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ABSTRACT . ,

The relevénce of the "Road to Health" growth chart ~jn its
present form to select wit!nourished children with a4 high risk of
death will be tested on sample of approximately 1800 undor 5
children. Iisg efficacy will be vompared Lo wmanthiy measurement of
arm éircumference which will be dane simullanecously on the sane
group of children. This study will be carricd oul bu x prural
community where the age of #ve2rv child s kbnown wilh precision.
Weight will be taken monthly wLLh_high ACCBTACY scatoes awd arm
circumference will be measured by plastic inserlion  Lapes. ?he
relevance of variations of putridional stablus Lo eslimate  the
risk of death, the usetulness ol nigh precision measurcmenis for
screening purposes, |l adecuacy of the genu"al}y Hoeepled g

limit for growth moniforing wil! also he Pasted,
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SECTION II : RESEARCH FLAN

A. TNTRODUCTION . . ;

1. Objectives

To compare the sclection of malnourished children with a
high risk of death obtained by measurement of weight for age and

arm circumference.

-

- To determine whether defining mainutrition from the
variations of a nulritional indicator over time improves the
selection of ‘at risk’ children compared Lo whal is obltained by

taking inte accounl just one measurement.

- To determiane whal degree of accuracy is needed foro

measuring nutritjonal status Lo select "al risk' maloourished

children.

- To determine Lo what exfent the risk of degth  assoasiabed

with the same degiree of maluutrilion varies with age.

~ To determine whether the usual limit of 5  wvears  Tur
nutviticenal screening is optimal or whether a limit based o

weight oy arw circumference would not he more appropriate.

W3
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. Baokgroung

fegular yrowlh moniftoring with the use of woight  ohadt iﬁ
usually considered as @ prereqguisite {o reduce infani and c<hild
mortal il voounter 5 ehitdron 1. UNICEF presonds P oas a
pritcity avd put . grawtih monttoring at the top of the 1ist of
actions 1o Lo implemented to produce & spoctacalar reduction  of
infani and child deaths in the veuars Lo come 720 .0 All arcund the
world, many poor countries spend a subalant ia! sroportion  of
budgels available -fur nutrition progranmes to  buyv  scales., to
doesiyn and to prin{ various uoedels of growt! thqris and Lo leach
people  how Lo use them.

There  are many reasons Lo bhoe sreptical aboul the relevance
of  all these wacticaes. . First, chartyng growth by itsel! is
ﬁn]ikw}y to help in preventing @euth VE 3t ds nol associsted with

.

an  adequale programme to treal ‘at risk’ children 3 Growil
charts  used without an aitached intervent ion HEOErAMme are oo
inadequate  that  some refer ubkindlv to then as  the "road  {o
dewih”  charls. The complexity of the arigin of growth faltoring
sugdests  Lhat vague nutritional advice anpd support willi net bhe
vnouh o most  cases. This means lhat outeitionsl sereening
shouild be zimple and cheap enough to leave resources availalle
for o suitable intervention. itois doubtful that the “"road teo

heallh"  growth chart fulfills bhis eriteria fur  countries with

Pimited health budgots. In additiun, its supariority in ity
Bt esent form to select Al risk’ children is  not clearly

ssiuablished (Table Y. Rufore advacating its use on o wide stule,



TABLE 1
. ’ I
1. Weight for age 13 the best nutritional indicator to
select children with a high risgk of death.
2. Meagurement of variakions of nutritional status aver

‘at risk? children.

time improves the selection of

3. The previous hypothesis implies that scales with a high
accuracy dre desirable for screening programmes.

4. The risk of de%th is the same for the same degree_ of
malnutrition independently of age.

5. Nutritional monitoring should be continued up to the age
of 3 irrespective of the child’s nutritional status.

Current assumptions with respect to growth charis
in their present form.

several questions should be answered first:

a) Is weight Tor age or are circumference the best indicator for

screening ‘at risk ' children 7

We know from a few cross sectional studies in Punjab, Lo
Bangladesh and in Zaire that for lowest weight for age
categories, the risk of dealh is higher than for well gourished
children fromlthe same community (4-6). However, the quality of
the assessment of risk of desth by weight Tor age was poor in all

[}
these surveys. None of them would have allowed adeguate targeting
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for an inlensive nutritional intervention susceptibhle to  reduce
suhstantially the number of deaths in  these communities:

censilivity specificity curves show that selecvtion of «children

wilh weight for age measured CQross sectionally leads the
‘nelesior of wvero  lorde numhers of childrea in the ‘at  risk’

category to ohtain a satisfactory level of sensilivity.

Arm - circumfersnce measurement was proposed more  than  ten

: i
vears ago 25 a low cost alternalive to weight measurement in the

assessment of nubritional status (7. Yet, the bust assessment of

visk of death ever obtained in a caommunity by oross sectional
nutritional -screening was found in a study in rural Bangladesh
using arm circﬁmference withoul correction Tor age or height
‘8. Unfortunately, wéight for age was not taken during this

survey and a direct comparisen of the validity of these two

indivators on this sample is not possibile. & previcus study op

nﬁtritionai status asseséed bv anthropometry and the subsequent
rigk  of death in  rural Bangiadesh also suggested that arm
circunferance, w‘i.“i‘.imut correction for age, gave as estimation of
the risk of death slightly bettler than weight for age (5, 3). 1n
thiis study however, weight were censorgd for upper categovies and
4 rigorous comparison of the validity of these indicators cannot
be derived from the data. In a yvet unpublished #Ludy from ICDDR,B
Dhaka hospital 710} where all classical anthropometric indices
waere carefully collected, arm circumference was again found to
give an estimation of the risk of death slightly superior to
welght far age. The hospital enviraenment however may not be
relevant Lo delermine the validity of nutritienal indicators Hto

+

be used at the community level.
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. 7 . Ari. circumference ' is much easier to weasure in the field

: 7 _ -
I - “than weight for age. Thersfore, weight for age can be recommended

~

. . ¢ .
57;&,“¢h%m:if’it-is shown to be clearly superior to arm circumference,
R :

:‘ﬁvhilabre e?idence suggests that arm circumference could give an
:§%€§1uat£omfof the risk of death as good or_mayﬁe slightly better
-f;han; weight for age. A ri@orqus study is needed however to feﬁt
 tki@ hypothesis adequately in a community.

' ?-ﬁ Weight for height has been pr&posed as an alternative to
,“ﬁeight for age when age is not kmown (11). In 'two studies
: h03ever,l this indicator rankéd far behind arm circumference
wfthout"uorrection for age to assess.the risk of death (5, 10).
Height for age was also found to Eave no predictive value once
arm - cir¢umference was alread§ taken into account (8,' 105. The'

validity of height related indices will not be tested in this

protocol.

b) Bow useful are longitudinal measurenents 7

- We know from a previoug study from Bangladesh that in terme
'qf specificity an& sensitivity, the estimation of the risk of
death giver by arm circumference can be dramatically increased by
using short follow-up ., periods (8) which can be obtained by
repeating cross sectional measurements. Whether the quality of
the prediction obtained in suc& & way can be increased by
iﬁcarporating arm circumference variatiogs over time among the

criteris used to select 'at risk’ children is an open question.

We. do not know, to what extent repeated cross sectional



‘meagsurements of weight for age wili'imprbve the vstimation of th:
risk of death, .We do npot xpow either - if inclusion of
variatione of weigﬁt or weight . for age ever time in tge
definiéion-of malnutrition impraves the estimation pf the risk/of
deatﬁ.'Yet; the use of growth ch&rtsliﬁ-basediun.this hypothesis.
Since plotting weights on & chart is {ime consuming and requires
some degree of formal training (12}, this assumption has to be

tested. ,

c) How accurate should be the assessment of nutritional status?

The relévance of weight variations for the selection of ‘at
risk’ children has major implications for the choice of scales to
be used in the field. If these variations are important to know,
most portable scales whe have an accuracy of about 100 g are not.
suitable. After one year, monthlv weight gain, even in a healthv
child, is low ({ about 200 g ) an& to derive it from the
diffe{ence betwéen twoe measurement, a 100 g aceuracy is clearly
not ehough. In practice, this cen be obtaimed only with‘ heavy
mechanical gscales or with exrpensive electronic equipment.
'Alternativeif, if weight variations do not matter but if weight
itself only 1is related to the risk of deeth, very rough cheap
scales could be encugh for screening: reading errors account
usually for a very small fraction of the wvariance of weight in a
sanple of children (10).

This argument has scme relevance also for the choice of
the indicat?r for screening. Usually, arm circunference is

considered as a ‘second choice' indicator of nutriticnal status



siﬁce it is difficult te assess with a precision of more than 1%
or 2% even by a skilled anthropometrist. This compares
unfaverably with the accuracy of 0.1% or 0.2% which can be
achieved wi.a high precision weighing scales. If such an
ageuracy 18 irrelevant for selec&ing ‘at risk’ c¢hildren, this
argumenl in favor of weight measurement for screening might be

"shown to be fallacious.

d) What is the gffeét of age on the risk of death asscoclated with

malnutrition 7

In its present form, the growth chart assumes that children

who lose weight or fail to géin weight for two consecutive months

“are 'at risk’'. Age is not taken . into account in this definition, .

élfhnugh-we know this factor is s very important factor: failure
to  gain weight for two months at‘the‘ age of 4 months is
incomparably more S dangerous than for a child of four years.
Sticking too strictly to the rules of the growth chart will Jlead
to.an underestimation of risk of death in young infants and undue
alarm for older children.

This problem c¢an be overcome by designing- growth cﬁarts
veprasenting functions of weight and age (0; arm circumference
and age) giving the hest discrimination between children who will
survive and those who will die instead of giving the nbrmal
growth curve of healthy children. If it can be shown that these
functions are independent of age within large limits as found in
a previous study for arm circumference (8}, this would give a

weight limit below which the child should be cobsidered ‘at risk’




" independently of his age. This would make the selection of ‘at
B . f
risk’ children much sasier and more effective,

2) When should we stop screaning ?

In its present form, the growth chart implicitly recommends
that growth moniﬁoring should continue up to the age of 5 with a
special emphasis on children below the age of 3. The rationale
fer these limits is ot clesr. In two set cf data where thie
question has beep addressed (8, 10), putritional indicators were
found better indicators oflthe rigk of death than age itwselfl in
termg of specificity and sensitivity. This means that for
instance, a 1limit based on arm circumference would be mere
appropriate than the traditional age limit. Inp Practical terms,
this can have major implicationsg: original data on the study of
the relation bggw;en ara circumference and mortality (8) suggest
that if instead of the age limit of 36 menths, screening  is
.Stopped for children with an arm circumference above 130 mm, the
same number of death will be ‘predicted, although the number of
children to be screened is reduced by 30%. Correction of this
small detail in the conception of the gr?wth chart may
considerably reduce the cost of screening. Available data however
were not collected to chose this limit adequately and a precise
answer to this question has to be included in the aims of this

protocel.

in



3. Rationale -

~The choice of weight charts in their present form is based
on a series of untested hypotheses.

~Arm circumference could be an indicator of nutritional
screening as good, if not better than weight for age.

-The relevance of longitudinal monitoring of nutritional
status.has pever been established.

~The degree of precision needed for the assessment of
putritional status has never been adequately determined.

~-The interaction between the effect of age on the risk of
death weassociated with maloutrition has never been estimated.

~The age iimit beyond which nutritional scréening is no more
recommended may be inadequate,

~Bfficacy and simplicity of nutritional screening might be
dramaticelly increased by designing a method optimising the
discrimination of children who die frem those who survive in a

set of carefuliy callected anthropometric data,

B. SPECIFIC AIMS

~-To measure weight and arm circumference with a maximum of
precision in about 1800 under 5 rural Bangladeshi children living
in a community where age is known.

~To dgrive from the data of children who died befeore the

age of 5 and those who survived sn optimal method of nutritional

screening.

11



C. METHODS OF PROCEDURE

1. Study population

This siludy will take place near Chsndpur, an Upazils

#

-

headquarters in Comilla district lncated 40 wiles from Dhaka on
the Meghna river. Since 1983, ICBDR,B has carried out a the field
‘comparison 'of WEOQ and cereal based QRS (No 83>024}. In a st&d&
irea  livated ¥-12 miles from Chandpur along the Comilla highway
with a total pupulation of 12000 inhabitents, growth monitoring
of & cohort of 1800 under five children has continued for 2
years. The same team of trained health workers and dedicated
supervisors Kknown - to the cﬁmmunity will be used for this new
protocol. All. und;r 5 children from the same study area will be
included "in this study., Children of the previcus study cohort who
will still bé below the age of fiva at the beginning of this pew
protocol will be included. This should give é total sample of
1800 children, the egact number'depending on the number of births
occurring during the stiudy since all newborn infants will be
“included. Chandpur.iQ under ICDNR.B demographic surveillance and
vital events have heen recorded weeklv since 198G, This means
that the'age 6f every under five child is known with precision

which allows the use of weight for age growth cherts in ideal

conditions.

2. Dﬁration of the study.

The pusber af.deaths nceurring amohg’under five children in
the study poéulation is the main criteria for determining the
duration of the protocel. Previcus studies on the relation

between anthropometry and mortality indicate that. approximately

12



40 deaths are needed to obtain interpretable results. Data from
previous yeara in the seme community suggests that some 50 ' deaths
may“bél expected every yéar in the 6~-60 months age group. A
durstion Vof two years should yield a number of deaths large
enough to give .an answer to the questions raised by this
'.protbcolv _A smaller durafion of the study does not seem
appropriaste however since measles vaccination may be introduced
in ‘the coming months and substantially reduce the number of

deaths to be expected in the study population.

3. Anthropometric measurements

| Weight and arm circumference will be taken every month by
carefully treined and supervised health workers following the
routine established during the previous protocol. Weight will be
measured by electronic scales to the nearest 10g at the same time
of the day to minimize the effect of diurnal varjation.

Arm circumference will be measured with plastic insertion
tapes which minimize the reading mistakes (13) to the nearest
2om.,

For this protocel, height will not be measured. Previous
studies on the relation between anthropometry and mortality show
that none of the nutritional indices based on this variable has
any predictive value when arm circumference or weight for age sare

already taken into account (8, 163).

4. Collection of dietary and morbidity information

Basic information on dietary and morbidity histories will

13



also be collected during this study. Most likely, some children

will die from diseases such as chronic diarrhoea which first

result in a pronounced weight loss. If weight charts are
analysed without morbidity information, the risk associated to
these diseases could be attributed 6 weight loss. This

confounding facter can be easily recognised if basic morbidity‘
and dietury data ire included in the mnalysis. The attached‘form
adapted from the form already used by Health Workers in Chan&pqr
fér the Rice Based ORS Protocol shows ;he information which will

be coullected every month.

5. Attitude touwards s;verely walnourished @r critically i11 ‘
children

Before -the Beginninglof the study,. every health worker.will
be given basic training in health and nutrition"education 'ip':
prder to be asle tO'give'sound advicé every iime they see & child
with unsatisfactory growth. They will be asked to inform families
.about immunisation prog?amnes and will assist., in providing =a
capsule of vitamin A for all children enrolled in the study.
Whenever they come acrogss a critically 111 child,  they will be
asked to propose to refer him to the pruject physician, at Matlab

hospital or Chandpur medical government facilities with ICDDR,B

transport.

6, Data collection.
Data collected by Tfield workers will be checked by a

Senior BHealth Assistant (level 4) and coded in Chandpur by a

14



Goding Assistant (level 3), Date entry will be carried out in

Bhaka.
t
Vi Statistical analysis.
~a) Comparison of weight for age and arm circumference as

estimators of the risk of death.

In this first step, -data will be analysed as if they were
cross sectionsl: cumulative frequency tables for weight, weight
for age, arm circumference and arm circumference for age will be
calculated for different 6~months‘ age groups Tfrom data of
children who were still alive 6 mogths after the measurement.
These data from survivors will be used for comparison with
children who ~died during the 6 months following measuremént:
Cumulative frequency tables will be calculated for different G
months age groups for children who died within 1, 2 , 3 and &
menths of mensurement. Then, sensitivity specificily curves of
different nutritiomal indicators will be derived from these
cumﬁlative frequency tables for different age groups and
different durations of follow-up {(14). If-necessary, several age
groups will be poaléd together to obtain meaningful results for
older children with a lower risk of death. This wiil rank the
reIeQanée of every indicator used crossjsectionally to assess the
risk of dgath. This wil; also be done by a second method wusing
different wunivariate logistic moéels {(15) for which goodness of
fit will be messured by the Hosmer and Lemeshow statistics (16).

Survival will be wused as a dichotomous dependent vuriable,

15 .



measurements of children who died after different follow-up
periods and those of age matched survivors being used as

independent,variables.

b) Assessment of the relevance of nutritional status variations

in the selection of ‘at risk’ children.

For each child whe died and for every age matched survivar
indicators of variations of anthropometric measurements su;h as
their difference, their ratio and the slope of their varialions
from month to month will be calculated. These indicators of
nutritional status variation will be included as  potential
predictors to previously calculated Univariate logistic madels.
Their significance to improve the assessment of Lhe risk of death
will be assessed by comparisan of the log likelihood statistic
{158). 1t will be tested also whether these indicators are gtjjl
significant when morbidity and dietary variables are already

included in the logistic model.

¢) Estimation of the degree of Precision needed for assessment
of nutritional status.

From the original data, new Tiles will be created by adding

computer Eenerated random nunbers to anthropometric
neasurements., This will reproduce the data set which would have
been obtained by using scaleg of different accuracies. Thesge

Beasurements will be used with the models found most offective Lo
predict deaths igp the previous analysis and the effect of these
‘measurement 2rrors’ on their geodness of it will be measured by

the Hosmer Lemeshow statistic {18). With the log likelihood

16



statistic of Lhese different models (1h:, it will be determined
wﬁat level of error measurement sigqificantly glters the

gstimation of the fisk of death.

d) Determiraticn of the effecl of age.

Age .will be included among the éotential estimatars of the
risk of death. 1Its interactions with other'variables will be
investigated with the standard techniques used four legistic
models (15)., Then, its relévance to ‘improve the assessment of the

risk of death will be tested by determining to whal extent - it

improves the models by the log likelihood statistic.

2) Determinat%on of the‘optimal limit for nutritional screening.

Sensitivity specificity curves of nuiritional indices ' and
of afe. to estimate the risk of death will be compared. The
ootential banefié which can be ohtained:from a limit based on a
nutritional statug indicator jostead of chronological age will
be estimated. This analysis will be repeated after introducing
randoem errars on real age in order to se= tﬁe effect. that an

imprecise knowledge of age may have on such an approeach.

B. BIGNIFICANCE

This study will test the relevance of the present approach

+

te select "at risk’® malnourished children. Growth charts raise

maeny logistic problems, especially in places like Bangladesh

17



where. women’s movements are restricted, where nutritional
screening should be done at home and where many mothers feel that
weighing may be dangerous for their child . -(17). This study may
produce a simpler growth chert designed especially to screen
- malnourished <children with a high risk of death which would be
more effective than the present one for that purpose.
Alternatively, it msy show that weight measurements have no
advantage compared to arm circumference for nutritional screening

‘which would have mejor practical implications.
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DIiETARY AND MORBIDITY TNFORMATION TO BE COLLECTED

Coding sheet.

Soedema:r
Breast fceeding

Meals in 24 hours

Diarrhoeal episode

RBuration
&f diarrhoes

Number of days
ORS used

Treatment
ot diarrhoea

Cademu presont:

Oedema absent:
1

Breast fod: .

No breast fed:

Simple diarrhocsa:
Watery diarrhoea:
Blood muceid disrrhoea
No diarrhoea

v

Drug

Gther

Hospital

IV + drug

TV + gther

I¥ + bospital
brug + other
Noi appliceble
Drug + hospital
Other + hospitul

“Un—-treagted

Auy three tvpe
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End result of
diarrhoea episode

Ron diarrhoea
episode

Treatment

/

Outcome
of episode

Cured at home
Cured st hospital
Continles

Expired at heme

Expired at hospitél

5till in hospital
End result unknown
Not applicable

Meagles

Respiratory infection

Fever

Skin disease
Night blindness
Qther

Not applicabile

lirug

Indigenocus
Spiritual

Combined treatment
Un-treated
Unknown

Not appilicable

Cured
Continues
Expired
Unknown

Not applicable
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ARSTRAUT SUMMARY FOR ETHICAL REVIEW COMMITTEE

‘1. Description of the study

This study aims at evaluating whelher methods now
recommanded fto select ‘at risk’ malnourished children can be
improvsd or simplifiod. The growth chart recommended by UNICKEF
for that purpose raises many practical problems and arm
circunference mecsurements may be as effective al o much lower
cost,

This protoce] will‘take place near Chandpur in a <owmunity
where 1CPRR,B  has been monitoring growlh for several vears for
the needs of an olher oprotocel on rice based ORS. Arm
Circumference_énd weight of children will be measured every mont h
by cemmunity health workers (CHW) who already regulacly visit
avery household. At the end of the study, anthropometric
measurements of children whe died under the age of 5 and of those
whoe survived will be compared. The Eegt indicator of risk of
death will be determined by appropriate statisiical methods.

Health workers will be asked to inform methers ;0 they find
.thal their child is malnourished and will be trained to give
sound nutritional education to the families. If the condition of
a child is severe, the CHW will be asked to refer him to the

project physician.

2. No risk, physical or psychological will resuli from this

protocol.

a5
fan]



4, Children examined during this protocol will be identified by a

code number and anonymity will be protected dufing the analysis.
H-6. NA

7. Individual subjects examined during this protocol will benefit
from the presence of the project physician in case of disease. If
hospitalisation 1is .needed they will be referred to Chandpur or

ICDDR,B hospital with ICDDR,B transport,

-
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AUBGEY

ibased  on  the asuwmption that cost

shured by other protocols tuking

i. Persoane !

Besignatian Level /gtep

=
=

Frincipal
{avestigator

Ca—-investigator National B
Senior Health
Assistant 4710
Health Assistant 3710
L Porter 175
‘Security Guard /8
Priver A
Dlerk 2710
Toding Assisiant 3710
Boale epntry
technician ‘ 3710
Total
wmation for Znd vesr
% inecresse of loca!l salarjes}
Subtotal: 44 72
2. Supplies and Materisl
ox o e i AL .
Office stslionery
including paper, files, ete...

PTandies for childrenp

dsincoents {7 pleces:

bl

fmbrellas {15 pieces)

I3
A
e

pla

Mo
per

Sraer

of copRon services
¢ in Chandpur}

of X time
SCGHS .
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Carrying bag (10 pieces) 159

Diskettes of Microcomputer (10 pieces) a0

3. Equipment

Electronic scales (4 pieces) 2900
Measuring tapes (25 pieces) 245
4. Emergency Medicine 40
5. Ve%}cle Maintenance 15990

8. Transporﬁ

Field trips and back, 40km per day

310 days per year

(25 000 km)

7. Travel and transportation of persans
a. locsl

Dhaka-Matleb-Chandpur:

2 trips per month » 24 monhths
Chandpur~Matlab~Dhaka

2 trips per month x 24 sionths

each trip 20 US $ 200
per diem (200 days)

b. Intermational

1 international travel per vear. 5000

8. Transport of things 200

9. Hent, Communications, Utilities, Furniture

Office Rent for 24 months 758
Local communication: 200
Utilities 200
Gffice desk, table, chairs : 250

10, Computer services 500



11, Printing, RXeroxing, Publications _ 500

Total &4 374

Cverhesd {30%: ) 83 BR81
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