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Abstract
Purpose We aimed to assess the effectiveness of wheat soya blend plus (WSBP) provided during pregnancy and lactation 
on weight gain during pregnancy, reduction of low birthweight (LBW), and improvement in nutritional status in infants at 
6 months of age in Thatta and Sujawal districts of Sindh, Pakistan.
Methods A cluster randomized-controlled trial was conducted in Thatta and Sujawal districts in Pakistan from August 
2014 to December 2016. A total of 2030 pregnant women were enrolled in the study. These women and their infants were 
followed during pregnancy and first 6 months of life. Pregnant women received a monthly ration of 5 kg (i.e., 165 g/day) of 
WSB + during pregnancy and the first 6 months of their lactation period.
Results There was no difference in weight gain during pregnancy between the intervention and control groups (n = 496, 
326.7 g/week 95% CI 315.2–338.1 vs. (n = 507, 306.9 g/week, 95% CI 279.9–333.9 P = 0.192), after adjustment with different 
factors. The reduction in the prevalence of LBW was not different between intervention and control groups (n = 325, 34.0%, 
95% CI 31.7–36.4, vs. (n = 127, 34.3%, 95% CI 27.2–41.5, P = 0.932). Significant reductions in risk of stunting (n = 1319 RR 
0.85, 95% CI 0.73–0.99, P = 0.041), wasting (n = 1330 RR 0.77, 95% CI 0.65–0.91, P = 0.003), and underweight (n = 1295 
RR 0.77, 95% CI 0.69–0.87, P < 0.001) were observed in infants at 6 months of age in the intervention as compared to the 
control group. However, no difference was noted on reduction in the risk of stunting among infants at 6 months of age in the 
intervention and control group (n = 1318 RR 0.91, 95% CI 0.78–1.07, P = 0.253) after adjustment. A significant reduction 
in anemia was noted (n = 1328 RR 0.94, 95% CI 0.91–0.98, P = 0.002) in infants at 6 months of age in the intervention as 
compared to the control group in adjusted analysis.
Conclusions Provision of WSB + during pregnancy and the first 6 months of lactation is effective in reducing the risk of under 
nutrition and anemia in infants at 6 months of age. This study can potentially guide the government and donor agencies in 
investing in nutritional programmes, especially for pregnant and lactating women living in vulnerable settings.
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PLW  Pregnant and lactating women
UC  Union council
WSBP  Wheat soya blend plus

Introduction

For healthy pregnancy and birth outcomes, it is essential that 
women have adequate nutritional status during preconcep-
tion, pregnancy, and postpartum [1–3]. In developing coun-
tries, such as Pakistan, women experience multiple biologi-
cal and social stressors including food insecurity, poor health 
care, inadequate diets, recurrent infections, gender inequali-
ties, heavy work burdens, repeated pregnancies, and short 
intervals between pregnancies. These stressors increase 
their risk of malnutrition, including low BMI, anemia, and 
micronutrient deficiencies (vitamin A, calcium, zinc, folate, 
iodine, iron, and vitamin D) among women [4–6].

Maternal malnutrition (often indicated by low BMI or 
low MUAC) is associated with increased rates of infections, 
obstructed labour, and small-for-gestational-age (SGA) 
babies. The process of a child becoming stunted often begins 
in the womb or soon after birth and may continue until 
2 years of age [7, 8]. Stunting is a consequence of inadequate 
nutrition, often combined with frequent infection, which 
also leads to increased risk of death and disease, impaired 
cognitive development, reduced educational achievements, 
reduced work productivity, and lower earnings [9–14].

Evidence from low- and middle-income countries demon-
strates that the provision of nutrition-based supplementation 
during pregnancy and lactation is safe, and can improve foe-
tal growth, reduce perinatal mortality, decrease prevalence 
of low birthweight (LBW), and SGA babies [15–21], and 
lower the risk of stunting among children under 24 months 
of age [10, 22–24]. Balanced energy-protein supplements 
referred to as nutrition-based supplements contain less than 
25% protein as their total energy content. According to the 
WHO recommendations on antenatal care for a positive 
pregnancy experience, these supplements are intended for 
populations or areas with a high prevalence (≥ 20%) of preg-
nant women who are undernourished or at risk of becoming 
undernourished, and promote gestational weight gain and 
improve birth outcomes [25]. Globally, maternal supplemen-
tation with balanced energy-protein supplements have shown 
a 34% reduction in the risk of SGA and stillbirths [23, 26]. 
Moreover, research has demonstrated a 32% reduction in 
the risk of LBW [27]. In terms of children provided with 
nutrition-based supplements, regardless of nutrition counsel-
ling, were shown to improve weight gain, and height gain 
among children under 2 years of age. Another study found 
that the provision of nutrition-based supplements reduced 
stunting for children under 2 years of age by 67% in food 
insecure populations [28].

However, the order of magnitude by which a specific 
intervention can make a difference depends on the local 
context and, therefore, needs to be assessed. Hence, the 
Government of Sindh, Pakistan in collaboration with WFP 
launched a stunting prevention programme, in two districts 
of Sindh, Pakistan, consisting of a preventative nutrition-
based approach of WSBP using the primary healthcare 
system. A cluster randomized-controlled trial (RCT), was 
conducted to determine the impact of the WSBP on weight 
gain during pregnancy, birth outcomes (i.e., LBW), and 
nutritional status (i.e., stunting, wasting, underweight, and 
anemia of their infants at the age of 6 months. The study 
also determined the impact of the nutrition-based interven-
tions (lipid-based nutrient supplements medium quantity and 
multi-micronutrient powders) on nutritional status of chil-
dren 6–23 months and 24–59 months of age. Findings from 
these cohorts are presented elsewhere [29, 30].

Purpose

We aimed to assess the effectiveness of provision of WSBP 
to women during pregnancy on weight gain, birth outcome 
(reduction of LBW), and improvement in nutritional status 
(i.e., stunting, wasting, underweight, and anemia) of their 
infants at 6 months of age.

Methods

Study design and setting

A cluster randomized-controlled trial was conducted in 
Thatta and Sujawal Districts, Sindh, Pakistan from August 
2014 to December 2016. The study districts are located in 
the southern part of the Sindh province. They are admin-
istratively subdivided into nine sub-districts (Talukas) and 
55 Union Councils (UCs) with a population of 1.5 million. 
Union Council is the smallest administrative unit in Paki-
stan. Agriculture, fishing, and livestock are the three major 
sources of earning for the people of study area. Wheat, rice, 
and sugarcane are major crops of this district. According to 
a study conducted by Asian Development Bank, 79% of the 
population of the area is poor [31, 32].

Intervention

A monthly ration of 5 kg of WSB + (i.e., 165 g/day) was pro-
vided to women during pregnancy and for the first 6 months 
of lactation. The WSB + was prepared from heat treated 
wheat and soya beans, vitamins, and minerals (Table 1). 
The intervention was delivered through lady health work-
ers (LHWs) program, a vital program of the government’s 
primary health care system. Health education messages were 
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also provided on product use and benefits, infant, and young 
child feeding practices and maternal nutrition by LHWs 
using group sessions at the time of supplements’ distribu-
tion and home visits on monthly basis. The control group 
received routine standard of care.

Sample size and randomization

To calculate the sample size, we aimed to be able to detect 
a 25% difference in the prevalence of LBW between inter-
vention and control groups. With a power of 0.80 and a sta-
tistical significance of P value 0.05, we calculated that a 
sample size of 1000 per study group would be sufficient for 
assessing the reduction in LBW. The baseline prevalence 
of LBW (25%) in Sindh was assumed from the Pakistan 
Demographic Health Survey 2012-13.

The unit of randomization was a UC. Each UC has at 
least one public-sector healthcare facility and 15–20 LHWs 
affiliated with the facility. Of the 29 UCs, where the stunt-
ing prevention programme was implemented, 12 UCs were 
randomly allocated to intervention and control groups with 
a computer-generated randomization sequence that was gen-
erated by an independent expert at the Data Management 
Unit in AKU. Clusters were matched based on percentage 
of pregnant women and population size.

Study participants

All pregnant women who were participants in the stunting 
prevention programme were eligible to enrol in the study. 
The LHW family register and social mapping approach 
was used to identify pregnant women in their first trimester 
(< 12 weeks of gestation), second trimester (13–27 weeks 
of gestation), and third trimester (≥ 28 weeks of gestation) 
to recruit in the study. The enrolled pregnant women were 
followed during their pregnancy and for the first 6 months of 
lactation. Additionally, children (live born) of these women 
were also followed for the first 6 months of life.

Data collection

A household questionnaire was used to collect baseline 
information from PLW on socio-demographic character-
istics, gestational age, reproductive history, antenatal care, 
morbidity, and care seeking practices, exposure to interven-
tions, and anthropometry by data collection team. Baseline 
hemoglobin level of mothers was also assessed. A total of 
six data collection teams were hired locally from the study 
area. One data collection team was comprised of four female 
data collectors and one male team leader. The minimum 
qualification for data collectors was a 12th grade education 
and for the team leader was a 14th grade education.

The data collection teams received a 6-day hands-on 
training on data collection techniques, anthropometric meas-
urements, hemoglobin testing, ethical issues, and data col-
lection tools. A 1-day field testing was carried out before the 
actual field work. A study manual was provided to each team 
leader, which included instructions, methodology, and sam-
pling strategy. All questionnaires were pre-tested in the field 
and changes were incorporated accordingly before actual 
data collection. Data were collected manually on hard copies 
of study questionnaires.

Monthly follow-ups were conducted to assess compliance 
to the intervention, pregnancy outcomes, and maternal and 
child morbidity, and mortality. Data on compliance were 
collected using participant recall and observation of used, 
and unused packets in targeted households during each visit. 
Anthropometric data of PLW and their infants were col-
lected through Seca anthropometry kits on a quarterly basis. 
Hemoglobin levels in infants at 6 months of age were meas-
ured by a finger prick assay with HemoCue Hb 301 analyser.

For quality assurance, a monitoring team (separate from 
the data collectors) randomly visited 5% of households 
assessed by the data collection team to validate the col-
lected data. The data collection process was supervised 
and monitored by team leaders, a field supervisor, and a 
study manager. ENA-SMART software was used to conduct 
plausibility checks for anthropometric measurements by the 
study supervisors on a weekly basis.

Table 1  Nutritional values in wheat soya blend plus

Nutrients values WSB + 

Daily ration (g/person/day) 167
Energy (kcal) 633
Protein (g) 29.1
Fat (g) 10.2
Calcium (mg) 683
Iron (mg) 13.9
Iodine (µg) 67
Vitamin A (µg RE) 842
Thiamine B1 (mg) 0.66
Riboflavin vitamin B2(mg) 1.03
Niacin (mg NE) 15.3
Vitamin C (mg) 168.9
Pantothenic vitB5 (mg) 3.4
Vitamin B6 (mg) 1.8
Folic acid (µg) 100
Vitamin B12 (µg) 3
Vitamin D (µg) 10.0
Selenium (µg) 49.3
Vitamin E (mg) 15.8
Zinc (mg) 11.2
Copper (mg) 0.6
Folate (µg) 288
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Data analysis

Analysis was performed using univariate and multivariate 
methods. The primary outcomes were weight gain during 
pregnancy, birth weight, child nutritional status (stunting, 
wasting, and underweight), and anemia at 6 months of age. 
Hemoglobin was measured in g/dL and Hb < 11 g/dL was 
used as a cut-off for classification of anemia among infants 
at 6 months of age. Descriptive statistics were obtained as 
mean, standard deviation, frequency, and proportions. The 
outcome analysis is adjusted for clustering effect using 
generalized linear model (GLM). Log (link) and Gaussian 
(link) functions were used for binary and linear outcomes, 
respectively. The analysis further adjusted for confounding 
factors including women age, education, baseline height, 
weight, BMI, gestational age, anemia status, early initiation 
of breastfeeding, and exclusive breastfeeding for 6 months. 
Significance has been defined as P value < 0.05 unless stated 
otherwise. Data were double entered by trained data input 
operators in Visual FoxPro database. All analysis was per-
formed in STATA version 16.

Ethical considerations

The Ethics Review Committee of Aga Khan University 
granted approval for the study. Furthermore, the National 
Bioethics Committee of Pakistan approved the study for 
human subject research. Written informed consent was 
obtained from all participants at the time of enrolment in 
the study. The study was registered in ClinicalTrials.gov 
with registration number NCT02422953 on April 15, 2015.

Results

Baseline characteristics of study participants

A total of 2030 pregnant women (1017 in control group; 
1013 in intervention group) were enrolled in the study 
and followed during pregnancy and the first 6 months of 
lactation. Overall, 93% of PLW completed the study. A 
total of 135 PLW (7%–70 in the control group; 65 in the 
intervention group) were lost to follow-up due to migration 
(3.6%), refusal (1%), and false pregnancy (1.8%) during 
the study period (Fig. 1).

The mean age of PLW was 29 years in both control 
and intervention groups. Approximately 19% of PLW, in 
both control and intervention groups, were enrolled before 
12 weeks of gestation (first trimester), 55% were enrolled 
during 13–27 weeks of gestation (second trimester), and 
25% of PLW were enrolled during the third trimester. At 
baseline, the mean gestational age was 21 weeks in both 
control and intervention groups. Additionally, there was no 
significant difference in the mean height between groups at 
baseline (154.4 ± 5.5 cm in controls versus 154.8 ± 5.4 cm 
in intervention) and mean weight (49.2 ± 7.9 kg in con-
trol versus 50.4 ± 8.4  kg in intervention). There was 
no difference in underweight among pregnant women 
(BMI < 18.5 kg/m2) (23.9% vs. 20.0%) and MUAC (24.1% 
vs. 24.4%) in the control as compared with intervention 
group. Similarly, household food consumption score and 
household hunger scale were not different in the control 
group compared with intervention group, respectively 
(Table 2).

Fig. 1  CONSORT flow diagram

Pregnancy Outcomes 
- 46 Abor�ons/Miscarriages  

- 46 S�ll births (50.7/Total births) 

- 862 Live births  

- 56 Neonatal deaths (65.0/1000 live 

births)  

Pregnancy Outcomes 
- 32 Abor�ons/Miscarriages  

- 29 S�ll births (31.3/Total births) 

- 897 Live births  

- 46 Neonatal deaths (51.3/1000 

live births) 

Lost to Follow-up  
= 70 (6.9%)

Lost to Follow-up 
= 65 (6.4%)

Control 
= 1017

Interven�on
= 1013

Pregnant Women Enrolled 
= 2030
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Compliance of PLW to WSB + during pregnancy 
and lactation

Table 3 describes the compliance of PLW to WSB + reported 
in days during pregnancy and the first 6 months of lacta-
tion. The mean compliance of WSB + during pregnancy 
was 70.8 ± 32.2 days and compliance during pregnancy and 
lactation period was 65.8 ± 25.3 days. Approximately 91% 

of PLW mentioned sharing their WSB + with other family 
members at least once during the study. Furthermore, 15% 
of women refused or stopped using WSB + due to undesir-
able taste (9.4%), or perceived side effects such as diarrhoea 
(1.8%), vomiting (1.6%), and abdominal pain (2.4%).

Pregnancy outcomes

There were three deaths (one in the intervention group 
and two in the control group) among pregnant women. In 
total, 1759 live births were reported during the study. Out 
of the live births, 17 women gave birth to twins. The still-
birth rate was significantly higher (P = 0.045) in the control 
group (50.7/1000 total births) than the intervention group 
(31.3/1000 total births). More newborns died during the first 
28 days of life was higher in the control group (65.0/1000 
live births) compared to the intervention group (51.3/1000 
live births) (Fig. 1, Table 4).

Weight gain among pregnant women and low 
birthweight

Overall, maternal weight gain during pregnancy was no dif-
ferent among pregnant women receiving WSB + in control 
group (306.9 g/week, 95% CI 279.9–333.9) as compared 
to intervention group (326.7 g/week, 95% CI 315.2–338.1, 
P = 0.192). No difference was observed in maternal BMI 
at end line (13.8%, 95% CI 12.4–15.1 vs. 14.6% 95% CI 
13.8–15.5, P = 0.310) in intervention and control group, 
respectively. Similarly, there was no differences revealed in 
the prevalence of LBW (34.0%, 95% CI 31.7–36.4 vs. 34.3% 
95% CI 27.2–41.5, P = 0.932) in intervention and control 
group, respectively. We enrolled 2030 pregnant women, but 
birthweight was only collected for 452 newborns. Due to the 
small-sample size, these results should be interpreted with 
caution as there was insufficient data collected on newborn 
birthweight by LHWs during the study (Table 5).

Nutritional status of infants at 6 months of age

There was a significant impact found on the prevalence 
of stunting (n = 1319), wasting (n = 1330), underweight 
(n = 1295), and anemia (n = 1329) in infants at 6 months 
of age whose mothers had received WSB throughout their 
pregnancy and the first 6 months of lactation. A signifi-
cant reduction of 15% was observed in risk of stunting 
(RR 0.85, 95% CI 0.73–0.99; P = 0.041) in infants in the 
intervention group as compared to control. There was also 
a significant reduction in risk of wasting (RR 0.77, 95% CI 
0.65–0.91; P = 0.003) and underweight (RR 0.77, 95% CI 
0.69–0.87; P < 0.001) among infants in intervention group. 
There is significant reduction in the risk of being anemic 
(RR 0.95, 95% CI 0.91–0.99; P = 0.02) in the intervention 

Table 2  Baseline characteristics of pregnant women at enrolment

Background characteristics Control Intervention
(N = 1017) (N = 1013)

Age of pregnant women
 15–18 years 28 (2.8) 18 (1.8)
 19–25 years 268 (26.4) 281 (27.7)
  > 25 years 721 (70.9) 714 (70.5)
 Mean age ± SD 29.7 ± 6.7 29.2 ± 6.1

Gestational age in trimester
 First trimester (1–12 weeks) 200 (19.7) 192 (19.0)
 Second trimester (13–27 weeks) 567 (55.8) 562 (55.5)
 Third trimester (28 or more weeks) 250 (24.6) 259 (25.6)
 Mean gestational age (weeks) 21.4 ± 8.8 21.6 ± 8.8

Body mass index (BMI (kg/m2)
  < 18.5 243 (23.9) 203 (20.0)
 18.5–20.0 232 (22.8) 218 (21.5)
 20.0–25.0 448 (44.1) 499 (49.3)
  >25.0 94 (9.2) 93 (9.2)

Women’s educational status
 Illiterate 926 (91.1%) 811 (80.1%)
 Literate 91 (8.9%) 202 (19.9%)

Parity
 0 160 (15.7%) 159 (15.7%)
 1 156 (15.3%) 174 (17.2%)
 2 167 (16.4%) 164 (16.2%)
 3 120 (11.8%) 121 (11.9%)
  >  = 4 414 (40.7%) 395 (39.0%)
 Mean ± SD no. of pregnancies 4.8 ± 3.2 4.6 ± 3.0

Anthropometry
 Height (cm) mean ± SD 154.4 ± 5.5 154.8 ± 5.4
 Weight (kg) mean ± SD 49.2 ± 7.9 50.4 ± 8.4
 MUAC (cm) mean ± SD 24.1 ± 2.6 24.4 ± 2.7

Anemia status (Hb < 11 gm/dL)
 Hemoglobin < 11 gm/dl 852 (83.8) 794 (78.5)

Food consumption score
 Poor (1–28) 4 (0.4%) 2 (0.2%)
 Borderline (28.1–42) 4 (0.4%) 9 (0.9%)
 Acceptable (> 42) 1009 (99.2%) 1002 (98.9%)

Household hunger scale
 None or light hunger (0–1 score) 905 (89.0%) 921 (90.9%)
 Moderate hunger (2–3 scores) 106 (10.4%) 90 (8.9%)
 Severe hunger (4–6 scores) 6 (0.6%) 2 (0.2%)

Author's personal copy



 European Journal of Nutrition

1 3

group as compared to the control group (Table 6). After 
adjustment with different factors (cluster, maternal age, 
education, gestational age, baseline BMI, baseline ane-
mia status of mother, early initiation of breastfeeding, and 
exclusive breastfeeding for 6 months), no evidence was 
noted on reduction in the risk of stunting among infants 
at 6 months of age in the intervention as compared to the 
control group (RR 0.91, 95% CI 0.78–1.07, P = 0.253) 
(Table 7).

Discussion

Our study demonstrates that the provision of WSB + to PLW 
during pregnancy and the first 6 months of lactation had a 
significant impact on reductions in the risk of stunting (RR 
0.85, 95% CI 0.73–0.99; P = 0.041), wasting (RR 0.77, 95% 
CI 0.65–0.91; P = 0.003), and underweight (RR 0.77, 95% 
CI 0.69–0.87; P < 0.001) in infants at 6 months of age. Simi-
lar results were also observed in Burundi, where a significant 
protective effect on stunting was seen in children born to 
mothers who received specialized nutritious foods [corn soy 
blend (CSB) and micronutrient fortified vegetable oil] [33]. 
Our results for reduction in anemia are comparable with 
Burandi study [33], where a significant protective effect on 
anemia among children (6.1 percentage points; 95% lower 
CI 0.3 percentage points) and mothers who gave birth in 
the previous 3 months (34.9% points; 95% lower CI 14.9% 
points). A food-based supplementation program for mothers 
during pregnancy and lactation and children 6–23 months in 
Guatemala significantly reduced the prevalence of stunting 
in children by 11.1% (P = 0.01) through family food rations 

Table 3  Compliance of PLW to 
WSB + during pregnancy and 
lactation

Indicators Compliance during preg-
nancy (n = 1001)

Compliance during 
pregnancy and lactation 
(n = 849)

Mean compliance of WSB + in days (days con-
sumed/days participated in the study 100)

70.8 ± 32.2 65.8 ± 25.3

Sharing of WSB + with family at least once 680 (67.9%) 772 (90.9%)
Reasons of refusal/stop or not using WSB + 
 Taste is not good/bad taste 52 (5.2%) 80 (9.4%)
 It causes diarrhoea 8 (0.8%) 15 (1.8%)
 It causes vomiting 10 (1.0%) 14 (1.6%)
 It causes abdominal pain 5 (0.5%) 20 (2.4%)

Table 4  Impact on pregnancy outcomes

a The analysis is adjusted for clustering using generalized linear model

Outcome Control 
N = 947

Inter-
vention 
N = 948

RR (95% CI)a P value

Abortions/miscar-
riages

46 32 0.69 (0.45–1.08) 0.104

Still births 46 29 0.63 (0.4–0.99) 0.045
Neonatal deaths 56 46 0.82 (0.56–1.2) 0.306

Table 5  Impact on weight 
gain during pregnancy and 
pregnancy outcomes

a Weight before delivery-first weight measurement of second trimester/duration of follow-up in week
b The analysis is adjusted for clustering and controlled for respective baseline measurements using general-
ized linear model

Indicators Adjusted  meansb P value

Control Intervention

Weight gain during pregnancy (g/week)a N = 507 N = 496
Mean 306.9 326.7 0.192
95% CI 279.9–333.9 315.2–338.1
Low birthweight (< 2.5 kg) N = 127 N = 325
Proportion 34.3 34.0 0.932
95% CI 27.2–41.5 31.7–36.4
Body mass index < 18.5 (kg/m2) end line N = 993 N = 1001
Proportion 14.6 13.8 0.310
95% CI 13.8–15.5 12.4–15.1
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(rice, beans, and oil) and CSB and 6.5% (P < 0.05) through 
family food rations and MNP [34].

Our results are similar to the studies conducted in Bang-
ladesh and Ghana [35, 36]. In Bangladesh, children born 
to mothers receiving (lipid-based nutrient supplement) 
LNS had higher birth weights (P = 0.007), weight-for-age Z 
scores (P = 0.006), and length-for-age Z scores (P = 0.035) 
than children born to mothers receiving iron folic acid sup-
plementation [35]. LNS provided to PLW also reduced the 
risk of stunting (RR 0.83; 95% CI 0.71, 0.97) among their 
children 14 days after delivery. However, when LNS was 
provided during pregnancy, lactation, and infancy in Ghana, 
children were found to have a significantly greater length-
for-age Z score at 18 months of age (−0.69 ± 1.01) as com-
pared to iron folic acid supplementation (−0.87 ± 0.99) and 

multi-micronutrient supplements (−0.91 ± 1.01) (P = 0.009) 
[36]. Though our study was not designed to investigate the 
impact of WSB + on reducing the risk of poor pregnancy 
and birth outcomes, but study was able to show a significant 
decrease in poor pregnancy outcomes (stillbirths and neo-
natal deaths) in the intervention group as compared to the 
control group. Multiple systematic reviews and meta-anal-
yses have also confirmed the positive effect of nutritional 
supplementation (balanced energy-protein supplements) on 
pregnancy, birth, and neonatal outcomes [22, 23, 37, 17].

In Cambodia, nutritional supplementation (CSB Plus—
a maize and soybean flour that is fortified with a vitamin 
and mineral premix) consumed by women during preg-
nancy resulted in a significant decrease in preterm birth 
(OR 0.33; 95% CI 0.12–0.89) and maternal anemia (OR 

Table 6  Nutritional status 
of infants at 6 months of age 
(unadjusted)

a The analysis is adjusted for clustering using generalized linear model

Nutrition status Unadjusted  meansa RR (95% CI) P value

Control Intervention

Stunting (N = 617) (N = 702)
28.4 24.1 0.85 (0.73–0.99) 0.041

 95% CI (25.1–31.6) (21.6–26.6)
Wasting (N = 625) (N = 705)

29.3 22.6 0.77 (0.65–0.91) 0.003
 95% CI (27.0–31.6) (19.2–26.0)

Underweight (N = 601) (N = 694)
45.5 35.2 0.77 (0.69–0.87)  < 0.001

 95% CI (43.3–47.6) (31.4–39.0)
Anemic (< 11 gm/dL) (N = 628) (N = 701)

86.0 81.7 0.95 (0.91–0.99) 0.024
 95% CI 82.8–89.2 79.8–83.7

Table 7  Nutritional status 
of infants at 6 months of age 
(adjusted)

a The analysis is adjusted for clustering and controlled for several covariates (maternal age, education, ges-
tational age, baseline BMI, baseline anemia status of mother, early initiation of breastfeeding, and exclu-
sive breastfeeding for 6 months) using generalized linear model

Nutrition status Adjusted  meansa Adjusted RR (95% CI) P value

Control Intervention

Stunting (N = 617) (N = 701)
 Proportion 26.6 24.3 0.91 (0.78–1.07) 0.253
 95% CI (23.4–29.8) (21.7–26.8)

Wasting (N = 625) (N = 704)
 Proportion 28.5 23.4 0.82 (0.70–0.96) 0.013
 95% CI (26.3-30.8) (20.2–26.6)

Underweight (N = 601) (N = 693)
 Proportion 44.2 35.9 0.81(0.71–0.93) 0.002
 95% CI (41.3–47.0) (32.0–39.8)

Anemia (Hb < 11 gm/dL) (N = 628) (N = 700)
 Proportion 86.3 81.6 0.94 (0.91–0.98) 0.002
 95% CI 83.7–89.0 79.8–83.3
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0.51; 95% CI 0.34–0.77) [24]. There was no difference 
in the rate of LBW between study groups (OR 0.65; 95% 
CI 0.33–1.26) in Cambodia. A similar lack of difference 
(RR 0.992; 95% CI 0.843–1.166; P = 0.918) was observed 
in LBW newborns in our study. Similarly, no difference 
was observed in weight gain among pregnant Cambodian 
women. In our study, birthweight was measured by LHWs 
within 72 h of birth. Although planned as part of the study 
protocol, this was found to be a limitation as LHWs were 
unable to weigh the newborns due to large distances and 
their involvement in polio campaigns. Unlike our study, no 
significant difference was observed in stillbirths in Cam-
bodian study [24].

Our study has many strengths, such as the study was 
conducted in existing health system and the intervention 
was delivered through the existing government supported 
LHW programme. However, there are a few limitations. 
First, sharing of WSB + with other family members may 
have limited the impact on birth outcomes and nutri-
tional status of infants at 6 months of age whose mothers 
received WSB + . Finally, the scarcity of birthweight may 
be a limitation of our study. Although we enrolled 2030 
pregnant women, but only 452 newborns were weighted 
by the LHW. Considering the small-sample size, this study 
may have been unable to detect an effect of WSB + con-
sumed by PLW on LBW in newborns.

The results of the study revealed that the provision of 
WSB + during pregnancy and the first 6 months of lactation 
is effective in lowering the risk of under nutrition and ane-
mia in infants at 6 months of age. Moreover, the provision of 
WSB + to PLW significantly reduced the risk of stillbirths. 
These results support the conclusion that nutritional supple-
ments provided during pregnancy and lactation can be an 
effective strategy to reduce the risk of poor birth outcomes, 
and poor nutritional status of children, especially for under-
nourished pregnant mothers living in vulnerable settings. It 
is highly recommended to scale up this intervention package 
in Pakistan, especially for marginalized population.
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