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ABSTRACT In rural Bangladesh, a community-bascd
weaning intervention used voluntects to teach cémplcmcnmry
fecding 1o familics of 62 breast-fed infants aged 6-12 mo. Over
S mo. trcatment children gained on average 0.46 SD (=460 g)
more in weight-for-age (WAZ) than the 55 control subjects, and
were (0.5 kg'hcm'icr at the final mecasurc. The diflercnces were
statistically significant (P < 0.001). The percent median weight-
for-age (WAPM) of treatment children held steady at 76% of
the National Center for Health Statistics' reference, whereas the
WAPM of contiol subjects dropped from 78% to 72%. The in-
crease in percentage points of scvere malnutrition (below 3
WAZ) was only 5% in the treatment group compared with 26%
in the control subjects. Treatment children consumed a signif-
icantly greater percent of their energy and protein requirements
from compiementary foods than did control subjects. The af-
fordable complementary foods consisted mainly of cereal por-
nidge with oil and brown sugar. These findings suggest that ed-
ucational interventions teaching families to feed hygienic, simple,
cheap. energy-enriched complementary foods 1o breast-fed in-
fants afier 5-6 mo can improve child growth. even under im-
poverished conditions. Am J Clin Nurr 1992:56:994-1003.
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Introduction

In Bangladesh. numerous obstacles impede achieving good
child health. including extremc poverty, frequent natural disas-
ters, a poorly functioning health infrastructure, poor sanitation,
and Jow literacy. Childhood malnutrition and mortality rates
arc among the highest in the world (1); an estimated nine million
(56%) children aged < 5 y are chronically undernourished (2).
As in other developing countries, Bangladeshi children gain
weight well within the first few months after birth. but before
4-6 mo, weight gains falter relative to international standards
(2-4). One study documents that 90% of rural girls and boys are
below the 5th percentile of the National Center for Health Sta-
tistics (NCHS) reference standards by ages 8 and 15 mo, re-
spectively (5).

Some of the growth deficit is likely due to poor diets and
feeding practices. Nearly 100% of newborn infants in rural arcas
are breast-fed, and breast-feeding continues through the sccond
and into the third years of life (6). However, undernourished
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mothers produce insufficient quantities of breast milk to meet
the needs of children aged > 4-6 mo (7. 8), and complementan
feeding fails 1o make up the nutrient deficit. Traditionally,
Bangladeshi women do not persistently encourage their infants
to cat other foods until =~18-24 mo (9. 10: GS Guldan, unpub-
lished observations. 198R%). :

Mothers restrict complementary feeding because they believe
foods cause *“‘stomach problems™ (10. 11) and because their heavy
domestic work schedules limit feeding time. Relatively. exclusive
breast-feeding may have evolved as protection against scvere
cholera. which is endemic in Bangladesh (12). Infants themschves
also limit food intake. possibly because of anorexia from 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 offered in the first vcar of life.
although these rarely include vegetabiles, fish. and lentils. Some
evidence suggests that feeding practices favor males (2. 9. [4);
however, girls may be fed more complementary foods in the 9-
18-mo age range when cultural norms dictate that the baby not
vet 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 of extreme povcry
remains unclear.
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In the present study, nutrition messages were designed for the
Bangladesh Rural Advancement Committee’s (BRAC) Child
Survival Program to encourage complementary feeding of breast-
fed infants afer age 5-6 mo. Initial fickd observations suggested
that infunt-feeding practices of rural mothers coutd be modificd
through message disscmination by using modeling techniques.
A follow-up survey in March 1988 confirmed these lindings.
However, we felt it essential to evaluate the impact of the com-
plementary feeding messages on both the adeguacy of the chil-
tdren's nutrient intakes from complementary foods and the nu-
tritional status and growth of the children.

Methods

Intervention design

From May through November 1987, BRAC and Tufts Uni-
versity conducted a weaning intervention in a rural site in the
Harirampur Upazilla of Bangladcsh. The intent of the project
was to develop feasible messages. through community-based be-
“havioral trials. to encourage familics to feed complementary
‘foods to their breast-fed infants. The procedures followed were-
iin accordance with the guidelines of the Tufis University Human
“Subjects Committec.

Field trials are described in detail elsewhere (18, 19). Briefly.
eight village workers (VWs) were hired from the local community
by BRAC. Additional staff included a supervisor. an anthro-
pologist. and a nutritionist. The preliminary messages were de-
veloped by the VWs and technical stafl and included in-home
demonstrations of snack-type recipes and instructions for en-
nching meals with energy. protein. and other nutrients by adding
oil, molasses. milk, fish. and lentil flour to foods or by offering
vegetables or seasonal fruits. The messages also encouraged con-
:tinued breast-feeding in addition to frequent and persistent
feeding of new foods. A message on hygiene discussed proper
food storage and the need to wash hands and utensils adequately
ibefore 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
Emother. father. and grandmother.

iSampling

' We identified families in three villages, through a BRAC census
conducted in January 1987, with weaning-age children living
.oear 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
Ircruited from five villages. located =1 h by foot away from the
'incarcsl intervention village, by using as a sampling frame a
BRAC baseline nutritional-status survey conducted in January
{1987. After initial screening. 117 children (62 treatment, 55
lontrol subjects) were included in the sample. These children
ianged in age from 4 10 14 mo at bascline to 9 to 18 mo at the
f;bnal measurement.

| N
Data collection and survey instruments
1

. Baseline anthropometric, dictary, and sociocconomic (SES)
data were collected on all sample houscholds. and anthropo-
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metric. dictary. and child-morbidity data were collected monthiy
cxeept during serious flooding in Aupust and September. Weight
was measured with a portable 25-kp dial scale, and arm circum-
Ierence (AC) was measured with TALC (Feaching Aids at Low
Cost: St Alhans, UK) tape. The child's 24-h food recall was
recorded on a pretested instrument containing  common
Banpladeshi toods (20, 21). Workers were trained in anthro-
pometry by using methods developed by Zerfas (22) and in di-
ctary-recall technigues by using a 24-h instrument developed by
Zeitlin ct al (20). Child-morbidity data consisted of mother's
monthiy recall of the type of iliness and the approximate number
of days during the month that the child was sick.

Data analysis and variable construction

The impact of cach education program was evaluated based
on changes in pre- and posteducation indicators for dictary ad-
equacy and nutritional status, afler baseline differences between
trcatment and control groups were adjusted for.

The children’s weights., converted to Z scores (WAZ) according
to the NCHS and World Health Organization (WHO) standards
for age and sex (23). were used for statistical comparisons. Actual
weights and percent of reference median weight-for-age (WAPM)
according to the same standards were displayed for descriptive
purposes. Becausc adequate standards were not available for AC
of children aged < | y. raw values were used and the age and
sex of the children were controlled for in the analyses. The base-
line anthropometric variablcs were taken as the first mecasure-
ment available during the May-July recruitment. For the final
variables. the last measurement available during the months of
October and November was uscd.

Infant intakes of energy, protein, fat. vitamin A, and iron
from complementary 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 estimated from research
on a comparable Bangladeshi sample (7. 8).

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

kcal-kg™'-d™' = [(123 — 8.9(age)) + 0.59(age)?] X 1.05

For children aged 12-24 mo, the estimated daily requirement
was 440 kl/kg (105 kcal/kg) (26). FAO/WHO/UNU protein
requirements were also based on the child’s age in months (26).
with an extra 50% added to this requirement in graduated in-
crements for children aged > 5 mo (27; NS Scrimshaw, MIT,
UNU, personal communication, {989) to compensatc lor high
infection 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 nonanimal foods was adjusted for quality.
assuming 85% digestibility and a 75% amino acid score (20).

Becausc most of the village children weighed far less than the
international norm, estimates of daily maintenance requirements
for energy and protein, as described above, probably would be
insufficient for catch-up growth or to mect the additional re-
quirements associated with frequent infections. Thercfore. ideal
requirements were also determined by using the NCIS median
weight for the child's chronological age and sex (23) instead of
actual weights (24).

27
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The children's daily iron requirement ranged from S to 9 mg,
depending on age. The vitamin A requirement was estimated at
300 pg RE for children aged < 12 mo and 250 ug for children
aged > 12 mo (28).

Pre- and postintervention variables were created for all the
above nutrient adequacics, both with and without cstimates of
breast milk intake. The bascline dictary variables were taken as
the first 24-h recall available, and the final mcasures were created
by averaging the final three 24-h recalls.

For analysis, the mother's monthly recall of the child's illness
was grouped into /) gastrointestinal iliness (diarrhea. dysentery,
vomiting), 2) respiratory and oral infections (cold. cough. throat
or mouth infections), 3) fever, 4) measles. and 5) other (skin or
eye infections and other minor iliness). When all the available
observations for cach 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 grewth,

SES indicators collected at bascline included education and
literacy of houschold members, occupation. housing type,
amount of land, solvency, source of drinking water. latrine type,
and possessions. Scales for household possessions or traditional
wealth, agricultural possessions or agricultural wealth, and
modernization and education were created for each household.
Acceptable internal consistencies of the scales were confirmed

TABLE ' ,
Characteristics of sample children and their families
Treatment Control
(n = 62) (n = 55)
Child's age (mo)
Baseline 8.1+ 1.8 82+25
Final 129+ 1.8 13.0+£20
Mother's age (y) 27.5+6.5 279 +6.5
Household members 74 +3.0 5.5+ 2.1¢%
Mother’s number of children 30+1.8 28+ 1.5
Mother's education (%)
None 92 84
Some primary 3 2
Completed primary 3 9
Some secondary 2 5
Religion (%)
Moslem 94 53%
Hindu 6§ 471§
Owns house and lot (%) 98 64%
Landless (%) 47 91%
Tubewell water source (%) 100 98
Bamboo, non pit latrine (%) 94 93
Major source of income (%)
Farming 34 |
Agricultural/skilled labor 21 20
Government service 11 22|
- Business 16 20
Other 18 3y
i}
*xxSD.

t Significantly different from treatment, /> < 0.001 (1 test).

til Significantly different from treatment, (chi-square test): 1 < 0.001,
172 < 0.05.

§ Significantly diflerent from Moslems, P < 0.001 (chi-square test).
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FIG 1. Percent of children-severely mainounished [weight-for-age Z
scores (WAZ) < —3] before and after weaning food education. For control
subjects (0)) the increase in percent of severcly malnourished children is
statistically significant, whereas the increase for treatment children ()
is not.

by using SPSSX's Reliability Program with Cronbach’s Aipha
(SPSSX, Inc, Chicago). Characteristics of sample children and
their families are presented in Table 1.

Statistical methods

The impact of the education intervention was determined by
examining the differences in the baseline and endpoint variables
with analysis of covariance (ANCOVA). Adjusted mean values
for treatment and control groups were calculated for anthro-
pometric and dietary variables, with weaith, mother’s education.
morbidity, child age and sex, mother's age. and baseline nutri-
tional status or nutrient intake controlied for; 1 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 undernourished children in each group. Statistical
significance was defined as P < 0.05.

Results

Changes in nutritional 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). Figure
1 shows that the percent of severely mainourished children ir
the control group increased significantly (P < 0.001) over the
study period, whereas the increase was not significant for treat-
ment children (P = 0.508).

WAZs before and after treatment are presented in Table 2.
The adjusted mean baseline WAZ was similar for control anc
treatment children (—1.94 vs —2.11); the average child was al-
ready moderately malnourished when recruited. The adjuste
final mean WAZ of the treatment group was 0.46 SD greate
than that of control subjects, indicating that treatment childre:
were nearly 0.5 kg heavier than control children at the fin:
measurement. The adjusted change in WAZ was also signif:
cantly different for the two groups (/” < 0.001). Treatment chi’
dren grew 0.46 SD more than the control group, which transfaic
to an improvement of =460 g over 5 mo.
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TABLE 2
Adjusted mean weight-for-age 7 scores (WAZ) for weaning-age
children before and afler nutrition education®

Basclinet Final Change
WAZ
Treatment (# = 62) =211 ~2.22 -0.19
Control (n = 55) -1.94 ~2.68 -0.65
F for main cffects 0.97 22.10¢ 22.10%
R? ‘ 0.39 0.77 0.57
F lor model 14.25¢ 45.44% 17.96%
F for covariates 17.57¢ 48.77¢ 17.37%
Baseline WAZ — 239.33t 18.81%
Child’s age 52.25¢ 9.30§ 9.30§ -
Child's sex .27 - —_
Modern/education 8.80§ - —
Agricultural wealth 0.04 4.64] 4.64)
Diarrhea —_ 20.30% 20.30%
Respiratory iliness —_ 8.22§ 8.22§
Mother’s education —_ 3.02 3.02
Child'$ final food energy — 0.18 0.18 _

* Means adjusted by analysis of covariance for significant covariates
and potential confounding variables (as listed above).

1 Measurements taken between May and July with mean ages of 8.1
and 8.2 mo for treatment and control children. respectively: final mea-
surements taken between October and November with mean ages of
12.9 and 12.0 mo for treatment and control children, respectively.

t P <0.001.

§ P <0.01.

1 P <0.05.

Figure 2 illustrates the actual weight gain for treatment and
control children relative to the cutoff for moderate malnutrition
(2 SD 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 WAPM of treatment
children held steady at 76%, that of the control subjects dropped
from 78% to 72%.
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FIG 2. Weight gain in children when family members reccive weaning
food education relative to the -2 SD reference (—) for moderate mal-
nutrition. Although neither treatment (O) nor control (A) children con-
tinue (o track parallel to the —2 SD curve, control children gained sig-
nificantly less weight than did trcatment children.

0%

*

M BB8%-

[]

d

]

[

n 80% 4

w B,

; ..........

ATE%d T @

] S

L ] -
T70% = T g

Betore Education Oct-Nov -

- > o
May-July

FIG 3. Weight adequacy [% of refecrence median weight-for-age
(WAPM)} in children when family members receive weaning food ed-
ucation. Although the WAPM of treatment children (@) held steady, it
dropped in control children (O).

AC data are presented in Table 3. There were no differences
between the AC of treatment and control children at baseline.
However, at the final measure, AC was significantly larger for
treatment children than for control children, as was the change,
showing an increase over the study period of 0.8 cm compared
with only 0.3 cm in control children.

The average number of days per month that children were
sick with each type of iliness 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 = 62) 13.1 13.8 0.7
Control (n = 39) 12.9 13.3 0.4
F for main effects 0.11 6.56% 6.561
R? . 0.08 0.48 0.24
F for model 1.29 8.45§ 2014
F for covariates 1.53 8.66§ 2.50%
Baseline AC —_ 61.31§ 18.06§
Child’s age 3.97% 0.15 0.15
Child’s sex 2.31 0.23 0.23
Traditional wealith 0.84 0.30 0.00
Agricultural wealth 0.00 0.0! 0.01
Diarrhea - 0.71 0.71
Respiratory iliness — 0.01 0.0t
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 covariates
and potential confounding variables (as listed above).

t Measurements taken between May and July with mean ages of 8.1
and 9.9 mo for treatment and control children, respectively; final mea-
surements taken between October and November with mean ages of
12.9 and 13.6 mo for treatment and control children, respectively.

t P <0.05.

§ P <0.001.

I P <001
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TABLE 4
Adjusted mean ideal cnergy adequacy ol diets for weaning-age .
children before and after nutrition education*

Paselined Final
Voo Food and Food Food and
only breast milk only hreast milk
Fnergy adeguacy (% ol
ideal requirements)

Treatment (n ~ 62) 16.3 (R 20.2 §8.§
Control (1 = §0) 13.8 6l.4 1.6 46.4
I for main effects 0.5 0.49 17.15¢ 17.37¢

. R? ; 0. 0.19 (URE] 0.48
¥ for modcl 2.76§ 5.063 8.20¢ 10.98¢
F for covariates 332§ 6.20¢ ©.92¢ 10.07¢

Child hascline food 2

energy — — 15.68¢ -
Child hascline total

energy — — — 15.65%
Child's age 1.93 10.414 1.39 7.800
Traditional,wealth 038 0.17 010 0.,
Agricultural wealth 1.91 1.78 de S.548
Diarrhea — — 0.17 0.13
Respiratory illness — _ 092 2.00
Mother’s education 9.9 9.081) 13173 10.40

* Means adjusted by analysis of covariance for significant covanates and potential
confounding variables (as listed above). Ideal enerpy requirement based on inter-
! reference median weight for child's age and sex: adjusted means are ex-
pressed as a percent of this requirement. Breast milk quantitics at each age estimated
from research on a comparabic Bangladeshi sample (8. 9).

t Baseline measurements taken between May and July with mean ages of 8.1
and 8.2 mo for treatment and control chiidren, respectively: final measurements
taken between October and November with mean ages of 12.9 and 12.0 mo for
treatment and controi children, respectively.

t P <0.001.

§ P <0.05.

1P<001

in the treatment chiidren. More than half the sample children
had at least one episode of diarrhea. respiratory iliness. or fever
during the 5 mo observed: chiidren were sick an average of 6-
7% of the days per month (or 1.5-2 d/mo) with each iliness.
Iliness rates exhibited seasonal trends. Reported diarrheal epi-
sodes were highest during the hot, drv months at the beginning
of the study and through the rainy secason. cncompassing May
through September. Severe floods. which prevented data collec-
tion during the middle of the study period. and the limited sen-
sitivity of the monthly recall reduced our ahility to determine
whether diarrheal rates increased with complementary feedings.

Dietary adequacy

‘Table 4 summarizes the encrgy adequacies of the children's
diets relative 10 ideal requircments. Percent energy adequacy
was calculated by using intakes from complementary foods only
and from both complementary foods and breast milk (estimates).
All sample children were breast-feeding throughout the study.
In addition. at bascline nearly three-fourths (68% treatment, 73%
control subjewts) were eating other foods, which provided =2(0%
of total encrgy. At the final measurement, all treatment children
and 86% of control children were consuming complementary
foods.

Although the energy adequacy of food alone decreased from
the initial measurement in control children. it increased in the

330

treatment group. However, the extra food consumed by the
treatment children did not compensate for the growing children's
increased energy requirement and (estimated) decreased breast
milk intake. Therefore. the energy adequacy of the dict. including
breast milk, decrcased for both proups over the study period.
The decline was less for treatment than for control children, and
the adjusted total ideal encrgy adequacy of the dict {including
breast milk) was significantly greater (72 < 0.001) after the in-
tervention for treatment children than after that for control chil-
dren (56% vs 47% ol ideal). Findings were simitar when mainte.
nance requircments were uscd (data not shown). At the final
mcasurement, treatment children were consuming = 06
kJ-kg™'-d ' (73 keal - kgo' - d~') and the control children only
272 k) -kg ' -d7" (65 keal- kg-d ™). including breast milk esti-
matcs.

As illustrated in Table §, bascline protein intakes were similar
for both trcatment and control groups. whereas adjusted final
protein adequacy from complementary food was significantly
greater for the treatment group. Although the protcin adequacy
provided by complementary food increased in the trcatment
group from initial to final recall. it declined for the control group.
reflecting the differences in weaning foods traditionally offercd
to younger rather than older children. Femalc children fared
better than males in the protein adequacy of their diets.

TABLE §
Adjusted mean ideal protein adequacy of diets for weaning-age
children before and after nutrition education*

Basclinet Final
Food Food and Food Food and
only breast milk only breast milk
Protein adequacy (% of
ideal requircments) .
Treatment (n = 62) 19.8 53.5 20.2 46.?
Control (n = 55) 15.4 50.6 1.2 38.2
I for main effccts 0.712 0.31 22.54% 20.08%
R? 0.21 0.27 0.40 0.40
¥ for model 4.73% 6.75¢ 7.82¢ 8.00¢
F for covariales 5.54% 8.04% 5.98% 6.49%
Child bascline food
protein - — 7.50§ -
Child baselinc total
protein - —_ —_ 5.068)
Child's age 0.09 7.24§ 4.49) 1.56
Child's sex 004 0.24 4.061 9.708
Traditional wealth o.m 0.00 106 1.R3
Agricultural wealth 1.44 0.99 13.92¢ 13.39¢
Diarrhea — —_ ' 3.64 106
Respiratory illness - — 0.00 0.16
Mother's education 25.38% 26.74% 7.61§ 11478

* Mcans adjusted by analysis of covariance for significant covariates and potential
confounding variablcs (as listed above). Idea) protein requircment based on incr
national reference median weight for child's age and sex: adjusted means are cv-
pressed as a percent of this requirement. Breast milk quantitics at each oge estimated
from research on a comparable Bangladeshi sampie (2, 9).

t Mcasurements taken between May and July with mean ages of 8.0 amd K}
ma for treatment and control childsen, respectively: final measurements taker
hetween Octoher and November with mean ages of 12,9 and 12.0 mo for tremment
and control children, respectively.

$ 0 <0001

§7 <001,

17008
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F1G 4. Consumption of selected foods by weaning-age children (13.0
% 1.9 mo: ¥+ SD) after family members received weaning food education.
Treatment children (O) consumed significantly more animal products.
fruits and vegetabies, and oils than did control children (A).

As with gnergy. the protcin adequacy of the total diet (food
and breast milk estimates) declined in both groups because of
the decrease in (estimated) breast milk quantity as the child grew
older. However, the adjusted protcin adequacy of the diet. in-
cluding breast milk and food. was significantly (P < 0.001) greater
after the intervention for treatment children than after that for
control children (46% vs 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 1.12 g/kg for control children. The trend is similar for
treatment and control children with or without breast milk es-
timates. with treatment children increasing their daily total pro-
tein intake (from 9.9 to 10.4 g, including breastmilk). and
control children actually decreasing their consumption (from
92108.2g)

The percent of good quality protein (ie. that from animal
rather than plant sources) in the complementarv 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-based 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 uhaffected by the children’s sex.

Although a greater percent of trcatment children consumed
foods from all food groups at the final measurement. the biggest
differences compared with control children were in the percent
eating fish. vegctables, and oil (Fig 4). The percent of compie-
mentary food encergy provided by fat declined in both groups,
although the decrease was more marked in the control group
{from 207% to 9% of energy) than in treatment children (from
17% 1o 147.). who received infant foods with added oil. The
percent of encrgy from protein remained the same in the treated
group ([ 1%.) but dectined from 11% 1o 9% in the control group.
When breast mitk estimates were added, the proportions of 1otal
energy derived from carbohydrate, protein, and fat for both
groups changed very little from pre- to postmeasurements, av-
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craging $7% carbohydrate, 7-8% protein, and 35-36" fat at the
final measurement,

‘No significant differences were noted between the treatment
and control groups for vitamin A and iron adequacy of the diets.
Figure 5§ compares the relative nutrient adequacics (on the basis
of needs for maintenance growth) with food and breast milk for
cnergy. protein, vitamin A, and iron, averaging both groups over
all obscrvations. Breast mifk continucs to contribute the greatest
sharc of all nutricnts for children aged < 2 y.

Discussion

The results of this study suggest that culturally appropriate
nutrition messages can change infant-feeding practices. thereby
improving child growth. Increased consumption of hygienically
prepared. energy-enriched weaning foods after age 5-6 mo helped
to prevent further deviation from reference growth standards,
cven if the supplement contained little or no animal protcin.

Growth effects

Our findings suggest that in an impoverished setting such as
Bangladesh, weaning food education, given without addressing
economic. environmental, political. and social barriers. may
soften the sharp deterioration in nutritional status seen from
apes 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 observed 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 | v
after implcmenting a nutrition-education program found that
program children grew better than nonprogram children after
age 5 mo: at 24 mo, program children were 1 kg heavier. or 0.5
SD 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-

% 100%
N
v
: 80% - 5%
' ¢
e
Lid 80%
t
R
e Al 4
a 0%
]
i
r B
° 20%
m
e
T ox ]
Protein Vitamin A fron

Energy

I'IG S. Nutrient adequacy of food (0J) and breast milk (®) in diets of
weaning age children in Bangludesh, based on maintenance growth;
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length, but its weak association with totat body tength suggests
that it measures wasting (34). Nutrition interventions in stunted
child populations with normal or high weight-for-length, lor cx-
ample INCAP's supplementation studics. have found no impact
on wasting indicators (weight-tor-length, AC) but have found a
major impact on stunting (35). Weight-lor-age, which was used
as an indicator in this study, can reflect both stunting and wasting,
and its use docs not allow us to determine which indicator was
most influenced. However, the consistency of the weight-for-
age results with AC suggests an impact on wasting. Further study
is warranted on the cffect of weaning food supplementation on
stunting.

Significant sex diflferences in growth or female discrimination
in complementary fceding were not observed in this study. Others
(2. 9. 14) have reported sex biases in feeding and higher mal-
nutrition rates in female Bangladeshi children. Some have sug-
gested that sex differentials may be more predominant after age
18 mo. and the younger age of our study children may account
fot the discrepancy in findings. Observations from the previous
vear suggest that mothers introduced food significantly earlier
to girls. reflecting a less strict following of taboos to earlier feeding
(15) that may positively affect female infants’ growth. counter-
balancing other negative practices (such as less medical atten-
tion).

Energy and protein adeguacy

These findings suggest that the intervention successfully en-
couraged families to feed more (volume and variety) comple-
mentary '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 averaged 264-297
kJ/kg (63-71 kcal/kg) and 1.2-1.5 g-kg™' - d~". respectivety (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™'-d™' in infants aged
< 9 mo were associated with weight gain comparabie 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™'-d™'
(73 keal-kg™'-d ') and 1.39 g protein-kg™'-d™' 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 WAZ 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 intake of the children, as measured,
was not statistically significant in predicting their change in
weight in individual-level analyses. This may be because energy
and protein intakes had high variability and breast milk intakes
were unkn\own and likely varied considerably in individual chil-
dren. .

Did increased consumption of complementary food decrease
breast milk intake? Because measuring hreast milk outputs would
have interfered with the purpose of our project, we used the best
available estimates. Qther studies suggest that children who con-
sume the most complementary food are likely 1o decrease their
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breast milk intake somewhat (36-39). However, because growth
rates were better overall for treated children, it is unlikely the
complementary food substituted detrimentally for breast milk,
Studics of breast milk outputs in developing countrics, where
infants suckle frequently, support this hypothesis (38, 40, 41).
Obscrvational data in Bangladesh suggest that older infants and
young children who consume more complementary food in ad-
dition (o breast milk grow better. despite an increasc in diarrhea
than do those solcly breast fed (K Brown, personal communi
cation, 1989). Morcover, rescarch in India suggests that althougt
the case rate of diarrhea increascs with the introduction of com
plementary foods in exclusively breast-fed infants (42), the deat
ratc is lower (43). ’

Breast milk intakes estifhated by test weighing from othe
studies in Bangladesh where children consumed compiementar
food suggest that intake declines from 632 g/d in the first ye:
of life to 563 g/d in children aged 12-17 mo (7). amounting
= 168 kJ (40 kcal) and 0.69 g protein/d. In our sample. treatmc:
children increased their intake of complementary food fro-
baseline (mean age 8 mo) to final (mean age 13 mo) measur
ments by 272 kJ/d (65 kcal/d) which exceeds the (estimatc
decrease from breast milk. Control children only consumed
kJ/d (9 kcal/d) more at final mcasurement than at baseline. 2
ing to compensate for the (estimated) decline in breast m:
energy. The daily protein intake increased in treatment childr
by | g. which offsets the (estimated) loss from breast milk, e
afier protein quality was adjusted for. Control children. howe:
consumed less protein from complementary food at the fi.
measure than at baseline (decrease of 0.55 g).

We found that although mothers were willing to give t!
children starch-based weaning foods, they were reluctant tog
them foods that incorporated animal products, reportedly
cause of cost. If breast milk still constituted 75% of the die'
energy content at the final measure, the ratio of good qualit:
poor quality protein was still high, although the total amc
of all nutrients was inadcquate. Although encouraging the
of “energy-rich, protein-poor™ complementary foods in bre
fed infants is not ideal, it is potentially more beneficiai tha
recommending foods that families cannot afford to provide d.
These findings should not be extrapolated to weaning food n:
from cassava, which provides < 1% of energy from protein (

Weaning-food contaminatior

Bacterial contamination of weaning foods is a concern
tropical environment with poor sanitation and hygiene an
refrigeration (45, 46, GS Guldan, unpublished observat-
1988). Howevcer, we found no differences in diarrheal prevai
rates between treatment and control children. Findings fron
previous year suggest that diarrhea is more strongly assoc:
with the child’s contact with ground contaminants than
the quantity of food ingested. Unfortunately, limitations i
monthly morbidity data prevent our determining whethe
creased intake of complementary food led to increascd diar
Other studies suggest that mild diarrhea is more comm:
children cating more compiementary food (47). Howeve
cause diarrhea is negatively related to growth outcomes
treatment children, on average, had greater weight gain
changes in AC than did control children, it is untikely that
rheal losses were greater for treatment children.
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Cholera is endemic in Bangladesh, and research has shown
that exclusive breast-feeding completely protects against scvere
cholera (12). Therefore, food belicfs prohibiting mothers from
feeding significant quantitics of complementary foods to young
infants could have protected them, historically, from cholera. A
protective effect is still evident in children up to 30 mo of age
(12). During cholera cpidemics, complementary fecding may
increase the child’s risk of contracting cholera and messages that
encourage complementary feeding should be evaluated carcfully,

Messages

Ficld observations suggested, and our analysis confirmed. that
many mothers heeded the feeding messages. although the extent
and frequency varied. A follow-up survey conducted by a sep-
arate research stafl in March 1988 revealed that the messages
were still persuasive and memorable (48). Mothers in the treat-
ment group offered more traditionally fed foods. feeding their
infants more energetically and frequently. They were also willing
1o add small amounts of oil. fish, and vegetables or fruit to the
child’s diet. dlthough 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 evidencc that adding a food improved her child’s
health. she was 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. For 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, was much less popular.

Most mothers were unwilling or unable to cook separately for
the baby on a daily basis. One transitional food encouraged in
the messages, chop chop, was frequently offered because it re-
quired little preparation time and used ingredients that were
ofien readily available—wheat flour, brown sugar, and oil. Still,
mothers were reluctant to prepare this food more than once a
day. Storage of the mixture for any period of time could breed
potentially harmful microorganisms, contributing to diarrhea
{45, 46). To reduce the potential dangers of food contamination,
guidance on sanitary food preparation, feeding, and stomge was
provided with the other messages.

Food refusal and morbidity

One of the most common reasons reported for not giving
more complementary food was because *“the child refused.” The
reality of child development, unfortunately, is that no matter
bow nutritious, tasty, and appropriate a food, one can never
guarantee a child will eat it.

Although normal interactive feeding behaviors have been ob-
rrved between Bangladeshi infants and mothers (49; in addition
o informal field observations during this study), the reasons
why the children do not demand and consume sufficient food
10 sustain normal growth, as healthy children are expected to
do, remains unclear. Caretaker inattentiveness to feeding, as wefl
1s (requent acute infections, chronic ilinesses, and malnutrition
inthe child, may account for a portion of the energy deficit (50).

!
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Several reports indicate that on sick days, children in devel
oping countrics consume 2 20-30% less encrgy from comple
mentary food (13, 50, 51). although intakes of breast milk miy
not change (51). The decrease in complementary feeding is not
overcome by intensive educational efforts to encourage feeding
(13). In Bangladesh, cultural belicfs about withholding food dur-
ing illness cxacerbate the encrgy deficit, widening the gap between
cxpected and actual growth. In Columbia, Lutter ot al (52) found
that the negative effects of diarrhea on attained stature at age
36 mo were not obscrved in children given a nutritional sup-
plement from birth.

High morbidity, with its increased mctabolic costs and an-
orexia, limits the potential success of nutrition-education mes-
sages in improving child growth (53). Programs to prevent and
control infections in young children arc likely to create a more
positive feeding environment, resuiting in better food intakes.
improved growth, and more effective compliance with nutrition
education.

Conclusions

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

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