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Abstract
Undernutrition is a major public health problem in developing countries. Around 40·2 % of children are stunted in Pakistan. This longitudinal
study aimed to assess the effectiveness of locally produced ready-to-use supplementary foods in the prevention of stunting by detecting change
in of children in intervention v. control arm against the 2006 WHO growth reference. A community-based non-randomised cluster-controlled
trial was conducted from January 2018 to December 2020 in the district of Kurram, Khyber Pakhtunkhwa, Pakistan. A total of 80 clusters (each
cluster comprising≈ 250–300 households)were defined in the catchment population of twelve health facilities. Children aged 6–18monthswere
recruited n 1680. The intervention included a daily ration of 50 g – locally produced ready-to-use-supplementary food (Wawa-Mum). The main
outcome of this study was a change in length for age z-score (LAZ) v. WHO growth standards. Comparison between the interventions was by
t test and ANOVA. Cox proportional hazardmodels were used to assess the association between stunting occurrence and the utilisation of locally
produced supplement. Out of the total 1680, fifty-one out of the total 1680, 51·1 out of the total 1680 and 51·1 % (n 859) were male. Mean age
13·9 months (SDþ 859) were male. Mean age 13·9months (SDþ –4·4). At baseline, 36·9 % (n 618) were stunted. In the intervention group, mean
LAZ score significantly increased from −1·13(2·2 SD) at baseline to −0·93(1·8 SD) at 6-month follow-up (P value 0·01) compared with the control
group. The incidence rate of stunting in the intervention arm was 1·3 v. 3·4 per person year in the control arm. The control group had
a significantly increased likelihood of stunting (Hazard Ratio (HR) 1·7, 95 % CI 1·46, 2·05, P value< 0·001) v. the intervention group. Locally
produced ready-to-use supplementary food is an effective intervention for reducing stunting in children below 2 years of age. This can be
provided as part of a malnutrition prevention package to overcome the alarming rates of stunting in Pakistan.
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Undernutrition is one of the major public health problems that
affect children, especially those below 5 years of age, mainly in
developing countries. Malnutrition along with poverty and
disease acts in a vicious cycle. These factors are linked to each
other in such a way that each of these factors contributes to the
presence of others. Malnutrition occurs as a result of a deficiency
of one or more nutrients including iodine, protein or vitamin A.
Inadequate energy intake leads to stunting and wasting(1).

Stunting or low height/length for age is caused by chronic
malnutrition(2). It ismainly an irreversible outcome of inadequate
nutrition for a prolonged period and of repeated episodes of
infection, specifically during the first 2 years of a child’s life. The
long-term effects of stunting on individuals and societies lead to
irreversible outcomes including poor cognitive and physical
growth of the child followed by decreased productivity and an
increased risk of non-communicable and comorbid diseases(3).
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There is likely also limited access to full time education,
compromised examination performance, together with an
increased likelihood of living a life in poverty(4).

Globally, 149·2 million children below the age of 5 years are
suffering from chronic malnutrition (UNICEF 2022). Chronic
malnutrition along with inequality and poverty passes from one
generation to another. It is further worsened by illness, resulting
in slowing down of metabolism and ultimately deleterious
effects on the child’s immune system(5).

The National Nutrition Survey of Pakistan (2018) revealed
that 40 % (12million) of children below 5 years of age are stunted
with the prevalence is little higher in males (40·9 %). The burden
of chronic malnutrition in below 2-year children of Khyber
Pakhtunkhwa province is 40 %, and the newly merged districts
(previously known as the federally administered tribal areas)
represent the worst situation across the country, with almost
every other child under 5 years of age stunted (48·3 %)(6).

Child growth is markedly affected by socio-demographic
factors. Throughout the world, different patterns of malnutrition
(undernutrition) are observed with the highest prevalence of
acute and chronic malnutrition in Asia. Such patterns of
malnutrition across the world reveal that there are multiple
causes associated with malnutrition and in the developing world
such constraints are further exacerbated by natural and man-
made disasters(7).

Very little consideration is given to the issue of decreased
linear growth in comparison to international recommended
standards (stunting) in humanitarian and protracted emer-
gency contexts with the focus of policy, research and
programming directed towards the treatment of acute malnu-
trition in children(8).

In the developing world, studies on the efficacy of locally
produced food-based interventions for the prevention of chronic
malnutrition exist, but they are often carried out in controlled
conditions/situations, and the generalisability of those results
cannot measure the impact of such interventions under ‘field’
conditions. Control and prevention of chronic malnutrition in
Pakistan is the top national priority due to its direct relationship
with human capital (NNS-2018). In this context, we conducted
this community-based trial to assess the effectiveness of locally
produced supplementary food on the prevention of chronic
malnutrition in children below 2 years of age.

Methods

Study design, settings and ethics

A community-based non-randomised cluster-controlled trial was
conducted in the district of Kurram, Khyber Pakhtunkhwa
Province, Pakistan, from January 2018 to December 2020. This
study was conducted according to the guidelines laid down in
the Declaration of Helsinki, and all procedures involving
human subjects/patients were approved by the ethical review
board of the Khyber Medical Unviersity Ref No: DIR.KMU-EB/
SP/000427. Written informed consent was obtained from all
subjects. This trial is registered with International Standard
Randomised Control Trial Number recognised by World Health
Organization International Clinical Trial Registry Platform and

International Committee of Medical Journal Editors under the
registration number: ISRCTN94319790(9).

Intervention

Wawa Mum was provided as supplementary food to the
study participants in the intervention arm. The active ingredients
include roasted chickpeas, vegetable oil (palm, rapeseed), dry
skimmed milk, sugar, vitamins and minerals, emulsifier and
antioxidants. It is a locally produced lipid-based nutrition
supplement (LNS) given on daily basis as part of general food
distribution. Each sachet weighs 50 g covering about ¼ of daily
energy requirements of children 6–23 months of age. It also
comprises most of the micronutrients according to recom-
mended daily allowance(10). It provides aminimumof 255 kcal of
energy and most micronutrients which are essential for the child
growth and development according to the recommended
daily allowance. It has high nutrient content than other
fortified blended food and have no limitations in terms of
texture, size and viscous nature. It is also considered
comparatively more result prone supplement in this con-
text(11) (online Supplementary Table 1).

Health messages by the Department of Health Khyber
Pakhtunkhwa for care givers of children below 5 years of age
were delivered throughout the study to both intervention and
control groups. These messages focused on improving child
feeding practices (infant and young child feeding practices),
immunisation of the child and water sanitation and hygiene
practices.

Outcomes

The main outcome of this study was a change in length for age
z-score (LAZ) of the study participants against the WHO-2006
growth standards. Anthropometric datawere collected through a
trained data collection team using a height board (From UN
World Food Program-Pakistan) to the nearest 0·1 cm, weight
measurements using Seca digital weighing scales to the nearest
0·1 kg and mid upper arm circumference using flexible insertion
tape (from WFP-Pak). Each measurement was recorded three
times and then the average was taken.

Cluster identification

A total of 122 clusters were formed in the catchment population
of twelve health facilities using the Expanded Program on
Immunisation Microplans for the Polio Eradication Initiative of
the WHO. These microplans have detailed information on the
number of households and a map. Each cluster comprised of
100–150 households. Intervention and control clusters were
selected based on natural segregation which reduced the
chances of contamination between intervention and control
group.(12)

Sample size

The sample size was calculated using the University of Aberdeen
sample size calculator(13) for cluster randomised trials by
assuming an intra-cluster correlation coefficient of 0·06, a cluster
size of twenty-three children (6–23 months) and eighty clusters
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to give 90 % power to detect a difference of 0·25 SD in LAZ score
at a significance level of 0·05. The total estimated sample sizewas
1840 (920 in intervention arm and 920 in control arm).

Eligibility criteria, recruitment, enrollment and consent

Children 6–18 months of age were recruited from these clusters
using a multi-staged cluster sampling technique. A total of 122
clusters were formed in the study area. Among these clusters,
eighty clusters were randomly selected, i.e. forty each in the
intervention and control arms of the study. Then households
were line listed in each of the identified cluster. Households
having at least one child 6–18 months of age were selected using
systematic random sampling. Children with congenital malfor-
mations and severe acute malnutrition were excluded from the
study (Fig. 1).

Data collection

Baseline data collection included demographics; household
characteristics, socio-economic status, health services utilisation,
infant and young child feeding, routine immunisation, morbid-
ities, water sanitation and hygiene practices, household food

insecurity and anthropometric assessment of the children. All the
data including baseline andmonthly follow-up data were collected
at the community level by a trained data collection team with the
support of lady health workers in the respective areas. In the
intervention group, participantswere providedwith LNS andhealth
messages, while in control group only health messages were given
on monthly basis. Every month the caregivers of the children were
reminded about giving the LNS to their children as part of regular
food. All the study participants were followed for a period of 1 year
after the implementation of intervention.

Statistical analysis

All data were entered and analysed in STATA-15. Background
characteristics at baseline were compared between the study
arms using independent sample t test (for continuous variables)
and χ2 tests (for categorical variables).

Repeated measures ANOVA was used to detect change in
LAZ at baseline, 6-month follow-up and endline (12 months)
while satisfying the normality assumptions. χ2 test was used to
assess the association between chronic malnutrition and LNS
(study arm).

Assessed for eligibility
n 137 Clusters

122 clusters comprising of 150-
200 households
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80 clusters matched based on natural segregation
(Random selection)
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N 810 (6-18 months)

Control arm, n 40 clusters
N 870 (6-18 months)

Drop out = 65Drop out = 67

Drop out = 135

12 Months
Cluster = 40

Completed 608

12 Months
Cluster = 40

Completed 631

6 Months
Cluster = 40
N 743
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Drop out = 174
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number of household
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N 805

Continue = 557, Completed = 248

Fig. 1. Consort diagram.
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Cox proportional hazard models were used to assess the
association between stunting occurrence and the utilisation of
LNS. The model was run in two stages: Unadjusted model and
adjusted model (for potential confounders; baseline values of
LAZ scores, GE of the child at enrollment, gender of the child,
cluster identity, routine immunisation and socio-economic
status).

Results

A total of 1680 children were recruited out of the total 1860
screened participants. Among the excluded children (n 179),
48 were severe acute malnutrition (mid upper arm circum-
ference < 11 cm) and 131 parents did not give consent to
participate in the study. Children excluded due to severe acute
malnutrition were referred to the stabilisation center at the
District Headquarter hospital, Kurram. Out of the total 1680
recruited children, 810 and 870 were in the intervention and
control arms, respectively.

Loss to follow-up after first follow-up (6 months) was 8·3% and
7·5% in the intervention and control arms which increased to
24·9% and 27·5% after end of follow-up (12 months), respectively.

Baseline characteristics

Out of the total 1680 children, 81·14 % (n 1364) were living in
joint families, 70·91 % (n 1192) mothers were illiterate, and
majority were housewives 97·8 % (n 1642). On the socio-
economic status assessment, 9·58 % (n 161) were living below
poverty line and 44·74 % (n 752) were in the marginal group.

Mean age of the children at enrolment was 13·9 months (SD
4·4) and 51·13 % (n 859) were male. Mean height of the children
was 73·02 cm (SD 7·68), and mean weight was 9·03 kg (SD 1·72).
There was no significant difference between age, gender, height
and weight of the children in the control and intervention arm
at the time of enrollment (P value 0·37, 0·42, 0·05, 0·41,
respectively).

The overall prevalence of stunting was 36·9 % (n 618) and
wasting was 9·1 % (n 153). Among the intervention arm, the
prevalence of stunting was 31·8 % (n 256) and of wasting was
8·9 % (n 72), whereas in the control group, prevalence of
stunting was 41·7 % (n 362) and wasting was 9·2 % (n 80)
(P value< 0·05). Children with complete routine immunisation
constituted 56·24 % (n 942), and there was no difference
between children in the intervention and control groups (P value
0·12). A total of 20 % (n 336) children had diarrhoea in the
last 1 month. Children with diarrhoea in the last 1 month at
enrollment comprised 17·7 % (n 143) in the intervention group
and 22·18 % (n 193) in the control arm (P value 0·02) (Table 1).

Anthropometric outcomes

Table 2 shows the anthropometric outcomes of the study
over 1-year period. It shows that the height of the participants in
the intervention arm significantly changed from baseline to end
of follow-up. The mean height increased from baseline 73·4 cm
(6·2 SD) to 82·1 cm (5·7 SD) at sixth month and the difference
8·52 cm (8·2) was statistically significant (P value< 0·001). There
was significant increase of 4·76 cm in the next 6 months
(P value< 0·001). Among the control arm, there was mean

Table 1. Baseline characteristics of the study participants (n 1680)

Control n 870
(40 clusters)

Intervention n 810
(40 clusters)

Total n 1680
(80 clusters) P value

n % n % n %

Age, months
Mean 13·9 13·8 13·9 0·37
SD 4·0 4·7 4·4

Age groups
Below 1 year 431 49·54 447 55·19 878 52·26 0·02
Above 1 year 439 50·46 363 44·81 802 47·74

Gender
Male 452 51·95 407 50·25 859 51·13 0·42
Female 418 48·05 403 49·75 821 48·87

Weight in kg
Mean 9·04 9·01 9·03 0·41
SD 1·78 1·65 1·72

Length (cm)
Mean 72·67 73·39 73·02 0·05
SD 7·93 7·38 7·68

MUAC (cm) 13·29 1·27 13·67 1·13 13·47 1·23 0·10
LAZ score –1·57 2·69 –1·13 2·18 –1·36 2·47 0·003
WLZ score 0·34 1·41 0·05 1·31 0·21 1·37 < 0·001
Stunting 362 41·7 256 31·8 618 36·9 < 0·001
Wasting 80 9·2 72 8·9 153 9·1 0·84
Complete immunisation 505 58·1 437 54·3 942 56·2 0·12
Diarrhoea in the last month 193 22·2 143 17·7 336 20·0 0·02
Socio-economic status
Poor 506 58·16 407 50·25 913 54·35 0·001
Non-poor 364 41·84 403 49·75 767 45·65
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increase of 7·58 cm (9·7 SD) at six-month follow-up and 5·18
(10·7 SD) at 12-month follow-up (P value< 0·001).

In the intervention arm, mean LAZ score increased from
−1·13 (2·2 SD) at baseline to −0·93 (1·8 SD) at 6-month follow-up
and the difference was 0·19 (2·0 SD) (P value 0·01). In the control
arm, therewas no statistically significant improvement in the LAZ
score at 6-month and 12-month follow-up (P value 0·18 and 0·09,
respectively).

The incidence rate of stunting in the intervention arm was
1·3 per person year, and it was 3·4 per person year in the
control arm.

Participants in the control arm (HR 1·7, P value< 0·001) were
significantly more likely to experience stunting in the unad-
justed model (Table 3, model 1). When adjusted for the child
characteristics at the baseline, the association was statistically
significant for male children (HR 1·3, P value 0·003), being
stunted at baseline (HR 0·9, P value< 0·001) and participants in
the control arm (HR 2·6, P value< 0·001) (Table 3, model 2).

Discussion

The locally produced ready-to-use supplementary food signifi-
cantly improved the LAZ score of the children aged 6–23 months
who received it, and the likelihood of stunting was significantly
reduced over the course of the study. It also slowed down the
child’s growth flattening by decreasing the incidence rate of
stunting in the intervention arm. Overall, the stunting was
reduced by 7 percent in the intervention arm in one-year period.
Male children and those in the control arm were more likely to
experience stunting. Along with this, the incidence of stunting
after 12 months of follow-up was more than double in the
children who did not receive the intervention than those who
received the supplements.

Community-based supplementary feeding programs in the
resource poor settings have been proven to be effective in
improving the height, weight and height-for-age Z score score in
a period of 6 months in the previous reported studies(14).
Consistent with this, we found a statistically significant increase

Table 3. Cox proportional hazard models of the association between stunting overtime and child characteristics (n 1121)

Model 1* Model 2† Model 3‡

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Study arm
Intervention Reference Reference Reference
Control arm 1·7 1·5, 2·1 < 0·001 2·6 1·8, 3·8 < 0·001 2·7 1·9, 3·9 < 0·001

Age in months 1·0 0·9, 1·1 0·08 1·0 0·9, 1·0 0·89 1·0 1·0–1·1 0·02
Gender of the child
Female Reference Reference Reference
Male children 1·2 0·9, 1·4 0·08 1·3 1·1, 1·6 0·003 1·1 0·9, 1·4 0·16

LAZ score at baseline 0·8 0·8, 0·9 < 0·001 0·9 0·8–0·9 < 0·001 – –
Immunisation at baseline
Complete Reference Reference Reference
Incomplete 1·0 0·8, 1·3 0·95 1·1 0·8, 1·4 0·66 0·9 0·7, 1·2 0·76

Socio-economic status
Non-poor Reference Reference Reference
Poor 1·1 0·9, 1·3 0·27 1·1 0·8, 1·3 0·79 1·1 0·9, 1·4 0·21

Cluster 1·0 1·00, 1·01 < 0·001 0·9 0·8, 0·9 0·002 1·0 0·9, 0·1 0·003
Breast-feeding at the time of enrollment
No Reference Reference Reference
Yes 1·1 0·9, 1·3 0·21 1·1 0·9, 1·4 0·28 1·3 1·0, 1·6 0·02

Exclusive breast-feeding done
No Reference Reference Reference
Yes 0·9 0·8, 1·2 0·88 0·98 0·8, 1·2 0·90 1·0 0·8, 1·2 0·93

LAZ, length for age z score.
* Model 1: Unadjusted model.
†Model 2: This model is adjusted for age of the child, gender, stunting at baseline, immunisation, socio-economic status, cluster ID and study arm.
‡Model 3: This model is adjusted for age of the child, gender, immunisation, socio-economic status, cluster ID and study arm.

Table 2. Impact on child anthropometric outcomes over the study period (n 1680)

0 months 6 months 12 months P value

Mean SD Mean SD Mean SD

Length in cm
Control 72·74 6·98 81·12 7·36 85·71 6·60 < 0·001
Intervention 73·53 6·24 82·02 5·71 86·89 5·53 < 0·001
Overall 73·12 6·64 81·55 6·62 86·82 6·13 < 0·001

LAZ Score*
Control –1·52 2·21 –1·33 2·24 –1·45 1·80 0·1
Intervention –1·18 1·87 –0·98 1·66 –1·08 1·44 0·03
Overall –1·36 2·06 –1·16 1·99 –1·27 1·64 0·003

* LAZ, length for age z score.
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in height, i.e. 8·5 cm and LAZ score, i.e. 0·19 over a period of
6 months. A systematic review on the effectiveness of
supplementary food also reported an increase in height-for-
age Z score, i.e. 0·15 in disadvantaged children below 2 years of
age(15). A study conducted in urban slums of Haiti reported a
mean increase of 0·13 in LAZ score over a period of 6 months,
while the children in the 3 months group did not show any effect
on the LAZ score(16). Another study conducted in Wenchuan,
China, reported the effectiveness of ready-to-use supplementary
food (RUSF) on the prevention of stunting in children below
2 years age in an emergency context(17).

A cluster randomised controlled trial conducted in Chad
reported that adding RUSF as part of general food distributionwill
result in improvement of linear growth. In this study, the baseline
characteristics showed increased height-for-age Z score in the
intervention arm −1·65 (1·56 SD) compared with the control arm
−1·85 (1·43 SD)(18), while there was no difference in the weight
and height of the participants, consistent with our findings.

A community-based randomised control trial conducted in
Sindh, Pakistan, reported a 9 % reduction in the stunting and
relative risk of 0·83 (95 % CI 0·81, 0·86) with a locally produced
supplement. Consistent with this, we found that the LNS reduced
stunting by 7 % and the HR was 2·4 (95 % CI 1·66, 3·48) for
participants in the control arm. The intervention in both studies
was similar(19). A systematic review conducted in 2019 reported
that LNS along with complementary feeding reduced the risk of
moderate stunting by 7 % and severe stunting by 15 % (Relative
Risk (RR) 0·93 and 0·85, respectively). It has been suggested that
LNS as part of general food distribution is effective in improving
the growth outcomes in children below 2 years age(20).

The study in Sindh, Pakistan, also reported that on sub-group
analysis, the intervention was more protective in 6–12 months
children (RR 0·83, 95 % CI 0·81, 0·86) in comparison to children
13–18 months (RR 0·90, 95 % CI 0·83, 0·97). In sub-group
analysis, we found that the unadjusted RRwas 0·46 (95 %CI 0·31,
0·69) for children 6–12months in comparison to RR 0·34 (95 %CI
0·19, 0·61) for children 13–20months. However, theHR revealed
no significant difference for age of the child at enrollment in both
model 1 andmodel 2. This may be due to differences in child age
at enrollment along with low consumption of the LNS by the
children below 1 year old due to the continued intermittent
breast-feeding(19). A similar finding was reported by an ethno-
graphic study conducted in a Guatemalan town that strong
commitment to breast-feeding was one of the obstacles to
effectiveness of RUSF(21). In our study, exclusive breast-feeding
at baseline was 63·74 % (n 1069), and intact breast-feeding was
60·1 % (n 1004).

A study conducted in Tehran, Iran, reported the effectiveness
of RUSF on growth indicators of children 24–59 months. This
study reported that children who received RUSF had a lower
prevalence of diarrhoea(22). Consistently, we found that at
6 months there was a statistically significant difference
between the prevalence of diarrhoea between the interven-
tion and control group, i.e. 10·85 % and 15·34 %, respectively
(P value 0·01).

After adjustment for the background characteristics, we
found that male childrenweremore likely to experience stunting
(HR 1·3, 95 % CI: 1·10, 1·59, P value 0·003). Similarly, a study

conducted in Cambodia reported that female children had
statistically significant increased anthropometric values includ-
ing height-for-age Z score in comparison to the participants in
the control arm. Although the intervention was locally produced
fish-based RUSF, the overall impact was not significant – as
reported there was a high loss to follow-up in the study which
could have introduced bias in the study(23).

Similar studies on the efficacy of food-based interventions for
the prevention of chronic malnutrition have been conducted in
the developingworld, but they are often carried out in controlled
conditions/situations, and the generalisability of these results
cannot measure the impact of such interventions under field
operations. Our study was conducted as a community-based
trial, with 6 months and 12 months follow-up with a good
sample size providing sufficient evidence to develop policies
and programmes aimed to prevent stunting in children. We
hope that the evidence that we have provided will help in
improving maternal and child health and growth outcomes in
other countries. The RUSF was locally produced and can be
easily accessible, affordable and acceptable to the community
addressing the alarming situation of stunting in Pakistan.

Regarding limitations, we accept that the study was under-
powered in relation to our original power calculation. However,
recruitment was undertaken under challenging conditions in
relation to the geographical and political context of the area in
which the study was undertaken and the COVID-19 pandemic
through 2020. We nevertheless feel that we have provided
sufficient evidence here to support the conclusions that we have
made. Another limitation of our study is that randomised control
trials are the gold standard of the community-based trial, but we
could not perform the randomisation due to the already
allocated areas. It would have been best if random allocation
was performed at the community level. Dietary data of the study
participants regarding routine dietary intake were not collected
regularly, which if collectedwould have further strengthened the
results.

Conclusion and further directions

Wehave here provided evidence that locally produced ready-to-
use supplementary food is an effective intervention for
preventing stunting in children below 2 years of age. This could
be provided as part of the malnutrition prevention package to
overcome stunting in Pakistan and elsewhere in the world. The
RUSF can be locally produced, can be easily accessible,
affordable and acceptable to the community. Due to the low
cost of this ready-to-use supplementary food, this intervention
could help the developing world in reducing the already
alarming rates of chronic malnutrition with ongoing evaluation
of anthropometric and health outcomes through childhood and
beyond.
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