Edgertonet al. (1979) reportsupplementatiommad small effectson the amountof tea picked
by femalepickersin Sri LankaandLi et al. (1994)found smallincreasesn outputof femalecotton
mill workersin Chinaalthough,asnotedabove,energyefficiency amongtheseworkersdid increase
significantly and technologyimpededproductivity improvementsat the cotton mills.

While theremay be controversyaboutthe precisemagnitudeof the effect of inadequatdron in
the diet on productivity and energyefficiency, thereis generalagreementhatiron deficiencydoes
reduceproductivity of adultsand cognitive achievemenbf children. (SeePollitt, 1997 and 2001 for
reviewsof the literatureon child development.) Resultsfrom lessspecificfood supplementation
interventionsare not asclear. Imminck and Viteri (1981a,b) reportthat sugarcanecuttersin
Guatemalavho receivedcalorie supplementsvere no more productivethan controls. Randomization
in this studywasat the village level andit may be that changesn productivity betweenvillages
during the study confoundthe estimates. In contrast,calorie supplementatiomada small but
significant positiveimpacton the amountof road dug by road constructionworkersin Kenyawhere
the 47 study subjectswererandomizedat the individual level (Wolgemuthet al., 1982).

Experimentalstudiesof the effectsof nutrientsupplementatioimaveseveralkey advantages
over non-experimentagvaluations. First, it is possibleto isolatespecific nutrientsand examinetheir
impacton outcomesn isolationor in combinationwith otherfactors(which may or may not be under
the control of the experimentabdesign). It is plausible,for example thatthe calorie supplementation
of Kenyanroaddiggersresultedin elevatedevelsof key micro-nutrientsandthey arethe driving
force behindelevatedproductivity. Among the Indonesiarrubbertapperstherewasno evidencethat
energyintake had an independeneffect on productivity over and aboveiron absorption. It is also
possiblein experimentdo examinethe effectsof supplementatiomswell asthe effectsof
experimentallyreducingnutrientswhich canbe very usefulin identifying likely biological
mechanisms. Second.and perhapgshe greatestadvantagenf treatment-controtlesignsin the context
of the links betweenhealthand labor marketoutcomesds that they provide an opportunityto isolate
causalmechanisms.

Implementatiornof thesekinds of focussedstudiesis not without potentialpitfalls. First, if
treatmentdenefitfrom the interventionand controlsdo not, therearereasondo expectattrition to be

selective. Failureto takethatinto accountcanunravelthe key advantage®sf an experimental
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evaluation. Second jnterventionshavetendedto be targetedat specificindividuals. If individuals
sharethe benefitsof the interventionwith otherhouseholdand family membersthenthe effectsof the
interventionon the subjectswill be under-estimatetiecausef thesespillover effects. This might
arise,for example,if roadworkerswho receiveda calorie supplementte lessfood at home,to make
room for otherhouseholdmembers. This raisesthe more generalissuenotedabovethat theremay be
behavioralresponseso healthinterventionsandthat response®f householdsnay be quite complex.
Third, it may be difficult to detectthe effectsof supplementatioin sometypesof work or
institutional settings. As an example the scopefor Chinesecotton mill workersto increaseoutputis
limited by the technologyof productionandthe speedwith which their co-workersoperate. The
immediateeffectsof supplementatiomn work outputamongtheseworkersarelikely to be muted.
However,workerswho receivesupplementatiomight reapthe benefitsof elevatedproductivity by
moving to othertasks,otherfactoriesor otherjobs in which caseshort-termstudieswill tendto miss
the benefitsof supplementation.Of course,if subjectswho move (or changejobs) are not followed
thentheseeffectswill be missedaltogether. The Chinesestudy also suggestghat focussingon
productivity effectsmay missanimportantpart of the link betweenhealthand prosperity. In addition
to changesn hoursworked andtype of work, it is possiblethat healthierworkerswill allocatemore
time to non-workactivitiesincluding leisureand homeproduction. This will likely resultin increased
levels of well-being (and possiblyevenindirect benefitson productivity throughelevatedevels of
functioning). Enhancedoroductivity at homemay also provide benefitsfor the next generationf, say,
parentsinvestmorein their children.

Examiningthe effectsof experimentahealthinterventionson labor marketoutcomesof
subjectstheir psycho-socialvell-being, time allocationand productivity in non-marketwork are
feasible. They call, however,for a modified approachto evaluationthatis broaderin scope(and
includesmeasurementf a wide array of health,nutrition, socialand economicindicatorsof both
subjectsand membersof their householdspswell aslonger-runin time frame (to capturethe
immediateand longer-termeffectsof interventions). Integratingthe benefitsof experimentadesigns
with broadpurposerepeatedbservationsocial surveysis likely to be profitable.

Experimental studies of other dimensions of health and labor outcomes
This point is underscoredvhenwe contrasttwo experimentaktudiesthat focuson

schistosomiasis. Causedoy parasiticwormsthat live in slow-movingwater, repeatecexposureso
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schistosomiasisvill usuallyresultin fevers,achesand,often, fatigue. In onestudy,sugarcase
workersin Tanzaniawere randomlyassignedo two groups,one of which receivedchemotherapy.
Prior to the treatmentthoseworkerswho showedsignsof exposureto schistosomiasisut lesscane
perday. After treatmenttheir outputincreasedalthoughnot to the samelevel asthosewho hadno
signsof schistosomiasigFenwickand Figenschoul1972). A slightly earlier study of sugarworkers
in the Cameroongound no effect of chemotherapyn outputof exposedwvorkers(Gateffet al., 1971).
In both studies,schistosomiasisvas treatedeffectively. The reasonfor the differencein results
regardingproductivity is not at all clear. It may be becausdhe samplesizein the Cameroonistudy
is too smallto detecteffects,the time frame of the study may havebeentoo shortor it may be that
other,unmeasuredactors(suchasotherdimensionsof health)may constraintheir productivity.

That said, experimentsand quasi-experimentsdicatethat severaldomainsof healthhavea
causalimpacton economicprosperity. A recentexperimentin Britain randomlyassignednenwith
back painto an exerciseprogramor usualprimary caremanagement.After a year, the treatments
reportedlessback pain and fewer daysof missedwork relativeto the controls. (Moffett et al. 1999).

Changesn the price of healthcarehavealso servedas a usefultool for assessinghe impact
of healthon labor outcomes. The RAND HealthInsuranceExperimentrandomlyassignedsubjectsto
different combinationsof deductiblesand co-paymentgwith the mostgenerougprogramproviding
free care). Thosewho receivedfree careusedmore healthcarealthoughthe impacton health
outcomeswvas mutedexceptfor the poorestandsickest. (Newhouse1993.) It turnsout that females
who receivedfree careincreasedheir labor force participationrate relative to otherfemales;a similar
finding emergedor maleswho had not completedhigh school.

A similar experimentin Indonesiainvolved changesn the pricesof healthservices. In the
experimentuserfeesat public healthcenterswereraisedin randomlyselected'treatment"districts
while priceswere held constant(in realterms)in neighboring"control" districts. A baseline
householdsurveywas conductedprior to the interventionandthe samehouseholdsverere-surveyed
two yearslater. Healthcareutilization declinedin thoseareaswherepriceswereincreased.In
addition, labor force participationdeclinedin the treatmentareasfelativeto controls,with effects
being particularly large (and significant) for menandwomenat the bottom of the education
distribution,thosewhom we would expectto be the mostvulnerable. The mostplausible

interpretationof both the HIE andIndonesiarresultsis that the averagetreatmenteffectson labor
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supplyindicatea causalrole of improvedhealthon the allocationof time to the labor market(Dow et
al. 2001).

Resultsfrom Canadasupportthis conclusion. During the 1960sand early 1970s,Canada
introducednationalhealthinsurance. Exploiting the fact that the introductionof the systemwas
phasedacrossprovincesand occupationsGruberand Hanratty (1995) find that employmentand wages
increasedasworkerswere coveredby nationalhealthinsurance. The authorsconcludethat labor
demandrose becausavorkerswere more productiveeither becausegherewasincreasedob mobility
andthereforebettermatchingof skills or becausdghey were healthieras a resultof beingcoveredby
healthinsurance.

While the introductionof nationalhealthinsurancewas not designedas an experiment,Gruber
and Hanrattytake advantageof the fact that somepeoplewere coveredby the systemearlierthan
others. The plausibility of their resultsrestscrucially on the extentto which this "naturalexperiment”
approximatesandomassignment.(The authorsprovide a compellingargumentn favor of this
interpretation.) It is feasibleto designhealthinterventionsto provide a similar "natural experimental”
in orderto evaluatethe effect of the intervention-- on healthstatusand on other outcomesncluding
economicprosperity. It is unfortunatethat therehavebeenrelatively few suchdesigns. Programghat
seekto reduce,control or eradicatemalaria,tuberculosispnchocerciasisnd HIVV would seemto be
especiallyfertile ground.

Observational studies of nutrition and labor outcomes

Handsdown, the bestdocumentedact in observationaktudiesis that thereis a significant
returnto heightin the labor market. As notedabove,seminalwork by Fogel (1994) documented
secularincreasesn heightthat paralleleconomicgrowth in the historical literature;similar patterns
havebeendocumentedor many of today’slow incomecountries. At the micro level, many studies
havedemonstratedhat heighthasa positiveimpacton hourly earnings. (SeeStraussand Thomas,
1998, for a review of the evidence.) While the empiricalresultis very robust,its interpretationis
complex. Taller peopleare probablystronger-- an attributethatis likely to be more highly rewarded
in alow incomesetting. However,heightis much morethana just proxy for strength. Partof height
is genotypeand, therefore reflectsfamily background. Moreover,sinceheightis largely determined
in early childhood, it reflectsinvestmentsnadeby parentswhenthe worker wasa youngchild,

including not only investmentsn nutrition but also broaderhealthand humancapitalinvestments.
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Counterto thatintuition, Behrmanand Rosenzweig2001)find that cross-sectiorestimatesf the
effect of heighton wagesis under-estimatedhey find that controlling endowmentsy contrasting
monozygotictwins, the effect of heighton wagesincreasegshree-fold.

In contrastwith height,BMI variesthroughadolescencand adulthoodandthus may capture
both longerrun and shorterrun dimensionsof nutritional statusand health. Clearly BMI is relatedto
energyintake, net of output;it hasalsobeenshownto be relatedto maximumoxygenuptakeduring
physicalwork (VO,,.), Which in turn, is relatedto aerobiccapacityand enduranceindependenof
energyintake (Spurr,1983,1988; Martorell and Arroyave, 1988). Whetherthis is animportant
pathwaythroughwhich healthmay influenceproductivity is not obvioussincemany jobs do not
requiresustainedohysicaleffort. Treadmill testssuggesthat excesqfat) weight affectsthe efficiency
at which energyis transferredo work output(Cureton,1992).

Evidenceon labor marketoutcomess mixed. In higherincomesettings,high BMI (or
obesity)is thoughtto reducewages(Averett and Korenman,1996). Controlling endowments,
however,Behrmanand Rosenzweig2001)find that this associatiordisappearandthey arguethat it
likely reflectsreversecausality.

In mostlow incomecountries,obesityis relatively uncommon(althoughAfrican women
provide an exception). The focusof the literatureoutsideof the developedworld hasbeenon the link
betweenlow levelsof BMI andlabor outcomes. Haddadand Bouis (1991),for example find that
BMI hasno effecton earningsof rural workersin the Philippines; usingthe samesample,Fosterand
Rosenzweig1993,1994)reportthat BMI doesaffectthe wageof workerswho earna time-wage
ratherthan piece-rate. They arguethat healthis difficult to observeandemployersuseBMI asa
markerfor health. In urbanBrazil, Thomasand Strausg1997)find that BMI affectsthe hourly
earningsof both employeesandthe self-employedsuggestingdMI is morethanjust a healthmarker.
They arguethat BMI is probablycorrelatedwith strengthsinceits effectis largestamongthe least
educatedvho aremorelikely to do manuallabor. Glick and Sahn(1998)reportthat BMI is
associatedvith elevatedwagesamongself-employednalesandfemalesin urbanGuineaaswell as
maleswho work in the marketsector. Seealso Croppenstedand Muller (2000)for evidencefrom
Ethiopia. While thereis no empirical evidencerelatingBMI to labor force participationor hours,
BMI (or weight for height) hasbeenshownto affect the proportionof working time thatis spenton

very physically demandingactivities by men (Pitt, Rosenzweigand Hassan1990; Bhargava;1997;
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Fafchampsand Quisumbing,1999). It is surelythe casethat BMI at a point in time partly reflects
previoushealthand humancapitalinvestmentsand so a correlationbetweenBMI and productivity
may be capturingthe influenceof thoseprior investments. DynamicsbetweenBMI and productivity
havenot beenexamined. They are complicatedbecauséBMI hasboth stockandflow dimensionsand
thusreflectsboth contemporaneoushangesn pricesandincomesbut aswell as prior influences. In
addition,theremay be complexlagsin how changesn BMI aretranslatednto changesn aerobic
capacityand endurance.The fact that weight canbe drawndown in timesof needto convertenergy
further complicateghe dynamics.

Nutrient intakes

Someof the earlieststudiesof the links betweenhealthand productivity focussedon calorie
intakes. Treatingcalorieintake asa choicethatis influencedby food prices,Strausg1986) and Sahn
and Alderman(1988) reportfarm outputand wagesof males,respectivelyrise with calorieintake.
However,that resulthasbeencalledinto questionby studiesthat control unobservedeterogeneityn
nutrientintake and productivity with an individual-specificfixed effectandfind no suchlink
(Deolalikar,1988; Haddadand Bouis, 1991) althoughFosterand Rosenzweig1993,1994) do find
that piece-ratework -- an arguablygood measureof productivity -- is affectedby calorie intake after
controlling individual fixed effects.

Measuremenof nutrientintakesis difficult; see,for example the discussionin Straussand
Thomas(1995). All thesestudieshaveusedsomeform of self-reportedntake. Food preparedor
consumptionand left overswere weigheddaily for a weekin a Brazilian surveyof 50,000households:
usingthosedataThomasand Strausg1997) reportthat per capitacalorie and proteinintakeshavea
significantimpacton wageson both the self-employedand employees. Moreover,they find that
wagesincreasewith improvementsn quality of diet, measuredy the fraction of caloriesconsumed
from protein.

That evidenceis consistenwith resultsfrom the INCAP study of schoolchildrenin
Guatemaldn which treatmentsvere given a high calorie while controlswerenot. The treatments
were healthier,performedbetterin schooland hadgreaterwork capacity(V0,max) in early adulthood
(Haaset al., 2000). Thereis, however,somedebateaboutthe interpretationof the interventionwhich
wasalsorich in severalmicro-nutrientswhich havebeenshownto be relatedto cognitionandwork

capacity,(Pollitt, 1997).
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Knaul (2000) examineghe link betweenwagesof adult Mexicanwomenand ageat menarche,
an alternativeindicator of early childhoodnutrition. Sinceageat menarchean this samplewas
collectedretrospectivelyshenotesthereis ampleevidencesuggestingt is likely to be measuredvith
error and so adoptsan instrumentalvariablesapproachfor estimation. As instrumentssheuses
indicatorsof healthinfrastructurein the communitymeasuredat the time of the surveymakingthe
assumptionas shenotes,that the presentdistribution of servicesandresourcess correlatedwith the
distributionthat prevailedat the time andin the placewherethe womangrew up. Shefinds that
earlierageat menarchgwhich is indicative of improvednutritional status)resultsin higherwages.
Whensheallows the effect of ageat menarcheo be non-linearshefinds that the positive association
betweenwagesand early onsetof pubertyis limited to thosewomenwho reportageat menarcheat 14
or less(which is slightly abovethe mean);for womenwho reportlater ageat menarchewagesdecline
asnutrition improves. Theseare provocativeresults. Her findings, however,are not replicatedin
IFLS. In thosedata,womenwere askedageat menarchdwice; assumingeportingerroris random,
the averageof the two reportsshouldreducethe influenceof this noise.Semi-parametriestimates
basedon thosedataindicateno relationshipbetween(averageyeportedageat menarcheand wages.
Observational studies of other dimensions of health and labor outcomes

Relatively few socio-economisurveyscontainan extensivebatteryof physicalassessments
apartfrom anthropometrianeasures.Severalsurveyscontainself-reportechealthindicatorssuchas
GHS, ADLs, daysof limited activity anddaysin bedaswell asspecific morbiditiesor symptoms. A
small numberalso containinformationaboutemotionalhealth (seeFrank,2001) and evenfewer
providereportsof healthof parentsandsiblingsalthoughthey may be very useful proxiesfor
genotypeinfluenceson labor outcomes.

As discussedn the previoussection,theseindicatorscontaininformation abouta respondent’s
perceptionof his or her healthandwill reflectimportantdomainsof healththat are not capturedoy
the physicalassessmentsindeed,GHS hasbeenshownto be a powerful predictorof future morbidity
and mortality, after controlling a seriesof otherobservabléhealthstatusindicators.(seeldler and
Benyamini,1997,for a review). However,asnotedabove,self-reportsdo raisean additionallevel of
complexityin analysesof labor outcomes. (See,for example Bound, 1991; Mathiowetzand Laird,

1994;Dow et al, 1997.)
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ADLs havebeenusedextensivelyin the study of healthstatusand healthcareutilization in
the United States(e.g.,Manninget al, 1982; Mantonand Woodbury,1992) and morerecentlyin
developingcountries(Straussgt al., 1993). Severalstudiesin the United Stateshavedocumentedc
correlationbetweenADLs andlabor force participationof older men; Stern(1989); Blau, Gilleskie
and Slusher(1997); Boundet al (1999). Evidencein LDCs is morelimited (but seeLavy, Palumbo
and Stern,1995; Schoenbaum]995; Swaminatharand Lillard, 2000) althoughADLS havebeen
shownto be strongly correlatedwith socio-economictatus(Strausset al, 1993). If ADLs reflect
physicalfunctioning,they shouldaffect productivity in more physicallydemandingobs and also affect
type or sectorof work.

Studiesthat haveexaminedthe relationshipbetweenthe numberof daysill (or daysin bed)
andlabor outcomegendto find that hourly earningsand daysill are negativelyrelated(Schultzand
Tansel,1997; Riberoand Nunez,2000). Murrugarraand Valdivia (2000) usedatafrom urbanPeru
andtreatreporteddaysill asjointly determinedwith wageswhich are measuredasincomeover the
last 12 monthsdivided by hoursworked over that period. Householdsanitaryinfrastructureand costs
of reachinglocal healthcentersare assumedo be instrumentsand appearto performwell (according
to over-identificationtests). They reportthatan extradayill (in the 4 weeksprior to the survey)
resultsin a 1% declinein hourly earningsof maleworkersin the wagesectoranda 3% decline
amongthosewho are self-employed. The declinefor femalesis around2%. They proceedto
measureheseeffectsacrossthe distribution of wagesandfind thatamongmale wageworkers,days
ill are penalizedonly at the bottomof the wagedistribution. Among the self-employedthe effectsare
more uniformly distributed.

Putting asidequestionsregardingthe legitimacy of the instrumentsthe resultmay reflect
differencesin labor supply andthe natureof employmentcontractsacrosssectorsand acrossthe
distribution of earnings. Specifically,if hoursworkedin the lastyearis measuredas"normal hours"
anddoesnot takeinto accounttime spentill during the prior 12 months,then"wages"given by
earningsdivided by hourswill combineboth productivity effectsandlabor supply effects. For
example,a self-employedoersonwho wasill for 1 day would havesuppliedlesslabor and, therefore,
earnedessincome (assumingncomeis relatedto labor supply). We would expectto seethe
relationshipreportedby Murrugarraand Valdivia. If low wageworkersare paid by pieceor on a time

basis,anddo not receivewageswhenthey do not work, the samepatternwill emergefor those
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workers. If higherwageworkersalsoreceivebenefitsand so are paid whenill, thereshouldbe no
link betweernreporteddaysill andincomeover the previousyear(aslong the numberof daysill did
not exceedthat allowed by the contract). It is, apparently difficult to disentanglehe relationships
betweenhealth,labor supply,wagesandform of contract.

Dynamics between health and economic prosperity

Therehasbeenvery little study of the dynamiclinks betweenhealthand economicprosperity.
This is animportantgapin the scientific literaturefor severalreasons. First, healthis a stockthat
evolvesovertime, and prior healthbehaviors-- and healthshocks-- likely influencecurrenteconomic
status. Virtually nothingis known aboutthe speedwith which the effectsof healthtransitionsat the
individual level aretransmittedto the labor marketin low incomesettings. Doesa period of poor
health(or a negativehealthshock)put a worker on a permanentlylower wagetrajectoryor do the
negativeconsequencesf ill-health dissipateas healthsubsequentlymproves? The extentof catchup
likely dependn the natureof the healthproblem,the structureof the labor marketand characteristics
of the worker including age,educationandthe extentto which the individual hasa buffer of resources
on which to draw in badtimes.

A secondadvantageof examiningthe dynamicinter-play betweenhealthand economic
prosperityis thatit is likely to help pin down someof the mechanismshroughwhich the two are
correlated. Apart from the econometricadvantagegassociatedvith analysedasedon repeated
observation®of the samepersonover time (see,for example,Deolalikar,1988; Haddadand Bouis,
1991; Fosterand Rosenzweig;1995),it is alsofeasibleto exploit "naturalexperiments'that arisefrom
unanticipatedsariationin the life of a respondent.Smith (1999) providesa cleverexample.

Using longitudinal surveydataof older adultsin the United States he attemptsto isolate
unanticipatecchangesn healthbetweenroundsof the surveysand measurehe impactof those
"shocks"on wealth. Underthe assumptiorthat the timing of the onsetof chronic conditionandtheir
severityis largely unanticipatedcontrolling suchfactorsas smoking,weight, exerciseand health of
siblingsand parents) he finds that mild shocksresultin a $3,600reductionin wealth. Severeshocks,
however,bring abouta $17,0000r 7% reductionin householdwvealth. A small part of this reduction
canbe attributedto out-of-pocketmedicalexpenses.Smith concludeghat reducedabor supply

becausef the healthshockis the key factor affectingwealth: he estimateghat a severehealthshock
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resultsin a reductionof 4 hoursof work perweekanda 15% declinein the probability a 50-60year
old adultis in the labor force.

To illustrate someof the difficulties that observationaktudiesconfront,we provide some
examplesdrawnfrom the first two wavesof IFLS, which were conductedn 1993and1997. The
surveyscontainmultiple healthindicatorsincluding anthropometryphysicalassessmenind self-
reports. (SeeFrankenbergand Thomas,2001b,for a fuller discussiorof the resultsreportedbelow.)
moredetails.) Both heightandweight of all respondentsvere measuredn 1993and1997. In 1997,
a nurseor recentlyqualified doctortraveledwith the interviewingteamand visited eachhouseholdo
recordvariousmeasure®f physicalhealthfor eachhouseholdnmember. Eachhealthworkerreceived
specialtraining in taking the measurementsHemoglobinlevels were measuredising a pin-prick.
While few prime agemaleswould be considerednoderatelyanemic(Hb<120g/L),the rate among
older males(age>40) risesto over 20%. To detectcardio-pulmonaryproblems,blood pressureand
lung capacitywere measured.Lung capacityalsoreflectsstrength(andis thereforerelatedto height).
At the end of the physicalassessmenthe healthworkerevaluatedeachrespondent'fiealthstatuson a
9-point scale(1=poor,9=excellent)and recordedcommentsaboutthe individual's health?

Respondents all wavesof IFLS arealsoindividually interviewedby a trainedenumerator
who asksdetailedquestiongangingover their entirelife histories. Theseinclude a batteryof
gquestionsabouthealthstatusand useof healthcare. We examinetwo classef healthstatus
indicators:self-reportedyeneralhealthstatus(GHS) and difficulties performingbasicand intermediate
tasksassociatedvith daily living (ADLs). About 12% of menreportedthemselvesasbeingin "good"
health,andabout10% in "poor" health. While thesefractionsremainedapproximatelyconstant1993
and 1997,a very largefraction of respondentsransitionedinto (or out of) good (or poor) health
during this time. About 8% of menreportedhavingdifficulty carryinga heavyload and 16% reported

havingdifficulty walking onekilometer.

*Measuref weight were takenusing SecaUNICEF scales.and recumbentength or standingheightwas measured
with Shorrmeasuringboards. Both instrumentdhavebeenusedin surveywork in othercountriesandaresuitablefor
fieldwork given their portability, durability, and accuracy. The floor-model scaleshave a digital readoutand are
accurateto the neares.1 kg. Childrenwho wereunableto standon their own were held by a parentandweighed
(afterthe scalehadbeenadjustedo zerowith just the parentaloneon the scale). Standingheightwas measuredor
adultsandchildrenover age2, andrecumbentengthwas measuredor youngerchildren. Blood pressureand pulse
weremeasuredavith anOmrondigital measuringlevice. Hemoglobinwasassessedsingthe hemocuamethod. Three
measurementsf lung capacitywererecordedusing PersonaBest peakflow meters.
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We focuson the correlationsbetweenthesehealthindicatorsand threelabor outcomes
measuredn 1997:labor force participation(estimatedas a probit), the logarithm of hoursworked
(during the previousmonth) and averagehourly earnings(in the previousmonth). To highlight some
of the advantage®f thinking aboutthe dynamicsunderlyingthe links betweenhealthand economic
prosperity,the repeatedbservatiomatureof the surveyis exploitedand healthindicatorsfrom 1993
and 1997 areincludedin the regressions.(The regressionsnclude controlsfor ageand educationof
the respondentprovinceand sectorof residencemeasure®f communityinfrastructurethat might be
relatedto labor demandand an overall price index. Estimatesof variance-covariancmatricestake
accountof correlationsin unobservablethat arisebecausef the clusterdesignof the surveys.)

We beginwith anthropometry. Taller men earnsignificantly higherwages. More robustmen,
asindicatedby greaterweight, alsoearnhigherwagesandtheytendto work longerhours. Sincethe
regressiongontrol BMI in 1993,BMI in 1997 canbe interpretedasweight gain between1993and
1997:weight gainsare associatedvith elevatedwagesand greaterwork effort. (Thereis some
evidencethat the associatiorbetweenBMI andwagesis not linear: it is flat amongthosemenwith
BMI < 18.5. Sincewe areunableto detectthis non-linearityin the regressionpresentedelow, we
adopta linear specificationthroughout.)

Maleswho reportthemselvess currently beingin poor generalhealtharelesslikely to be
working andthey work few hours. SinceGHS in 1993is controlled,it appeardo be transitionsinto
poor healththat are associatedvith reducedwork. This resultparallelsSmith’s evidenceon wealth
decumulationin the United States. Having difficulty walking a kilometerand carryinga heavyload
arealsoassociatedvith reducedabor force participationand,in the caseof carryingheavyloads,the
effectsappearto be persistent. However,conditionalon beingemployed,thosewho havedifficulty
walking a kilometerearnhigherwages. It is hardto imaginethis correlationis not dominatedby
unobservedeterogeneityit seemsvery likely thatit reflectssystematiaeportingdifferencesthat are
relatedto socio-economictatusasdiscussedn Section3 above.

The final panelof the table displaysthe associatiorbetweenlabor outcomesand physical
assessmenisvhich were conductedn 1997 andlater wavesof IFLS). Controlling BMI andself-
assessetiealth,elevatedblood pressurds associatedvith reducedabor force participation(at a 10%

size of test). Hemoglobinlevels are associatedvith increasedvagesandthereis a suggestiorthat
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malesin householdghat useiodized salt earnhigherwages?® At the end of the physical
assessmernh IFLS2, the healthworkerevaluatedeachrespondent’diealthstatuson a 9-point scale
(1=poor,9=excellent).Controlling all otherhealthindicators,the healthworkerevaluationof the
respondent’sealthstatushasno predictive poweron labor outcomes.

Oneapproacho assessingvhetherthesecorrelationsreflect any causaleffectsof healthon
labor outcomess to re-estimate¢he models,replacing1997 labor indicatorswith 1993indicators. If,
conditionalon currenthealth(in 1993),future health(in 1997)is correlatedwith labor outcomesn
1993thenwe canconcludethat unobservedeterogeneityikely influencesboth healthandlabor
outcomes. Resultsfrom thosemodels(which are not reported)indicatethat BMI in 1997is correlated
with wagesin 1993 (controlling BMI in 1993) suggestinghat weight gainin 1997 may be the result
of higherincomeand not vice-versa. Similar resultsemergefor poor GHS in 1997 andwhetherthe
householdusesiodizedsalt. Reversecausalityis apparentlya seriousconcernin thesemodels.

Therearetwo standardapproacheso dealingwith unobservedeterogeneity.We beginwith
instrumentalvariablesestimates. In both wavesof the survey,detaileddatawere collectedabout
respondentommunitiesand aboutpublic and private facilities availablefor healthcare,the price of
servicesandthe quality of services. Thesecharacteristicserveasinstrumentsalongwith relative
pricesof tenfoods (which are also collectedat the communitylevel in IFLS). Plausiblearguments
canbe madethat the instrumentsareinvalid (becausef programplacemenbr selectivemigration, for
example);our feeling is that thoseconcernsare mosttroubling for healthinfrastructurecharacteristics
whereagelative pricesof foodsdo not belongin wagefunctions(of thosenot working in the food
productionsector). Labor supply functionsare considerablyharderto identify. With this concernin
mind, the first stageregressionsloesa reasonablygoodjob of predictingthe healthindicatorsin the
sensethat F testsfor joint significanceof the identifying instrumentsare significant. However,these
teststatisticsare not large (usuallyin the rangeof 2 through12) which is further causefor pause.
(Overidentificationtestsindicatethat the instrumentsare not correlatedwith unobservableg the labor
outcomefunctions.) For the sakeof comparabilitywith the next setof estimatesye havedroppedthe

physicalassessmentonductedonly in 1997. The resultsare presentedn Table5 andindicatethere

YIn an effort to determinewhetherhouseholdnemberswerelikely to be iodine-deficient,the iodine contentof salt
in the householdvastested;abouthalf the populationconsumessalt that hasnot beeniodized.
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is ratherlittle evidencein supportof a causaleffect of healthon labor outcomesexceptthat taller men
earnmore andthosemenwho havedifficulty carryinga heavyload earnlower wages.

If the sourceof unobservedeterogeneitys a time-invariantrespondent-specifitactor, its
influencein the regressionsnay be removedby including a person-specifidixed effect. In essence,
the regressionamountto examiningthe associatiorbetweenchangesn labor outcomeqparticipation,
hoursor wages)and changesn healthstatus. Of course all individual characteristicshat do not
changethroughtime are sweptout of the model. This appliesto observedcharacteristicgsuchas
heightandinheritedhealthstatus)aswell asto characteristicshat are not observed'suchasthe
propensityto reportoneselfasbeingin poor health). To the extentthat “reporting propensities'can
be treatedaslinear and additive effects,they are sweptout of thesemodels.

Fixed effectsestimatesarereportedin Table6a. The resultsare strikingly differentfrom those
basedon instrumentalvariableestimation. Low BMI, poor GHS, difficulty walking a kilometerand
carryinga heavyload are all associatedvith reducedabor force participation. Poor GHS is
associateavith lower hoursof work amongthoseworking. BMI is the only healthindicatorthatis
significantly relatedto wages.

The differencesbetweenthe instrumentalvariableandfixed effectsestimategnay be because
the instrumentsareinvalid (or weakor both) or becausehe assumption®f the fixed effectsmodels
arewrong. We candirectly testone of thoseassumptions.Recastinghe modelin termsof changes
in labor outcomesand changesn healthstatus,the modelassumeshat prior healthhasno direct
effect of changesn labor outcomes. This imposesassumptionsaboutthe persistencef health
innovationsthat are easily testedby including prior healthin a modelof the changein labor outcomes.
Resultsare presentedat the foot of the bottom panelof Table6b. In the caseof labor force
participation,it is clearly rejected. The assumptioris not rejectedin the caseof hourly earnings.

Intuitively, the fixed effectsmodelassumeshat changesn BMI causechangesn wages. We
notedabove,however,that 1997 BMI is relatedto 1993 wages,suggestinghat causalitymight run in
the oppositedirection. This insight calls for combiningfixed effectswith instrumentalvariables
estimation. Naturalinstrumentsare changesn relativefood prices. Resultsare presentedit the
bottomof Table 7 for wages. (We do not provide resultsfor participationsincethe assumptions
underlyingthe fixed effectsmodelwere rejectedand becausechangesn relative pricesare not likely

to be goodinstruments.) Although the instrumentsappearto be valid (in the sensethat they are not

37



correlatedwith unobservableg the wagefunction), they do not predictchangesn BMI very well.
(The F statisticis significantbut fairly small.) The estimatedeffectof BMI on wagesis very large
andsignificant. The magnitudeof the effectis, arguablejmplausibly large and suggestghat the
variationin pricesin thesedatais not sufficientto pin down the causaleffect of BMI on wages.

This summaryof resultsfrom IFLS providessomeinsightsinto the typesof difficulties that
areencounteredn observationaktudies. The examplehighlightsthe importanceof taking into
accountunobservedeterogeneityn modellingthe link betweenhealthandlabor outcomes- andalso

highlightsthat therearelikely to be complexdynamicsunderlyingtheselinkages.

5. Conclusions

A substantiabody of literatureindicatesthat nutritional statusaffectslabor outcomes,
particularly productivity. While the exactmechanismsinderlyingtheserelationshipsare not entirely
clear,this literatureis distinguishedby the co-existenceof carefully conductedexperimentaktudies
and observationaktudiesthat havedocumentedizeableeffectsof nutrition on productivity indicators.

The mostconvincingevidencein this domainhasdocumentedhereis a causalimpactof iron
deficientanemiaon work capacity,energyefficiency and productivity. Thetight link betweernresults
that haveemergedrom many of the animaland humanexperimentaktudiesand explanationghat are
basedon the underlyingbiological mechanismshatlink iron absorptionwith cell functioning has
provedto be a powerful force in supportof the conclusionthatiron deficiencyreduceswork capacity.
Yet importantgapsremain. Thelink betweeniron deficiencyand higher hourly earningshasbeenless
well-established.It is plausiblethat asiron deficiencyis alleviatedresultingin anincreasen an
individual's work capacity,hourly earningswill increasehoursof work will increaseandincomewill
rise. It is alsoplausible,however,that part of thesebenefitswill be takenin greaterleisureor
investmentin home productionactivities suchas child rearingor communityactivity. The relative
importanceof thesepathwayshasnot beenexplored.

Much lessis known aboutthe link betweenother micro-nutrientsand economicprosperity
althoughbiological evidencesuggestsan importantrole for severalvitaminsand mineralsaswell,
possibly,for macro-nutrients.Both experimentabnd observationaktudiesthat focus on these

mechanismsarelikely to be extremelyvaluable.
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A plausibleargumentcanbe -- andhasbeen-- madethat other dimensionsof healthlikely
affect economicprosperity. Relativeto the links betweennutrition andlabor outcomestheselinks
havenot beenaswell establishedn the scientific literature. In part, this is a reflection of limited data
on non-nutrientphysicalhealthindicators,particularlyin observationaktudies. In part,it is a
reflectionof the difficulties associatedvith usingself-reportechealthstatus. Creativedesignof
experimentaktudiesthat might shednew light on the meaningof different healthindicatorsis likely
to havea considerablgay-off. For example,it might be of valueto assessvhetherGHS or psycho-
socialwell-beingresponddo a healthintervention-- be it a changein the price of healthcare,quality
of careor nutrition supplementation- andlink thoseresultsto otherbehaviors(suchasuseof health
care)or healthindicators(suchasiron deficiency).

Remarkabllittle is known aboutthe dynamicslinking innovationsin healthandinnovations
in economicprosperity. This is a seriousgapin our knowledgeandreflectsthe paucity of long term
longitudinal studiesthat containdetailedinformation on healthaswell ason economicstatus. Very
few surveyshavesystematicallycollectedphysicalassessmentsf healthand so moststudiesare
forcedto rely on self-reportedhealthindicators.This substantiallycomplicateshe analysisand
interpretationof the evidence. With the rapid changesn technologyof measuringmany health
indicators,it would seemthat surveysmight profitably investin adoptingsomeof thosetechnologies.

Thereis alsovery limited evidenceon how individuals cushionthemselvegrom bearingthe
full bruntof the burdenassociatedvith changesn health,be they anticipatedor unanticipated.In
developedcountries,healthinsuranceand social servicedlikely play animportantrole. In less
developedcountries,whereinsurances limited and social servicesare few, the householdfamily and
possiblyeventhe employermay play a centralrole. Incorporatingtheseaspectf behavior
substantiallycomplicatesanalysef the links betweenhealthand economicprosperity. It will likely
also substantiallyenrich our understandingf thoselinkages.

Betterintegratingstudiesbasedon experimentadesignswith the approachesdoptedin
observationabktudieswill yield substantiaketurns. On the one hand,observationaktudieswill benefit
from following the tradition of experimentaktudieswhich pay greaterattentionto measuremenof
health. Expandingthe horizon of experimentaktudiesto look beyondthe immediateoutcomesof
interest,incorporatingsocio-economioutcomesaswell asthe measuremenand analysisof behavioral
responseso the treatmentandfollowing respondent$or extendedperiodsof time is likely to be very

profitable.
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Table 1a: Changesn nutritional statusof Indonesians
Betweenl1997and 1998

Child height-for-age and weight-for-height z scores

Age Height- Weight-
for-age for-height
6 mths-2years 0.02 -0.09
(0.08) (0.08)
3-4 years 0.03 0.13
(0.06) (0.06)
5-9years 0.02 0.05
(0.04) (0.03)
Adult BMI
Age Males Females
22-39years -0.14 -0.26
(0.05) (0.05)
40-68years -0.29 -0.42
(0.05) (0.06)

Source:IFLS2/2+; Changeis 1998 measure-199Teasure. (standarderrorsin parentheses).

Table 1b: Changesn useof healthservicesby Indonesians
%changebetweenl1997and 1998

Useof healthcareby childrenage< 15 -38%
Use of posyandu by children< 5 -60%
Childrenage< 3 receivedVitamin A -22%
Use of healthcareby adults -9%

Source:IFLS2/2+. Changeis 1998-1997expressedis % of 1997.
All changesare significant (p<0.001).



Table 2: Differencebetweenreportedanthropometryand measuredanthropometry
United StatesNHANES 3

Reportedheight- Reportedweight- BMI(basedon reports)-
measurecheight measuredveight BMI(basedon measurements)
Male Female Male Female Male Female
Age 20-40years 0.002 -0.009 0.024 0.027 0.009 0.011
(spline) [0.17] [0.91] [2.1] [1.96] [1.97] [1.71]
Age 40-60 0.035 0.025 -0.011 0.01 -0.016 -0.005
[3.56] [2.39] [1.24] [0.75] [3.69] [0.8]
Age 60-80 0.113 0.152 0.003 0.032 -0.03 -0.033
[9.85] [12.08] [1.86] [3.2] [6.24] [5.56]
Year of education 0.050 -0.104 -0.053 -0.072 -0.035 0.013
[2.75] [4.12] [2.95] [3.32] [4.18] [0.94]
(n(percapitaHH income) -0.085 -0.109 -0.057 -0.02 0.002 0.031
[1.28] [1.56] [0.73] [0.23] [0.06] [0.7]
(2) if self-report
asoverweight 0.12 0.047 -1.541 -1.43 -0.627 -0.645
[1.14] [0.39] [12.07] [10.43] [11.74] [9.35]
asunderweight 0.048 0.017 1.253 1.069 0.471 0.447
[0.24] [0.05] [6.19] [5.47] [5.77] [4.25]
Intercept 0.92 2.63 1.413 -0.737 0.246 -1.102
[1.38] [4.21] [1.95] [0.93] [0.82] [2.84]
F(all covariates) 44,51 59.13 40.58 41.13 50.21 27.43
[0.00] [0.00] [0.00] [0.00] [0.00] [0.00]
R? 0.096 0.149 0.064 0.058 0.085 0.037

Notes:Sampleis 3,870malesand 3,682femalesage20 through90 interviewedand measuredn NHANES3 (1988-1994). t
statisticsin parenthesebasedon Huber-typevariance-covariancestimationbasedon influencefunction method.
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Table4: Labor marketoutcomesand healthindicators
OLS estimatedor Indonesiamrmales(IFLS)

Labor n n
force hours hourly
participation  per month earnings
Nutrition
{n Height -0.157 -0.001 1.658
[1.22] [0.00] [3.58]
{n BMI (in 1997) -0.005 0.347 0.800
[0.09] [2.43] [4.60]
{n BMI (in 1993) 0.065 -0.030 0.187
[1.38] [0.20] [1.02]
Generalhealthstatus
(1) good(in 1997) -0.026 0.018 0.047
[1.89] [0.36] [0.88]
(1) good (in 1993) 0.010 0.025 0.058
[1.01] [0.69] [1.33]
(1) poor (in 1997) -0.037 -0.162 0.072
[2.44] [3.37] [1.16]
(1) poor (in 1993) -0.022 -0.002 -0.007
[1.20] [0.03] [0.10]
Activities of daily living
(1) walk 1km-hard(in 1997) -0.055 -0.057 0.169
[2.88] [1.32] [2.53]
(1) walk 1km-hard(in 1993) 0.024 0.030 -0.050
[0.96] [0.49] [0.51]
(1) heavyload-hard(in 1997) -0.133 0.052 -0.090
[5.03] [0.93] [0.97]
(1) heavyload-hard(in 1993) -0.108 -0.068 -0.047
[3.14] [0.69] [0.32]
Hemoglobinspline<10g/dI -0.019 0.046 0.048
[0.83] [1.04] [0.63]
spline>10g/dI -0.002 -0.010 0.027
[0.86] [1.12] [2.47]
(1) HH iodized salt -0.020 -0.010 0.074
[1.80] [0.30] [1.70]
fn Lung capacity 0.024 0.046 0.008
[1.37] [0.94] [0.11]
(1) Blood press(mild) -0.027 -0.041 -0.039
[1.76] [0.98] [0.69]
(1) Blood press(mod) -0.053 -0.067 0.142
[1.77] [0.85] [1.34]
Healthworkerevaluation(1-9) 0.009 -0.003 -0.008
[1.62] [0.15] [0.35]
R? 0.44 0.10 0.31
F(all covariates) 44.58 9.16 29.41
[0.00] [0.00] [0.00]
X2(All health) 9.45 245 6.73
[0.00] [0.03] [0.00]
X4(97 health) 9.79 2.58 4.9
[0.00] [0.03] [0.00]

Notes: SourcelFLS1 (93) and IFLS2 (97). Asymptotict statisticsin parenthesesobustto arbitrary heterosckedasticitgnd permit correlations
within clusters.



Table5: Labor marketoutcomesand healthindicators
Instrumentalvariablesestimatedor Indonesiamrmales(IFLS)

Labor n n
force hours hourly
participation  per month earnings
fn Height -0.309 0.361 1.550
[0.79] [0.41] [2.08]
tn BMI (in 1997) 0.379 1.823 3.810
[0.42] [0.74] [1.34]
tn BMI (in 1993) -0.080 -5.394 -1.713
[0.07] [1.37] [0.40]
(1) GHS - good (in 1997) -0.324 2.046 -0.513
[1.00] [1.62] [0.34]
(1) GHS - poor (in 1997) 0.199 -1.017 -0.119
[0.66] [1.27] [0.15]
(1) Walk 1km-hard(in 1997) -0.502 0.133 0.702
[1.10] [0.11] [0.71]
(1) Heavyload-hard(in 1997) -0.750 0.877 -2.626
[1.48] [0.55] [1.61]
(1) GHS - good (in 1993) -0.176 0.627 -0.173
[0.79] [1.00] [0.25]
(1) GHS - poor (in 1993) 0.531 -2.252 1.55
[1.27] [1.38] [0.83]
(1) Walk 1km-hard(in 1993) -0.159 1.158 3.203
[0.25] [0.69] [1.68]
(1) Heavyload-hard(in 1993) 0.004 -0.575 -5.093
[0.01] [0.28] [2.18]
F(all covariates) 27.09 3.87 19.49

[0.00] [0.00] [0.00]




Table 6a: Labor marketoutcomesand healthindicators
Fixed effectsestimatedor Indonesiamrmales(IFLS)

Labor n n
force hours hourly
participation  per month earnings
tn BMI 0.135 0.223 0.59
[3.89] [1.68] [3.48]
(1) GHS - good -0.002 0.054 0.011
[0.18] [1.56] [0.25]
(1) GHS - bad -0.031 -0.109 0.06
[2.66] [2.65] [1.1]
(1) Walk 1km-hard -0.056 -0.068 0.06
[4.18] [1.46] [0.97]
(1) Heavyload-hard -0.182 -0.032 -0.053
[10.72] [0.51] [0.6]
R? 0.38 0.06 0.09

Table 6b. Fixed effectsandinstrumentalvariablesfixed effectsestimates
Indonesiarmales(IFLS)

tn(hourly LFP
earnings)
Fixed effects
n BMI 0.59 0.14
[3.5] [3.98]
F(all) 20.80 10517
[0.00] [0.00]
F(Fixed effect) 1.74 1.09
[0.00] [0.00]
Sgnificance of level of health in 1993
F(levelsof health) 0.70 12.20
[0.62] [0.00]

Instrumentalvariablesfixed effects

on BMI 5.68
[2.0]
GMM Overid test

F(prices) 0.67
[0.88]




