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,\USTRAcr In rural B:lI1gladcsh. a community-hascd 
wcaning intl'rvention uscd voluntecrs to tcach complcmentary 
t~edin(!. to families of 62 hreast-fed infants agcd 6-12 mo. Over 
S mo, tre:ltmcnt children gaincd on average 0.46 SO (=460 It) 
more in weigllt-for-agc (WAZ) than the 55 control suhjects, and 
WC're ~O. 5 kc'heavier at the finalmcasurc. The dinercnccs were 
sl:ltistically signiftc:mt (P < 0.00 I). The percent median weighi­
for-ag.c (WAPM) of treatment children held steady at 76'X- of 
the Natkll1al Center for Health Statistics' reference, whereas the 
WAPM of contlOl subjcr.ts dropped from 78% to 72%. The in­
crease in percentage points of severe malnutrition I,below :\ 
W AZ) was only 5');. in the treatment group comparcd with 26% 
in th~ control subjects. Treatment children consumed a signif­
icantly greater percent of their energy and protein requirements 
from complementary foods than did control subjects. The af­
fordahle com'plemet;tary foods consisted mainly ~f cereal por­
ridge \\;th oil and brown sugar. These lindings suggest that ed­
ucational interventions teaching families to feed hygienic, simple. 
cheap. energy-enriched complementary foods to breast-fed in­
fants after 5-6 mo can improve child growth. even under im­
poverished conditions. Am J Clill NUlr 1992:56:994-1003. 
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Introduction 

In Bangladesh. numerous obstacles impede achieving good 
child health. including extreme poverty, frequent natutal disas­
ters, a poorly functioning health infrastructure, poor sanitation. 
and low literacy. Childhood malnutrition and mortality rates 
arc among the highest in the world ( I ): an estimated nine million 
(56%) children aged < 5 yare chronically undernourished (2). 
I\s in other developing countries. Bangladeshi children gain 
weight well within the first few months after hirth. but hefore 
4-6 mo. weight gains falter relative to international standards 
12-4). One study documents that 9{)% of rural girls and boys arc 
helow the 5th percentile of the National Center for "ealth Sta­
tistics INCHS) reference standards hy ages Rand 15 010, re­
spectively IS). 

Some of the ,wowth deficit is likdy due to poor diets and 
fceding practices: Nearly 100'1;, III' newhorn infants in r ural areas 
all: hreast-fed. and hreast·fecdinl\ ('ontinucs throul,!h the second 
and into the third years of lill' (, I. I I"wever, undernourished 

Illothers produce insufficient quantities of hreast milk to n1l'~t 
thc needs of children aged> 4-6 mo (7. II). and eOlllplclllt'nlm, 
li.'cding. fails to make Ul' the nutricnt dclicit. Traditillflnll\'. 
Ban(lladeshi wOlllen do not persistently cnCOUT:lgc thcit infants 
to cal other foods until "'" 18-24 mo (9. 10: GS Guldan. unput-· 
lishcd ObSCT\':ltions. 1988). 

Mothers restrict complementary feeding hecause they hclicYc 
foods cause "stomach problems" (10. I I) and nrc:lUSC their hca\'y 
domestic work schedules limit feeding time. Relatively. exclush'c 
hreast-feeding may have evolved as protection against scvere 
cholera. which is endemic in Bangladesh (12). Infants thcmS('hc~ 
:11:<i0 limit food intake. possibly hccau:<ie of anorexia frolll infec· 
tions (13) and satiety from frequent suckling (GS Guldan. un· 
published observations. 1988). 

Small amounts of liquid and solid foods (milk. cereal. and 
tastes of the family food) are o/lered in the first ycar of life. 
although these rarely include vegetables. fish. and lentils. Sl'OlC 

evidence suggests that feeding practices favor males (2. 9. 14l: 
however. girls may be fed more complementary foods in the q­
I R-mo age range when cultural norms dictate that the hahy nnl 
yet receive the family diet (15). 

Exposure to education and information empowers a mother 
to maximize the resources around her for the health of her child 
(16. 17). But whether nutrition education alone can successfully 
improve children's diets under conditions or extreme povcny 
remains unclear. 
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Inlhe ..,rc~l'nt ~Iudy, nutrilion l11es~nlte~ \\'CI"(, de~it!ncd Ihr Ihe 
nnnlllBde~h Ruml At!\'nnl'Cl11l'lIt COllllllillcc's (BRAe) ('hild 
Sur\'ivnl Prtl(U1l1ll til cnl'IlUr.lt!e nl111pll'llIenlary t(-cdint! Ilrhrcasl­
fed illr:lllts aner at!e ~-6 mo. Initial tll'ld (lh~crvalions sUg(tested 
Ihal intilllt-rel"'<lint! ..,nlctkes or rural Illothers could hI." moditkd 

Ilhrllugh meSs.1gc disscl11inatinll hy using mlldelinF- tcl'lmiqlles. 
A rollow-up survcy in Mart'h I \)R/l l'olltirnll'd Ihc~c lil1(ling~ . 

lIowever, we tell it es-~IIlial til c\'alll:ltc Ihc impact of the eom· 
. plcmentury rceding mes.~ages on hoth thc :IlIcQII:lCY of the chil· 
I drcn 's nutrient intakes Ihull l'llnlplcl11entary 1(I(llls and the nu· 
llrition:11 status and growth of thc children. 

I Methods 

! in/l'rl'('lIIioll d('.~(I!II 
f From May through No~cn~tlCr 1987: B~AC and T~ln~ Uni­
: ~ity conducted a weantng IIIlerventlOn tn a rural slle tn the 

!i H:trirampur Up.1zilla of Bangladcsh. The intenl of the project 
i was to develop feasible messages, through community·based be· 
. havioral trials, ,to encourage rUlIlilies to reed complcmenlary 
; foods to their breast·fed infants. The procedures followed were­
dn accordance "'ith the guidelines oflhe Tuns University Human 
. Subjects Committee. 
, field trials are described in detail elsewhere (18, 19). Brieny. 

" 

eight village workers (VWs) w!:re hired rrom the local community 
by BRAe. Additional staff included a supervisor. all anthro­

I\pologist, and a nutritionist. The preliminary mes..~ges were de­
I veloped by the VWs and technical stalT and included in-home 
idemonstrations of snack-type recipes and instructions for en· 
iriching meals "'ith energy, protein. and other nutrients by adding 
10il. molasses. milk. fish. and lentil flour to foods or by olTering 
I vegetables or seasonal fruits. The messages also encouraged con­
;tinued breast-feeding in addition to frequent and persistent 
reeding of new foods. A message on hygiene discussed proper 

.rood storage and the need to wash hands and utensils adequately 
;before cooking and feeding. 
: The messages were then tested and revised. At the end of the 
;project, messages were synthesized and modified on the basis of 
'observations and outcomes during the intervention. The ap­
:proach to teaching was family oriented. involving the child's 
:mother, father. and grandmother. 
! 
iSampling 
I 
: We identified families in three villages, through a BRAC census 
.conducted in January 1987, with weaning-age children living 
:acar other families with children this age to whom they could 
disseminate the educational messages. Control mothers with 
,children in the same age ranges as the treatment mothers' were 
lrecruited from five villages. located"., I h by foot away rrom the 
;nearest intervention village, by using as a sampling frame a 
;BRAC baseline nutritional-statu~ survey conducted in January 

"

1987. After initial screening. 117 children (62 treatment, 55 
control subjects) were included in the ~ample. These children 
!Ilnged in age from 4 10 14 mo at haseline to 9 to 18 IlIO at the 
linal measurement. 

I "-
:00111 c,,/leclio/l alld .wrvc'.I ' ;/I.I'ln/IllC'/IIS 

: Baseline anthropometric. dietary, and S{)C;oct'onomic (SES) 
,dlta were collected on all sample households. :lIId anthropo-

! 
I 
I .. 

met lie, dictary, :lIId rhild-mllfhidity \lU!:1 were wllcl·tl'll nu.nthl), 
C~l'l'pl duling serious th'o<iinr. ill Aur.u~t and Selltcl1Ihn. Wei!!ht 
wa~ measured with a ..,ortahie' 25-kg dial scale. and ann circulll­
lerellCt' (AC) was lIIeasured with TALC (Teaching Aids at Low 
\osl: St AII"'IIS, llK) tape. Tht' child's 24-h Ihod rt'c:ll1 "':IS 

recorded 011 a pretested instrument l'olltaillillg comlllon 
Ilnnr.ladeshi !"ods (20. ::! I). Workcn; wert' tmined in anthm­
pOllletry hy usin(!. methods devciopcd hy Zerfas (22) and in di ­
ctary·recall t('('hniQues hy using a 24-h illstrulllcnt dc\'cloped hy 
Zeitlin et al (::!O). Child-morhidity data consisted of lIIothcr's 
monthly recall orthe type of ill ness :lIId thc approximate nl1lnhcr 
of days durin~ thc monlh Ihat the child wa:o; sick. 

/Jala mlCll.I ·Ji.~ alld I'Clriah/(' cmlJlrrtclitlll 

The impact of cuch education program wa:o; e\'aluated ha~ed 
on chan~es in pre- and posteducation indicators ror dietary ad­
equacy and nutritional status, aner haseline dilTerences between 
treatment and control groups were adjusted for. 

The children's weights, convened to Z scores (W AZ) according 
to the NCBS and World Health Organization (WHO) standards 
ror age and sex (:!3), were used for statistical comparisons. Actual 
weights and percent of reference median weight-for.age (W A PM I 
according to the same standards were displaYl!d for descripth"c 
purposes. Because adequate standards were not available for AC 
or children aged < I y, raw values were used and the age and 
sell of the children were controlled for in the analyses. The base­
line anthropometric variables were taken as the first measure­
ment available during the May-July recruitment. For the final 
variables. the last measurement available during the months of 
October and November was used. 

Infant intakes of energy. protein, fat. vitamin A. and iron 
from complemenlary foods were computed from 24-h dietary 
recalls by using Bangladesh food-composition tables (24) and 
US Department of Agriculture tables (25). Because all sample 
infants were breast-feeding throughout the study and test weigh­
ings for breast milk output were not feasible, the quantity of 
breast milk consumed at each age was estimaled from research 
on a comparable Bangladeshi sample (7. 8). 

Energy requirements per kilogram of body weight ror infants 
uged 0-12 mo were derived from the FAO/WHO/UNU equation 

kcal . kg-' . d-' '" [( 123 - 8.9(age» + 0.59(age)2] X 1.05 

For children aged 12-24 mo, the estimated daily requirement 
was 440 kJ/kg (105 kcal/kg) (26). FAO/WHO/UNU protein 
requirements were al~o based on the child's age in months (26). 
with an extrd 50% added to this requirement in graduated in­
crements ror children aged> 3 mo (27; NS Scrimshaw. MIT. 
UNU, personal communication. 1989) to compensate for high 
inrec-tion rates. The resulting safe protein requirement ranged 
from 2.3 g/kg for newborns to 1.7 g/kg for children 24 mo old . 
The protein content of non animal food!'; was adjusted ror quality. 
assuming 85% digestibility and a 75% amino acid score (26). 

Because most of the village children weighed far les-<; than the 
international norm, estimate!'; of daily maintenance requirements 
for energy and protein, as described above. probahly would he 
insullicient for catch-up growth or to meet the additional re­
quirements associatcd with frequent infections. Therefore . ideal 
requirements were also determined hy using the NCIIS fIlediall 
weight for the child's chronological age and sex (2.1) in!';lead or 
al·tual weights (24 J. 
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The child .. en·~ daily iron rcquiremcnt rnnSl'd rrom ~ to q mg, 
depending on age. The vitAmin A requirement \\1m. c~timAtl'd at 
300 ~g RE for childrcn ased < 12 mo and 250 ~Ig for childrcn 
ased > 12 mo (28). 

Pre- and po~tintervention variahle~ were created for all the 
nhove nutrient Rdl'quncie~, h(lth with and without estim:lIc~ of 
hreast milk intnke. Thc bAselinc dietary varinhle~ were taken as 
the fina 24-h recall availahle, and the final l11easu~ were erented "y avcrailing thc finol three 24-h reeall1i. 

For analysis, the mother's monthly rec:lIl of the child's iIInes~ 
was Ltrouped into i) gastrointestinal illness (diarrhea. dysentery, 
\'omiting), 2) respiratory and oral infections (cold, cough, throat 
or mouth infections), J) fever, 4) measles. and 5) other (skin or 
C'yC' infections and other minor illness). When all thc available 
observations for eoch child were combined, the mean percent 
of days per month the child was sick with the illness category 
was computed and used to control for the effects of morbidity 
on child LtTVwth. 

SES indidttors collected at baseline included C'ducation and 
literacy of household members, occupation. housing type, 
amount ofland, solvency, source of drinking water. latrine type. 
and possessions. Scales for household possessions or traditional 
wealth, agricultural possessions or agricultural wealth. and 
moderni7.ation and education were created for each household. 
Acceptable internal consistencies of the scales were confirmed 

TABLE I 
Characteristics of sample children and their families 

Treatment Control 
(n = 62) (n = 55) 

Child 's age (mo) 
Baseline 8.1 :!: 1.8· 8.2:!: 2.5 
Final 12.9:!: 1.8 13.0 ± 2.0 

Mother's age (y) 27.5 ± 6.5 27.9 ± 6.5 
Household members 7.4 :!: 3.0 5.5 :!: 2.lt 
Mother's number of children 3.0:!: 1.8 2.8:!: t.5 
Mother's education (%) 

None 92 84 
Some primary 3 2 
Completed primary 3 9 
Some secondary 2 5 

Religion (%) 
Moslem 94 531; 
Hindu 6§ 47*§ 

Owns house and lot (%) 98 641; 
Landless (%) 47 91* 
Tubewell water source (%) 100 98 
Bamboo, non pit latrine (%) 94 93 
Major source of income (%) 

Farming 34 78 
Agricultural/skilled labor 21 20 
Government service II nn 
Business 16 208 
Other 18 31n 

\ 
.; ± SO. 
t Significantly dillerent fmm treatment, 1'« 0.001 (t test). 
U Significantly dilTerent from treatment, (chi-square test): *P < 0.00 I, 

li/'« 0.05. 
§ Significantly difrerent from Moslems, I' < 0.1)01 (chi-square test). 

328 

" 
W 
A 
Z 

8 
• I 
0 
w 

3 

40" 

30" 

20" 

\0 .. 

0 .. 
a.'or. Education 

May-Juty 
Oct-NOY 

FIG I. Percent of children"lle\'erely malnouri~hed [\\'cild\l·fnr-a~ 1 
~ores(WAZ) < -31 before and after weaning food educ:llion. Forrontrol 
subjects (0) the increase in percent of severely malnourished childrrn is 
statistically significant, when:as the increase for treatmcnt children (., 
is not. 

hy using SPSSX's Reliability Program ~;th Cronbach 's Alpha 
(SPSSX, Inc, Chicago). Characteristics of ~mple children and 
their families are presented in Table I. 

Statistical methods 

The impact of the education intervention was determined by 
examining the differences in the baseline and endpoint variables 
with analysis of covariance (ANCOV A). Adjusted mean values 
for treatment and control groups were calculated for anthro­
pometric and dietary variables. with wealth. mother's education. 
morbidity. child age and sex. mother's age. and baseline nutri· 
tional status or nutrient intake controlled for. I tests were used 
to determine group differences in morbidity. The McNemar 
nonparametric test for changes from pre- to postintervention 
was used to determine the significance of the change in the num· 
ber of severely undetnourished children in each group. Statistical 
significance was defined as P < 0.05. 

Results 

Changes in nltlritional status 

We defined severe malnutrition by using the United Nations 
Children's Fund (UNICEF) cutoff of 3 SD below the interna· 
tional reference for the child's weight-for-age and sex (29). Figun 
1 shows that the percent of severely malnourished children ir 
the control group increased significantly (P < 0.00 I) over the 
study period. whereas the increase was not significant ror treat · 
ment children (P = 0.508). 

WA"b!. before and after treatment are presented in Table 2, 
The adjusted mean baseline W AZ was similar for control anc 
treatment children (-1.94 vs -2. I I); the average child was al 
ready moderately malnourished when recruited. The adjustc( 
final mean W AZ of the treatment group was 0.46 SO greatt ' 
than that of control subjects, indicating that treatment childrc: 
were nearly 0.5 kg heavier than control children at the rln: 
measurement. The adju5ted change in W AZ was also 5iRnif 
cantly diITerent ror the two grou..,~ (/' -< 0 .0(1). Treatment ch i' 
dren grew 0.46 SO more than the control group, which trans/ate 
to an improvement of =460 ~ over 'i mo. 



EVALUATION OF WEANING EDUCATION 997 

TAIILE 2 
Adjusted nleRn weight-for-Rge' 7. ~cor('~ (W AZl f(Ir wt":tninll-nlle 
children befon: Rnd aOer nutrition educntion" 

nn~dinet Final 

WAZ 
Tn:atment (II e 62) -2.1 I -2.22 
Control (II - ~~) -1.94 -2.68 

F for m:tin effects 0 .97 22.10* 
Rl 0.39 0.77 
Ffor modd 14.25* 45.44* 
F for covariate!' 17.~7t 48.77* 

Paseline W AZ 239.33* 
Child's alte 52.2St 9.30§ 
Child's sex 3.27 
Modern/educ:llion 8.80§ 
Agricultural wealth 0 .04 4.64& 
Diarrhea 20.30t 
Respiratory illness S.22§ 
Mother's edul:jllion 3.02 
Child's final food energy 0.18 

Chanlle 

-0.19 
-0.65 
22. lOt 
0.57 

17.96* 
17.37t 
18.81* 
9.30§ . 

4.64. 
20.30t 

8.22§ 
3.02 
0.18 

• Means adjusted by analysis of covariance for significant covariates 
Ind potential ronfounding variables (as listed abo\'e). 

t Measurements taken between May and July Vlith mean ages of 8. I 
Inti 8.2 mo for treatment and control children. respectively: final mea­
surements taken between October anrl November with mean ages of 
12.9 and 12.0 mo for treatment and rontrol children. respectively. 

* P < 0.001. 
§ P < 0.01. 
I P < 0.05. 

Figure 2 illustrates the actual weight gain for treatment and 
control children relative to the cutoff for moderate malnutrition 
(2 SO below the reference). These gains represent 89% and 63%, 

respectively, of expected growth for children in this age range 
growing 2 SD below the median of international standards (26). 

The unadjusted values for WAPM are presented in Figure 3. 
Adjusted figures were similar. Although the W APM of treatment 
children held steady at 76%, that of the control subjects dropped 
from 78% to 72%. 

8 
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FIG 2. Weight8llin in children when family memben receive weaning 
rood education relative to the - 2 Sf) reference (-) fm moderate mal­
nutrition. Although neither trealment (0) nor control (6) children con­
linue tu Irad: parallel to the - 2 SD curve. control children gained sig­
nificantly less weight than did treatment children. 
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FIG 3. Weight adequacy (% of reference median \vei~ht-for-age 
(WAPM») in children when family members receive weaning food ed­
ucation. Although the WArM of treatment children (_) held steady. it 
dropped in control children (0). 

AC data are pres!:nted in Table ~. There were no differences 
between the AC of treatmr-nt and control children at baseline. 
However, at the final measure, AC was sil!nificantly larger for 
treatment children than for control children. as was the change, 
showing an increase over the study period of 0.8 em compared 
with only 0.3 em in control children. 

The average number of days per month that children were 
sick with each type of illness was similar for treatment and control 
groups, except that skin diseases were more common (P = 0.008) 

TABLE 3 
Adjusted mean arm circumference (AC) for weaning-age children 
before and after nutrition education· 

Baselinet Final Change 

AC(cm) 
Treatment (n E 62) 13.1 13.8 0.7 
Control (n E 39) 12.9 13.3 0.4 

F for main effects 0.11 6.56t 6.56* 
RZ 0.08 0.48 0 .24 
Ffor model 1.29 8.45§ 2.°1 n 
F for covariates 1.53 8.66§ 2.50* 

Baseline AC 61.31§ 18.06§ 
Child's age 3.97* 0.15 O.IS 
Child's sex 2.31 0.23 0.23 
Traditional wealth 0.84 0 .30 0.00 
Agricultural wealth 0.00 O.QI O.QI 
Diarrhea 0.71 0.71 
Respiratory illness 0.01 O.QI 
Mother's education 0.09 0.92 0.92 
Child's final food energy 0.87 0.87 

• Means adjusted by analysis of covariance for significant covariate~ 
and potential confounding variables (as Ii~ted above). 

t Measurements taken between May and July with mean ages of R.I 
and 9.9 mo for treatment and control children, rCllpectively; flOal mea ­
surements taken between October and November with mean IIRCS of 
12.9 lind 13.6 mo for treatment and control children, respectively . 

t P < O.OS . 
§ P < 0 .001. 
RP<O.OI. 
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... /\ II I.E 4 
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• Means anjuslrd hy anal)'si~ or co"nri.nre (or sil!"ifimnt ("(Ivariates and I"'lenli.1 
con(oundin~ ''aria Mrs (as liSied 000\'('1. Ide. I ene1JY "'Qui",m('nl ha...,d on inler­
national n:(en:nce median wri,ln (nr child', ntte .nd ",x: adiusted me'lns are e.­
~ a. a ren:ent of Ihis "'Quin:ment. R=st milk quantities at each altr estim'led 
(rom re!e3"''' on a comparable Banttladeshi sample (II. 91-

t Ba.<elinr measun:ment, taken helwern May and July' wilh mean ages of 8. 1 
and 11.2 mo (or Irealmenl and conlrol childn:n. n:sl\Ccli,..,h·: final measun:mcnl. 
laken hel""f!e~ Ocloher and Novemher wilh mc:Jn al!es n'-12.0 and 12.0 mn (nr 
lrealmenl and control children. re.pcelivcly. 

*P<O.OOI. 
§ P < 0.05. 
I P<O.OI. 

in the treatment children . More than half the $:Imple children 
had at least one episode of diarrhea, respiratOr)' illness, or fever 
during the 5 mo observed: children were sick an average of 6-
7% of the days per month (or 1.5-2 dlmol with each illness. 
Illness rates exhibited 5easonal trends. Reported diarrheal epi­
sodes were highest during the hot, dry months at the beginning 
of the study and through the rainy sca.~on_ encompassing May 
through September. Severe floods. which prevented data collec­
tion during the middle of the study period. and the limited. ~n­

sitivity of the monthly recall reduced nllr ability 10 determine 
whether diarrheal rates increased with complementar)' feedings, 

lJie/ar.l' adC'qllac)' 

Table 4 summarizes the energy adequacies of the children's 
diets relative to ideal requirements. Percent energy adequacy 
was calculated by u5ing intake5 from complementary foods only 
and from both complementary foods and hrcast milk (estimate5). 
All sample children were hreast-reeding throughout the study. 
In addition. at baseline nearly three-fourths IM!'3':, treatment, 73% 
control sut.jet.'{s) were eating other r()Ods, which provided ~2()% 
orlolal energy. At the /inlll measUI'emenl. all treatment children 
and 86''', of conlrol childn'n were con~lImjng complementary 
fuods. 

Although the cnngy adequacy of /i)()d a/onc decreasl".(/ from 
Ihe initial measun.'menl in l:ontr,,1 children. it increased in Ihe 
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I l"e:1III1cnt group. I h,wc\'t'r, tht' cxtra I<lod COIISUUll'tI fly Ihr 
tl"eatmt'nl rhildren did nol t'()l1IllCn~atc lill· the ~fIll\'inll t'hillh'('n'~ 
inerc.,~ed energy requirement :lIId (e~till1atcd) tknea~ed hn':t~1 
milk intake. Therefore, thr encrgy ndeQIIllcy of thc diet, inclllllinl! 
hn.':I~t milk, dccreast'll lilr hoth p.roll/lS ovcr thl' sludy fl\'rind . 
The (kclint' was less for trc:lImenl than lor cOlltrol children, and 
thr :Idjusted lotal idrlll rne'l!Y adcqull<'y of thc diel (inchldin~ 
hrea~1 milk) wns signilkantly greatcr (I' < O.()O t) :tlkr Ihe in· 
lervention for lreatment children than allcr that for control filii· 
dren (56'11- \'s 47% of ideal). f"indings we're similar when m:linl('· 
nllncc requirements wcn: used (dalll not shown). AI tht' final 
measurement, trenlment children wrn: con~lIming .", Jllf, 
kJ . kg~' . d ' I (73 keal· kr;' 'd~') and Ihe control .children on" 
27'1 k.l· kg I. d " (65 kcal· kg· d' I), including hremll milk rSli. 
l11:ttrs. 

As illustrated in Tnble 5, t1:lscline prolein intakes were simil:!! 
for I-oth trealment nnd control groups. whereas adjusted final 
protein adequacy from complementary food wm; significanll\' 
grenter for the Ireatment group. Although the protein adcquaCl' 
provided by complcmentary food increascd in Ihe trealmenl 
group from initial 10 final recall. il declined for the conlrol grollp. 
reflecting the differences in wenning foods traditionally olTeml 
10 younger rather thnn older children. f"emalc children fared 
better than males in the prolein adequacy of their diets . 

TABLE 5 
Adjusled mean ideal protein :Idcquacy of diets for wc:lning-age 
children before and aner nutrition education* 

Proldn adequacy ('l> of 
ideal "'Quiremenls) 

Trealment (II = 62) 
Conlrolln - 55) 

/: for main effect. 
R' 
/' lor model 
I' for covariales 

Child baseline (ood 
prolein 

Child ba...,line lola I 
prolein 

Child's a&e 
Child's SCI 

Tradilional weallh 
Agricullural WC:lllh 
Diarrhea 
RMpiralnry iIIMSS 
Mulher". edumlinn 

Food 
only 

19.8 
15.4 
0 .72 
0.2 1 

4.73* 
5.54* 

0.09 
11114 
0 .01 
1.44 

25.JRt 

Food and 
breast milk 

53.5 
50.6 
0.31 
0.17 

6.75* 
8.04* 

7.24§ 
0.24 
0.00 
0.9<1 

2(,.74t 

rood 
only 

20.1 
11.2 
21 .~4* 
0.40 
7.li2t 
5.98* 

7.50§ 

4.491 
4./1(,1 
I II!) 

13.92* 
. 3.64 

11.1111 
7.ft1§ 

Fin~1 

Food and 
I>n:a51 mill 

4(..1 

38.2 
2\1.0RI 
0,411 
8./1111 
6.4'11 

5.f>MI 
I . ~(' 

9 . ?1~ 

I.ft .l 

13..1'11 
HI(, 
(1.1(, 

IfI ,47l 

• M .... ns adju~lcd hy analysis o( covuri"n~ (or sillnilicanl CClV.ri'I~ ant! p"Irnh,1 
confClundinll variahles las li.led ahovel. Ideal prulein retluiremenl hased tin inlrr 
national reference median weigh I (or child'. ate and sr. : adju!ilcd m .... ns orr r' · 
pres1W as a per~nl uf Ihis n:quiremenl. 8rcast milk "uanlili~ al cad, ."" rsli.nft.ol 
from rescorch on a comparahle llan~l.deshi ",mpl. IP. , 9). 

t Measurem"nls I.ken hel~.n May and July ",ilh n.ean a~c. III H, I .",1 ~ : 
,nn rur lr~:.trnc:nl ant.l control ('hildtcn. ,rspttlivny: lim.1 rnl':I~UH' nt('nfc, taLcf1 

I~t~c:n Oc:tuh~r nnd Novcmhcr with nu.:an :.v"n 01 12.C} and J 2.U nUl rn. IU':"lI1nll 

;tnd (:unlrol thildrtn. respt:Clivcly. 
t /' -: 0 ./1111. 
§ /' " IUtI. 
1/" (I.II~ . 
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FIG 4. ('on~lI111plion of sekclcd fonds hy wcaninp.-ap.c children (I :1.0 
± 1.<1 m():.\'::t SD) nller fnmily IIlcml1crs received wcanin{! f(l(xI rouraliun. 
Tre:lfmc-nt children (0) consllmrd significanlly morc animal prooucts. 
fruits and \'~tahlcs. and oils limn did control children (6). 

As with t;nergy. the protein adequacy of the total diet (f<.lod 
and brca~t milk cstimates) declined in both group~ becau~e of 
the decrea~ in (estimated) breast milk Quantity as the child grew 
older. However. the adJusted protein adequacy of the diet. in­
cluding bn:ast milk and food. was significantly (P < 0.00 I) greater 
after the intervention for trealll1ent children than after that fN 
control children (46% \'s 38%. respectively. of ideal require­
ments) . Similar findings were obtained when maintenance pro­
tein requirements were used (data not shown). 

Converted to grams per kilogram per day for descriptive pur­
poses. the final protein intake was 1.39 g/kg for treatment chil­
dren and I . I:! g/kg for control children. The trend is similar for 
treatment and control children with or without breast milk es­
timates. \\;th treatment children increasing their daily total pro­
lein intake (from 9.9 to 10.4 g, including breastmilk). and 
control children actually decreasing their consumption (from 
9.2 to 8.2 g). 

The percent of good quality protein (ie. that from animal 
rather than plant sources) in the complementary food decreased 
from initial to final measurements. primarily because of reduced 
cow or goat milk consumption as growing children made a tran­
sition from a liquid diet to the grain-hased family diet. The de­
crease was less for the treatment group, and the final contribution 
of good-quality protein was significantly higher (P = 0.008) for 
treated children than for control children (30% vs 22% of the 
total protein. respectively). The quality of the protein consumed 
was unaffected by the children's sex . 

Although a greater percent or treatment children consumed 
foods Ii'om all food groups at the fmal measurement. the higgest 
differences compared with control children were in the percent 
eating f.sh . vegetables, and oil (FiJ.! 4). The percent or comple­
mentary food energy provided hy fat declined in both groups, 
2lthough the decrease was more marked in the control group 
(from 20'", to 9% of energy) than in treatment children (from 
17% to 14'?.). who received inl:lI1t foods with added oil. The 
percent of energy from protein remained the same in the treated 
,roup I II '''.J hut declined frOlI! II % 10 \)% in the control group. 
When breasl milk e~tiIlHJle~ were added . the proportions of tot a! 
ellergy dtrived li'om carhohydrate. protcin. and fat for hOlh 
,rour}~ changed VCI Y lillk fwm pre- to postmeasurelllcnts, av-
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('raging 57% earhohyclrnte. 7-R% protein, and .l~ -:'(i"i . fht at tl1(' 
IInal me.mlremen\. 

,N\l silmilicant dillcrences were nOle(\ hetwccn Iltl' Ir(,:1lmcl1l 
:1Ilt! control groups for vitom in A nnd iron ndcQml('Y of thc diets . 
FiRllrl' 5 compares the rellllivc nUlrient :ulcQuacies (on Ihc hasi s 
of needs f(1r maintennnee growth) with food :\I1d hrea~1 milk li,.­
energy. plutein. vilnmin A, and iron, avcmging hOlh I.lrollps over 
:111 ohser":lIions. Breast milk continues t(1 contrihutc thc greatest 
shnre of all nutrients for children aged < 2 y. 

l>i!icllssion 

The results of this stu~y sU&l!-est that cultur:1l1y appropriate 
nutrition mes''k1ges can change infnnt-feeding practices. thereby 
improving child growth. Increased consumption of hygienically 
prep.'1red. energy-enriched weaning food~ aner age 5-6 mo helped 
10 prevent further deviation from reference growth standards. 
even if the supplement contained little or no al1il11al protein. 

Growlh c:(Tc'cIs 

Our findings suggest that in an impoverished setting sueh as 
Bangladesh. weaning food education. given without addressing 
economic. environmental, politic.'I1. and social harriers. may 
soften the sharp deterioration in nutritional status seen from 
ages 4-6 mo to 2 y. but may not promote catch-up growth to 
international norms unless the socioeconomic conditions are 
improved. 

The size and nature of the growth effects ohserved in this 
study (Table 2. Fig 2) are similar to findings from other countries. 
where nutrition education was conducted in isolation from other 
interventions (30-33). A follow-up evaluation in Indonesia I y 
after implementing a nutrition-education program found that 
program children grew better than nonprogram children after 
age 5 mo: at 24 mo, program children were I kg heavier. or 0.5 
SO greater in weight and length than were nonprogram children 
(30). However. a positive association was not found for length­
for-age in Indonesia (31) or in Upper Volta (33). 

In the present study, comparison of the AC measurements 
between the groups led to the same conclusions as when WAZ 
was used as an indicator. AC is strongly related to weight-for-
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FIG S. Nutrient adequacy offmxl (0) and hre:lsl m ilk (., in diets or 

weaning age children in nanglnd,'sh, hased on mainlenance growlh: 
munthly averages fmm May.o Nov or 132 children aged 7-20",0 (I r.o 
:i 2.0,}). 
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length . but its weak nswciation \\'ith total hody knp.th l'uJ!.l!.r~ts 
that itlllcasures wasting (34) . Nutrition intC1'\'cnti(lnll in sllllltcd 
ch ild populations with norlllal or high wcip,ht-for-Icn[l.th. /01' ex­
ample INCAP's supplementation ~tlldies. have found no impact 
on wasting indicut(lrs (wcight -fbr-lenl!-th. AC) hut have found a 
111:1.;or impact on ~tunting (35). Weight-for-age. which \\'al' ul'ed 
IIS:\I1 indicator in this study. can reOcct hoth stuntinll- and wlIsting. 
and its Ul'C docs not allow us to dctcrm ine which indicator was 
most influcnced. Howevcr. thc consistcney of thc weill-ht-for­
all-c results with AC sUSlZest~ an impact on wllsting. f'urthcr study 
is warrnlllcd on thc cflect of wcaninl!- food suppkl11cntation on 
stunting. 

Sip.nific:tnt sex diflercnees in growth or fcmale discrimination 
in complementary fceding were not ohserved in this study. Others 
(2. 9. 14) have reported sex hiases in feeding and highcr mal­
nutrition rates in female Bangladcshi children. Some have lIug­
gested that sex differentials may bc more predominant aner age 
18 mo. and the younger age of our study children may account 
fo, the d{screpancy in findings. Observations from the previous 
year su~est that mothers introduced food significantly earlier 
to girls. renecting a less strict following of taboos to earlier feeding 
( 15) that may positively affect female infants' !!ro\\1h. counter­
balancing other negative practices (such as less medical atten­
tion). 

Energy and prolein adeql(a(l' 

These findings suggest that the intervention successfully en­
couraged families to feed more (volume and variety) comple­
mentaT)' ,foods to their infants. A study of rural Bangladeshi 
children aged 5-30 mo. which measured complementary-food 
intakes and used test weighings to determine breast milk intakes. 
found that total energy and protein intakes a veraged 264-297 
kJ/kg (63-71 kcal/kg) and 1.2-1.5 g. kg-I. d- I. respectively (7). 
Our results are consistent with these findings. with the treatment­
group means exceeding the values on the higher end and those 
of the control group on the lower end of the range. 

Another study in Bangladesh reported that intakes of 362.2 
kJ/kg (86.5 kcal/kg) and 1.48 g protein· kg-I . d- I in infants aged 
< 9 mo were associated with weight gain comparable to the ref­
erence population. but did not permit recovery from existing 
relative weight deficits (3). Our study sample was somewhat older. 
thus the requirement per kilogram might be slightly less. Still. 
these data support our finding that intakes of ~ 306 kJ . kg-I. d - I 

(73 kcal· kg- I . d · l
) and 1.39 g protein · kg- I . d- I for treatment 

children were not Quite sufficient to maintain normal growth 
rates. resulting in a slight decline in weight-for-age relative to 
standards (-0. 19 in W AZ over 5 mo). Although treatment chil­
dren consumed significantly more energy and protein from 
complementary food than did control children. and had better 
weight gains. the energy intakc of the children. as measured, 
was not sutistically significant in predicting their change in 
weight in individual-level analyses. This may be because energy 
and protein intakes had high vllTiahility and breast milk intakes 
were unk'!.own and likely varicd considerably in individual chil-
dren . " 

Did increased consumption of complement:Jry food decrease 
hreast milk intake'! Because measuring brcast lIIilk outputs would 
have interfered with the purpose or our project. we used the best 
availahle estimates. Other studies suggeM that children who CIIII ­

sume the most complementary rood arc likely to decrease their 
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hrcn~t milk intake ~ol1\ewhat (36-3Q). I 100v('\,er. hecau~(' !!r(l\\'th 
mtes were heller nvernll ror trented ehildr'Cn. it is unlikel)' the 
complementary fond suhstitutcd detrimentally for hreast milk . 
Studies of hrcmit Illilk outputs in developing countries. wheft 
inlllllts suckle freC\ucnlly. ~upport this hypothesis (JR. 40. 41). 
Ohscrvationnl data in Ilan/tlndcsh sug(test that oldcr inr.'tnts and 
you"ng children who consume 11101'(' complementary rood in ad· 
dition to hreast milk (trow heller. dcspitc nn increase in di:1TThcn 
Ihnn do those solely breast fed (K I1rown. persol1:ll communi 
cation. 19R9). Moreover. l'C!iC3rch in India suggests that althollg! 
the casc rate of dinrrhca increnses with the introduction of com 
plementary foods in exclusively breast-fed infants (42). the deat 
mte is lowcr (43). 

Breast milk intakes esthnated hy test weighing from othc 
studies in Banglndesh where children consumed complementar 
food lIuggest that intake declines from 632 g/d in thc first yc: 
of lire to 563 g/d in children aged 12-17 mo (7), amounting ' 
~ 16R kJ (40 kcnO and 0.69 g protein/d. In our sample. trealmc: 
children increased their intake of complementnT)' rood frn ' 
haseline (mean age 8 mo) to finnl (mean age 13 mol measur 
ments by 272 kJ/d (65 kcal/d) which exceeds the (estimate 
dccrease rrom breast milk . Control'children only consumed 
kJ/d (9 kcal/d) more at final mcasurement than at haseline. r~ 
ing to compensate for the (estimated) decline in hreast m' 
energy. The daily prote-in intake increased in treatment ehildr 
hy I g. which offsets the (estimated) loss from breast milk. c' 
after protein quality was adjusted for. Control children. howe' 
consumed less protein from complementaT)' rood at the fl " 
measure than at baseline (decrease of 0.55 g). 

We round that althoug.h mothers 'were willing 10 give ti 

children surch-based weaning foods. they were reluctant to f: 
them foods that incorporated animal products, reportedly 
cause or cost. If breast milk still constituted 75% of the die' 
energy content at the final measure. the ratio or good Qualit 
poor Quality protein was still high. although the total arne 
of all nutrients was inadequate. Although encouraging th~ 
of " energy-rich. protein-poor" complementary foods in brr 
red infants is not ideal. it is potentially more beneficiai thn 
recommending roods that families cannot afford to provide d. 
1 hese findings should not be extrapolated to weaning food m 
from cassava. which provides < I % of energy from protein ( 

W(!(zning:fnod contamination 

Bacterial contamination of weaning roods is a concern 
tropical environment with poor sanitation and hygil!ne all 
refrigeration (45 , 46; GS Guldan. unpublishe-d obser\':1t · 
1988). Howe\'cr. we found no differences in diarrheal preval 
rates between treatment and control children. Findings fro ll 
previous year suggest that diarrhea is more strongly assOl': 
with the child's contact with ground contaminants than 
the quantity of rond ingested . Unfortunately, limitations i 
monthly morhidity data prevent our determining whet he 
crcased intake or complemcnt:lry food led to increased diar 
Other studies suggest that mild diarrhea is more comnl' 
children eating more c()mplemrnlarj' food (47). Howe\'c 
cause diarrhea is negatively related to growth outcorne~ 

treatment children. on average. had greater weight gaiT!' 
changes in AC than did control children. il is unlikely tha t 
rheal losses were greater for treatment children. 
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Cholera i~ l'ndl'l11ic in nalt(!.lndellh. alld resl'arrh hl\~ showlt 
Ihal l'xclusi\'l' hren~l-fccdilt(! completely proll'cts allnin~t sl'verl' 
dlolcm (I ~). Therefore, food heliefs prohihitill(!. mothl'rs from 
fccdilt~ ~illltificnnt quantitic~ of complementary foods to yoult(!. 
infants could h:\\'e protected them. hilltorically. from chokra. A 
rrolective <.'m~cl i~ still ("videltt in children up to :10 mo or a(!.(" 
(12). Durin(! cholera epidemic~. complementary fC'Cding nmy 
incren~c thl' child'~ risk of contmcting cholera and mes.'I:I(!.("$ that 
encoum(!.l' complementary feeding should he evalualcd e:lrefully. 

MC'sS(1J!C's 

Field ot~rvalions suggested, and our analysis con finned, that 
many mothers heeded the feeding messages, although the extent 
and frequency varied. A follow-up survey conducted by a sep­
arate research staff in March 1988 revealed tha.t the mesl!3ges 
were still persuasive and memorable (48). Mothers in the treat­
ment group offered more traditionally fed foods, fceding their 
infants more energetically and frequently. They were also willing 
10 add smal1 amounts of oil. fish. and vegetables or fruit to the 
child's diet. :Uthough cultural beliefs restrict these foods (except 
fruit) for children this age (10. 18). Because mothers perceived 
these feedings as snacks (ie. foods that "didn't count"). weaning 
messages did not challenge mealtime taboos. In addition. if a 
mother had evidence that adding a food improved her child's 
health. she \\Ias often willing to overcome her stated feeding 
belief. 

The most popular and most frequently implemented messages 
were those requiring little time and money. whereas those meet­
ing the most resistance were more expensive and required more 
preparation. nor example, after education. > 30% of the treat­
ment mothers added a small spoon of oil to the child's food. 
although a dish made up of rice, vegetables. oil. and fish. egg, 
and milk, which took 30-45 min to cook, .... 'as much less popular. 

Most mothers were unwilling or unable to cook separately ror 
the baby on a daily basis. One transitional rood encouraged in 
the messages, chop chop, was rrequently offered because it re­
quired little preparation time and used ingredients that were 
often readily available-wheat nour, brown sugar, and oil. Still, 
mothers were reluctant to prepare this rood more than once a 
day. Storage or the mixture for any period of time could breed 
potentially harmful microorganisms. contributing to diarrhea 
(45.46). To reduce the potential dangers or rood contamination, 
luidance on sanitary food preparation, reeding. and storage was 
provided with the other messages. 

Food refusal and mo,.bidit), 

One or the most common reasons reported ror not giving 
more complementary rood was because "the child rerused." The 
reality of child development. unrortunately, is that no matter 
bow nutritious, tasty. and appropriate a rood, one can never 
JUarantee a child will eat it. 

Although normal inleractive feeding behaviors have been ob­
lerved between Bangladeshi infants and mother.; (49; in addition 
10 informal field observations during this study), the reasons 
why the children do not demand and consume ~umcient food 
10 sustain normal growth. as healthy children are expected to 
do, remains unclear. Caretaker inallentiveness to feeding, as well 
as frequent acute infections, chronic illnesses. and malnutrition 
~n the child, may account for a portion of the energy deficil (50,. 

. ,. 
I 333 

5c\'rr:l1 rcp0l1!1 indicnte thut on lIkk d:lY~. l'hildl'~n in (\rvl'i 
npin(! cOllntrie~ con~umc ~ 20- :\()'lI, less l'ncr~y !i'om l'olllpir 
llIentnry food (I J. 50. 51). althoullh inlakes orbrc:l~1 milk nHI\ 
not chnnllc (51). The decrealle in cOlllplclIlcnt:lry rceding i~ 110'( 

ovcl'('oml' hy intensive educational l'llorts to rnCOllr:lgc fccdin!! 
(11). In Bnnglade!lh. cultural helicr. .. nholl\ withholdinl! food dur­
ing illness cltaccrhate the energy dcficit. widcninl.lthc gap Ix'(wecl1 
expected and actual growth. In Columbia. LUller rl nl (52) found 
that the negative effects of diarrhea on attaincd stalllre al age 
16 IlIO were not observed in children .givcn a nUllilional sup­
plemcnt from birth. 

High morbidity, with its increased metaholic costs and nl1-
orexia. limits the potential success of nutrition-education mes­
sages in improving child g(owth (53). Programs to prevent and 
control infections in young children are likely to create a 1110re 
positive feeding environment, resulting in beller food intakes. 
improved growth. and more effective comrliance with nutrition 
education. 

ConcillJion.~ 

This project was designed to develop and test nutrition mes­
sages "ith the potential for behavior change and for a positive 
impact on child health, given the many existing constraints in 
rural Bangladesh. The trials occurred during the seasons orpoor 
growth and high morbidity (7). with extreme nooding super­
imposed on already difficult conditions. Given these limitations. 
it is remarkable that any dilferences were detected between the 
treated and control groups. 

We conclude that nutrition education can play an important 
role in the health or the weaning-age child. The results suggest 
that if appropriate messages are marketed through appropriate 
channels. changes in inrant-feeding practices resulting in im­
proved infant growth are possible. despite impover;shed con­
ditions. Families should be encouraged to reed hygienic. cheap. 
energy-enriched complementary roods to breast-fed infants af­
ter ages 5-6 mo. Complicated, time-consuming. or expensive 
practices are not likely to achieve sustained compliance. III 
Bangladesh, the messages designed in village homes by this proj­
ect have demonstrated the potential to produce positive changes. 
Incorporating the nutrition messages into other developmp.nt 
programs (eg, infection prevention and control. or income-gen­
erating programs) may enhance the potential impact of the ed­
ucation. n 
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