
Review began 03/26/2025 
Review ended 04/05/2025 
Published 04/07/2025

© Copyright 2025
Hussain et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

DOI: 10.7759/cureus.81820

Impact of the Mamta UNICEF: A Fortified Food
Nutrition Program on Childhood Malnutrition
During Pregnancy in Pakistan
Sijjad Hussain , Muhammad Naveed , Muhammad Asad Sharif , Anum Tahir ,
Hafiz Muhammad Zeeshan Raza 

1. Pediatrics, Tehsil Headquarter (THQ) Hospital Chichawatni, Chichawatni, PAK 2. Pediatrics, University College of
Medicine and Dentistry (UCMD) Lahore, The University of Lahore, Lahore, PAK 3. Biosciences and Microbiology,
COMSATS University Islamabad, Sahiwal, PAK

Corresponding author: Hafiz Muhammad Zeeshan Raza, hafizraza26@gmail.com

Abstract
Background: Malnutrition remains a significant public health challenge, particularly in developing countries
like Pakistan, where it adversely affects child health and development. The World Health Organization
(WHO) has emphasized the importance of addressing malnutrition through community-based interventions.

Aim: The primary objective of this research is to compare the frequency of malnutrition among children
whose mothers consumed fortified food during pregnancy versus those who did not, thereby assessing the
effectiveness of fortified food under the "Mamta" nutrition program.

Methodology: A comparative cross-sectional study design was employed, involving 100 children aged six to
nine months, divided into two groups: 50 children whose mothers consumed fortified foods (fortified group)
and 50 whose mothers did not (non-fortified group). Data were collected through structured questionnaires
administered to mothers, capturing demographic information, dietary intake during pregnancy, and
anthropometric measurements of the children, including weight, height, and mid-upper arm circumference
(MUAC). The prevalence of malnutrition was assessed using WHO growth standards, and statistical analyses
were conducted using IBM SPSS Statistics for Windows, Version 26 (Released 2019; IBM Corp., Armonk, New
York), including chi-square tests to compare malnutrition rates and multivariate logistic regression to adjust
for confounding factors.

Results: The study revealed significant differences in nutritional outcomes between the two groups. In the
fortified group, 64% of children had a MUAC in the 11-13 cm range, while only 22% of the non-fortified
group fell within this range (p=0.003). Additionally, 50% of children in the fortified group weighed over 7
kg compared to 52% in the non-fortified group, indicating a slight advantage in weight but statistically
significant (p=0.001). The prevalence of underweight was notably lower in the fortified group, with only 10%
classified as underweight compared to 12% in the non-fortified group. Overall, the fortified group
demonstrated better anthropometric measurements, with a higher percentage of children achieving
healthier weight and MUAC measurements, confirming the positive impact of maternal fortified food intake
on child nutrition.

Conclusion: This research provides strong evidence that maternal consumption of fortified foods during
pregnancy significantly enhances the nutritional status of children. The results underscore the importance
of the "Mamta" nutrition program in breaking the cycle of malnutrition and improving early childhood
development. However, the study was conducted at a single hospital, which may limit the generalizability of
the findings to broader populations in Pakistan. A larger and more diverse sample would be necessary to
account for potential regional differences in dietary practices, access to fortified foods, and socioeconomic
disparities.
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Introduction
Malnutrition is characterized by an excess or lack of calories, nutrients, and proteins [1]. Malnutrition can
negatively impact both the clinical results of unwell children and normal growth. Worldwide, there are 165
million under-five malnourished children [2]. According to estimates, there were 124 million under-five
waste cases worldwide in 2019; South Asia accounted for the majority of these cases. At least half of all
pediatric deaths are caused by malnutrition globally [3]. Child malnutrition disproportionately affects low-
and middle-income countries, with the highest burden observed in underdeveloped and economically
disadvantaged regions [4]. The primary cause of sickness and mortality in children is malnutrition.
Undernutrition is thought to be the cause of over half of all child deaths worldwide [5]. Additionally, it
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endangers children's physical and mental growth, which harms their academic performance [6].

Sufficient nourishment is essential for maintaining a robust immune system and appropriate physical and
cognitive growth during early life [7]. In total, 110 million (19%) and 170 million (30%) of the world's
children under five are predicted to be moderately or severely underweight and stunted, respectively [8]. Asia
is home to 51 million (8%) wasted children under five, i.e., two-thirds of all wasted children [9]. When
compared to other developing nations, Pakistan is said to have one of the highest rates of child malnutrition
prevalence [10]. Pakistan's 2018 National Nutrition Survey indicates that children under five bear a
disproportionately high burden of malnutrition [11]. In Pakistan, between 23.3% and 45.5% of children are
stunted and wasted, with Sindh province having the highest recorded rate of malnutrition [12]. Another
study found that around 44% of children were stunted, 15% were wasted, 50% were anemic, 33% were
anemic (iron deficiency), and 33% were underweight [13].

For more than a century, fortification of common foods and condiments with micronutrients has been
utilized in numerous nations as a public health strategy to mitigate micronutrient deficiencies [14]. The
"Mamta" nutrition program in Pakistan is an initiative under the Benazir Income Support Programme (BISP)
that provides food supplementation to pregnant women. This program aims to improve maternal nutrition
by offering energy and protein dietary supplements to BISP-enrolled beneficiaries [15]. UNICEF supports
maternal nutrition in Pakistan through various strategies, including the Pakistan Maternal Nutrition
Strategy 2022-2027 [16]. This strategy focuses on preventing undernutrition, anemia, micronutrient
deficiencies, and overweight among women, particularly during preconception, pregnancy, and postpartum
periods. The goal is to provide women with evidence-based and equitable nutrition programs and services at
scale, thereby improving maternal and child health outcomes [17].

The World Health Organization (WHO) recommended hospital therapy for malnourished youngsters [18].
However, due to several issues, including high treatment costs, iatrogenic infections, and costs to families
from extended hospital stays, inpatient management did not prove to be feasible [19]. Owing to these
difficulties, the WHO updated treatment guidelines and suggested that uncomplicated cases of malnutrition
should be handled in community-based settings, and only serious cases should be treated in hospitals [20].
Meanwhile, UNICEF has launched the Improving Maternal Nutrition Acceleration Plan to Prevent
Malnutrition and Anemia During Pregnancy, aiming to reach millions of girls and women across multiple
countries, including Pakistan, with essential nutrition services by the end of 2025. These combined efforts
aim to enhance maternal nutrition and health, ultimately contributing to better outcomes for mothers and
children in Pakistan [11-13]. However, no study has compared the frequency of malnutrition among children
whose mothers took fortified food under the "Mamta" nutrition program during pregnancy. Therefore, this
study has been planned to fill this gap, examine the degree of malnutrition among the Pakistani population,
and provide better knowledge regarding mother and child healthcare.

Materials And Methods
Study design
This research employed a comparative cross-sectional study design to assess the frequency of malnutrition
among children aged six to nine months whose mothers consumed fortified food during pregnancy under the
"Mamta" nutrition program. The study was conducted over a six-month period (December 2023 to May
2024) at Tehsil Headquarter Hospital, Chichawatni.

Study setting
The study was conducted in the pediatric department of Tehsil Headquarter Hospital, Chichawatni, which
provides healthcare services to a large number of women and children from the surrounding area.

Study population
The study included 100 children, aged six to nine months, divided into two groups: Group A comprised 50
children born to mothers who consumed fortified foods during pregnancy, and 50 children born to mothers
who did not eat fortified foods during their pregnancies made up Group B. Mothers able to recall or
document their intake of fortified food during pregnancy were included. However, we excluded children with
congenital abnormalities or chronic diseases that could affect growth and nutritional status. Children aged
six to nine months whose mothers could recall or provide documented proof of fortified food consumption
during pregnancy were included. Children with congenital abnormalities, chronic illnesses, preterm births
(<37 weeks), or low birth weight (<2.5 kg) were excluded, as these conditions could independently affect
growth outcomes.

Data collection
We collected the data by administering a structured questionnaire to the mothers through face-to-face
interviews. The questionnaire captured maternal demographic data, including age, education, income, and
employment status. Pregnancy nutrition history included intake of fortified food, supplementation details,
and dietary patterns. The child's health and nutrition status included anthropometric measurements,
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including weight, height, and mid-upper arm circumference (MUAC). We assessed these measurements
against the growth standards set by the WHO to classify malnutrition. The anthropometric measures
included weight-for-age to assess underweight. We used height-for-age to assess stunting and weight-for-
height to assess wasting.

Data analysis
Data were analyzed using IBM SPSS Statistics for Windows, Version 26 (Released 2019; IBM Corp., Armonk,
New York). Descriptive statistics, including means and standard deviations, were used to summarize
demographic and anthropometric data. The prevalence of malnutrition in both groups was calculated based
on the WHO child growth standards. The chi-square test was used to compare the malnutrition rates
(underweight, stunting, and wasting) between the two groups. A p-value of <0.05 was considered
statistically significant. Additionally, multivariate logistic regression analysis was conducted to adjust for
potential confounding factors such as maternal education and socioeconomic status.

Ethical considerations
Ethical approval was obtained from the review board of the Office of the Medical Superintendent, Tehsil
Headquarter Hospital, Chichawatni, Punjab, Pakistan (approval no.: IT/348/25). All participating mothers
provided written informed consent before data collection. The study ensured confidentiality, and
participation was voluntary, with the option to withdraw at any time.

Results
Age
In the fortified group, the majority of children (66%, n=33) were aged six to seven months, with smaller
proportions aged seven to eight months (26%, n=13) and eight months and over (8%, n=4). In contrast, the
non-fortified group had a more evenly distributed age profile, with 28% (n=14) of children in the six to seven
months range, 42% (n=21) in the seven to eight months range, and 30% (n=15) in the eight months and over
category (Table 1). This shows a significant difference in the age distribution, with a higher concentration of
younger children in the fortified group compared to a more diverse age range in the non-fortified group.

Age Group Fortified (n=50) Fortified (%) Non-fortified (n=50) Non-fortified (%)

6-7 months 33 66.0% 14 28.0%

7-8 months 13 26.0% 21 42.0%

8 months and over 4 8.0% 15 30.0%

TABLE 1: Age distribution of children in the fortified and non-fortified groups

Gender
In the fortified group, 52% of the children were female (n=26), while 48% were male (n=24). In contrast, the
non-fortified group had a slightly higher proportion of males, with 54% (n=27) compared to 46% females
(n=23) (Table 2). Although there is a difference in gender distribution between the two groups, the
proportions are relatively balanced, with no extreme disparity between the number of males and females in
either group.

Gender Fortified (n=50) Fortified (%) Non-fortified (n=50) Non-fortified (%)

Female 26 52.0% 23 46.0%

Male 24 48.0% 27 54.0%

TABLE 2: Gender distribution of children in the fortified and non-fortified groups

Mid-upper arm circumference (MUAC)
In the fortified group, 64% (n=32) of children had a MUAC of 11-13 cm, while 36% (n=18) had a MUAC of 14-
15 cm. In the non-fortified group, a higher proportion of children (78%, n=39) fell into the 11-13 cm MUAC
range, with only 22% (n=11) having a MUAC range of 14-15 cm (Table 3). This suggests that children in the

 

2025 Hussain et al. Cureus 17(4): e81820. DOI 10.7759/cureus.81820 3 of 7

javascript:void(0)
javascript:void(0)
javascript:void(0)


fortified group tended to have a slightly higher MUAC, potentially indicating better nutritional status
compared to those in the non-fortified group.

MUAC Range Fortified (n=50) Fortified (%) Non-fortified (n=50) Non-fortified (%)

11-13 cm 32 64.0% 39 78.0%

14-15 cm 18 36.0% 11 22.0%

TABLE 3: MUAC distribution of children in the fortified and non-fortified groups
MUAC: mid-upper arm circumference

Weight
In the fortified group, 50% (n=25) of children weighed 7 kg and over, while 40% (n=20) weighed 6-7 kg, and
10% (n=5) weighed 4-6 kg. Similarly, in the non-fortified group, 52% (n=26) of children had a weight of 7 kg
and over, 36% (n=18) weighed 6-7 kg, and 12% (n=6) weighed 4-6 kg (Table 4). These distributions indicate
that a majority of children in both groups fell into the higher weight range (7 kg and over), with relatively
minor differences between the two groups.

Weight Range Fortified (n=50) Fortified (%) Non-fortified (n=50) Non-fortified (%)

4-6 kg 5 10.0% 6 12.0%

6-7 kg 20 40.0% 18 36.0%

7 kg and over 25 50.0% 26 52.0%

TABLE 4: Weight distribution of children in the fortified and non-fortified groups

Height
In the fortified group, 70% (n=35) of children had a height of 61-70 cm, 16% (n=8) were 71 cm and over, and
14% (n=7) were 50-60 cm. In the non-fortified group, a higher proportion of children (78%, n=39) fell into
the 61-70 cm range, with 14% (n=7) measuring 71 cm and over and 8% (n=4) being 50-60 cm tall. This
indicates a similar height distribution across both groups, with the majority of children in both groups
falling within the 61-70 cm range (Table 5).

Height Range Fortified (n=50) Fortified (%) Non-fortified (n=50) Non-fortified (%)

50-60 cm 7 14.0% 4 8.0%

61-70 cm 35 70.0% 39 78.0%

71 cm and over 8 16.0% 7 14.0%

TABLE 5: Height distribution of children in the fortified and non-fortified groups

Correlation outcomes
The chi-square test results showed a significant association between fortified food intake and MUAC and
weight outcomes. The p-values for the relationships between these variables were found to be significant.
For MUAC, a p-value of 0.003 indicates a statistically significant difference between the fortified and non-
fortified groups. Children in the fortified group showed a higher proportion of healthier MUAC
measurements (14-15 cm), suggesting that fortified food positively impacts child nutrition. For weight, the
p-value of 0.001 indicates a significant association between fortified food intake and better weight
outcomes in children. The fortified group had a greater number of children with weights in the adequate
weight range (7 kg and above). These findings highlight the positive impact of fortified food on child
nutrition, particularly in improving weight and MUAC, with both p-values below the threshold of 0.005,
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confirming statistical significance (Table 6).

Variables Fortified Group (n=50) Non-fortified Group (n=50) p-value

MUAC (cm)

    11-13 cm 32 (64%) 39 (78%)
0.003*

    14-15 cm 18 (36%) 11 (22%)

Weight (kg)

    4-6 kg 5 (10%) 6 (12%)

0.001*    6-7 kg 20 (40%) 18 (36%)

    7+ kg 25 (50%) 26 (52%)

TABLE 6: Relationship between weight, MUAC, and fortified food intake with p-values
Note: * indicates statistical significance (p-value < 0.005)

MUAC: mid-upper arm circumference

Discussion
This study aimed to compare the nutritional status of children whose mothers consumed fortified food
during pregnancy with those whose mothers did not. The observed improvements in MUAC and weight
between the two groups highlight the role of maternal nutrition in early childhood development. The
fortified group had a higher percentage of children with MUAC in the 14-15 cm range, which is associated
with a reduced risk of malnutrition. These findings are consistent with previous studies that underscore the
importance of micronutrient fortification in pregnancy, particularly in regions with high rates of maternal
and child malnutrition [21]. Fortified foods are known to supply essential nutrients like iron, folic acid, and
vitamins, which contribute to the overall health and growth of the fetus, leading to improved
anthropometric measures in children [22].

The results align with the study by Grover et al. (2020), which demonstrated that maternal supplementation
with fortified foods during pregnancy reduces the risk of underweight births and improves the overall growth
trajectory of children in low- and middle-income countries [23]. Similar to our findings, Mohseni et al.
(2019) found significant improvements in MUAC and weight among children whose mothers consumed
fortified food, suggesting that maternal nutrition interventions can have a direct impact on child health [4].
This highlights the crucial window during pregnancy when maternal nutrition interventions can optimize
fetal growth and prevent developmental issues related to malnutrition. In terms of weight, children in the
fortified group also exhibited better outcomes, with a greater proportion having weights in the healthy
range of 7 kg and above. This aligns with the findings of Chadare et al. (2019), which reported that maternal
micronutrient supplementation during pregnancy is linked to better birth outcomes and reduced risk of
childhood stunting [24].

The positive association between fortified food intake and improved weight outcomes suggests that fortified
foods can mitigate the risks of low birth weight and childhood malnutrition, especially in settings where
food insecurity and poor dietary diversity are prevalent. The findings also resonate with the work of Dewi
and Mahmudiono (2021), who argued that maternal undernutrition is a key determinant of intrauterine
growth restriction (IUGR), which subsequently leads to lower birth weight and poorer childhood growth
outcomes [25]. Our research builds on this by demonstrating that fortified food intake during pregnancy can
act as a protective factor, leading to healthier birth weights and improved growth outcomes in early
childhood. This reinforces the importance of targeting maternal nutrition to break the cycle of
intergenerational malnutrition. Moreover, the significant association between fortified food intake and
MUAC indicates that the intervention not only affects weight but also enhances muscle mass and overall
nutritional status [26].

Studies like that of Tam et al. (2020) have found similar results, suggesting that micronutrient
supplementation during pregnancy leads to better muscle development and improved overall health in
infants. The observed relationship between fortified food intake and improved MUAC reinforces the
importance of micronutrient fortification during early infancy and late infancy (0-9 months) [27].
Interestingly, the study found a significant correlation between fortified food intake and both weight and
MUAC, suggesting a multifaceted fortification benefit. These findings complement the work of Poniedziałek
et al. (2020), who demonstrated that maternal micronutrient supplementation is associated with reductions
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in childhood wasting and improvements in weight-for-age and weight-for-height z-scores [28]. The present
study supports these conclusions, showing that fortified foods can serve as a viable intervention to improve
multiple indicators of nutritional status in children.

Limitations
This study has several limitations that should be considered when interpreting the findings. First, as a
comparative cross-sectional study, it establishes associations between maternal fortified food intake and
child nutritional outcomes but does not infer causation. A longitudinal study design would have been more
effective in tracking growth trends over time. Second, recall bias may have influenced the accuracy of
maternal dietary intake data, as mothers were required to remember their consumption of fortified foods
during pregnancy. Additionally, the study was conducted at a single healthcare facility (THQ Hospital,
Chichawatni), which may limit the generalizability of the findings to broader populations in Pakistan. While
informative, the sample size (100 children) may not be sufficiently large to account for regional variations in
nutrition and socioeconomic factors. A larger and more diverse sample would be necessary to account for
potential regional differences in dietary practices, access to fortified foods, and socioeconomic disparities.

Conclusions
This study provides strong evidence that maternal consumption of fortified foods during pregnancy
significantly improves the nutritional outcomes of children aged six to nine months, particularly in terms of
weight and MUAC. The fortified group consistently demonstrated better anthropometric outcomes, with a
larger proportion of children achieving healthier weight and MUAC measurements compared to the non-
fortified group. These findings highlight the crucial role that maternal nutrition, specifically fortified food
intake, plays in the early growth and development of children. The significant correlations observed
between fortified food intake and both weight and MUAC further underscore the multidimensional benefits
of such interventions, improving not only weight but also muscle mass and overall nutritional status.
Moreover, the study illustrates the potential of fortified food interventions to break the intergenerational
cycle of malnutrition. By improving maternal nutrition during pregnancy, the likelihood of healthier birth
outcomes and better early childhood development increases, reducing the long-term health risks associated
with malnutrition.

Overall, this study underscores the importance of maternal nutrition, particularly the intake of fortified
foods, in improving childhood nutritional outcomes. Public health policies should prioritize maternal
supplementation programs to ensure that pregnant women, especially those in vulnerable populations, have
access to fortified foods.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Hafiz Muhammad Zeeshan Raza, Sijjad Hussain, Muhammad Asad Sharif

Critical review of the manuscript for important intellectual content:  Hafiz Muhammad Zeeshan Raza,
Muhammad Naveed, Muhammad Asad Sharif

Drafting of the manuscript:  Sijjad Hussain, Anum Tahir

Supervision:  Sijjad Hussain, Muhammad Naveed

Acquisition, analysis, or interpretation of data:  Muhammad Naveed, Anum Tahir

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Tehsil Headquarter Hospital Chichawatni issued approval IT/348/25. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

 

2025 Hussain et al. Cureus 17(4): e81820. DOI 10.7759/cureus.81820 6 of 7

javascript:void(0)


1. Jahan I, Muhit M, Hardianto D, et al.: Epidemiology of malnutrition among children with cerebral palsy in
low- and middle-income countries: findings from the Global LMIC CP Register. Nutrients. 2021,
13:10.3390/nu13113676

2. Mushta SM, Jahan I, Sultana R, et al.: Burden of malnutrition among children and adolescents with cerebral
palsy in Arabic-speaking countries: a systematic review and meta-analysis. Nutrients. 2021,
13:10.3390/nu13093199

3. Katoch OR: Determinants of malnutrition among children: a systematic review . Nutrition. 2022, 96:111565.
10.1016/j.nut.2021.111565

4. Mohseni M, Aryankhesal A, Kalantari N: Prevention of malnutrition among children under 5 years old in
Iran: a policy analysis. PLoS One. 2019, 14:e0213136. 10.1371/journal.pone.0213136

5. Khaliq A, Wraith D, Miller Y, Nambiar-Mann S: Prevalence, trends, and socioeconomic determinants of
coexisting forms of malnutrition amongst children under five years of age in Pakistan. Nutrients. 2021,
13:10.3390/nu13124566

6. Roba AA, Assefa N, Dessie Y, et al.: Prevalence and determinants of concurrent wasting and stunting and
other indicators of malnutrition among children 6-59 months old in Kersa, Ethiopia. Matern Child Nutr.
2021, 17:e13172. 10.1111/mcn.13172

7. Asgari E, Askari M, Bellissimo N, Azadbakht L: Association between ultraprocessed food intake and
overweight, obesity, and malnutrition among children in Tehran, Iran. Int J Clin Pract. 2022, 2022:8310260.
10.1155/2022/8310260

8. Menalu MM, Bayleyegn AD, Tizazu MA, Amare NS: Assessment of prevalence and factors associated with
malnutrition among under-five children in Debre Berhan town, Ethiopia. Int J Gen Med. 2021, 14:1683-97.
10.2147/IJGM.S307026

9. Kaldenbach S, Engebretsen IM, Haskins L, Conolly C, Horwood C: Infant feeding, growth monitoring and the
double burden of malnutrition among children aged 6 months and their mothers in KwaZulu-Natal, South
Africa. Matern Child Nutr. 2022, 18:e13288. 10.1111/mcn.13288

10. Waghmare H, Chauhan S, Sharma SK: Prevalence and determinants of nutritional status among women and
children in Pakistan. BMC Public Health. 2022, 22:766. 10.1186/s12889-022-13059-2

11. Sultan R, Iram A: Unravelling the impact of food insecurity on the prevalence of double burden of
malnutrition among children of Pakistan. iRASD J Econ. 2023, 5:283-305. 10.52131/joe.2023.0502.0128

12. Saleem J, Zakar R, Bukhari GM, Fatima A, Fischer F: Developmental delay and its predictors among children
under five years of age with uncomplicated severe acute malnutrition: a cross-sectional study in rural
Pakistan. BMC Public Health. 2021, 21:1397. 10.1186/s12889-021-11445-w

13. Saleem J, Zakar R, Butt MS, et al.: Application of the Boruta algorithm to assess the multidimensional
determinants of malnutrition among children under five years living in southern Punjab, Pakistan. BMC
Public Health. 2024, 24:167. 10.1186/s12889-024-17701-z

14. Ohanenye IC, Emenike CU, Mensi A, Medina-Godoy S, Jin J, Ahmed T, Sun X Udenigwe CC: Food
fortification technologies: influence on iron, zinc and vitamin A bioavailability and potential implications
on micronutrient deficiency in sub-Saharan Africa. Sci Afr. 2021, 11: 10.1016/j.sciaf.2020.e00667

15. Zlotkin S, Dewey KG: Perspective: putting the youngest among us into the nutrition "call for action" for
food fortification strategies. Am J Clin Nutr. 2021, 114:1257-60. 10.1093/ajcn/nqab207

16. Chopra H, Paul B, Virk A, Pandey G, Lahariya C: Triple burden of malnutrition among children in India:
current scenario and the way forward. Indian J Pediatr. 2023, 90:95-103. 10.1007/s12098-023-04739-x

17. Eichler K, Hess S, Twerenbold C, Sabatier M, Meier F, Wieser S: Health effects of micronutrient fortified
dairy products and cereal food for children and adolescents: a systematic review. PLoS One. 2019,
14:e0210899. 10.1371/journal.pone.0210899

18. Teye E, Deha CI, Dadzie R, MacArthur RL: Delivering the nutritional needs by food to food fortification of
staples using underutilized plant species in Africa. Int J Food Sci. 2020, 2020:8826693.
10.1155/2020/8826693

19. Gebremaryam T, Amare D, Ayalew T, Tigabu A, Menshaw T: Determinants of severe acute malnutrition
among children aged 6-23 months in Bahir Dar city public hospitals, Northwest Ethiopia, 2020: a case
control study. BMC Pediatr. 2022, 22:296. 10.1186/s12887-022-03327-w

20. Obeagu I, Okwuanaso B, Edoho H, Obeagu U: Under-nutrition among HIV-exposed uninfected children: a
review of African perspective. Madonna Univ J Med Heal Sci. 2022, 2:120-7.

21. Bourassa MW, Atkin R, Gorstein J, Osendarp S: Aligning the epidemiology of malnutrition with food
fortification: grasp versus reach. Nutrients. 2023, 15:10.3390/nu15092021

22. Monroy-Gomez J, Ferraboschi C, van Zutphen KG, Gavin-Smith B, Amanquah D, Kraemer K: Small and
medium enterprises' perspectives on food fortification amid the growing burden of malnutrition. Nutrients.
2022, 14:10.3390/nu14183837

23. Grover K, Arora S, Choudhary M: Development of quality protein product using biofortified maize to combat
malnutrition among young children. Cereal Chem. 2020, 97:1037-44. 10.1002/cche.10326

24. Chadare FJ, Idohou R, Nago E, et al.: Conventional and food-to-food fortification: an appraisal of past
practices and lessons learned. Food Sci Nutr. 2019, 7:2781-95. 10.1002/fsn3.1133

25. Dewi NU, Mahmudiono T: Effectiveness of food fortification in improving nutritional status of mothers and
children in Indonesia. Int J Environ Res Public Health. 2021, 18: 10.3390/ijerph18042133

26. Olson R, Gavin-Smith B, Ferraboschi C, Kraemer K: Food fortification: the advantages, disadvantages and
lessons from sight and life programs. Nutrients. 2021, 13:10.3390/nu13041118

27. Tam E, Keats EC, Rind F, Das JK, Bhutta AZ: Micronutrient supplementation and fortification interventions
on health and development outcomes among children under-five in low- and middle-income countries: a
systematic review and meta-analysis. Nutrients. 2020, 12:10.3390/nu12020289

28. Poniedziałek B, Perkowska K, Rzymski P: Food fortification: what’s in it for the malnourished world? .
Vitamins and Minerals Biofortification of Edible Plants. Benkeblia N (ed): John Wiley & Sons Ltd., Hoboken
(NJ); 2020. 10.1002/9781119511144.ch2

 

2025 Hussain et al. Cureus 17(4): e81820. DOI 10.7759/cureus.81820 7 of 7

https://dx.doi.org/10.3390/nu13113676
https://dx.doi.org/10.3390/nu13113676
https://dx.doi.org/10.3390/nu13093199
https://dx.doi.org/10.3390/nu13093199
https://dx.doi.org/10.1016/j.nut.2021.111565
https://dx.doi.org/10.1016/j.nut.2021.111565
https://dx.doi.org/10.1371/journal.pone.0213136
https://dx.doi.org/10.1371/journal.pone.0213136
https://dx.doi.org/10.3390/nu13124566
https://dx.doi.org/10.3390/nu13124566
https://dx.doi.org/10.1111/mcn.13172
https://dx.doi.org/10.1111/mcn.13172
https://dx.doi.org/10.1155/2022/8310260
https://dx.doi.org/10.1155/2022/8310260
https://dx.doi.org/10.2147/IJGM.S307026
https://dx.doi.org/10.2147/IJGM.S307026
https://dx.doi.org/10.1111/mcn.13288
https://dx.doi.org/10.1111/mcn.13288
https://dx.doi.org/10.1186/s12889-022-13059-2
https://dx.doi.org/10.1186/s12889-022-13059-2
https://dx.doi.org/10.52131/joe.2023.0502.0128
https://dx.doi.org/10.52131/joe.2023.0502.0128
https://dx.doi.org/10.1186/s12889-021-11445-w
https://dx.doi.org/10.1186/s12889-021-11445-w
https://dx.doi.org/10.1186/s12889-024-17701-z
https://dx.doi.org/10.1186/s12889-024-17701-z
https://dx.doi.org/10.1016/j.sciaf.2020.e00667
https://dx.doi.org/10.1016/j.sciaf.2020.e00667
https://dx.doi.org/10.1093/ajcn/nqab207
https://dx.doi.org/10.1093/ajcn/nqab207
https://dx.doi.org/10.1007/s12098-023-04739-x
https://dx.doi.org/10.1007/s12098-023-04739-x
https://dx.doi.org/10.1371/journal.pone.0210899
https://dx.doi.org/10.1371/journal.pone.0210899
https://dx.doi.org/10.1155/2020/8826693
https://dx.doi.org/10.1155/2020/8826693
https://dx.doi.org/10.1186/s12887-022-03327-w
https://dx.doi.org/10.1186/s12887-022-03327-w
https://madonnauniversity.edu.ng/journals/index.php/medicine/article/view/85
https://dx.doi.org/10.3390/nu15092021
https://dx.doi.org/10.3390/nu15092021
https://dx.doi.org/10.3390/nu14183837
https://dx.doi.org/10.3390/nu14183837
https://dx.doi.org/10.1002/cche.10326
https://dx.doi.org/10.1002/cche.10326
https://dx.doi.org/10.1002/fsn3.1133
https://dx.doi.org/10.1002/fsn3.1133
https://dx.doi.org/10.3390/ijerph18042133
https://dx.doi.org/10.3390/ijerph18042133
https://dx.doi.org/10.3390/nu13041118
https://dx.doi.org/10.3390/nu13041118
https://dx.doi.org/10.3390/nu12020289
https://dx.doi.org/10.3390/nu12020289
https://dx.doi.org/10.1002/9781119511144.ch2
https://dx.doi.org/10.1002/9781119511144.ch2

	Impact of the Mamta UNICEF: A Fortified Food Nutrition Program on Childhood Malnutrition During Pregnancy in Pakistan
	Abstract
	Introduction
	Materials And Methods
	Study design
	Study setting
	Study population
	Data collection
	Data analysis
	Ethical considerations

	Results
	Age
	TABLE 1: Age distribution of children in the fortified and non-fortified groups

	Gender
	TABLE 2: Gender distribution of children in the fortified and non-fortified groups

	Mid-upper arm circumference (MUAC)
	TABLE 3: MUAC distribution of children in the fortified and non-fortified groups

	Weight
	TABLE 4: Weight distribution of children in the fortified and non-fortified groups

	Height
	TABLE 5: Height distribution of children in the fortified and non-fortified groups

	Correlation outcomes
	TABLE 6: Relationship between weight, MUAC, and fortified food intake with p-values


	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


