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Abstract
Objective: To examine the difference in the rehabilitation rate from underweight by
child age at enrolment in the Positive Deviance (PD)/Hearth programme.
Design: This secondary data analysis used programme monitoring records of
underweight children aged 6–60 months attending a 2-week PD/Hearth session
and followed up for 6 months from September 2018 to March 2019. Data were ana-
lysed using multilevel mixed-effect regression and Poisson regression with robust
variance.
Setting: Rajshahi Division, Bangladesh.
Participants:A total of 5227 underweight (weight-for-age Z-score (WAZ)<-2) chil-
dren attended the PD/Hearth sessions.
Results: From enrolment to 6 months follow-up, the mean WAZ improved from
−2·80 to −2·09, and the percentage of underweight children decreased to
54·5 %. Compared to the enrolment age of 6–11 months, the estimated monthly
change in WAZ at 6 months of follow-up were 0·05 lower for 12–23 months,
0·06 lower for 24–35 months, and 0·09 lower for 36–60 months of the enrolment
age (all P< 0·001). The probability of rehabilitation at 6 months of follow-up were
lower by 16·7 % for 12–23 months (RR= 0·83; 95 % CI 0·77, 0·91), 15·5 % for 24–35
months (RR= 0·84; 95 % CI 0·78, 0·92), and 34·9 % for 36–60 months of the enrol-
ment age (RR= 0·65; 95 % CI 0·59, 0·72), compared to the enrolment age of 6–11
months.
Conclusions: Enrolment in the PD/Hearth programme at a younger age had the
advantage of greater rehabilitation from underweight than older age. Our findings
provide a better understanding of the successes and failures of the PD/Hearth pro-
gramme to achieve more sustainable and cost-effective impacts.

Keywords
Positive Deviance/Hearth

Underweight
Bangladesh

Social behaviour change

About 45 % of deaths in children under 5 years of age are
attributable to undernutrition in the world(1). In low- and
middle-income countries, undernutrition remains one of
the most significant causes of mortality and morbidity
amongst children under 5 years of age, contributing to
13 million deaths amongst infants and children every
year(2). Early childhood undernutrition adversely impacts
the life courses of children at a physical, psychological,
and social level including cognitive development, aca-
demic performance, and low productivity(3–6).

The first 1000 d of life – from conception to 2 years of
age – is critical to prevent long-term undernutrition(7).
Since the first 2 years of life require a high nutrient intake
for physical growth and cognitive development(8), poor
nutrition in this period can result in long-term negative con-
sequences in health status, educational performance, and
economic achievement(9,10). Many studies have explored
behavioural determinants of child undernutrition in
low- and middle-income countries and have found that
promoting appropriate complementary feeding practices
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is essential to prevent early childhood undernutrition(11–16).
Handwashing and sanitation are also recognised as key
drivers in reducing child undernutrition in developing
countries(17).

Positive Deviance/Hearth (PD/Hearth) is a programme
involving 2-week group nutrition sessions to improve child
nutritional status and caregivers’ behaviours on appropri-
ate child feeding and hygiene practices, using locally avail-
able low-cost resources(18). Conventionally, a PD/Hearth
programme is comprised of in-depth formative research
to identify the major contributing factors to undernutrition
and community-based solutions that are used to design
contextualised messages. The positive deviance
approaches were already discussed in the 1960s when they
mentioned the need to pay more attention to the individ-
uals who have better health status than others in the same
environments(19). The concept of ‘Hearth’, where mothers
gather ingredients, cookmeals, and feed children, was inte-
grated to develop a community-based nutrition training
model(20). The PD/Hearth programme was later imple-
mented in the early 1990s in Vietnam, where its effective-
ness in reducing child undernutrition started to be
recognised(21,22). Most of the previous studies on PD/
Hearth programme effectiveness have found a significant
reduction in child undernutrition(23–25).

In Bangladesh, 22 % of children under 5 years old are
underweight (weight-for-age Z-score (WAZ) <-2), 31 %
are stunted (length/height-for-age Z-score (LAZ/HAZ) <-
2), and 8 % are wasted (weight-for-length/height Z-score
(WHZ/WLZ) <-2)(26). World Vision Bangladesh (WVB)
has implemented large-scale PD/Hearth programmes in
the country for more than a decade and enrolled a total
of 10 095 children of 6–60 months of age to the PD/
Hearth programme (March 2018–December 2020). This
large-scale PD/Hearth programme enables revisiting the
determining factors related to programme effect, such as
enrolment age. Until now, only a few small-scale studies
have examined the association between child age and
growth in the context of child nutritional programmes
and demonstrated the better effect of earlier interventions
on growth and overall development(27–30).

Our study provides PD/Hearth programme-specific evi-
dence by leveraging a 6-month weight-based large-scale
monitoring data of children who attended the Hearth ses-
sions. We hypothesise that younger age at enrolment in the
PD/Hearth programme is associated with greater rehabili-
tation from underweight status. Thus, this study compared
the monthly changes in WAZ and the rehabilitation rates of
the child groups of different ages at enrolment for 6 months
after the 2-week Hearth sessions.

Methods

Data sources
This secondary data analysis used the monitoring records
of a PD/Hearth programme implemented in rural

Bangladesh as the primary data source of this study. The
PD/Hearth programme was conducted in the three rural
Upazillas (subunits of districts in Bangladesh) of
Joypurhat, Panchbibi, and Dhamoirhat in the Rajshahi divi-
sion. These areas are poor, rural Bangladesh communities,
with most residents engaged in agriculture practices(31).
According to a household survey in 2018, the prevalence
of stunting, underweight, and wasting amongst children
0–59 months of age was 36·2 %, 31·0 %, and 18·2 % in these
three areas(32). Data of a total of 10 095 children who par-
ticipated in the Hearth sessions from October 2018 to
October 2020 were available. For implementation of ease
and quality assurance, the Hearth sessions were adminis-
tered in five cohorts during five different time periods.
This study used the data of 5227 children from the first 3
time periods who were underweight at enrolment into
the Hearth sessions. The first cohort of the Hearth sessions
started in September 2018, the second cohort in November
2018, and the third cohort in March 2019.

PD/Hearth programme
The PD/Hearth programmewas implemented as one of the
main components of a 2-year Bangladesh Rajshahi Division
Maternal and Child Nutrition (BRDMCN) programme
(March 2018–December 2020) by WVB and World Vision
Korea (WVK) and was funded by Korea International
Cooperation Agency (KOICA)(33). The PD/Hearth pro-
gramme attempted to rehabilitate underweight children
and promote appropriate nutrition and hygiene behaviours
amongst caregivers based on WV’s PD/Hearth programme
implementation manual(34). The BRDMCN programme
team preferentially screened underweight children
(WAZ< -2·0) at the ages of 6–36 months living in socio-
economically poor households. Due to the absence of
interventions that address the nutritional needs of older
children, the PD/Hearth programme in the study area
enrolled children 37–60months of age as well to accommo-
date the demand in the communities.

The PD/Hearth team conducted a situational analysis to
identify the children with healthy nutritional status from
poor resource households, known as ‘Positive Deviant
Inquiry (PDI)’. The PDI process was initiated with forma-
tive research using activities including focus group discus-
sions, community mapping, household wealth ranking,
nutrition screening, and market survey to identify the
positive-deviant (PD) households, the major challenges
contributing to undernutrition at the community level,
and the availability of the community’s local food resour-
ces. Next, the PD households were asked how they fed
their child during the past 24 h and were observed for their
child caring and feeding practices(34,35). During the process,
the programme team ascertained how the PD households
were overcoming the identified major challenges in terms
of their feeding, hygiene, child caring and health-seeking
behaviours, and the specific foods used for their children.
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The identified foods were further investigated in terms of
their market price, nutrient information, availability in the
markets, and seasonality in each district.

As a result, the PD foods promoted in the PD/Hearth
programme were rice, lentils, seeds of jackfruit, red ama-
ranth, papayas, string beans, seeds of country bean, pota-
toes, Indian spinach, eggs, soybean oil, green leaf of
drumstick, and pumpkins. The menu for children’s meals
in Hearth sessions was designed to suggest the recom-
mended amount of intake and expected cost for each food
(see online Supplemental Table 1). Also, the key PD behav-
iours included messages around continued breastfeeding,
maintaining safe water sources and disposal systems, treat-
ing children with acute respiratory infections and diarrhoea
at health centres, and knowledge of optimal physical and
cognitive development of children.

During the Hearth sessions, caregivers prepared a meal
using the identified locally available, low-cost, and micro-
nutrient-dense foods to feed their children. Each caregiver
contributed towards the meal by bringing food ingredients,
utensils, firewood, and other materials. The caregiver par-
ticipants were encouraged to continue to practice at home
what they learned from the Hearth sessions. Sixty days of
multiplemicronutrient powder sachets were provided to all
child participants on the first day of the sessions to enhance
the dietary quality of child participants (see online
Supplemental Table 2).

PD/Hearth monitoring system
A monitoring system of the PD/Hearth programme was
established by WVB to identify the children who have
not gained appropriate weight during and after Hearth ses-
sions(33). A total of 285 community facilitators oversaw
monitoring the nutritional status of the programme chil-
dren. As PD/Hearth programmes were initially designed
to address being underweight and to track weight status
as a major programme outcome, measuring other
anthropometric indicators (e.g., height or mid-upper arm
circumference) was not included(35). At enrolment, a struc-
tured monitoring form was used to record child age,
weight, date of birth, sex, immunisations, vitamin A intake
in the past 6 months, and deworming. Community facilita-
tors also extracted relevant data from the child’s immunisa-
tion card. Child weights were measured using weighing
scales (model PS240, Beurer/Germany; model GWL-
GBWM-003, GETWELL/Bangladesh). First, caregiverswere
weighed holding their child, and then caregivers were
weighed alone. The weight of the caregiver was subtracted
from the weight of both the caregiver and child. Child
weights were measured during the first day of the Hearth
sessions. Next, the child weights were remeasured at 12
d, 1 month, 3 months, and 6 months after the first day of
Hearth sessions. For the data at enrolment and 12-d
follow-up, weight data were collected in the place of each

Hearth session on the first day and last day. For the sub-
sequent follow-ups, the community facilitators visited the
participants’ households to measure the weight of child
participants in their affiliated villages. The monitoring
forms were delivered to community facilitator supervisors,
project officers, and a WVB Monitoring and Evaluation
(M&E) officer. The data were entered and managed using
a 2016 version Excel-based PD/Hearth database.

Available variables
In the secondary data from the PD/Hearth programme
monitoring, weight in kg and age in months were exported
to the Emergency Nutrition Assessment (ENA) for SMART
software (version 2011) to calculate the WAZ(36). The
WAZ was used to categorise a child’s underweight status
based on the WHO Child Growth and Nutrition guide-
lines(37). Child participants were classified into four under-
weight statuses, which were normal (WAZ≥ -1), mild
(-2≤WAZ < -1), moderately (-3≤WAZ< -2), and severely
(WAZ< -3) underweight. To generate a binary variable for
underweight status, we recategorised the normal weight
andmild underweight as non-underweight andmoderately
and severely underweight as underweight. Child age at
enrolment was categorised into four groups: 6–11 months,
12–23 months, 24–35 months, and 36–60 months of age.

Study design and outcomes
Based on the repeatedly assessed weight data, the present
study constructed longitudinal cohort data and analysed
the changes in outcomes of interest at 6 months. The analy-
sis outcomes were the estimated differences in a monthly
change of WAZ at 1 month, 3 months, and 6 months of fol-
low-up, compared to WAZ at enrolment; and the rehabili-
tation ratio, measured by the probability of rehabilitation to
being non-underweight (WAZ≥ -2) from underweight sta-
tus. For both outcomes, the comparisons were made
between the youngest children and the other three groups
of older children, using the youngest children as a refer-
ence group. All the power estimations were made based
on the Type 1 error (α) of 5 % and the actual sample sizes
for each age group, which was 654 for 6–11 months of age,
1742 for 12–23 months, 1505 for 24–35 months, and 1326
for 36–60 months. Using the youngest age group as a refer-
ence group, amongst any of the comparison age groups,
we had a power larger than 0·80 to identify a 0·10 difference
in WAZ and 7 % difference in the probability of becoming
non-underweight for each of the three older age groups.

Statistical analysis
The data quality was checked using box plots and the
quantile function of normal distributions. Values of WAZ
< -6 or WAZ> 6 were treated as missing values (n 3
at enrolment, n 3 at 12 d, n 3 at 1 month of follow-up,
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n 3 at 3 months of follow-up, and n 2 at 6 months of follow-
up). Accordingly, the corresponding underweight status for
each missing WAZ was also treated as missing values. The
values at the other follow-up times of the children with
missing values were retained for further statistical analyses.

A total of 310 children participated in more than one
Hearth session. This multiple participation was accounted
for in the regression models. For children who participated
in multiple sessions, only follow-up data for their first-
round attendance were used in the analysis to avoid intro-
ducing bias caused by the effects of preceding attendance
to the same PD/Hearth programme.

Analysis of variance (ANOVA) and χ2 tests were con-
ducted to compare nutritional status at enrolment, 12 d,
1month, 3months, and 6months of follow-up between dif-
ferent age groups of child participants. The child character-
istics at enrolment, such as age, sex, living location
(Dhamoirhat, Joypurhat, and Panchbibi district), vitamin
A supplementation, having been immunisation (fully or
partially), deworming, and the time of their PD/Hearth par-
ticipation (first, second, and third cohorts), were explored
by the different child age groups.

The changes in the nutritional status of child participants
over 6 months were explored using graphical analysis. For
continuous outcomes, the changes in mean and distribu-
tion of WAZ over time were presented by boxplots.
Fractional polynomial prediction plots were used to esti-
mate changes in WAZ over 6 months, stratified by child
ages at the enrolment. For dichotomous outcomes, the
change in the proportion of children underweight over fol-
low-up time in each age group was examined by bar plots.

For the continuous outcome of WAZ, the multilevel
mixed-effects linear regression model was employed to
conduct the longitudinal analysis of change in WAZ over
time. Three levels were applied to account for the homo-
geneity between repeated measures within each level.
The dataset of repeated measures was set in the hierarchi-
cal form, with the repeated anthropometric measures (level
1) nested within child participants (level 2), which are
nested in the villages where the children resided (level
3). The interaction terms between follow-up time and
age at enrolment were added to estimate the difference
in WAZ changes between children groups with different
ages at the enrolment. For the fixed-effect covariates, the
regression model included follow-up time in months, child
age category at enrolment, interaction terms between fol-
low-up time and the child age category, adjusting for age
at enrolment, the quadratic terms of age at enrolment,
WAZ at enrolment, child sex, living location, and the time
of PD/Hearth participation (first, second, and third
cohorts). To assess differences in the estimated average
monthly changes in WAZ, the unit of follow-up time vari-
able was in months. The random effects comprised the ran-
dom intercepts at both child subjects and their living
location level.

For the dichotomous outcome of being underweight,
multivariable Poisson regression with robust variance
was used to examine the ratio of the probability of rehabili-
tation between age groups. The final regression model of
the probability of rehabilitation was a function of child
age category at enrolment, adjusting forWAZ at enrolment,
child sex, living location, and the PD/Hearth cohort in
which the child participated. Data management and statis-
tical analysis were performed using Stata 16.0 (Stata Corp.).

Results

A total of 5227 children were enrolled, with the number of
child participants slightly decreasing after 12 d (n 5225), 1
month (n 5224), 3 months (n 5200), and 6 months (n 4968)
(see online Supplemental Fig. 1). The reasons for loss to fol-
low-up included the following: (1) child age over 60
months (n 191); (2) child death (n 4); (3) child migrated
or left the village (n 15); (4) child admitted into the hospital
(n 4); (5) contact to mother lost (n 16); and (6) reasons
unknown (n 29).

The baseline characteristics were explored by child age
groups (Table 1). The composition within each age group
showed no significant difference between the age groups
regarding child sex and living location (see online
Supplemental Fig. 2). Older children groups had higher
percentages of vitamin A supplementation compared to
the younger groups (P< 0·001). The statuses of immunisa-
tions and deworming were explored only amongst the two
older children groups over the first 24 months, for which
full immunisation and deworming are expected. No signifi-
cant difference was found between children groups of 24–
35 months and 36–60 months in terms of immunisation and
deworming.

The mean WAZ of child participants showed the overall
nutritional rehabilitation throughout the follow-up time.
The mean WAZ (SD) of all participants increased by 0·71
from –2·80 (0·64) at the time of enrolment to –2·09 (0·92)
after 6 months of follow-up (Fig. 1(a)). Also, the prevalence
of being underweight decreased from 100 % to 54·5 % after
6 months of follow-up (Fig. 1(b)). The prevalence of being
underweight stagnated as it came to the last follow-up,
especially amongst child groups aged 12–23, 24–35, and
36–60 months (Fig. 2). The mean WAZ had no significant
difference between age groups at enrolment and improved
over follow-up time for all age groups (Table 2). The WAZ
increased most rapidly in the youngest group, compared to
three older groups, between all follow-up times (Fig. 3).

In the multilevel mixed-effect linear regression analysis,
older enrolment age was associated with a lower rehabili-
tation rate of WAZ at all measurement times, and the
differences in the rehabilitation rate across the different
enrolment ages became attenuated over the follow-up time
(Table 3). At 1 month of follow-up, compared to children
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enrolled at 6–11 months of age, the estimated monthly
improvements in WAZ were 0·14 lower for 12–23 months,
0·23 lower for 24–35 months, and 0·30 lower for 36–60
months aged children (all P< 0·001). At 3 months of fol-
low-up, the estimated monthly rehabilitation rates were
0·06 lower for 12–23 months, 0·10 lower for 24–35 months,
and 0·14 lower for 36–60 months of age in WAZ, compared
to the enrolment age of 6–11 months (all P < 0·001). At 6
months of follow-up, the estimated monthly rehabilitation
rates were 0·05 lower for 12–23 months, 0·06 lower for
24–35 months, and 0·09 lower for 36–60 months in WAZ,
compared to the enrolment age of 6–11 months
(all P< 0·001).

The multivariable Poisson regression with robust
variance showed that the probability of rehabilitation to
non-underweight status at 6 months after the PD/Hearth
participation was highest in the 6–11 months old group
and lowest in the 36–60 months child group (Table 4).
The probability of rehabilitation was similar in the 12–23
months and 24–35 months of age group. Compared to
the youngest children (6–11months of age), the probability
of rehabilitation was 16·7 % lower amongst children aged
12–23 months (RR= 0·83; 95 % CI 0·77, 0·91), 15·5 % lower
amongst children aged 24–35 months (RR= 0·84; 95 % CI
0·78, 0·92), and was 34·9% lower amongst children aged
36–60 months (RR= 0·65; 95 % CI 0·59, 0·72).

Discussion

Using the secondary data of monitoring records from the
PD/Hearth programme in rural Bangladesh, our study
showed the PD/Hearth programme led to an increase of
0·71 in the mean WAZ and a decrease of 45·5 % in the
prevalence of being underweight amongst child partici-
pants at 6 months of follow-up and indicated that the pro-
gramme’s impact was differential based on the child’s age.
The study focused on the association between child age at
enrolment, the rehabilitation rates ofWAZ, and the rehabili-
tation ratio from underweight status at enrolment.
Significant associations were found between the younger
child age groups at programme enrolment and higher
monthly increases inWAZ. These associations were strong-
est during the first month of follow-up and attenuated over
time. The change to non-underweight status (WAZ ≥ -2)
after participating in theHearth sessions was observed least
frequently amongst the oldest child age group. This result
suggests that children who received a nutritional interven-
tion from the PD/Hearth programme at a younger age are
more successful in making nutritional improvements.

The impact of the PD/Hearth programme on reducing
child undernutrition has been positive but mixed due to
various study designs that have been modified according
to their context(38). A randomised controlled trial that

Table 1 Characteristics of the PD/Hearth child participants at enrolment (n 5227)

Total (n) Child age

P*n 5227

6–11 months‡ 12–23 months 24–35 months 36–60 months

n 654 n 1742 n 1505 n 1326

% % % %

Sex
Male 2571 47·86 50·57 49·97 47·13 0·221
Female 2656 52·14 49·43 50·03 52·87

District
Dhamoirhat 1561 36·39 29·91 28·31 28·36 0·011
Joypurhat 1840 32·11 34·67 36·54 35·90
Panchbibi 1826 31·50 35·42 35·15 35·75

Vitamin A supplementation
Yes 5136 92·81 98·68 99·20 99·32 <0·001
No 91 7·19 1·32 0·80 0·68

Immunisation (n 2831)†

Full 2788 N/A N/A 98·74 98·19 0·235
Non or partial 43 N/A N/A 1·26 1·81

Deworming (n 2831)‡

Yes 2818 N/A N/A 99·47 99·62 0·544
No 13 N/A N/A 0·53 0·38

PD/Hearth cohort§

First 2092 49·08 52·87 45·85 12·07 <0·001
Second 1860 30·43 25·77 30·03 57·32
Third 1275 20·49 21·35 24·12 30·62

*The statistical significance of difference between groups was tested by χ2 test.
†The percentages of immunisation and deworming for children aged 6–11months and 12–23months are not applicable as full immunisation and deworming are expected only
for children over 24 months old.
‡Out of 654 children, a total of 19 children were aged 5·0–5·9 months.
§For the first cohort of the Hearth sessions, the data collection started in September 2018 for enrolment and was completed in March 2019. The data collection of the second
cohort was conducted from November 2018 to May 2019, and the data collection of the third cohort was conducted from March 2019 to October 2019.
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assessed the impact of a PD/Hearth programme (n 179) in
rural Malawi reported that the PD/Hearth model reduced
WLZ andWAZ by 0·85 and 0·73 amongst underweight chil-
dren aged<2 years during the 21 d of PD/Hearth period(39).
A cluster randomised trial in Ethiopia that examined the
effectiveness of the 2-week PD/Hearth modified approach
demonstrated that themonthly growth amongst children 6–
24months of age in the intervention area was 0·02 higher in
LAZ; 0·03 higher in WAZ; and 0·04 higher in WLZ, com-
pared to children in the control area during 12 months of
the follow-up period(23). A quasi-experimental study to
assess the impact of a 12-d PD/Hearth programme in
Ecuador found that the PD/Hearth children aged <2 years
had a 0·17 higher increase in WAZ compared to the control

group and a decrease from 30·4 % to 23·7 % in the preva-
lence of being underweight at the 6 months of follow-
up(24). Despite the limitation of not having a control group
and including children older than 36 months of age, our
PD/Hearth programme in rural Bangladesh led to a notable
improvement in WAZ of 0·71 and a reduction in under-
weight prevalence by 45·5 % at 6 months of follow-up.

On the other hand, some studies found no significant
impact of the PD/Hearth programme. A non-randomised
cross-sectional study in Rwanda, which compared children
who had older siblings participating in the PD/Hearth to
those who did not, found no difference in the percentage
of underweight status (WAZ< -2) between the intervention
and control groups(40). Another randomised trial, which
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Fig. 1 Nutritional status of child participants over the 6 months of follow-up (n 5227). (a) Weight-for-age Z-score (WAZ). (b)
Percentage of participants by underweight severity levels (Normal: –1≤WAZ; Mild underweight: –2≤WAZ< –1; Moderate under-
weight: –3≤WAZ< -2; Severe underweight: WAZ< – 3)
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compared an intervention group who received the PD/
Hearth nutrition programme to a control group who had
no intervention, also found no improvement in nutritional
outcomes(28).

The greater rehabilitation after the Hearth sessions
observed amongst younger children in the present study
is possibly related to several factors. First, caregivers may
pay more attention when their kids are younger.
Caregivers with younger underweight children may be
more likely to practice the feeding behaviour learned from
the Hearth sessions. Second, the meals prepared in the
Hearth sessions might be better suited for children <24
months of age as a semi-solid complementary food(41).

These meals may not be providing enough nutrients to
older children as they did to younger ones.

The first 1000 d of life, including pregnancy and the
child’s first 2 years, are widely accepted as a critical period
for the healthy growth of children(7,8). The importance of
early nutritional interventions can explain the differences
in the rehabilitation rate and ratio of probability of rehabili-
tation between child age groups in our study. The finding
that younger children had greater rehabilitation from
underweight status is consistent with previous studies,
which showed that earlier interventions in childhood are
more effective for nutritional growth and overall develop-
ment. One cluster randomised trial compared twomaternal
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Fig. 2 Proportion of underweight children over 6 months of follow-up by enrolment age (n 5227)

Table 2 Nutritional status at enrolment, 12 d, 1 month, 3 months, and 6 months of follow-up amongst the PD/Hearth participants (n 5227)

Child age

P*

6–11 months 12–23 months 23–35 months 36–60 months

Mean SD Mean SD Mean SD Mean SD

Weight-for-age Z-score (WAZ)
At enrolment −2·83 0·69 −2·80 0·65 −2·79 0·64 −2·80 0·60 0·778
12 d follow-up −2·44 0·91 −2·52 0·79 −2·55 0·76 −2·63 0·65 <0·001
1 month follow-up −2·19 0·94 −2·31 0·87 −2·39 0·76 −2·47 0·67 <0·001
3 months follow-up −1·95 1·03 −2·11 0·88 −2·20 0·80 −2·33 0·70 <0·001
6 months follow-up −1·76 1·19 −2·05 0·94 −2·12 0·83 −2·27 0·73 <0·001

Underweight (WAZ< -2)
At enrolment
% 100·0 100·0 100·0 100·0 –

12 d follow-up
% 70·8 77·2 79·8 85·4 <0·001

1 month follow-up
% 57·6 65·4 68·7 75·7 <0·001

3 months follow-up
% 51·3 53·8 57·7 65·2 <0·001

6 months follow-up
% 43·7 53·4 53·1 64·0 <0·001

*The statistical significance of the difference between the child age groups were tested by χ2 test for categorical variables and one-way ANOVA for continuous variables.
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and child nutrition programmes, which offered similar ser-
vices but have different age eligibility criteria, between
baseline and 3 years later(27). After 3 years, the preventive
programme targeting children aged 6–23 months had 0·14
higher in HAZ, 0·24 higher inWAZ, and 0·24 higher inWLZ
than the recuperative programme targeting children aged
6–60 months. The Community Empowerment Nutrition

Programme (CENP) study in Vietnam found that younger
children at baseline had significantly better growth in
WAZ than older children(28). Another supplementary feed-
ing programme in rural Guatemala reported that pro-
gramme impacts on weight gain were modified by age;
more weight gain in the first year of life was found than
the second year of life; and no significant improvement
amongst children between 3 and 7 years of age(30). In a
cluster randomised trial in India involving an educational
intervention to promote adequate complementary feeding
practices, a significant increase in height was only found
amongst children aged 6–12 months, compared to children
aged >12 months(29).

The strengths of our study included the use of a large
sample size and an advanced regression model incorporat-
ing longitudinal cohort data with repeated measurements.
Also, the repeated anthropometric measurements up to 6
months of follow-up allowed for long-term analysis of
changes in the PD/Hearth participants’ growth. The WV’s
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Fig. 3 Estimated weight-for-age Z-score (WAZ) change of child participants over 6 months of follow-up by age at enrolment (n 5277):
Fractional polynomial fitted plot with 95% confidential intervals was used to estimate the relationship between follow-up months and
WAZ of child participants

Table 3 Differences in the estimated monthly change of WAZ
between children with older enrolment age (12–23 months, 24–35
months, and 36–60 months) and children enrolled at 6–11
months of age in the Positive Deviant (PD)/Hearth programme
(n 5227)

Difference in estimated monthly
change of weight-for-age Z-score

(WAZ)*

β P

1 month follow-up
(Ref: 6–11 months) – –
12–23 months −0·140 0·026 <0·001
24–35 months −0·227 0·027 <0·001
36–60 months −0·301 0·027 <0·001

3 months follow-up
(Ref: 6–11 months) – –
12–23 months −0·063 0·010 <0·001
24–35 months −0·095 0·010 <0·001
36–60 months −0·136 0·010 <0·001

6 months follow-up
(Ref: 6–11 months) – –
12–23 months −0·052 0·006 <0·001
24–35 months −0·064 0·006 <0·001
36–60 months −0·090 0·006 <0·001

*Multilevel mixed-effects model estimated the differences in monthly change in
nutritional outcome, adjusting for age in months at enrolment, the quadratic
terms of age in months at enrolment, WAZ at enrolment, child sex, child living
location, and PD/Hearth cohorts in which children participated; and the time
variable in months was used in order to estimate average monthly change in
WAZ and difference between enrolment age groups.

Table 4 Rehabilitation ratio between children with older enrolment
age (12–23 months, 24–35 months, and 36–60 months) and
children enrolled at 6–11 months of age in the Positive Deviant
(PD)/Hearth programme (n 5227)

Rehabilitation ratio*
(RR) P 95% CI

(Ref: 6–11
months)

1·000 – –

12–23 months 0·833 <0·001 0·766, 0·906
24–35 months 0·845 <0·001 0·776, 0·919
36–60 months 0·651 <0·001 0·588, 0·721

*Multivariable Poisson regression model estimated the ratio of probability of
rehabilitation to non-underweight status, adjusting for WAZ at enrolment, child
sex, child living location, and the time of PD/Hearth participation.

PD/Hearth programme monitoring 5521

https://doi.org/10.1017/S1368980021003189 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980021003189


PD/Hearth programme in Bangladesh was one of the larg-
est scale PD/Hearth programmes, thus our study gained a
high statistical power to detect statically significant
differences in outcomes using high observation numbers.

Our study had several limitations. First, the current study
design was not able to demonstrate a causal inference
between the enrolment age of PD/Hearth programme
and the change in the nutritional status of children.
Future research using a randomised trial design involving
children who are not exposed to a PD/Hearth intervention
will help confirm the effect-modifying role of child age on
the nutritional improvement of the PD/Hearth participants.
Second, we had an insufficient set of measured con-
founding variables, such as socioeconomic factors,
because regular programme monitoring data were used,
which only collected the weight data of the programme
participants. Since the monitoring activities were mainly
planned for the beneficiary support, not for the research
purpose, additional data collection was discouraged not
to make a burden of programme implementation. Third,
our study might include measurement errors caused by
the lack of standardised measurement methods amongst
the 285 community facilitators. Random errors in weight
measurement might have been caused by different ways
of reading scales and affected the quality of Z-scores.
Lastly, the PD/Hearth children might be exposed to other
types of interventions, such as asset distribution and nutri-
tion education at the village level, which were imple-
mented by the WVB project team. However, the PD/
Hearth monitoring data did not include the involvement
in and frequency of other interventions for the participants,
which could influence the nutritional status of the study
children.

This study provides evidence for improvement in
weight for age of PD/Hearth child participants in rural
Bangladesh until 6 months after programme discharge with
an in-depth understanding of the effect of age at enrolment
to the PD/Hearth programme. Our results suggest that
younger children will benefit from greater rehabilitation
from underweight status than older children. The target
age of the PD/Hearth programme, according to the guide-
line, is younger than 36 months(34). During the implemen-
tation of the BRDMCN programme; however, the age range
of the actual child participants was expanded to 6–60
months of age to accommodate demands from the commu-
nity. Based on our findings, we suggest that PD/Hearth be
implemented in accordance with the original age criteria
for enrolment to target younger children (i.e., <6–36
months of age) and achieve more substantial child nutri-
tional improvement in the community. Also, when the
PD/Hearth programme includes older children for contex-
tual purposes, it requires a flexible interpretation to account
for the size of the programme’s impact potentially appear-
ing smaller due to the older age of the child participants.
Therefore, our findings will help the programme practi-
tioners and community to have a better understanding of

the success and failure of the PD/Hearth programme in
connection with child age and to achieve more sustainable
and cost-effective impacts.
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