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Abstract
Objective: To compare the impact on child diet and growth of a multisectoral
community intervention v. nutrition education and livestock management training
alone.
Design: Longitudinal community-based randomized trial involving three groups of
villages assigned to receive: (i) Full Package community development activities,
delivered via women’s groups; (ii) livestock training and nutrition education alone
(Partial Package); or (iii) no intervention (Control). Household surveys, child
growth monitoring, child and household diet quality measures (diet diversity
(DD), animal-source food (ASF) consumption) were collected at five visits over
36 months. Mixed-effect linear regression and Poisson models used survey round,
treatment group and group-by-round interaction to predict outcomes of interest,
adjusted for household- and child-specific characteristics.
Setting: Banke, Nepal.
Participants: Households (n 974) with children aged 1–60 months (n 1333).
Results: Children in Full Package households had better endline anthropometry
(weight-for-age, weight-for-height, mid-upper-arm-circumference Z-scores),
DD, and more consumption of ASF, after adjusting for household- and child-
specific characteristics. By endline, compared with Partial Package or Control
groups, Full Package households demonstrated preferential child feeding
practices and had significantly more improvement in household wealth
and hygiene habits.
Conclusions: In this longitudinal study, a comprehensive multisectoral inter-
vention was more successful in improving key growth indicators as well as diet
quality in young children. Provision of training in livestock management and
nutrition education alone had limited effect on these outcomes. Although more
time-consuming and costly to administer, incorporating nutrition training with
community social capital development was associated with better child growth
and nutrition outcomes than isolated training programmes alone.
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Empirical documentation that investments in agriculture
improve child nutrition has been difficult to demonstrate
in developing countries(1–9). Agriculture production inter-
ventions, while generally successful in increasing participant
wealth and socio-economic status, do not necessarily
result in improved child nutritional status, as increased
household income and assets are not always directed
towards optimizing child diet or growth. Nutrition education
has also been endorsed as an important tactic to improve

child outcomes(4,5). While educational efforts directed
towards breast-feeding promotion and timely introduction
of complementary feedings have had varying success(4),
overall, nutrition education, given alone, has had limited
success. A systematic review published in 2008
concluded that nutrition education alone had only a modest
effect size for child weight (mean effect size= 0·28; range
=−0·06 to 0·96) and linear growth (mean effect size= 0·20,
range= 0·04 to 0·64)(10). More recent evidence clearly
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indicates that nutrition education is not sufficient, par-
ticularly in food-insecure households(4). Nevertheless,
in non-research settings, much effort and time are expended
in providing such training(11,12).

Nutrition education can takemany forms, from targeting
a specific nutritional issue (e.g. complementary feeding;
promotion of breast-feeding; need for supplementation
of vitamin A, Fe, etc.) for a specific age group, to a more
general approach. Some of these education programmes
do show a positive effect on growth (reviewed by Bhutta
et al.(4)), but understanding of the impact of community-
based programmes in family nutrition remains limited.
Clearly, a ‘more nuanced and tailored approach to the
implementation of nutrition interventions’(13) is needed.

Undoubtedly, the context in which interventions are pro-
vided is of considerable importance. Nutrition education is
sometimes combinedwith other interventions, including pro-
vision of supplementary foods, micronutrients, cash transfers,
deworming or agriculture production activities (e.g. Rivera
et al.(14)). With several notable exceptions, few organizations
provide household-level nutrition training in the context of
multisectoral interventions framed around agriculture(15,16)

and only a few studies have attempted to disaggregate the
impact of various components of such programmes on child
nutrition and growth(4,17). In particular, relatively little is
known about the efficacy of combining nutrition education
and livestock-based livelihoods training on child nutritional
outcomes.Moreover, the impact of further adding community
empowerment and social capital development programmes
to the success of community-based educational programmes
is unknown.

We previously evaluated the impact of a community-
based, livestock-focused intervention (conducted by Heifer
International Nepal) on child growth and diet outcomes
in rural Nepal(18,19). Although the intervention did not
include nutrition education or any emphasis on child-
specific outcomes, duration of exposure to the Heifer
intervention was associated with improved child diet
diversity and child growth (specifically, reduction in preva-
lence of stunting, wasting and particularly underweight).
This suggested that community empowerment and social
capital development could provide a supportive context
for a nutrition education programme. Others have found
that community mobilization, particularly when delivered
via women’s groups, may facilitate training(15,20).

We hypothesized that nutrition education provided in the
context of social capital development and community mobi-
lizationwould strengthen the capacity of participants tomake
fundamental choices related to household practices and
childcare, resulting in better child growth and nutrition out-
comes. Therefore, we designed a longitudinal investigation
to disaggregate the impact of a comprehensive community
development intervention including nutrition and livestock
training v. the impact of such training alone. The primary out-
comes were child growth and diet diversity, and secondary
outcomes were household wealth and hygiene practices.

Methods

Study design
This longitudinal-control impact evaluation(21) was con-
ducted in Banke district in western Nepal. This area is
largely populated by low-income subsistence farmers.
Heifer field activities are provided to specific areas at the
request of local non-governmental organizations formed
within rural communities. A waiting list of interested com-
munities is maintained for each district. For the purposes of
the present study, eighteen villages in this district were
matched for sociodemographic characteristics including
geographic location, altitude, population size, local natural
resources, employment opportunities, availability of health
care and type of agriculture practised. Six villages were ran-
domly assigned to each treatment arm (i.e. Full Package,
Partial Package or Control). Due to logistic considerations
in delivery of this community-based intervention, the six
villages in each arm were adjacent to each other, but geo-
graphically separate from the other groups of villages to
avoid contamination across arms.

The village groupswere randomly assigned to one of three
conditions: (i) full Heifer intervention package, including
community development, livestock training and nutrition
education (Full Package); (ii) livestock training and nutrition
education only (Partial Package); or (iii) Control (no inputs).
Partial Package and Control communities were promised to
receive the Heifer full intervention package after the research
period concluded (Fig. 1), as required by the local ethics com-
mittee and in accordance with the demand of the commun-
ities as a condition for accepting the randomization scheme.

In each group of villages, local leaders were invited to
serve on an advisory panel and as liaisons to the population
about the project activities. Five rounds of data collection
were performed by a local field research non-governmen-
tal organization (Valley Research Group), not connected to
Heifer. Field supervisors monitored the performance and
activities of the field enumerators and conducted daily
reviews of the data collection. This allowed rapid identifi-
cation and correction of errors and omissions. Enumerators
were trained at the beginning of the project with 7 d of ori-
entation to the project, field practice testing in two villages
not included in the project sites, and ongoing quality con-
trol activities tomonitor andmaintain interobserver reliabil-
ity. A 5 d refresher training, including field practice, was
conducted prior to each subsequent field visit.

Interventions
The Full Package consisted of an intensive 12-month
programme of participatory community development
activities led by Heifer Nepal field staff, followed by
another 24 months of less concentrated supervision. The
Heifer training curriculum aims to provide tools for
poverty alleviation, citizen empowerment and community
development, with a strong emphasis on optimization of
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livestock management(19). These activities were delivered
in women’s self-help groups, which met biweekly with a
trained facilitator to discuss local and personal issues
in the context of values training, gender and family issues,
social mobilization, group strengthening, microcredit, enter-
prise development and livestock management. Nutrition
education, delivered concurrently, was based on a formal
curriculum, focused on healthy eating practices for infants,
young children and expectant mothers, targeting under-
standing of basic nutrients and their benefits, diversification
of food production and intake, dietary needs of children
from conception to 2 years of age (and the importance of
this for their cognitive and physical development) and safe,
hygienic preparation of food. Additionally, the nutrition edu-
cation promoted the production and consumption of animal
foods by all family members and equitable distribution of
food within the family.

At the conclusion of the 12-month curriculum, each
household in the Full Package group received a female
goat, with the proviso that the first offspring of the animal
be passed on to a participating neighbour. (This obligation
ensures the sustainability of this approach as well as
strengthening community ties and personal responsibility.)

Households assigned to the Partial Package group
received identical training in livestock management and
child/expectant mother nutrition, and received a goat after
training was completed, without the accompanying com-
munity development components. Control households

received no inputs other than the five household visits from
the enumerators.

Participants
All members of each participating family were enrolled in
the study. Children aged 1–60 months residing in participat-
ing families were assessed in detail (described below). Child
age was determined by inspection of the birth or the vaccine
certificate. Children with physical or neurological handicaps
that prevented ingestion of a normal diet for age or children
with severe intercurrent illnesses at the time of survey
were excluded. Children who ‘aged in’ to the entry criteria
were enrolled in the study at the first visit at which theywere
eligible.

Field procedures
Each family was visited five times over 36 months. Intervals
varied from 6 to 12 months, due to natural disasters and
political unrest (Fig. 1); three rounds were pre-harvest
and two were post-harvest. Field enumerators travelled
in pairs to conduct the visits during which a 145-item
questionnaire was completed with the female head of
household or her designee; a supervisor was also present
for part of each visit. The questionnaire was based
on the Nepal Demographic and Health Survey (DHS)(22)

and included dietary information (described below).
Anthropometric measurements and diet information on all
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Fig. 1 Schema showing the different activities in the three different groups: Full Package, Partial Package and Control, as well as the
timing of data collection in the communities. Households with children aged 1–60 months from Banke, western Nepal, were random-
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enrolled children were also collected, along with diet infor-
mation for ‘anyone else in the household’ (described below).

Anthropometry
Child growth was assessed at each field visit. Weight (in
kilograms, to two decimal places) was measured with a
Seca 835 electronic scale (Hamburg, Germany), calibrated
before each measurement. Standing height in centimetres
(children aged >2 years) was measured with a portable
Seca 213 stadiometer; supine height in centimetres (children
aged <2 years) was measured with a Seca BabyMat 210.
Head circumference was measured in centimetres with a
disposable paper tape at the maximum occipito-frontal
measurement. Mid-upper arm circumference (MUAC) was
measured in centimetres with a disposable insertion tape
(Harlow Ltd, South Shields, UK). Height, head circumfer-
ence and MUAC were measured to one decimal place.
Each measurement was obtained twice and results averaged.
If results were >5% discrepant, then a third measurement
was obtained. Results were converted to Z-scores using
WHO Anthro(23). The prevalence of underweight, stunt-
ing and wasting was determined according to WHO
standards(23).

Diet
Respondents were asked if each child in the household
aged 1–60 months had consumed any of sixteen specific
foods/food groups within the past 24 h(24). A diet diversity
score (DDS) was constructed by aggregating the food
groups into eight categories: (i) starchy staples (grains
and white potatoes); (ii) vitamin A-rich fruits and vegeta-
bles; (iii) other fruits and vegetables; (iv) offal, meat and
fish; (v) eggs; (vi) legumes, nuts and seeds; (vii) milk
and dairy products; and (viii) oils, as defined by the US
Agency for International Development’s Food and
Nutrition Technical Assistance Project specifically for
young children(25). Each of these food categories was
categorized as ‘yes’ or ‘no’; thus, the maximum DDS for
each round was 8. In addition, the number of animal-
source food (ASF) categories (meat, fish, offal, eggs, milk,
other dairy products; maximum score 6) consumed in the
previous 24 h by each child was recorded(26,27).

To determine if each food item was available for
consumption in the household, whether or not the child
consumed it, we asked if ‘anyone else in the household’
had consumed it during the last 24 h. However, the individ-
uals who consumed these items were not specified.

The child’s DDS and ASF sumwere then compared with
those of other household members and categorized as
‘worse’ or ‘the same or better’ to determine if preferential
or disadvantageous feeding practices were directed
towards these young children. Calculations of child ASF
consumption and dietary diversity were limited to children
>6 months of age to exclude children who were (for the
most part) exclusively breast-fed.

Household characteristics

Demographics
Demographic information was collected on each house-
hold, including socio-economic status, animal ownership,
annual income and amount of land owned. Socio-economic
status score (wealth score) was constructed using household
asset data via a principal component analysis, calculated
using DHS-Nepal guidelines(22). Household assets including
possessions (such as a refrigerator, bicycle, chair and bed) as
well as quality of housing (such as availability of electricity,
type of water supply and toilet) were considered. This mea-
sure has been used in many DHS and other country-level
surveys to indicate inequalities in household characteristics
and serves as an indicator of level of wealth that is consistent
with expenditure and income measures(22). Animal owner-
ship (converted to a standardized score using FAO Global
Livestock Units(28)), annual income per household and per
capita (in NPR, Nepali rupees) and amount of land owned
(in square metres) were also collected as additional indica-
tors of household wealth.

Maternal education
Previous work indicated the important influence of the
level of mother’s education on child outcomes(29); there-
fore, this variable was incorporated into the analysis. The
educational status of the mothers was classified as: (i) none
or simple literacy classes; (ii) some or completed primary
school; and (iii) some or completed secondary school (or
beyond).

Hygiene practices
Household hygiene practices were assessed by determin-
ing the number of uses of soap cited by the respondents,
without prompting. Soap availability was also verified.

Statistical analysis
The original sample size was calculated to detect a differ-
ence of >0·25 in mean weight-for-age Z-score (WAZ), with
a power of 80 % and a two-sided significance level of<0·05.
Data were entered and analysed with JMP 13.1 and the stat-
istical software package Stata version 12.0. Analysis was
conducted at the community, household and individual
levels, starting with a descriptive analysis of the variables,
including t tests and ANOVA with Bonferroni post hoc tests
to correct for multiple comparisons, followed by a series of
χ2 tests and correlations to assess collinearity. Dependent
variables were evaluated with histograms to verify normal
distribution. Anthropometric Z-scores (height-for-age
Z-score (HAZ), WAZ, weight-for-height Z-score (WHZ),
MUAC Z-score (MUACZ), head circumference Z-score
(HCZ)) were calculated at each round independently.
Mixed-effect regression modelling (using the Stata com-
mand ‘xtmixed’) was used to estimate the impact of the
intervention. We performed a regression with survey round,
treatment group and group-by-round interaction as a fixed
effect (with the interaction being the termof interest) and child
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as a random effect (to control for household-level clustering).
A linear mixed-effect regression was used to estimate the
impact on anthropometric Z-scores, household wealth score
and total soap use. A mixed-effect Poisson regression was
used for count outcomes, for example number of food groups
consumed and number of ASF consumed. To evaluate the
effects of group assignment over time, we then calculated
and plotted adjusted marginal predictions from linear
mixed-effects regression models for anthropometry and
Poisson mixed-effects regression for the diet indicators using
post-estimation commands in Stata version 15. All models
were adjusted for child factors (age, gender, baseline
anthropometry) and household factors (household animal
and wealth score, land ownership, household per capita
income, mother’s educational attainment). The adjustment
for baseline anthropometry was mandated by the fact that
there were some significant differences in these measures at
baseline. Collinearity was assessed by measuring variance
inflation factors for household variables; these were <1·5.

Results

Participants
At baseline, 6692 individuals in 960 families were enrolled
(Fig. 2). Someof these households subdividedover the course
of the study; thus, the total number of households visited was
974. Communities were randomized to Control (304 house-
holds), Full Package (290 households) or Partial Package

(366 households). Communities were similar for many impor-
tant characteristics (Table 1); however, differenceswere noted
in the amount of land owned and the calculated animal score.
Regression analyses adjusted for these factors. Retention over
the 36-month course of the study was 90·3% overall (Full
Package 88%, Partial Package 91%, Control 91%; Fig. 2).

Mother’s education
The educational achievements of the mothers varied
widely: 64 % reported no education, 15 % had completed
only basic non-formal literacy classes, 11 % had some
primary school, while only 2 % had completed secondary
school or beyond. Educational achievements for mothers
differed significantly among the three groups, with less-
educated women in the Partial Package group ( χ2= 124·79,
P< 0·0001).

Participation in the intervention activities
Participation in the intervention activities was approximately
100% for the Full Package programme. Despite efforts of
Heifer field staff, Partial Package households participated in
about 70% of the offered training activities.

Child characteristics

Growth
Anthropometric measurements and diet quality indicators
(ASF consumption and dietary diversity) were collected on
all children at baseline (Table 2). However, unexpectedly,
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Round CONTROL FULL PACKAGE PARTIAL PACKAGE

HH: 366
Individuals: 2714
<60 months: 547

HH: 347
Individuals: 2503
<60 months: 444

HH: 343
Individuals: 2548
<60 months: 396

HH: 334
Individuals: 2535
<60 months: 363

HH: 256
Individuals: 1632
<60 months: 227

HH: 277
Individuals: 2056
<60 months: 314

HH: 283
Individuals: 2068
<60 months: 351

HH: 289
Individuals: 2019
<60 months: 336

HH: 292
Individuals: 1983
<60 months: 426

HH: 304
Individuals: 2186
<60 months: 416

HH: 261
Individuals: 1622
<60 months: 247

HH: 260
Individuals: 1549
<60 months: 275

HH: 290
Individuals: 1792
<60 months: 370

HH: 263
Individuals: 1522
<60 months: 304

HH: 347
Individuals: 2391
<60 months: 482

Fig. 2 Number of households (HH), individuals and children aged <60 months included in the five surveys. HH with children aged
1–60 months from Banke, western Nepal, were randomized to receive: (i) multisectoral community development activities (Full
Package), (ii) nutrition education and livestockmanagement training alone (Partial Package) or (iii) no intervention (Control); the study
was conducted between August 2013 and August 2017
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at baseline Control group children had significantly lower
mean HAZ, WAZ, HCZ and MUACZ than the other two
groups; WHZ did not differ among the three groups.
Regression analyses were adjusted to take baseline growth
status into account.

Over the 36 months of the study, the growth status of
children (aged >6 and <60 months) generally improved.
Compared with baseline values, the percentage of stunting
and microcephaly did not change significantly at endline
(respectively, from 48 to 51 % and from 20 to 18 %). In con-
trast, the percentage of wasted and underweight children
declined significantly (respectively, from 17 to 9 % and
from 43 to 33 %). However, mean WAZ, WHZ, HCZ and
MUACZ increased significantly more in the Full Package
group than in the other two groups (across-group compari-
son, P value by anthropometric outcome respectively
P = 0·006, P= 0·0002, P = 0·0001 and P= 0·0001). HAZ
was a notable exception, with significantly less improve-
ment in this parameter among children in the Full
Package group compared with the other two groups
(P= 0·009; Fig. 3(a)). Changes in growth were examined
using a mixed-effects regression model, with survey round,
treatment group and group-by-round interaction as a fixed
effect (with the interaction being the term of interest) and
child as a random effect (to control for household-level
clustering). The model was adjusted for child factors
(age, gender, baseline anthropometry) and household
factors (household animal and wealth score, land owner-
ship, household per capita income, mother’s educational
attainment). When these results were examined using
group-by-round interactions (Table 3), children in the Full
Package group showed significantly better WHZ (Rounds
2–3–4–5), WAZ (Rounds 4–5), HCZ (Rounds 2–4–5) and
MUACZ (Rounds 4–5) compared with Control children.
Except for MUACZ, these did not occur in a ‘dose-dependent’
fashion over time. Children in the Partial Package group also
showed significantly better WHZ (Rounds 2–3–4–5), WAZ
(Rounds 2–3–4), HCZ (Rounds 2–3–4) and MUACZ
(Rounds 2–4–5). Adjusted marginal predictions from linear
mixed-effects regression models showed significant
improvements over time in the Full Package group with
regard to MUACZ, WHZ and WAZ (Fig. 3(b)).

Child diet

Child dietary diversity
Child dietary diversity differed at baseline; Control chil-
dren consumed a more diverse diet (mean (SD): 3·92
(0·07) Full Package and 3·94 (0·05) Partial Package v.
4·18 (0·06) Control, P = 0·01). This pattern was main-
tained for the first three rounds of data collection, but
by Round 4 and Round 5, the Full Package children were
consuming a significantly more diverse diet (mean (SD):
5·38 (0·08) Full Package, 4·90 (0·06) Partial Package
and 4·74 (0·07) Control at Round 4, P < 0·0001; 5·34
(0·08) Full Package, 4·84 (0·06) Partial Package and 4·91T
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Table 2 Child characteristics at baseline according to study group (children aged <60 months; for dietary indicators, only children aged >6 and <60 months were included)

Diet indicator

Control (n 425)
(n 343 for diet indicators)

Full Package (n 345)
(n 335 for diet indicators)

Partial Package (n 490)
(n 477 for diet indicators)

Mean or % SE

Lower
95% CI

Upper
95% CI Mean or % SE

Lower
95% CI

Upper
95% CI Mean or % SE

Lower
95% CI

Upper
95% CI P

Diet
ASF consumption score 0·51 0·03 0·44 0·59 0·59 0·04 0·511 0·66 0·51 0·03 0·44 0·57 0·12
DDS 4·18 0·06 4·04 4·31 3·92 0·07 3·78 4·06 3·94 0·05 3·82 4·06 0·68

Health
Health score (higher score indicates
worse health)

0·40 0·03 0·33 0·47 0·53 0·04 0·45 0·61 0·54 0·03 0·48 0·61 0·01

% with diarrhoea in last 2 weeks 18 – – – 15 – – – 19 – – – 0·27
% with diarrhoea in last 24 h 8 – – – 11 – – – 9 – – – 0·09

Anthropometry
HAZ −2·42 0·07 −2·56 −2·28 −1·36 0·07 −1·51 −1·20 −1·89 0·06 −2·02 −1·76 <0·0001
% Stunted 64 – – – 34 – – – 47 – – – <0·0001
WAZ −2·10 0·05 −2·20 −2·00 −1·52 0·05 −1·64 −1·41 −1·75 0·04 −1·85 −1·66 <0·0001
% Underweight 55 – – – 33 – – – 41 – – – <0·0001
WHZ −1·01 0·06 −1·13 −0·90 −1·08 0·05 −1·20 −0·97 −0·99 0·05 −1·09 −0·89 0·65
% Wasted 21 – – – 15 – – – 17 – – – 0·06
HCZ −1·37 0·05 −1·48 −1·27 −1·26 0·06 −1·38 −1·14 −0·99 0·05 −1·09 −0·89 <0·0001
% Microcephalic 27 – – – 21 – – – 17 – – – 0·001
MUACZ −1·29 0·05 −1·38 −1·20 −1·21 0·05 −1·31 −1·11 −0·98 0·04 −1·07 −0·90 <0·0001

ASF, animal-source food; DDS, dietary diversity score; HAZ, height-for-age Z-score; WAZ, weight-for-age Z-score; WHZ, weight-for-height Z-score; HCZ, head circumference Z-score; MUACZ, mid-upper arm circumference Z-score.
Households with children aged 1–60 months from Banke, western Nepal, were randomized to receive: (i) multisectoral community development activities (Full Package), (ii) nutrition education and livestock management training alone (Partial
Package) or (iii) no intervention (Control); the study was conducted between August 2013 and August 2017.
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(0·06) Control Round 5,P< 0·0001; Fig. 4(a)). Themean (SD)
increase in DDS was greater among the Full (þ1·81 (0·17))
and Partial Package children (þ1·76 (0·13)) compared with
the Control children (þ1·12 (0·14), P= 0·002; matched pairs
for individuals in each group, baseline to endline). When
examined using Poisson regressions and group-by-round
interaction (adjusted for child factors (age, gender, baseline
anthropometry, baseline dietary intake) and household

factors (household animal and wealth score, land owner-
ship, household per capita income, mother’s educational
attainment); Table 4), diet diversity was less in children
in the Full Package group in Rounds 2 and 3 compared
with Control (respectively, 18 and 44 % lesslikely to
eat one more food group than Control). However, in
Rounds 4 and 5, Full Package group children showed
a trend to more likely having better diet diversity
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Fig. 3 (a) Change in child growth indicators from baseline to endline in the Control ( ), Full Package ( ) and Partial Package ( )
groups.MeanWAZ,WHZ, HCZ andMUACZ increased significantly more in the Full Package group than in the other two groups; HAZ
improved in the Partial Package and Control groups, but not in the Full Package group. Across-group comparison by anthropometric
outcome: **P< 0·01, †P< 0·0001. (b) Adjusted marginal predictions from linear mixed-effects regression models, with their standard
errors represented by vertical bars, showing significant improvements over time in the Full Package groupwith regard toMUAC,WHZ
andWAZ ( , Control; , Full Package; , Partial Package). Households with children aged 1–60months fromBanke,
western Nepal, were randomized to receive: (i) multisectoral community development activities (Full Package), (ii) nutrition education
and livestockmanagement training alone (Partial Package) or (iii) no intervention (Control); the study was conducted between August
2013 and August 2017 (HAZ, height-for-age Z-score; WAZ, weight-for-age Z-score; WHZ, weight-for-height Z-score; HCZ, head cir-
cumference Z-score; MUACZ, mid-upper arm circumference Z-score; R1, Round 1 survey (baseline); R2–R5, Round 2 to Round 5
surveys)
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Table 3 Mixed-effect linear regression showing coefficient (β) and SE for anthropometric measurements, household wealth score and total soap use (hygiene measure). Results are shown by survey
round, treatment group and group-by-round interaction as a fixed effect adjusted for child factors (age, gender, baseline anthropometry) and household factors (household animal andwealth score, land
ownership, household per capita income, mother’s educational attainment)

WHZ HAZ WAZ HCZ MUACZ Wealth score Total soap use

β SE β SE β SE β SE β SE β SE β SE

Study area (Ref.=Control area)
Full Package intervention area −0·01 −0·22 0·29*** −4·82 0·11*** −2·7 −0·25*** −3·60 0·12* −1·86 −0·33*** −5·04 0·13 −1·44
Partial Package intervention area −0·02 −0·41 0·13** −2·43 0·05 −1·30 0·09 −1·41 0·31*** −4·99 −0·11* −1·80 0·18** −2·00

Survey round (Ref.= baseline, Round 1)
Round 2 0·21*** −4·11 −0·18*** −3·69 0·06* −1·94 0·28*** −7·45 0·53*** −14·38 Not collected 0·81*** −8·54
Round 3 0·45*** −8·05 −0·34*** −6·36 0·15*** −4·11 0·11*** −2·59 0·44*** −10·62 −0·113*** −3·01 1·08*** −10·82
Round 4 0·13** −2·05 −0·37*** −5·98 −0·10** −2·51 −0·08 −1·59 0·38*** −7·32 −0·107** −2·52 0·71*** −6·71
Round 5 0·36*** −5·16 −0·39*** −5·82 0·02 −0·49 −0·06 −1·02 0·40*** −6·76 −0·141*** −3·03 1·42*** −12·69

Interaction (Full Package intervention)
Full Package × Round 2 0·23*** −2·97 −0·20*** −2·73 0·07 −1·37 −0·14*** −2·63 −0·01 −0·20 Not collected 1·39*** −10·25
Full Package × Round 3 0·15* −1·87 −0·27*** −3·46 −0·04 −0·76 0·00 −0·15 0·09 −1·64 0·22*** −4·04 0·65*** −4·58
Full Package × Round 4 0·62*** −6·73 −0·37*** −4·23 0·21*** −3·56 0·33*** −5·18 0·53*** −8·47 0·18*** −2·81 2·46*** −15·93
Full Package × Round 5 0·59*** −5·91 −0·38*** −4·03 0·18*** −2·84 0·24*** −3·43 0·58*** −8·61 0·07 −1·03 2·03*** −12·22

Interaction (Partial Package intervention)
Partial Package × Round 2 0·17** −2·51 0·00 −0·11 0·10** −2·37 −0·36*** −7·47 −0·22*** −4·70 Not collected 0·56*** −4·48
Partial Package × Round 3 0·20*** −2·72 0·03 −0·49 0·11** −2·45 −0·32*** −6·39 −0·08 −1·60 −0·12** −2·51 −0·26** −2·01
Partial Package × Round 4 0·22*** −2·79 0·05 −0·68 0·15*** −2·77 −0·13** −2·27 0·20*** −3·74 −0·17*** −3·06 0·49*** −3·48
Partial Package × Round 5 0·14* −1·70 0·02 −0·26 0·07 −1·37 −0·05 −0·82 0·19*** −3·26 −0·08 −1·40 0·13 −0·89

Baseline values for anthropometry 0·63*** −45·07 0·67*** −60·17 0·77*** −67·07 0·46*** −20·49 NA – NA – NA –
Child age (continuous, months) −0·00** −2·09 0·01*** −11·09 0·00*** −4·59 0·00 −0·49 −0·00*** −4·40 NA – NA –
Sex (Ref.= female)
Male 0·00 −0·17 0·05* −1·65 0·06*** −2·58 0·07 −1·58 −0·00 −0·03 NA – NA –

Caste (Ref.= non-Muslim)
Muslim 0·03 −0·74 −0·01 −0·30 0·01 −0·34 0·16*** −2·62 0·08 −1·44 0·42*** −6·87 −0·06 −1·18

Animal score −0·00 −0·86 −0·00 −0·29 −0·00 −0·97 0·01** −2·33 0·01** −2·11 0·05*** −8·14 0·01* −1·80
Wealth score 0·00 −0·33 0·03* −1·80 0·01 −0·78 0·01 −0·65 0·08*** −5·24 NA – NA –
Per capita household income 0·00 −1·11 0·00** −1·97 0·00 −0·26 0·00 −0·23 0·00 0·00 0·00*** −7·61 0·00 −1·52
Land 0·00 −0·34 0·00 −0·41 0·00 −0·22 0·00 −0·34 0·00 −0·26 NA – NA –
Women’s education (Ref.= none)
Some primary/primary completed 0·00 −0·14 0·02 −0·54 0·02 −0·74 −0·01 −0·25 0·01 −0·22 0·65*** −10·39 0·35*** −6·16
Some secondary/secondary completed and beyond −0·04 −0·61 −0·00 −0·12 −0·02 −0·37 −0·11 −1·09 0·02 −0·26 1·54*** −15·64 0·61*** −6·67

WHZ, weight-for-height Z-score; HAZ, height-for-age Z-score; WAZ, weight-for-age Z-score; HCZ, head circumference Z-score; MUACZ, mid-upper arm circumference Z-score; Ref., reference category; NA, not applicable.
Households with children aged 1–60 months from Banke, western Nepal, were randomized to receive: (i) multisectoral community development activities (Full Package), (ii) nutrition education and livestock management training alone (Partial
Package) or (iii) no intervention (Control); the study was conducted between August 2013 and August 2017.
*P< 0·10, **P< 0·05, ***P< 0·01.
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than Control (respectively, 13 %more likely to eat one addi-
tional food group, P< 0·05, and 8%, NS). In contrast, diet
diversity among children in the Partial Package group gen-
erally did not differ significantly from Control (except at
Round 3). Adjusted marginal predictions from Poisson
mixed-effects regression models showed improvements
over time in the Full Package groupwith regard to diet diver-
sity (Fig. 4(b)).

The percentage of children achieving minimum dietary
diversity (≥4 food groups) was the same in all three groups

at baseline (Full Package 38%, Partial Package 34%, Control
30%, NS) and at endline (respectively, 4, 7 and 5%, NS).
Although the percentage of children exceeding minimum
dietary diversity (>5 food groups) was the same in all three
groups at baseline (33% Full Package, 35% Partial Package,
39% Control, NS), by endline more children in the Full
Package group exceeded minimum dietary diversity (80%
Full Package, 65 %Partial Package, 67 %Control,P< 0·0004).
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Fig. 4 (colour online) (a) Dietary diversity scores (DDS) for
children did not differ at baseline among the three groups
( , Control; , Full Package; , Partial Package). At R2
and R3, the DDS was significantly greater in the Control chil-
dren than in the other two groups. However, this pattern then
changed, and by R4 and R5, the Full Package children were
consuming a significantly more diverse diet than the remain-
der of children (mean (SD): 5·38 (0·08) Full Package, 4·90
(0·06) Partial Package and 4·74 (0·07) Control at R4,
P< 0·0001; 5·34 (0·08) Full Package, 4·84 (0·06) Partial
Package and 4·91 (0·06) Control at R5, P< 0·0001).
Across-group comparison: †P< 0·0001. (b) Adjusted mar-
ginal predictions from Poisson mixed-effects regression mod-
els, with 95% confidence intervals represented by vertical
bars, showing significant improvements over time in the Full
Package group for child dietary diversity ( , Control;

, Full Package; , Partial Package). Households
with children aged 1–60 months from Banke, western
Nepal, were randomized to receive: (i) multisectoral commu-
nity development activities (Full Package), (ii) nutrition educa-
tion and livestock management training alone (Partial
Package) or (iii) no intervention (Control); the study was con-
ducted between August 2013 and August 2017 (R1, Round 1
survey (baseline); R2–R5, Round 2 to Round 5 surveys)

Table 4 Mixed-effect Poisson regression showing relative risk (RR)
and SE for the number of food groups and number of animal-source
foods (ASF) consumed by children in the project areas. The model
was adjusted for child factors (age, gender, baseline anthropometry,
baseline dietary intake) and household factors (household animal
and wealth score, land ownership, household per capita income,
mother’s educational attainment)

No. of food groups No. of ASF

RR SE RR SE

Study area (Ref.=Control area)
Full Package intervention
area

1·00 −0·02 1·21* −1·79

Partial Package
intervention area

0·99 −0·01 1·10 −0·98

Survey round (Ref.= baseline, Round 1)
Round 2 1·09** −2·23 2·30*** −8·67
Round 3 1·42*** −9·06 2·52*** −9·44
Round 4 1·31*** −6·27 1·57*** −3·90
Round 5 1·34*** −6·38 1·68*** −4·24

Interaction (Full Package intervention)
Full Package×Round 2 0·82*** −3·25 0·44*** −5·51
Full Package×Round 3 0·66*** −6·85 0·39*** −6·22
Full Package×Round 4 1·13** −2·03 1·02 −0·16
Full Package×Round 5 1·08 −1·22 0·98 −0·09

Interaction (Partial Package intervention)
Partial Package×
Round 2

0·92 −1·46 0·60*** −3·77

Partial Package×
Round 3

0·70*** −6·46 0·66*** −3·12

Partial Package×
Round 4

1·03 −0·67 1·03 −0·19

Partial Package×
Round 5

1·04 −0·73 1·12 −0·76

Baseline values for child
diet

1·05*** −10·44 1·43*** −16·30

Child age (months) 1·00** −2·45 1·00 −0·21
Sex (Ref.= female)
Male 1·00 −0·33 1·03 −0·97

Caste (Ref.= non-Muslim)
Muslim 1·01 −0·76 1·11** −2·05

Animal score 1·00** −2·55 1·03*** −4·15
Wealth score 1·03*** −4·13 1·15*** −6·76
Per capita household
income

1·00 −0·40 1·00 −0·06

Land 1·00 −0·31 1·00 −0·12
Women’s education
(Ref.= none)
Some primary/primary
completed

1·03 −1·57 1·12** −2·40

Some secondary/
secondary completed
and beyond

1·05 −1·42 1·23*** −2·74

Ref., reference category; NA, not applicable.
Households with children aged 1–60 months from Banke, western Nepal, were
randomized to receive: (i) multisectoral community development activities (Full
Package), (ii) nutrition education and livestock management training alone
(Partial Package) or (iii) no intervention (Control); the study was conducted
between August 2013 and August 2017.
*P< 0·10, **P< 0·05, ***P< 0·01.
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Child consumption of animal-source foods
The mean number of ASF consumed by children was the
same at baseline in all three groups (Fig. 5(a)). Child con-
sumption of ASF was limited; at baseline only about 40 % of
children had consumed any ASF within the prior 24 h. At
endline, this had increased to 62–70 % of children. ASF con-
sumption in the Control group initially increased (Round 2
and Round 3) but then declined; by Round 4 and Round 5,
the children in the Full Package consumed significantly
more ASF than Partial Package and Control children (mean
(SD), respectively: 1·00 (0·07) v. 0·78 (0·05) and 0·69 (0·06)
at Round 4, P= 0·0003; 1·29 (0·08) v. 0·81 (0·06) and 0·96
(0·06) at Round 5, P < 0001). When consumption at

baseline and endline were analysed by matched pairs (of
individuals), both the mean-mean and the mean difference
for the Full Package group were greater than those of the
other two groups (mean-mean: 0·97 Full Package v. 0·69
Partial Package and 0·71 Control, P< 0·0001; mean differ-
ence: 0·78 Full Package v. 0·31 Partial Package and 0·54
Control, P< 0·0001). When examined using Poisson
regressions and group-by-round interaction (adjusted for
child factors (age, gender, baseline anthropometry, base-
line dietary intake) and household factors (household
animal and wealth score, land ownership, household
per capita income, mother’s educational attainment);
Table 4), children in both the Full and Partial Package
groups ate fewer ASF than Control children in Round 2
and Round 3, but by Round 4 and Round 5, this measure
did not differ from Control children. Adjusted marginal pre-
dictions from Poisson mixed-effects regression models
showed improvements over time in the Full Package group
for ASF consumption (Fig. 5(b)).

Effect of child and household factors on child diet
Notably, gender did not impact child diet. Not surprisingly,
slight increases in diet diversity and ASF consumption were
found with increasing child age (Table 4). However, mater-
nal education significantly impacted child diet, particularly
ASF consumption. Children of mothers with primary edu-
cation or secondary education were respectively 19 or
26 % more likely to eat one additional ASF item than
children of mothers with no education.

Household diet

Household dietary diversity
Household dietary diversity was limited at baseline, with only
about 30% of households consuming four or more food
groups (33% Full Package, 27% Partial Package, 31%
Control, NS), withmeanDDS for the household equal among
all three groups (mean (SD): 4·12 (1·18) Full Package, 4·28
(1·17) Partial Package and 4·24 (1·13) Control, NS). By end-
line, only 2–3% of households reported consumption of
fewer than four food groups. Notably, the DDS for the house-
hold increased nearly twice as much in the Full Package
group as in the other two groups (mean (SD) increase:
þ1·33 (0·09) Full Package, þ0·71 (0·07) Partial Package
and þ0·73 (0·08) Control, P= 0·0001).

Household consumption of animal-source foods
In general, ASF were not widely available in these house-
holds, although this generally improved over time. At base-
line, more than half of households reported no ASF
consumption (no significant difference among the three
groups). At endline, however, the number of households
with no ASF consumption declined in all three groups, with
the greatest reduction in the Full Package households (Full
Package from 55 to 28 %, Partial Package from 54 to 36 %
and Control from 62 to 39 %; χ2= 8·098, P= 0·01).
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Fig. 5 (colour online) (a) Animal-source food (ASF) consump-
tion by children did not differ significantly at baseline between
the three groups ( , Control; , Full Package; , Partial
Package). After an initial increase in ASF consumption noted
in the Control group at R2 and R3, this declined, and by R4
and R5, the children in the Full Package consumed significantly
more ASF than Partial Package andControl children (mean (SD):
1·00 (0·07) Full Package v. 0·78 (0·05) Partial Package and 0·69
(0·06) Control at R4,P= 0·0003; 1·29 (0·08) Full Package v. 0·81
(0·06) Partial Package and 0·96 (0·06) Control at R5,
P< 0·0001). Across-group comparison: ***P< 0·001,
†P< 0·0001. (b) Adjusted marginal predictions from Poisson
mixed-effects regressionmodels, with 95% confidence intervals
represented by vertical bars, showing significant improvements
over time in the Full Package group for child ASF consumption
diversity ( , Control; , Full Package; , Partial
Package). Households with children aged 1–60 months from
Banke, western Nepal, were randomized to receive: (i) multisec-
toral community development activities (Full Package), (ii) nutri-
tion education and livestock management training alone (Partial
Package) or (iii) no intervention (Control); the study was con-
ducted between August 2013 and August 2017 (R1, Round 1
survey (baseline); R2–R5, Round 2 to Round 5 surveys)
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Correspondingly, mean (SD) ASF consumption did not differ
significantly among the three groups at baseline (0·62 (0·04)
Full Package, 0·50 (0·04) Partial Package and 0·62 (0·04)
Control), while at endline, households in the Full Package
group consumed more ASF (0·94 (0·04) Full Package, 0·79
(0·03) Partial Package and 0·75 (0·04) Control, P= 0·005).

Child diet compared with household diet

Child diet diversity relative to diet diversity available in
the household
The share of children with the same or better DDS com-
pared with household-level DDS was significantly greater

in the Control group at baseline (78 % Full Package and
75% Partial v. 85 %Control,P= 0·0003). Thiswas accounted
for by a larger percentage of Control households where
child and household-level DDSwere equivalent at baseline
(74 %, v. 67 % of Full and 62 % of Partial Package house-
holds). However, over the 36 months of surveys, there
was a steady increase in the percentage of children in
the Full and Partial Package groups whose DDS equalled
or exceeded the household DDS (Fig. 6(a)), while the
Control group percentage remain relatively unchanged.

Child animal-source food consumption relative to
animal-source food availability in the household
Over all five rounds of data collection, child ASF consump-
tion matched what was available in the household for
82–89 % of children. Of the remaining children, about half
ate more ASF than other household members and about
half ate less. However, the consumption of ASF by children
relative to the availability of this food item in the household
improved significantly more from baseline to endline in the
Full and Partial Package groups, compared with Control
group children (matched pairs comparison: þ0·24 Full
Package, P= 0·003, þ0·16 Partial Package, P= 0·01 and
þ0·07 Control, NS; Fig. 6(b)).

Household outcomes
Figure 7 presents results for household outcomes.

Household wealth
In the Control group there was minimal change in household
wealth over time. Group-by-round interactions (Table 3)
showed that compared with Control, household wealth
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Fig. 6 (a) The share of children with the same or better dietary
diversity score (DDS) compared with household-level DDS was
significantly greater in the Control group at baseline (78% Full
Package, 75% Partial Package v. 85% Control, P= 0·0003;

, Control; , Full Package; , Partial Package).
However, by simple comparison, over the 36months of surveys,
there was a steady increase in the percentage of children in the
Full Package and Partial Package groups whose DDS was the
same as or better than the household DDS (R2 P= 0·03, R3
P= 0·05, R4 P= 0·01, R5 P= 0·0001). (b) Regarding difference
in animal-source foods (ASF) consumed by the child and any
other household member from baseline to endline, children in
the Full Package and Partial Package significantly increased
their consumption of ASF relative to what was available in the
household. Across-group comparison: **P< 0·01. Households
with children aged 1–60 months from Banke, western Nepal,
were randomized to receive: (i) multisectoral community devel-
opment activities (Full Package), (ii) nutrition education and live-
stock management training alone (Partial Package) or (iii) no
intervention (Control); the study was conducted between
August 2013 and August 2017 (R1, Round 1 survey (baseline);
R2–R5, Round 2 to Round 5 surveys)
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Fig. 7 From baseline to endline, household wealth score, hygiene
practices (number of uses of soap cited) and dietary diversity score
(DDS, number of food groups consumed) all improved significantly
more in the Full Package group compared with the other two
groups (respectively, P< 0·0001, P< 0·001 and P< 0·0001; ,
Control; , Full Package; , Partial Package). Across-group com-
parison: ***P< 0·001, †P< 0·0001. Householdswith children aged
1–60 months from Banke, western Nepal, were randomized to
receive: (i) multisectoral community development activities (Full
Package), (ii) nutrition education and livestock management train-
ing alone (Partial Package) or (iii) no intervention (Control); the
study was conducted between August 2013 and August 2017
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increased significantly in the Full Package group (Rounds
3–4) but decreased in the Partial Package group (Rounds
3–4). (This measure was not collected at Round 2.) Over
the 36 months, the net changes in household wealth score
(matched-pairs t test, mean difference (SE)) were þ0·10
(0·03) Full Package (P= 0·01), −0·07 (0·03) Partial Package
(P= 0·04) and −0·05 (0·03) Control (NS).

Hygiene practices
At baseline, the mean number of soap uses cited was 2·13
(range 0–6); 9 % of respondents were unable to name a
single use, with no differences by group (data not shown).
By Round 5, the mean number of soap uses cited was 4·02
(range 1–9), with significantly more cited by the Full
Package group (mean (SD): 5·69 (1·12) v. 3·61 (0·92)
Partial Package and 3·53 (0·68) Control, P< 0·0001).
Group-by-round interactions (Table 3) showed that com-
pared with Control, soap use increased significantly in
the Full Package group (Rounds 2–3–4–5) and to a lesser
extent in the Partial Package group (Rounds 2–4–5).

Discussion

Agriculturally oriented, multisectoral programmes aimed at
improving child nutrition are complicated, time-consuming
and costly to implement. However, we previously found that
a comprehensive, agriculture livelihoods and community
development programme had a favourable impact on child
nutritional status (especially with longer duration of pro-
gramme exposure), even when this outcomewas not specifi-
cally addressed by the intervention(18,19). The present study
asked the question whether similar results could be accom-
plished via a straightforward nutrition training programme
combined with training on animal husbandry and manage-
ment practices, or if the community mobilization activities
were an essential component to improving child nutritional
status. We sought to disaggregate the impact of didactic train-
ing alone (Partial Package) v. identical training provided in the
context of a multisectoral community development pro-
gramme implemented over 12 months (Full Package).

The results were striking. Compared with children living
in Control or Partial Package households, those in the Full
Package group had better growth. After adjustments for child
and household factors, WAZ, WHZ, HCZ and MUACZ all
increased more in the Full Package than in the Control group
children. Adjusted marginal prediction models showed sig-
nificant improvements over time in the Full Package group
with regard to growth parameters and diet. Children in the
Partial Package households also had improvement in growth
parameters, but to a lesser extent. For both of these groups,
changes were most notable in Rounds 4 and Round 5.
Hygiene practices showed a similar pattern of improvement
in the Full Package households. In contrast, the largest
increase in wealth score occurred earlier (Round 3; this
was not collected in Round 2) in Full Package households.

These findings emphasize the benefits of long periods of
follow-up(18), especially to assess child outcomes.

In addition, children in the Full Package households
benefited from preferential feeding practices, consuming
significantly more diverse diets and ASF than other mem-
bers of their households. Again, these changes became
more evident in the later phases of data collection.

Training focused on child feeding practices is the corner-
stone of many programmes directed towards improving child
nutritional outcomes. Such training is sometimes coupled
with additional concrete interventions (such as provision of
micronutrient supplements or complementary foods).
These programmes may indeed improve child growth, but
when training is given alone, results have been inconsistent
and generally disappointing(17,30). Moreover, the sustainability
of such approaches is questionable. In contrast, the efficacy of
didactic training programmes related to improving agricul-
tural practices is more readily demonstrable (e.g. Rawlins,
Davis, Argenta and their co-workers(16,31,32)).

For some outcomes, such as maternal and newborn
health, participatory action training is more effective
than passive training programmes, according to a recent
meta-analysis(33). However, training programmes to
improve child outcomes are often provided to passive
recipient communities(20). Even when using such facilita-
tor-led ‘action-learning cycles’, the impact of training is
often minimal in the absence of broader social change(34).

Training related to household practices may function in a
qualitatively different manner when mobilization efforts en-
able the community itself to become an active agent of
change(1,20). Ideally, communities become actively engaged
with identification and resolution of problems and embrace
the action of working together to collectively change their
circumstances(35). Within this milieu, individuals may more
readily alter socio-environmental risk factors including
home care practices and household decision making, with
subsequent benefits to the children in the household.
However, participation in women’s groups alone may not
be sufficient to produce change(36).

Such complexities underlie in part the difficulties in link-
ing agricultural interventions and child growth outcomes
(recently reviewed elsewhere(8,37–39))(7). Recent work has
suggested the importance of understanding the role of
food access, care practices and the health environment
in linking agriculture to nutrition outcomes(40). As many
sociodemographic factors influence child care and feeding
practices, enhanced income alone is not sufficient to
address the problems of malnutrition. Behaviour change
communication directed towards feeding practices can
contribute to improved child nutritional status; however,
women’s educational level and empowerment are impor-
tant determinants of the efficacy of this approach(29).
Regardless, both reductions in poverty and behaviour change
take time after implementation of an intervention(18). Indeed,
the time course of the changes we observed underline
this point.
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The causal mechanisms by which the community devel-
opment pathway improves child outcomes are not known
with certainty. Working as a community, individual house-
holds share knowledge and experience, collaborate,
develop problem-solving skills and provide support to
one another(20,41). Community mobilization has the potential
to improve capability to deal with various difficulties related
to poverty and social inequalities(41) including low self-
esteem and limited assertiveness(42). When community
mobilization efforts are sustained and successful, there is
the potential to produce a long-term and fundamental shift
in village, family and gender power relations(20). However,
the evidence suggests that social mobilization alone is not
sufficient to promote change(20,43). Hypothetically, improved
psychological well-being, gender empowerment, coping
ability and economic circumstances may contribute to better
living conditions, including better access to and utilization of
food resources, knowledge networks and health services(4).
These pathways may improve food security, reduce child-
hood illness and increase the family’s ability to care for
the child.

In our study, the outcomes of the Partial Package group
were also informative. While child growth improved some-
what, child diet and householdwealth essentially remained
unchanged. This emphasizes the importance of unmeasured
social, economic, cultural and psychological variables that
may have been impacted by the Full Package programme.
Although families in the Partial Package programme received
identical nutritional and livestock management training as
those in the Full Package, it may take time for this knowledge
to be adopted. Such training may be necessary but not suffi-
cient to produce real change, as the interplay between moti-
vational factors and information processing is complex(44).
The exact mechanisms by which the multisectoral interven-
tion increases household wealth are not known with cer-
tainty, but it is plausible that the combination of social
capital development, enhancement of community ties,
reinforcement of personal agency and women’s empower-
ment interact to provide a base by which the training is more
readily adopted and incorporated into practice.

Our study had several strengths and limitations. The
major strength was the longitudinal nature of the study,
with high retention rate and participation in the Full
Package. Important limitations included the unexpected
differences in several characteristics of the three groups
at baseline, particularly the lower WAZ and HAZ in the
Control group children. We adjusted for these differences
in our analyses, but these differences merit further investi-
gation. Aswith any community-based trial, it is possible that
there were important differences between the groups that
were not collected or measured. The possibility exists of a
systemic bias which may have influenced our results; the
geographic grouping and selection of participants in the
study may have made it more susceptible to such bias(34).
It is also possible that programmes conducted by other
organizations active in western Nepal influenced the

Control group households, although we have no specific
knowledge that this occurred. An additional weakness
was the lower participation rate of the Partial Package
group. Despite efforts of field staff, only about 70 % of
the offered instruction was attended. We were unable to
adjust for individual household attendance in our analysis.

Our statistical approach also had several potential limita-
tions. While collinearity of independent variables in our
regression models may have been a problem, we found that
the variance inflation factors were <1·5 for the variables we
selected. Finally, due to the nature of the community-based
intervention, we were unable to randomize by household,
but rather used geographically defined village groups, ran-
domly assigned to intervention status.

Nevertheless, our results suggest how strongly many
community- and household-level factors are intertwined:
without concurrent improvement in household wealth,
social capital development and effective behaviour change
communication, improvement in child outcomes may be
limited. The improved child growth and diet parameters
in the Full Package group suggest that behaviour change
training in the context of community and social capital
development was more likely to be integrated into house-
hold practices, compared with training provided in the
absence of this supportive framework.

Conclusions

Our results provide empirical support for the positive impact
of links of nutrition-sensitive programming that included live-
lihoods promotion and community empowerment(7). In this
low-income, food-insecure context, a livestock-based pro-
gramme integrated with other components, including nutri-
tion training and community social capital development,
was associated with better child growth and nutrition out-
comes than isolated training programmes alone. Although
more time-consuming and costly to administer, multisectoral
programmes should be considered by organizations seeking
measurable and sustainable improvements in child outcomes.
Important facets of success in this setting were the key focus
on community empowerment and mobilization, the delivery
of the Full Package intervention via women’s groups and the
sustained, in-depth involvement of the implementing organi-
zation (Heifer Nepal) during the first year of Full Package
intervention. Further studies empirically exploring appro-
priate cost-effective packages of interventions, delivery
options and component elements should be supported
to expand on this important evidence base to guide
policy makers and donors.
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