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Abstract

Background: Promoting adequate nutrition through interventions to improve infant and young child feeding (IYCF) has

the potential to contribute to child development.

Objective: We examined whether an intensive intervention package that was aimed at improving IYCF at scale through

the Alive & Thrive initiative in Bangladesh also advanced language and gross motor development, and whether

advancements in language and gross motor development were explained through improved complementary feeding.

Methods: A cluster-randomized design compared 2 intervention packages: intensive interpersonal counseling on IYCF,

mass media campaign, and community mobilization (intensive) compared with usual nutrition counseling and mass media

campaign (nonintensive). Twenty subdistricts were randomly assigned to receive either the intensive or the nonintensive

intervention. Household surveys were conducted at baseline (2010) and at endline (2014) in the same communities

(n = ;4000 children aged 0–47.9 mo for each round). Child development was measured by asking mothers if their child

had reached each of multiple milestones, with some observed. Linear regression accounting for clustering was used to

derive difference-in-differences (DID) impact estimates, and path analysis was used to examine developmental

advancement through indicators of improved IYCF and other factors.

Results: The DID in language development between intensive and nonintensive groups was 1.05 milestones (P = 0.001)

among children aged 6–23.9 mo and 0.76 milestones (P = 0.038) among children aged 24–47.9 mo. For gross motor

development, the DID was 0.85 milestones (P = 0.035) among children aged 6–23.9 mo. The differences observed

corresponded to age- and sex-adjusted effect sizes of 0.35 for language and 0.23 for gross motor development.

Developmental advancement at 6–23.9 mo was partially explained through improved minimum dietary diversity and the

consumption of iron-rich food.

Conclusions: Intensive IYCF intervention differentially advanced language and gross motor development, which was

partially explained through improved complementary feeding. Measuring a diverse set of child outcomes, including

functional outcomes such as child development, is important when evaluating integrated nutrition programs. This trial was

registered at clinicaltrials.gov as NCT01678716. J Nutr 2017;147:256–63.

Keywords: gross motor development, language development, interpersonal counseling, mass media, child

undernutrition, cluster randomized trial, effectiveness evaluation, Bangladesh

Introduction

Suboptimal early childhood development is a critical public
health problem globally, with 250 million children <5 y of age not

fulfilling their developmental potential (1). Early childhood devel-

opment depends on nurturing care (i.e., health, nutrition, security

and safety, responsive caregiving, and early learning) that is

provided by parents and other caregivers and that occurs through
family interactions in a supportive environment (1). Nutrition is
closely linked with development through both biology and
behavior (2). Undernutrition may directly affect brain develop-
ment and function, especially during the critical period of early
life. Undernutrition can also indirectly affect child development

ã 2017 American Society for Nutrition.
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by reducing physical growth, health, and activities; increasing
child illness; and reducing child interaction with parents and the
environment (3). Programs and interventions aimed at im-
proving nutrition and development are considered most
effective when they target and reach young and disadvantaged
children (4, 5).

The integration of nutrition and development programs has
received much attention, particularly because existing services
for maternal and child health and nutrition potentially provide
an affordable platform for interventions to promote nurturing
care of young children (4). Because many of the large-scale
nutrition programs in place may not have resources to include
early childhood interventions, an important question is whether
programs that are focused on improving nutrition through
behavior change can contribute to child development, even
without specific early childhood development interventions.
One meta-analysis concluded that nutrition interventions on
their own had small effects on development (6). A review of
studies that tested the impact of integrated nutrition and
development interventions concluded that an additive effect on
nutrition and development was found in a few studies (7) and a
synergistic effect on development outcomes was documented
in a zinc supplementation and child stimulation program
targeted to underweight children in Jamaica (8). Another review,
although noting that synergistic effects were theoretically
plausible, found little evidence of synergy (9). Most of the
nutrition interventions in the studies reviewed included supple-
mentation with food or micronutrients, and some of the studies
targeted children who had marked nutritional and developmen-
tal deficits at baseline (7, 10, 11).

Some nutrition interventions that included food or nutrient
supplementation have had an impact on child development (11–
13). One randomized study in India that did not include food or
nutrient supplementation found that a group who received
education about complementary feeding through home visits
did not show significantly improved mental and motor develop-
ment scores compared with the control group, although the mean
scores were slightly higher than those in the control group and
slightly lower than in the third group who also received interven-
tions on responsive feeding and play (14). Thus, although inter-
ventions aimed at improving infant and young child feeding
(IYCF)8, even without providing food or nutrient supplements,
have the potential to contribute to preventing deficits in cognitive,

motor, and social-emotional development through either nutri-
tional or behavioral mechanisms, little information is available
about the effectiveness of such interventions alone.

Despite improvements in socioeconomic and health indicators
in recent years (15), undernutrition remains a substantial chal-
lenge in Bangladesh, with an estimated 36% of children <5 y of
age being stunted and 14% being wasted in 2014 (16). Subop-
timal IYCF practices contribute to child undernutrition, with only
26% of children aged 6–23 mo of age consuming adequately
diverse diets (16). Traditional complementary foods in Bangla-
desh, as in many other parts of the developing world, have low
energy and micronutrient density and poor protein quality (17–
19). In Bangladesh, disadvantaged young children have low
scores on measures of early childhood development (20).

Alive & Thrive (A&T), an initiative aimed at improving
suboptimal IYCF practices, delivered a large-scale intensive
package in 50 rural subdistricts in Bangladesh, through the
existing health program of BRAC. The package went beyond
typical nutrition education interventions by providing intensive
counseling delivered by highly trained and closely supervised
frontline workers who received incentives for quality of perfor-
mance. The counseling intervention was delivered in the context
of a national mass media campaign and social mobilization at
the community level, both focused on strengthening the house-
hold environment for optimal IYCF. On the basis of the evaluation,
which used a 2-group cluster-randomized design, we previously
reported that the A&T intensive intervention package had a large,
significant impact on IYCF practices and did not have a significant
impact on stunting (21). This study tested the hypothesis that the
intensive intervention package aimed at improving IYCF also
advanced language and gross motor development and examined
whether advancements in language and gross motor development
were explained through improved complementary feeding.

Methods

Intervention. A detailed description of the intensive intervention

package of interpersonal counseling and community mobilization has

been provided elsewhere (22, 23). Briefly, A&T used 3 different
platforms—interpersonal counseling, community mobilization, and

mass media campaign—to deliver interventions to targeted beneficiaries

that promoted active, responsive feeding and strategies to manage poor
appetite. For interpersonal counseling, nutrition-focused frontline workers

(the new nutrition workers called Pushti Kormi together with the regular

community health workers called Shasthya Sebika) conducted multiple

household visits with pregnant women and mothers of children#2 y of age
to counsel them on IYCFmessages that were appropriate for their children�s
age, coach mothers as they tried out the practices, and engage other family

members to support the behaviors. Frontline workers also counseled

mothers on responsive feeding, such as permitting and encouraging child
self-feeding, interacting with the child when feeding (making eye contact,

speaking to and praising the child), and feedingwhen the child is awake and

receptive. Frontline workers were highly trained and closely supervised and
were provided incentives based on each eligible mother practicing the IYCF

behaviors. The intent was to motivate the workers to counsel nearly all

eligible women and help them solve problems for changing behaviors rather

than just giving messages (22, 23); 92% of mothers were visited by the
Pushti Kormi and 89%by the Shasthya Sebika (22, 23). In addition, for half

of the sample, randomly allocated in both the intensive and nonintensive

areas, the Shasthya Sebika offeredmicronutrient powder sachets containing

iron, folic acid, zinc, and vitamins A and C for sale to mothers and
received a small commission from the sales. Purchase was infrequent and of

low volume, resulting in negligible levels of uptake.

The intensive interpersonal counseling began in 22 subdistricts in

August 2010 and in another 28 subdistricts in August 2011. The

1 Supported by the Bill & Melinda Gates Foundation, through Alive & Thrive,

managed by FHI 360; Consultative Group for International Agricultural Research

(CGIAR) Research Program on Agriculture for Nutrition and Health (A4NH), led by

the International Food Policy Research Institute. This is a free access article,

distributed under terms (http://www.nutrition.org/publications/guidelines-and-

policies/license/) that permit unrestricted noncommercial use, distribution, and

reproduction in any medium, provided the original work is properly cited.
2 Author disclosures: EA Frongillo, PH Nguyen, KK Saha, T Sanghvi, K Afsana,

R Haque, J Baker, MT Ruel, R Rawat, and P Menon, no conflicts of interest. The

Gates Foundation and Alive & Thrive (A&T) participated in the study design

choices; neither participated in the data collection or analysis. A&T provided

specific written inputs to the manuscript on intervention design and provided

feedback on interpretation of the results. A&T and the Gates Foundation gave

extensive feedback at all stages of the project, but freedom to publish the study

findings was protected contractually in the agreement between the respective

funding sources and the International Food Policy Research Institute. All final

decisions on the manuscript were made by the researchers.
3 Supplemental Table 1 is available from the ‘‘Online Supporting Material’’ link in

the online posting of the article and from the same link in the online table of

contents at http://jn.nutrition.org.

*To whom correspondence should be addressed. E-mail: efrongillo@sc.edu.
8 Abbreviations used: A&T, Alive & Thrive; ARI, acute respiratory infection; DID,

difference-in-differences; IYCF, infant and young child feeding.
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community mobilization was operational in August 2011. The mass

media campaign was launched in December 2010 and was intensified

to reach national coverage by February 2011. All intervention

components continued to the end of 2014. Parents were exposed to

the mass media by watching the national broadcast of 7 television

spots. In intensive areas that had low electricity and limited access to

television, supplemental activities were conducted to air the television

spots and other IYCF films produced by the project through local video

screenings.

Study design and participants. The study design has been described

in detail elsewhere (24). Briefly, a cluster-randomized, nonblinded,

impact-evaluation design was used to compare the intensive and

nonintensive A&T intervention packages in Bangladesh. The non-

intensive package consisted of mass media and less intensive commu-

nity mobilization along with the usual, routine home visits by the

frontline workers during which they provided information on IYCF

practices; in our sample, 15.5% of households were visited by frontline

workers in the past 6 mo (22, 23). Twenty subdistricts were randomly

assigned to receive either the intensive or nonintensive intervention

package. Cross-sectional household surveys were conducted at base-

line (2010) and at endline (2014) in the same communities. A total of

4365 and 4200 infants aged 0–47.9 mo were surveyed at baseline and

endline, respectively. To obtain the samples, within each subdistrict,

5 unions and 2 villages within each union were randomly selected to

yield a total of 200 villages. Villages had an average size of 250

households. Within each village, a household census was conducted at

baseline and endline to list mothers and infants and infant date of birth.

A list of all households with infants aged <6, 6 to <24, and 24 to

<48 mo was created. We selected households for surveys by using

systematic sampling beginning with a random seed start point to yield

the desired sample size per cluster. We excluded only mothers who had

an obvious mental disability that would prevent them from under-

standing and answering questions. The number of children needed was

estimated for differences in the primary outcomes of complementary

feeding practices among children 6–23.9 mo of age and stunting among

children 24–47.9 mo of age, assuming 20 clusters, an a of 0.05, a

power of 0.80, and an intraclass correlation of 0.01 (21).

Measurements. Language and gross motor development were measured

with 21 and 29 items, respectively (Supplemental Table 1), which were

adapted from previous work (25, 26). For language development, the

mother was asked if her child could perform each of the milestones. One

point was scored for each item that the mother reported the child could

perform, and the sum was used as the measure of language development.

For gross motor development, the items on achieved milestones were

ordered from least advanced to most advanced. During the household

survey, the interviewer asked mothers a series of questions on the gross

motor milestones that they had seen their child perform to date. For some

items, the milestones were assessed through observation in which the

interviewer encouraged the child to demonstrate that behavior. One point

was given for each milestone achieved, and the sum was used as the

measure of gross motor development.

Child complementary feeding practices were assessed by using the

WHO-recommended indicators of IYCF practices (27). The indicators

were constructed on the basis of maternal recall of specific foods fed to

the child in the previous day. The indicators were as follows: 1) timely

introduction of solid, semisolid, or soft food; 2) minimum dietary

diversity; 3) minimummeal frequency; 4) minimum acceptable diet; and

5) consumption of iron-rich or iron-fortified food (27). Child-responsive

feeding practices were measured by asking the mother what she usually

does to encourage the child to eat when the child refuses to eat; mothers

who reported $1 behavior consistent with responsive feeding (e.g., feed

patiently, talk with child, reduce distractions, change what is fed, let

child self-feed, encourage child) and did not force the child to eat were

coded as 1, with 0 otherwise.

We measured several covariates at the child, mother, and household

levels that we anticipated could be associated with child development. At

the child level, the covariates were child age, sex, and morbidity.

Information on child diarrhea and acute respiratory infection (ARI) was

collected through maternal recall of symptoms in the 2 wk before the

survey. Diarrhea was defined as$3 loose stools in a 24-h period (28), and

ARI was defined as the presence (compared with absence) of cough or cold

with fever (29). Mothers generally did not remember their child�s birth

weight. Instead, birth size was measured as the mother�s perception that

her child at birth was very small, smaller than average, average, bigger

than average, or very big compared with average (score: 1–5). At the

maternal level, the covariates were mother�s age, education, employment

outside the home, physical and mental health, engagement with the child

(i.e., psychosocial stimulation), reported handwashing behavior with soap,

and a hygiene score. Hygiene was measured via spot-check observations, a

method that has been usedwidely for the assessment of markers of hygiene

practices (30), to assess the cleanliness of the mother and her child

(i.e., hair, hands, face, and clothing) and the cleanliness of inside and

outside the household. Each aspect recorded as clean was given a score of

1 (compared with 0) and the sum of the total score was used as a hygiene

score.Mother�s weight and height were measured to the nearest 0.1 kg and

0.1 cm, respectively, and BMI was calculated as weight (kg)/height (m)

squared. Mothers� symptoms of common mental disorders were measured

by using the Self-Reporting Questionnaire 20, which has 20 items with a

recall period of 30 d before the administration of the questionnaire (31).

Child engagement was assessed by asking about the engagement of

mothers, caregivers, or any household member >15 y of age with the child

during the 3 d before the survey in various activities such as reading books

or looking at picture books with the child, telling stories to the child,

singing songs to the child, taking the child outside the home, and playing

with the child (32, 33). At the household level, the covariates were

household food security and socioeconomic status. Household food

security was measured by using the Food and Nutrition Technical

Assistance Project/US Agency of International Development�s Household

Food Insecurity Access Scale (34). The measure of socioeconomic status

was created by principal components analysis with the use of a set of items

related to ownership of property and land, household assets, housing

conditions, and access to utilities (35).

Ethical approval. All of the interviewers were well trained in

interviewing techniques, ethical issues, and administration of the

questionnaires. Approval for the study was obtained from the

institutional review board at the International Food Policy Research

Institute, the Bangladesh Medical Research Council. All mothers of

study children were verbally provided with detailed information about

the study at recruitment. Verbal informed consent was obtained from

mothers. The program evaluation is registered at clinicaltrials.gov as

NCT01678716.

Statistical analysis. Baseline differences between the 2 intervention

packages were tested by using ordinary least squares regression models

for continuous variables or logit regression models for categorical

variables, accounting for subdistricts as a random effect with the use of a

cluster sandwich estimator (36). To examine the differential effects of the

intervention packages, we derived difference-in-differences (DID) im-

pact estimates by using regression models that assessed differences in

changes over time between the 2 intervention packages (i.e., the time-by-

package interaction), accounting for subdistricts as a random effect with

the use of a cluster sandwich estimator. The interaction was tested by

using the SE and denominator df that reflected the subdistrict level (37).

One-tailed P values were used to test the hypotheses that the DIDs were

positive. We present 3 models with DID results stratified by the age

groups 6–23.9 and 24–47.9 mo. The first model was an intent-to-treat

DID analysis not adjusted for covariates. The secondmodel was adjusted

for child age, age-squared, and sex. The third model was further adjusted

for variables that differed in change by group between baseline and

endline but not thought to be affected by the interventions (i.e., maternal

occupation and child birth size). The intraclass correlation coefficients

estimated from the third model were 0.00392 and 0.00562 for language

and gross motor development, respectively, at ages 6–23.9 mo and were

0.0260 and 0.0465 for language and gross motor development,

respectively, at ages 24–47.9 mo.

Path analysis was used to examine whether intervention differences
in child development were mediated by improved complementary
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feeding practices, adjusted for child, mother, and household covariates

(38). The path-analytic models used endline data and were conducted in

children 6–23.9 mo of age because complementary feeding indicators
only applied to this age range. The indirect effect for each complemen-

tary feeding indicator was calculated as the product of the unstandard-

ized regression coefficients for each path, and the Sobel test was

obtained. Path-analytic models were also used to test if there were
differences by intervention package in other factors (i.e., responsive

feeding, mother�s symptoms of commonmental disorders, ARI, diarrhea,

handwashing with soap, and caregiver engagement), and whether these

factors were associated with child development. Data analysis was
performed by using Stata 13 (StataCorp).

Results

Of the 100 subdistricts in 5 divisions, 20 were randomly
selected (4 subdistricts from each division) for this evaluation
(Figure 1). No evaluation clusters were lost to follow-up and
none crossed from nonintensive to intensive during implemen-
tation. The cluster size varied little across clusters or over time.

Themean age of mothers was;27 y (Table 1).More than one-
quarter of mothers were illiterate and >90% of mothers did not
complete high school. Mothers had a high prevalence of symp-
toms of common mental disorders (;31%), low BMIs (in kg/m2;
mean: ;20), and nearly one-third of them were underweight
(BMI <18.5). Child engagement score was also low (mean: ;2.9
of 6). Symptoms of ARI in the 2 wk before the survey were
reported for approximately one-third of children. Nearly one-
third of households experienced food insecurity. The 2 interven-
tion groups were well balanced for characteristics potentially
associated with intervention effects, with the exception of small
differences in the prevalence of child ARI symptoms.

Language and gross motor development differed by inter-
vention package, with more advanced development seen for the
intensive intervention in 2014 at endline relative to the
nonintensive intervention (Figure 2). The DID in language

development scores between intensive and nonintensive pack-
ages was 1.05 milestones (P = 0.001) among children aged
6–23.9 mo and 0.76 milestones (P = 0.038) among children
aged 24–47.9 mo (Table 2). For gross motor development, the
DID was 0.85 milestones (P = 0.035) among children aged
6–23.9 mo and was not significant among older children.

The differential advancement in child development in the age
group of 6–23.9 mo was explained, in part, through improved
complementary feeding (Figure 3). The intensive package had a
large, significant, positive impact on minimum dietary diversity
(difference in proportion of 0.18), minimum meal frequency
(difference in proportion of 0.19), and consumption of iron-rich
food (difference in proportion of 0.31). Minimum dietary diversity,
in turn, was associated with 0.64 higher language development,
whereas both minimum dietary diversity and the consumption of
iron-rich food were associated with higher gross motor develop-
ment (0.70 and 0.57, respectively); minimum meal frequency was
associatedwith neither language nor grossmotor development. The
indirect effects, obtained by adding the products of the regression
coefficients for each path, were 17% of the total effect of the
intensive intervention package for language [10% through mini-
mum dietary diversity; P = 0.009 (Sobel test)] and 33% of the total
effect for gross motor development [31% through minimum
dietary diversity and the consumption of iron-rich food; P < 0.001
(Sobel test)], meaning that the advancement in child development at
6–23.9 mo was partially explained through improved complemen-
tary feeding practices.

To assess whether other factors could explain the differential
effects of the intervention packages on development, we added
into the path analyses responsive feeding, mother�s symptoms of
common mental disorders, ARI, diarrhea, handwashing with
soap, and caregiver engagement. Compared with the non-
intensive intervention, the intensive intervention significantly
improved responsive feeding (b = 0.15, P < 0.0001), reduced
maternal symptoms of common mental disorders (b = 20.11,
P < 0.0001), and reduced child ARI (b =20.12, P < 0.0001), but

FIGURE 1 CONSORT diagram. CON-

SORT, Consolidated Standards of Report-

ing Trials.
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these did not translate into advanced child development. In
contrast, caregiver engagement was not affected differentially
by the intervention packages but was significantly associated
with development (b = 0.26, P < 0.001). Diarrhea and
handwashing with soap did not differ by intervention package
nor were associated with development; handwashing with soap
at endline was high in both intervention groups, at ;90%.

Discussion

The intensive, large-scale intervention package aimed at im-
proving IYCF in Bangladesh advanced development by;1 mile-
stone among children aged 6–23.9 and 24–47.9 mo for language
development and among children aged 6–23.9 mo for gross
motor development when compared with the nonintensive
intervention package, in addition to the large, significant impact
on IYCF practices (22). One milestone was equivalent to an
;2-mo advancement in language and a 1-mo advancement in
gross motor development. The differences observed corre-
sponded to age- and sex-adjusted effect sizes of 0.35 for
language and 0.23 for gross motor development. These effect
sizes were similar to those seen in Pakistan in children at 24 mo
of age for the group who received nutrition education and
multiple micronutrient powders (i.e., 0.4 for language and 0.2
for gross motor development) but were lower than for the group
who also received responsive stimulation (i.e., 0.7 for language
and 0.5 for gross motor development) (11). The effect size for

infants with low birth weight who received micronutrient
powders in Bangladesh was 0.39 for language development (10).

The advancement for children aged 6–23.9 mo was partially
explained through improved complementary feeding as measured
by minimum dietary diversity and the consumption of iron-rich
food (the latter for gross motor development only). Theoretically,
the advancement in development as a consequence of the
intensive intervention package—whether or not explained
through complementary feeding measures—could have re-
sulted from better nutrition or better caregiver engagement or
both. Better nutrition might have occurred because of greater
dietary diversity, more frequent feeding, and/or better man-
agement of poor appetite, each of which could have improved
nutritional intake. Better caregiver engagement might have
occurred because of improved feeding and other caring
behaviors that are reflected in factors such as the following:
greater responsiveness, handwashing with soap, or activities
with the child; reduced mother�s symptoms of common mental
disorders, ARI, or diarrhea; more positive feeding interactions;
and/or fewer feeding problems. The path analysis provided
evidence that the intensive intervention differentially affected
several of these factors but not evidence that these effects
translated into an advancement in development.

In addition to the randomized study from India (14) discussed
earlier, 2 nonexperimental longitudinal studies examined the
association between IYCF practices and child development. In
Haiti, infants 6–11 mo of age were followed monthly for 1 y (39).
Breastfeeding and complementary feeding frequencies, dietary

TABLE 1 Selected characteristics of the study sample at baseline1

Intensive (n = 2181) Nonintensive (n = 2184)

Maternal characteristics

Age, y 27.08 6 6.21 26.58 6 6.01

Education, %

No schooling 27.24 26.33

Primary school 30.17 27.93

Secondary school 35.99 37.09

High school 6.60 8.65

BMI, % 20.29 6 3.21 20.54 6 3.16

,18.5 kg/m2 31.60 27.80

SRQ-20 score (range: 0–20) 7.01 6 5.38 6.72 6 5.00

Common mental disorder (SRQ-20 $10), % 31.04 28.62

Hygiene score (range: 0–10) 7.18 6 3.08 7.75 6 2.69

Child engagement score (range: 0–6) 2.94 6 1.77 2.97 6 1.88

Responsive feeding, % 57.86 56.96

Child characteristics

Age, mo 22.22 6 14.21 22.41 6 14.47

Female, % 47.27 49.36

ARI, % 30.54 35.71*

Diarrhea, % 7.52 7.60

Birth size score (range 1–5) 2.89 6 0.89 2.90 6 0.87

Household characteristics

Household food insecurity,2 % 32.14 31.91

Household SES index3 20.0466 6 0.91 0.0465 6 0.99

Mother employed, % 5.18 7.42**

1 Values are means 6 SDs unless otherwise indicated. *,**Different from intensive (2-tailed test): **P , 0.01, *P , 0.05. P values were

obtained from the model adjusted for clustering effect at the subdistrict level. ARI, acute respiratory infection; SES, socioeconomic status;

SRQ-20, Self-Reporting Questionnaire 20.
2 Household food security was measured by using the Food and Nutrition Technical Assistance Project/US Agency of International

Development�s Household Food Insecurity Access Scale.
3 An SES index was constructed by using principal components analysis with variables on ownership and assets. It is a standardized score,

with mean = 0 and SD = 1.
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diversity, and egg and oil intake—along with child anthropomet-
ric measurements and reduced morbidity—were associated with
earlier achievement of language and motor development in
longitudinal models. A long-term follow-up study in the United
Kingdom found that better complementary feeding at 6 mo of age
was associated with a healthier dietary pattern and higher total,
verbal, and performance cognitive scores at 7–8 y of age (40).
Although these longitudinal designs provide plausible evidence of
the associations between feeding and development, there is still

the potential for the association between feeding and development
to be confounded by unaccounted time-invariant or time-varying
factors. Our study, because of the 2-group cluster-randomized
design with measures at baseline and endline, strengthens the
evidence that promoting better complementary feeding practices
results in advancement in development.

Our study used a cross-sectional design that was longitu-
dinal at the cluster level but not at the child level. In addition to
practical considerations, this design had the advantage of
allowing us to make population comparisons of children who
were at the same ages at both baseline and endline, but a
disadvantage of not allowing us to measure how development
unfolds in individual children over time. The measures of child
development were limited to language and gross motor
development in the large multidomain survey that was
conducted at baseline and endline. These measures have been
used previously but have not been validated (25, 26). Although
the breadth of data collected was large, the data on potential
caregiver paths and on stressors associated with complemen-
tary feeding were limited. Implementers or study participants
were not blinded to the intervention package, and the measures
used were based on maternal report, which raises concerns
regarding potential reporting bias on practices covered by the
behavior change communication interventions. We assessed
social desirability with the use of a scale adapted for the study
and found no intervention-specific differentials in socially
desirable reporting for IYCF practices (21). Encouragement of
mothers in the intensive package to attend to and talk with
their child during feeding could have resulted in children
talking more in response, but this also could have led mothers
to notice and therefore report more expressions of child
language. The study design does not allow separate assessment
of components of the intervention nor of the impact of mass
media campaign alone, which was implemented nationwide.
Because the nonintensive intervention package provided some
inputs about child feeding and care to mothers and other
caregivers, the design does not allow assessment of the full
impact of the intensive intervention package compared with a
no-intervention group.

In conclusion, the intensive IYCF intervention package,
which provided mass media messages and community social
mobilization along with intensive counseling delivered by
trained and supervised frontline workers who received incen-
tives for quality of performance, had a significant differential

FIGURE 2 Language (A) and motor (B) development by age,

stratified by intervention package and survey round.

TABLE 2 Effects of intensive compared with nonintensive programs on language and motor development1

Impact indicators

Baseline: 2010 (T1) Endline: 2014 (T2)

Unadjusted DID (P)2 Adjusted DID (P)3 Fully adjusted DID (P)4Intensive Nonintensive Intensive Nonintensive

Age 6–23.9 mo, n 608 603 500 503

Language development score 8.72 6 4.70 8.88 6 4.56 9.64 6 4.65 8.51 6 4.36 1.29 (0.005) 1.10 (0.001) 1.05 (0.001)

Motor development score 17.29 6 6.08 17.57 6 5.97 17.85 6 6.25 16.72 6 6.44 1.41 (0.025) 0.97 (0.024) 0.85 (0.035)

Age 24–47.9 mo, n 1086 1091 1099 1100

Language development score 18.17 6 3.27 18.16 6 3.03 18.23 6 2.92 17.29 6 3.43 0.93 (0.017) 0.80 (0.033) 0.76 (0.038)

Motor development score 25.37 6 2.61 24.79 6 2.54 26.01 6 2.60 25.08 6 2.92 0.36 (0.222) 0.26 (0.287) 0.20 (0.336)

1 Values are means 6 SDs or coefficients unless otherwise indicated. A&T, Alive & Thrive; T, time; DID, differences in difference.
2 Double-difference impact estimates with clustered SEs and 1-tailed P values comparing A&T intensive and nonintensive areas in 2010 and 2014 were used, accounting for

geographic clustering only.
3 Double-difference impact estimates with clustered SEs and 1-tailed P values comparing A&T intensive and nonintensive areas in 2010 and 2014 were used, accounting for

geographic clustering, child age and age-squared, and child sex.
4 Double-difference impact estimates with clustered SEs and 1-tailed P values comparing A&T intensive and nonintensive areas in 2010 and 2014 were used, accounting for

geographic clustering, child age and age-squared, child sex, and variables that differed in change from baseline to endline but were not affected by the interventions (i.e., maternal

occupation and child birth size).
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impact on language and gross motor development in comparison
to the nonintensive intervention package. The path from the
intensive intervention to advanced development was partially
explained through improved complementary feeding and could
have resulted from both biological (i.e., nutritional) and
behavioral (i.e., caregiving) mechanisms. Further research may
be helpful in understanding and potentiating these mechanisms.
The intensive intervention package had a significant differential
impact on child development but not on stunting. The findings
highlight the importance of measuring a diverse set of child
outcomes, including functional outcomes such as child devel-
opment, when evaluating interventions and programs (32),
given that the A&T initiative, which primarily aimed to improve
IYCF and stunting, also advanced language and gross motor
development. Furthermore, the findings reinforce efforts to
develop and evaluate integrated nutritional and developmental
interventions (9) that efficiently and effectively support parents
and other caregivers to provide optimal, holistic care for their
infants and young children, which will lead to physical,
cognitive, and socio-emotional development. Providing such
interventions at scale is challenging given the current limitations
in resources, systems, and political commitment (5). The A&T
initiative in collaboration with BRAC in Bangladesh has shown

that the package of interventions to support IYCF could be
delivered at scale by building on an existing platform (41). This
study shows that the documented impacts go beyond IYCF on
2 relevant developmental outcomes for young children, adding
to the evidence for investments in large-scale, high-quality
interventions to support IYCF.
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FIGURE 3 Path analyses for language (A) and

motor (B) development among children 6–23.9

mo of age. Values are unstandardized regression

coefficients from path analyses. Minimum die-

tary diversity was defined as the proportion of

children aged 6–23 mo who received foods from

$4 food groups during the previous day; mini-

mum meal frequency was defined as the

proportion of children aged 6–23 mo who

received solid, semisolid, or soft foods the

minimum number of times or more (2 times

for breastfed infants aged 6–8 mo, 3 times for

breastfed children aged 9–23.9 mo, and 4 times

for non-breastfed children aged 6–23.9 mo).

***P , 0.001, **P , 0.01, and *P , 0.05

(2-tailed tests).
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