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Abstract

Background

Women’s groups interventions in Bangladesh reduced neonatal deaths by 38% and

improved hygienic delivery, newborn care practices and breastfeeding. We explore the

longer-term impact of exposure to women’s groups during pregnancy on child growth at

two to four years.

Methods

We performed a cross-sectional survey of child anthropometric measures (analysed as z-

scores) among children born to women who had participated in the women’s groups

interventions whilst pregnant, compared to an age- and sex-matched sample of children

born to control mothers. Results were stratified by maternal BMI and adjusted for possible

confounding effects of maternal education, household asset ownership and, in a separate

model, mother-child height difference, a proxy for improved survival of small babies in

intervention groups.

Results

Data were obtained from 2587 mother-child pairs (91% response). After adjustment for

asset ownership, maternal education and potential survival effects, children whose mothers

were exposed to the women’s group intervention had higher head (0.16 (0.04-0.28)), mid-

upper arm (0.11 (0.04-0.19)), abdominal (0.13 (0.00-0.26)) and chest (0.18 (0.08-0.29))

circumferences than their control counterparts. No significant differences in subcutaneous

fat (sub-scapular and triceps skinfold thickness) were observed. When stratified by maternal

BMI, intervention children had higher weight, BMI and circumferences, and these effects

decreased with increasing maternal BMI category.
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Conclusions

Women’s groups appear to have had a lasting, positive impact on child anthropometric

outcomes, with most significant results clustering in children of underweight mothers.

Observed differences are likely to be of public health significance in terms of the nutritional

and metabolic development of children.

What is already known on this subject?

Foetal and early life exposures impact on child growth, development and subsequent
disease risk. Interventions that act during periconceptual and postnatal periods of
development therefore have the potential to influence longer-term growth and health
outcomes. Participatory women’s groups (PWG) community mobilisation interventions
have been shown to improve neonatal survival as well as essential newborn care practices
in resource-poor settings, including Bangladesh. PWG interventions act during critical
windows of growth and development yet their lasting effects on child growth have not
been studied.

What this study adds?

Through a large follow-up study of children in rural Bangladesh, we observe that maternal
exposure to PWG interventions during pregnancy may improve child lean mass growth
markers at 2-4 years. The observed growth differences are likely to be significance in terms
of the nutritional and metabolic development of Bangladeshi children.
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Background

The initial years of life are critical for adequate physical, cognitive, motor and socio-

emotional development[1]. Further, a range of metabolic, immunological and physiological

adaptations to early-life exposures are known to modify subsequent disease risk[2-6]. Child

growth is therefore an important indicator of development as well as future disease risk,

and is a crucial target for intervention. Low- and middle-income countries are facing a ‘dual

burden’ of prevalent underweight and overweight[7], alongside a rapidly growing burden of

diabetes and cardio-metabolic diseases[8]. Therefore population-scale intervention

strategies are urgently needed across the life-course, tailored to critical windows of

exposure and opportunity, such as peri-conception to postnatal life.

Participatory women’s groups (PWG) community mobilisation interventions have been

widely studied in the context of neonatal mortality, but their potential to affect childhood

development remains unknown. One such PWG intervention, originally delivered in rural

Bangladesh in 2009-2011 as part of a cluster randomised controlled trial, covered

approximately 46,000 reproductive-aged women (15-49 years) during preconception,

pregnancy and the postpartum period. The intervention showed a 38% reduction in

neonatal mortality, and improved hygienic delivery and essential newborn care practices[9].

It used a participatory learning and action (PLA) cycle of monthly meetings facilitated by lay

women. In the PLA cycle, women themselves identify and prioritise local health challenges,

and then design, implement and evaluate their own solutions. The initial intervention and

evaluation focused on neonatal mortality, but the PWGs continued to meet and focused on

child health and women’s and reproductive health, with encouraging results regarding

breastfeeding, nutritional practices and hygiene[10, 11].
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In this formative study, we followed up children (now aged 24-48 months) born to women

exposed to the PWG intervention and compare them to a random sample of age- and sex-

matched children born to control mothers (i.e. unexposed to PWGs) to explore possible

impact on child growth.

Methods

Study design and participants

The original PWG trial and this follow-up cross-sectional survey were located in 18

purposefully selected rural unions in Faridpur, Bogra and Moulavibazar districts in

Bangladesh. Each union served as a cluster, and was randomly allocated to either

intervention or control (nine in each) as described elsewhere[9, 12]. Between 2008 and

2012, all births in the study areas were recorded using an incentivised key-informant

system, with women interviewed about their pregnancy, childbirth and postpartum

experiences between six and 52 weeks after delivery. These interviews also recorded

women’s PWG participation. The data formed the sampling frame from which current study

participants were selected.

In intervention clusters, women (and their children) were eligible for follow-up if they met

certain criteria: had permanently resided in the study cluster; attended at least six

consecutive PWG meetings during the intervention prior to giving birth to a live, singleton

baby between October 2009 and June 2011; and had been successfully interviewed in the

routine postpartum survey six to 52 weeks after delivery. These women were identified

from the trial database and triangulated with registers maintained by PWG facilitators

throughout the intervention, resulting in a target of 1,347 eligible participants from a total

of 12,131 births registered in the intervention clusters between October 2009 and June
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2011 (11%). In control areas, participants were women (and their child) who met the

equivalent criteria, but had never attended or heard of the PWG intervention. The control

sample was randomly selected from the trial database, and was matched for age and sex of

children in the intervention population. The control population was oversampled by 10% to

allow for an expected higher rate of refusals and loss to follow-up, giving a target control

sample of 1,487.

Procedures and outcomes

Data were collected between July and October 2013. Study participants were visited at

home by one of seven trained fieldworkers who administered structured questionnaires on

duration of breastfeeding and age at introduction of solid foods. Anthropometric measures

of the children were taken using a standard protocol, including: shoeless, standing height

using a portable stadiometer (Microtoise); weight wearing only light clothing and recorded

using digital weighing scales (TANITA); head, chest, abdominal and mid-upper arm

circumferences using measuring tapes (LASSO and MUAC); and triceps and subscapular

skinfold thickness using callipers (HOLTAIN). All measures, except weight and height, were

taken in duplicate, with the average used in the analysis. The weight and height of women

was also recorded.

All fieldworkers, educated to at least undergraduate level, were trained for seven days on

survey administration and anthropometric measurements by three experienced consultant

paediatricians at the Department of Paediatrics and Neonatology, BIRDEM Hospital, Dhaka.

This included in-situ praxis with children matching the study age range and assessment of

inter- and intra-observer measurement variability. Fieldworkers completed another seven-

day refresher course one month later, followed by a seven-day pilot session in a rural
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setting outside the study area to validate their work. Finally, all fieldworker measurements

were directly supervised during the first week of actual data collection, with errors

corrected and discussed.

Data were recorded onto paper forms and entered into an Access database in Dhaka.

Implausible data were cross-checked with the original survey tools and referred back to the

field for correction. Survey and anthropometric data were linked to the socio-economic and

background data already recorded in the previous trial evaluation.

Statistical analysis

Following data cleaning, only records with non-missing and plausible mother and child

anthropometric measurements were included in the analysis. Analyses were performed

using Stata (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX:

StataCorp LP). Anthropometric z-scores were calculated using the 2016 WHO growth

standards for height, weight, body mass index (BMI), weight-for-height, head

circumference, mid-upper arm circumference, triceps, and subscapular skinfold thickness.

Internal z-scores were created for chest and abdominal circumference measures by pooling

all measures, adjusting to the median age of the sample using simple linear regression,

converting these adjusted values by subtracting the subject mean from the population

mean, and dividing the result by the population standard deviation; this was done

separately for males and females.

Random effects linear regression was applied to compare cluster mean child anthropometry

between the intervention and control groups. Interactions between child anthropometric

outcomes and maternal BMI were explored. Maternal BMI categories appropriate for South

Asian populations were used: less than 18.5kg/m2 for underweight, 18.5 to less than 23 for
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normal weight, and 23 or more for overweight[13]. Our analysis indicated significant

interaction effects, thus results are presented stratified by the three maternal BMI

categories.

To understand anthropometric differences between study arms, we present crude results

that account for the stratified, clustered survey design (supplementary table 1 shows intra-

cluster correlation coefficients). To understand whether any of the observed differences can

be explained by socioeconomic factors, we ran a multivariate regression model (Model 1)

adjusting for maternal education and household asset ownership – variables identified as

differing significantly between the study arms and also observed to be associated with at

least one of the child anthropometric measures.

In a separate regression model (Model 2), results were also adjusted for the difference in

mother-child height z-score to understand whether any of the anthropometric differences

observed at 24-48 months could be explained by a PWG intervention survival effect at

birth[9]. Underlying this is the assumption that observed intervention effects on neonatal

mortality resulted in the survival of children with lower birth weights[14], and that in the

absence of this survival effect, the mean mother-child height difference would be similar in

the study arms. Adjustment for the difference in mother-child height z-score therefore

removes any potential survival effects. Difference in mother-child height z-score was

obtained by subtracting the child height z-score from the maternal height z-score.

Results

Survey and anthropometric data were collected from 1,264 children and their mothers in

intervention clusters and 1,323 children and their mothers in control areas ((94% and 89%

response rates, respectively). Reasons for attrition mainly relate to non-eligibility at the time
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of the survey (i.e. migration/non-permanent residence (n=246), child or mother’s death

(n=31), or child born outside the target period (n=1)). Only 11 eligible individuals refused to

participate in the survey.

27 intervention cases (2.1%) and 86 control cases (6.5%) with incomplete anthropometric

data were removed from the analysis, giving a final sample of 2,517 mother-child pairs

(1,280 control, 1,237 intervention).

Table 1 shows the cluster-level mean measures of socioeconomic and demographic

characteristics by study arm. These data indicate that exposed mothers were significantly

older, less well-educated and owned fewer household assets on average. The difference in

mother-child height z-scores was greater in the intervention clusters. There were no

significant differences in maternal BMI or BMI category between intervention arms, with

overall prevalence of underweight, normal weight and overweight being 28.7%, 46.8% and

24.5%, respectively. Table 2 shows the absolute values of anthropometric measures by

gender and control and intervention group.

Table 3 shows the pooled cluster mean anthropometric z-scores for children aged 24 to 48

months by intervention exposure group. Unadjusted values show children in the

intervention arm having significantly lower weight-for-age z-scores (WAZ) and height-for-

age z-scores (HAZ). Differences in mother-child height z-scores are also observed, with this

difference being significantly greater in the intervention population even after adjustment

for socioeconomic factors. After adjustment for asset ownership and maternal education

(Model 1), differences in WAZ and HAZ were attenuated and only remain statistically

significant for HAZ. Additional adjustment for mother-child height difference z-scores

(Model 2) further attenuates and removes significant effects in WAZ and HAZ. However,
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differences in body circumferences (head, upper arm, abdomen, and chest) are increased,

significantly, among exposed individuals (Table 3 & Figure 1a). No significant differences

between groups were observed for subcutaneous fat (sub-scapular and triceps skinfold

thickness).

Table 1 Cluster level mean socioeconomic and demographic characteristics of
the study population by control and intervention clusters and random effects
regression coefficients.

Control (n=1,280) Intervention (n=1,237) Difference

Respondent characteristics mean/% (95% CI) mean/% (95% CI) diff1 (95% CI) p-value

Religion, %

Islam 89.3 (83.4; 95.3) 88.5 (82.6; 94.5) -0.01 (-0.07; 0.05) 0.818

Economic status, %

None 18.4 (13.0; 23.7) 22.8 (17.5; 28.2) 0.04 (-0.01; 0.10) 0.106

One 23.6 (18.1; 29.1) 25.3 (19.8; 30.8) 0.02 (-0.04; 0.07) 0.550

Two 14.5 (11.3; 17.6) 16.9 (13.8; 20.1) 0.02 (-0.01; 0.06) 0.127

Three 43.6 (35.9; 51.3) 34.7 (27.1; 42.4) -0.09 (-0.17; -0.01) 0.025

Maternal educational status, %

None or less than 1 year 16.6 (10.5; 22.7) 19.6 (13.5; 25.7) 0.03 (-0.03; 0.09) 0.333

Primary (any level) 33.3 (27.8; 38.9) 43.3 (37.8; 48.9) 0.10 (0.04; 0.16) 0.001

Secondary and higher 50.0 (45.2; 54.8) 37.6 (32.7; 42.4) -0.12 (-0.17; -0.07) <0.001

Maternal literacy, %

Can read (easily or with difficulty) 79.7 (73.2; 86.2) 75.0 (68.5; 81.5) -0.05 (-0.11; 0.02) 0.161

Maternal characteristics mean/% (95% CI) mean/% (95% CI) diff1 (95% CI) p-value

Age, years 27.1 (26.4; 27.8) 27.9 (27.2; 28.6) 0.81 (0.09; 1.53) 0.026

Height, cm 150.6 (150.1; 151.0) 150.7 (150.2; 151.1) 0.14 (-0.31; 0.58) 0.551

Weight, kg 47.8 (46.5; 49.2) 46.7 (45.3; 48.0) -1.14 (-2.51; 0.23) 0.103

BMI, kg/m2 21.1 (20.5; 21.6) 20.5 (20.0; 21.1) -0.53 (-1.08; 0.03) 0.063

BMI Category

Underweight 27.0 (20.9; 33.2) 30.4 (24.2; 36.5) 0.03 (-0.03; 0.10) 0.297

Normal 46.0 (42.2; 49.9) 47.6 (43.7; 51.5) 0.02 (-0.02; 0.05) 0.421

Overweight 27.2 (21.7; 32.6) 21.7 (16.2; 27.1) -0.05 (-0.11; 0.00) 0.053

Height, z-scores -1.9 (-2.0; -1.9) -1.9 (-2.0; -1.8) 0.02 (-0.05; 0.09) 0.552

Children’s characteristics mean/% (95% CI) mean/% (95% CI) diff1 (95% CI) p-value

Age, months 35.2 (34.3; 36.2) 35.0 (34.1; 36.0) -0.18 (-1.16; 0.80) 0.716

Male sex, % 53.5 (49.7; 57.4) 53.3 (49.4; 57.2) -0.00 (-0.04; 0.04) 0.901

Duration of breastfeeding, months 28.9 (28.1; 29.7) 29.4 (28.5; 30.2) 0.47 (-0.37; 1.31) 0.277

Mother-child height diff, z-score 0.0 (-0.2; 0.1) 0.2 (0.0; 0.3) 0.22 (0.07; 0.36) 0.003
1 Regression coefficient. Difference (diff).
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Table 2 Cluster means absolute measures of anthropometric outcomes for children (males and females) aged from 24 to
48 months by intervention exposure.

Male Female Total

Control
(n=685)

Intervention
(n=659)

Control
(n=595)

Intervention
(n=578)

Control (n=1280)
Intervention

(n=1237)

mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI)

Weight, kg 11.8 (11.5; 12.1) 11.6 (11.3; 11.9) 11.1 (10.8; 11.4) 10.9 (10.6; 11.2) 11.4 (11.2; 11.7) 11.3 (11.0; 11.5)

Height, cm 89.1 (88.0; 90.1) 87.9 (86.9; 89.0) 87.1 (86.0; 88.3) 86.6 (85.5; 87.8) 88.2 (87.3; 89.1) 87.3 (86.4; 88.3)

BMI 14.8 (14.7; 14.9) 14.9 (14.8; 15.1) 14.5 (14.3; 14.7) 14.5 (14.3; 14.7) 14.7 (14.6; 14.8) 14.7 (14.6; 14.8)

Head circumference, cm 47.1 (46.8; 47.4) 47.1 (46.9; 47.4) 45.9 (45.6; 46.2) 46.1 (45.8; 46.4) 46.6 (46.3; 46.8) 46.7 (46.4; 46.9)

MUAC, cm 14.5 (14.4; 14.7) 14.6 (14.4; 14.7) 14.3 (14.1; 14.5) 14.3 (14.1; 14.5) 14.4 (14.3; 14.5) 14.4 (14.3; 14.6)

Abdominal circumference, cm 46.1 (45.5; 46.6) 46.3 (45.7; 46.8) 45.5 (45.1; 45.9) 45.5 (45.1; 46.0) 45.8 (45.3; 46.2) 45.9 (45.5; 46.4)

Chest circumference, cm 47.8 (47.4; 48.3) 48.2 (47.7; 48.6) 46.8 (46.4; 47.3) 46.9 (46.4; 47.3) 47.4 (47.0; 47.8) 47.6 (47.2; 47.9)

Sub-scapular, cm 5.5 (5.2; 5.7) 5.5 (5.3; 5.8) 5.8 (5.5; 6.2) 5.8 (5.4; 6.1) 5.6 (5.3; 5.9) 5.7 (5.4; 6.0)

Triceps, cm 7.3 (7.1; 7.6) 7.5 (7.2; 7.8) 7.6 (7.2; 8.1) 7.6 (7.1; 8.0) 7.5 (7.1; 7.8) 7.5 (7.2; 7.9)

Mother-child height difference, cm 61.8 (61.0; 62.6) 62.5 (61.7; 63.4) 63.0 (62.3; 63.8) 64.3 (63.5; 65.0) 62.4 (61.7; 63.1) 63.3 (62.6; 64.1)
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Table 3 Overall anthropometric z-scores for children (males and females) aged from 24 to 48 months. Regression
coefficients derived from random effects linear regression models intervention effect.

Control (n=1280)
Intervention

(n=1237)
Crude difference Model 1 Model 2

mean (95%CI) mean (95%CI) diff1 (95% CI) p diff1 (95% CI) p diff1 (95% CI) p

Weight-for-age -1.68 (-1.77; -1.6) -1.81 (-1.89; -1.72) -0.12 (-0.21; -0.04) 0.005 -0.08 (-0.16; 0.01) 0.078 0.01 (-0.06; 0.07) 0.860

Height-for-age -1.8 (-1.96; -1.64) -2.0 (-2.16; -1.84) -0.20 (-0.36; -0.04) 0.014 -0.15 (-0.28; -0.02) 0.022 -0.02 (-0.10; 0.06) 0.651

Weight-for-height -0.96 (-1.05; -0.88) -0.97 (-1.05; -0.89) -0.01 (-0.09; 0.08) 0.877 0.01 (-0.07; 0.09) 0.760 0.02 (-0.06; 0.10) 0.657

BMI -0.77 (-0.86; -0.67) -0.74 (-0.83; -0.64) 0.03 (-0.07; 0.13) 0.528 0.04 (-0.04; 0.12) 0.357 0.02 (-0.06; 0.10) 0.577

Head circumference -1.64 (-1.83; -1.46) -1.57 (-1.75; -1.39) 0.07 (-0.11; 0.25) 0.447 0.11 (-0.06; 0.27) 0.212 0.16 (0.04; 0.28) 0.007

MUAC -1.05 (-1.17; -0.93) -1.0 (-1.11; -0.88) 0.06 (-0.06; 0.17) 0.355 0.07 (-0.00; 0.15) 0.066 0.11 (0.04; 0.19) 0.004

Abdominal circumference -0.04 (-0.2; 0.11) 0.02 (-0.13; 0.18) 0.06 (-0.09; 0.22) 0.422 0.08 (-0.08; 0.25) 0.336 0.13 (0.00; 0.26) 0.048

Chest circumference -0.05 (-0.2; 0.1) 0.04 (-0.11; 0.19) 0.09 (-0.06; 0.24) 0.233 0.11 (-0.07; 0.30) 0.224 0.18 (0.08; 0.29) <0.001

Sub-scapular -0.44 (-0.75; -0.14) -0.39 (-0.69; -0.08) 0.06 (-0.25; 0.36) 0.723 0.08 (-0.24; 0.41) 0.628 0.09 (-0.21; 0.39) 0.558

Triceps -0.41 (-0.64; -0.19) -0.35 (-0.57; -0.12) 0.06 (-0.16; 0.29) 0.577 0.07 (-0.16; 0.30) 0.532 0.08 (-0.16; 0.33) 0.502

Mother-child height diff. -0.04 (-0.19; 0.1) 0.17 (0.03; 0.31) 0.22 (0.07; 0.36) 0.003 0.19 (0.06; 0.32) 0.006 na na

All values are expressed in z-scores. Crude differences accounted for the stratified and clustered design.
1 Regression coefficient. Difference (diff).
Model 1 Adjusted for maternal education, household asset ownership
Model 2 Adjusted for maternal education, household asset ownership and mother-child height z-score difference
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A significant interaction effect between the intervention and maternal BMI is observed in six

of the ten anthropometric outcomes (supplementary Table S2), and therefore the analysis is

stratified by maternal BMI group, with summary z-score measures presented in Figure 1b

and regression results shown in Tables 4a-c. Three interesting patterns arise. First, in

children exposed to PWG, there is an apparent trend denoting greater WAZ, WHZ, BMI and

body circumferences, but this effect decreases with increasing maternal BMI category

(Figure 1b). We do not observe this or any trend with measures of tallness (HAZ) or fatness

(skinfolds). Second, most of the observed adjusted differences between study arms that

reached statistical significance are clustered among those in the underweight maternal BMI

category, although some are also observed in the middle BMI category. After controlling for

potential survival effect (Model 2), no significant differences are observed in the overweight

maternal BMI category. Lastly, the significant differences in childhood measurements that

persisted after adjustment for maternal education and wealth, as well as survival effect, are

clustered in anthropometric indices denoting heaviness (WAZ, WHZ, BMI, MUAC, AC, HC

and CC) rather than tallness (HAZ) or fatness (skinfolds).
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Table 4 Cluster mean anthropometric z-scores for children (males and females) aged from 24 to 48 months by maternal BMI category.

a) Maternal BMI<18.5 Control (n=344) Intervention. (n=384) Crude difference Model 1 Model 2

Mean (95%CI) Mean (95%CI) diff1 (95% CI) p-value diff1 (95% CI) p-value diff1 (95% CI) p-value

Weight-for-age -2.1 (-2.2; -2.0) -2.1 (-2.2; -1.9) 0.02 (-0.12 - 0.16) 0.744 0.04 (-0.10 - 0.18) 0.537 0.10 (-0.02 - 0.22) 0.118

Height-for-age -2.1 (-2.2; -1.9) -2.2 (-2.3; -2.0) -0.14 (-0.30 - 0.02) 0.080 -0.11 (-0.27 - 0.05) 0.165 -0.02 (-0.14 - 0.09) 0.666

Weight-for-height -1.3 (-1.5; -1.2) -1.2 (-1.3; -1.0) 0.15 (0.00 - 0.29) 0.044 0.15 (0.01 - 0.30) 0.039 0.15 (0.01 - 0.30) 0.037

BMI -1.1 (-1.3; -1.0) -0.9 (-1.1; -0.8) 0.18 (0.02 - 0.34) 0.024 0.18 (0.03 - 0.33) 0.019 0.17 (0.02 - 0.32) 0.029

Head circumference -1.8 (-2.0; -1.7) -1.6 (-1.8; -1.5) 0.20 (0.06 - 0.34) 0.005 0.21 (0.07 - 0.35) 0.003 0.24 (0.10 - 0.38) 0.001

MUAC -1.3 (-1.4; -1.2) -1.2 (-1.3; -1.1) 0.12 (-0.01 - 0.25) 0.075 0.12 (-0.00 - 0.24) 0.056 0.14 (0.03 - 0.26) 0.014

Abdominal circumference -0.4 (-0.6; -0.1) -0.1 (-0.3; 0.1) 0.23 (0.02 - 0.44) 0.031 0.24 (0.07 - 0.41) 0.005 0.27 (0.10 - 0.44) 0.002

Chest circumference -0.3 (-0.6; -0.1) -0.1 (-0.4; 0.1) 0.20 (-0.07 - 0.47) 0.147 0.22 (0.00 - 0.43) 0.050 0.26 (0.10 - 0.42) 0.001

Sub-scapular -0.6 (-0.9; -0.3) -0.5 (-0.9; -0.2) 0.07 (-0.28 - 0.42) 0.703 0.06 (-0.13 - 0.24) 0.548 0.06 (-0.13 - 0.26) 0.530

Triceps -0.5 (-0.8; -0.3) -0.4 (-0.7; -0.2) 0.08 (-0.17 - 0.33) 0.518 0.03 (-0.10 - 0.16) 0.644 0.03 (-0.10 - 0.16) 0.636

Mother-child height diff. 0.2 (0.0; 0.4) 0.4 (0.2; 0.5) 0.15 (-0.02 - 0.33) 0.084 0.16 (0.04 - 0.29) 0.010 na na

b) Maternal BMI 18.5 to <23 Control (n=589) Intervention. (n=589) Crude difference Model 1 Model 2

Mean (95%CI) Mean (95%CI) diff1 (95% CI) p-value diff1 (95% CI) p-value diff1 (95% CI) p-value

Weight-for-age -1.7 (-1.8; -1.6) -1.8 (-1.9; -1.7) -0.07 (-0.18 - 0.04) 0.200 -0.04 (-0.15 - 0.07) 0.454 0.02 (-0.08 - 0.11) 0.710

Height-for-age -1.8 (-2.0; -1.7) -2.0 (-2.2; -1.9) -0.15 (-0.30 - -0.00) 0.050 -0.12 (-0.28 - 0.05) 0.174 -0.01 (-0.17 - 0.15) 0.901

Weight-for-height -0.9 (-1.1; -0.8) -0.9 (-1.0; -0.8) 0.04 (-0.11 - 0.19) 0.588 0.04 (-0.07 - 0.16) 0.449 0.03 (-0.08 - 0.15) 0.567

BMI -0.7 (-0.9; -0.6) -0.7 (-0.8; -0.5) 0.07 (-0.10 - 0.24) 0.422 0.06 (-0.06 - 0.19) 0.298 0.04 (-0.08 - 0.16) 0.532

Head circumference -1.7 (-1.9; -1.4) -1.5 (-1.8; -1.3) 0.11 (-0.14 - 0.36) 0.400 0.14 (-0.07 - 0.36) 0.199 0.18 (0.02 - 0.34) 0.027

MUAC -1,0 (-1.2; -0.9) -1.0 (-1.1; -0.8) 0.08 (-0.05 - 0.21) 0.237 0.08 (-0.01 - 0.17) 0.067 0.11 (0.02 - 0.20) 0.015

Abdominal circumference -0.1 (-0.2; 0.1) 0.1 (-0.1; 0.3) 0.12 (-0.07 - 0.31) 0.211 0.13 (-0.06 - 0.33) 0.183 0.16 (-0.02 - 0.34) 0.079

Chest circumference -0.1 (-0.2; 0.1) 0.1 (-0.1; 0.3) 0.16 (-0.02 - 0.34) 0.079 0.18 (-0.01 - 0.38) 0.062 0.22 (0.04 - 0.39) 0.017

Sub-scapular -0.4 (-0.7; -0.2) -0.4 (-0.6; -0.1) 0.09 (-0.18 - 0.37) 0.505 0.11 (-0.12 - 0.33) 0.358 0.10 (-0.10 - 0.30) 0.325

Triceps -0.4 (-0.6; -0.2) -0.3 (-0.5; -0.1) 0.07 (-0.15 - 0.29) 0.547 0.07 (-0.11 - 0.25) 0.459 0.07 (-0.12 - 0.26) 0.456

Mother-child height diff. 0.0 (-0.1; 0.1) 0.2 (0.0; 0.3) 0.16 (0.04 - 0.29) 0.010 0.15 (0.02 - 0.28) 0.021 na na

c) Maternal BMI>23 Control (n=347) Intervention. (n=264) Crude difference Model 1 Model 2

Mean (95%CI) Mean (95%CI) diff1 (95% CI) p-value diff1 (95% CI) p-value diff1 (95% CI) p-value

Weight-for-age -1.3 (-1.4; -1.1) -1.5 (-1.7; -1.4) -0.27 (-0.45 - -0.09) 0.003 -0.22 (-0.39 - -0.05) 0.011 -0.08 (-0.23 - 0.07) 0.320

Height-for-age -1.5 (-1.7; -1.2) -1.7 (-2.0; -1.5) -0.25 (-0.48 - -0.03) 0.027 -0.21 (-0.46 - 0.05) 0.108 -0.01 (-0.14 - 0.13) 0.908

Weight-for-height -0.6 (-0.8; -0.5) -0.8 (-1.0; -0.6) -0.17 (-0.32 - -0.02) 0.031 -0.14 (-0.30 - 0.02) 0.077 -0.11 (-0.27 - 0.06) 0.211
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BMI -0.5 (-0.6; -0.3) -0.6 (-0.8; -0.4) -0.14 (-0.30 - 0.03) 0.099 -0.11 (-0.28 - 0.05) 0.184 -0.11 (-0.27 - 0.06) 0.209

Head circumference -1.4 (-1.6; -1.2) -1.5 (-1.7; -1.3) -0.07 (-0.28 - 0.14) 0.533 -0.04 (-0.25 - 0.17) 0.701 0.02 (-0.20 - 0.25) 0.828

MUAC -0.8 (-0.9; -0.6) -0.8 (-0.9; -0.6) -0.01 (-0.15 - 0.13) 0.855 0.02 (-0.13 - 0.16) 0.821 0.09 (-0.04 - 0.21) 0.192

Abdominal circumference 0.3 (0.1; 0.5) 0.2 (0.0; 0.3) -0.12 (-0.30 - 0.07) 0.217 -0.11 (-0.32 - 0.10) 0.303 -0.02 (-0.23 - 0.18) 0.820

Chest circumference 0.3 (0.0; 0.5) 0.2 (-0.1; 0.4) -0.08 (-0.33 - 0.17) 0.519 -0.03 (-0.25 - 0.19) 0.776 0.06 (-0.17 - 0.28) 0.620

Sub-scapular -0.2 (-0.6; 0.1) -0.3 (-0.7; 0.1) -0.07 (-0.45 - 0.32) 0.732 -0.03 (-0.37 - 0.31) 0.869 0.00 (-0.35 - 0.35) 0.998

Triceps -0.3 (-0.6; 0.0) -0.3 (-0.6; 0.0) 0.02 (-0.26 - 0.30) 0.897 0.04 (-0.21 - 0.29) 0.754 0.07 (-0.20 - 0.33) 0.621

Mother-child height diff. -0.4 (-0.6-0.2) -0.1 (-0.3; 0.1) 0.32 (0.14 - 0.50) <0.001 0.28 (0.10 - 0.45) 0.002 na na

All values are expressed in z-scores. Crude differences accounted for the stratified and clustered design.
1 Regression coefficient. Difference (diff).
Model 1 Adjusted for maternal education, household asset ownership
Model 2 Adjusted for maternal education, household asset ownership and mother-child height z-score difference
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Discussion

Two years after a PWG intervention that reduced neonatal mortality and improved essential

newborn care practices, we observed growth differences in children from mothers actively

participating in the intervention, compared to a random sample of children from non-

exposed mothers. First, the difference in mother and child height at 24-48 months is greater

among those in intervention areas, which we postulate may be attributed to increased

neonatal survival of smaller children in this exposed population. Second, children from

exposed mothers had lower height z-scores than their non-exposed counterparts, but, after

adjusting for the survival effect on size (Model 2), these children were no longer shorter but

had greater body circumferences than their counterparts. This denotes greater heaviness,

albeit with similar skinfold values, indicating similar subcutaneous fat storage. Third, when

stratifying these adjusted comparisons by current maternal BMI categories, the positive

effects of the PWG intervention observed in growth indicators denoting heaviness (i.e. BMI,

WHZ or body circumferences) clusters in children of underweight mothers, although some

significant differences are also found in those with mothers with normal BMI. Lastly, and

despite not all differences being significant, we observe that children exposed to PWG from

underweight mothers had greater anthropometric values than their non-exposed

counterparts, whilst there is no clear association in children from overweight mothers.

The significance of our findings from a post-hoc analysis require cautious consideration.

Overall, the significant adjusted increases observed in anthropometric indices range from

0.11 to 0.18 z-scores in the overall study sample, and from 0.14 to 0.27 z-scores in children

from underweight mothers. Using a mean WHZ value of -0.9, taken from the Bangladesh

2014 Demographic and Health Survey[15], and assuming a normal distribution with a
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standard deviation of 1-score, the observed difference could translate into a reduction in

prevalence of wasting from 13.6% to 11.3% and up to 10.0% if we use our study sample

range, or a reduction to 10.7% and up to a 8.5% among those born to underweight mothers.

It is important to bear in mind that the objective of the original PWG intervention was

neonatal survival, not longer-term child growth and so the potential public health impact of

PWG interventions for reducing malnutrition prevalence and improving child growth

requires further exploration.

The observed improvements in anthropometric indices might also have implications for

adult health. The significant increase in head circumference, especially for underweight

mothers, could reflect important effects on brain growth in infancy, although other

explanations are possible including increased growth of the bony skull or extra-cranial

adiposity. This finding warrants more detailed study as poor cognitive outcomes and

educational performance are among the most important results of infant malnutrition. The

significant increase of anthropometric indices denoting heaviness, such as BMI or body

circumferences without a concurrent increase in anthropometric indices denoting fatness,

strongly suggest that these gains primarily reflect gains in lean mass such as muscle, bone or

organs. Furthermore, these significant gains seem clustered among children who might have

been exposed to an undernourished niche during development, as represented by a low

maternal BMI. Given the wealth of epidemiological literature on the long-term adverse

effects of maternal undernutrition on offspring health in later life[3, 4], including in

Bangladesh[16], further studies are imperative to determine whether the observed changes

could also translate into improved metabolic, cognitive and physiological function. The

current findings lack evidence to support a possible beneficial effect of the same
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intervention on the offspring of overweight mothers, presenting an intriguing differential

effect that requires further study.

Pre-conception, intra-uterine and early post-natal life periods are critical developmental

windows that can impact on health and disease in later life. The selection of children in our

study was purposeful to include those whose mothers had a good attendance at the initial

PWGs that concentrated on issues such as maternal nutrition, taking rest, and shunning the

habit of ‘eating down’ to ensure a small baby for easier delivery. Many of these women will

have subsequently been exposed to further PWGs focused on improving feeding practices,

hygiene and nutrition for children under five. Though data on the precise proportion of

women exposed to both PWG cycles are not available, it is likely that the majority

participated in both. Thus, PWGs could have impacted on all the aforementioned

developmental periods, making it difficult to identify when, if at all, the PWG intervention

may have had greater influence on postnatal child growth. Further, as we do not have birth

weight data, we are unable to disentangle an in-utero effect from a postnatal effect or

whether the observed differences are more likely a combination of both.

Mothers who attended the PWG interventions may have practised better hygiene, thus

protecting their child from infections and improving nutritional status. Hygienic delivery

practices, early initiation of breastfeeding and essential newborn care were indeed

observed in our trial of the PWG impact on neonatal outcomes[9]. Furthermore, verbal

autopsy data from the trial suggest that reductions in deaths due to neonatal infections may

have largely contributed to impacts on neonatal mortality. Formative evaluation of the PWG

intervention on post-neonatal child health in a subset of groups supports a link with
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improved hygiene[10]. Despite no changes in care-seeking, there were significant

improvements in mothers’ knowledge of disease prevention and management, including

giving anthelminthics, danger signs and hand washing at critical times. Reduced maternal

reports of under-five morbidities and duration of illness were also observed[10]. Significant

increases were also seen in the intervention group for both exclusive breastfeeding for at

least six months, and the mean duration of breastfeeding[10]. We did not measure

maternal dietary intake or energy expenditure during pregnancy, although dietary advice

was a core component of the PWGs.

It is important to understand the differential effect of the intervention by maternal BMI

group. Previous evidence shows that PWG interventions can address the health needs of

more marginalised women and children[17]. Assuming the underweight BMI group

represents more marginalised women, our findings may also reflect this phenomenon.

Nevertheless, we cannot exclude the possibility that the differential effects by maternal BMI

were due to underlying differences in newborn and infant care and feeding practices, or

other background and socioeconomic factors between BMI groups.

Major strengths of this study are its large size, high quality fieldworker-collected

anthropometric data, and high follow-up rates. However, the fact that the intervention

sample included women who had actively participated in at least six PWG meetings means

that this is a self-selecting group which diminishes their comparability to the randomly

sampled control group. The analysis therefore compares a highly exposed and compliant

intervention group with a random sample from the general unexposed community.

However, given the formative, exploratory nature of this study and the need to better
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understand early life influences on growth, we felt it was important to target an

intervention sample that had maximum feasible exposure to the intervention during their

pregnancy. Indeed the socioeconomic parameters described in Table 1 do not differ

substantially in terms of common background characteristics, although we acknowledge the

potential for underlying differences not measured, not least infant birth weight, and we

have tried to control for a survival bias in intervention clusters by controlling for mother-

child height difference. A further limitation is that our measures of maternal height and

weight were recorded during this follow-up study and not during the initial intervention or

pregnancy. Additional measures of sitting height/leg length as well as paternal height could

also strengthen future studies.

Conclusion

Our findings imply a lasting positive effect of the PWG intervention on lean mass and frame

size, and supports the need for further work evaluating the potential of community-based

maternal and child health interventions to promote child growth and development and

prevent cardiometabolic diseases.
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Figure 1: Regression coefficients and 95% confidence intervals showing
intervention effect on child anthropometrics overall (a) and stratified by
maternal BMI as underweight (BMI <18.5), overweight (BMI >23) or normal (BMI
≥18 but <23) (b). Results are adjusted for maternal education, household 
assets and mother-child height difference. *Indicates p<0.05.


