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Abstract 

Child undernutrition remains a critical public health challenge in Pakistan. This study evaluated five machine 
learning algorithms logistic regression, linear discriminant analysis, k-nearest neighbors, support vector 
machines (SVM), and random forest (RF) to predict undernutrition among children under five using 
Pakistan Demographic and Health Survey 2017–18 data (n=4,098). Undernutrition prevalence was 44.2% 
using the Composite Index of Anthropometric Failure. Random Forest achieved superior predictive 
performance (AUC: 0.86, accuracy: 80.0%, F1: 0.85), outperforming SVM (0.81), logistic regression (0.79), 
LDA (0.78), and KNN (0.75). Additionally, RF-based feature importance found that the maternal BMI, 
household wealth, sanitation, and child age were key predictors. These findings confirm that random forest 
outperforms other algorithms, supporting its integration into health information systems for targeted 
interventions. 

Keywords: Prediction, undernutrition, machine learning, Feature importance, Pakistan 

Introduction 

n Pakistan, malnutrition remains a serious and ongoing public health crisis, and it’s appalling 
prevalence highlights the devastating impact of malnutrition on children's development and 
survival. The National Survey indicates that malnutrition rates among Pakistani children are 

alarming, ranging from 38 to 40 per cent of stunting, 23 to 29 percent of underweight, 8 to 18 percent 
of wasting (PDHS 2018; NNS 2018). Malnutrition remains a symptom of global inequality, with low - 
and middle-income countries bearing 90 percent of the burden (Wali et al., 2019). South Asia, with a 
global child mortality rate of 38.9 percent (2.9 million deaths), condemns systemic failure and ranks 
first in the world (Fanzo et al., 2018). India, Bangladesh and Pakistan exceeded the critical threshold 
for malnutrition -15 percent wasting, 30 percent stunting and 10 percent underweight - even before 
the official adoption of these criteria (Khaliq et al., 2021; World Health Organization, 2019). The 
periodic patterns of these ratios underline the vital need for decisive interventions to eradicate this 
deep-seated public health disaster. 

Pakistan’s malnutrition death crisis remains inextricably tied to a conspicuous divergence between 
food security across its provinces, highlighting underlying structural deficiencies. Southern Punjab has 
been facing the severity of acute malnutrition as 34.83 percent of population is suffering from it 
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(Shahid et al., 2022a; Shahid et al., 2022b). The prevalence of underweight children in our countries is 
at an astonishing 46.1 percent. According to the Multiple Indicator Cluster Survey (MICS) data analysis, 
Punjab has moderate stunting rates at 27 percent and severe stunting rate at 10 percent (Mahmood et 
al., 2020). Sindh is the focus of this nutritional disaster, and particularly Thata and Tharparkar where 
reported stunting rates stand at 48.2 percent (Khan et al., 2016) and an alarming 81.1 percent 
(Menghwar et al., 2022). The growth stall for the whole is recorded at 8.9 percent (Khan et al., 2016). 
In these more privileged regions, agricultural communities are affected by the paltry growth of only 
27.2 percent (Iqbal et al., 2020), at odds with the climate of food insecurity pervading these areas. 

Prevalence of malnutrition in Khyber Pakhtunkhwa is alarming, recorded 36.35 percent in Bahra 
and 39.3 percent in Peshawar (Issa et al., 2024; Rahman et al., 2024). In Balochistan, the picture is even 
grimmer as nutritional deprivation stares at greater geographic deficiencies; Lasbela stands out with a 
24.3 percent malnutrition rate compared to Quetta, where the figure soars up to an eye-popping 62 
percent. This prominent provincial disparity highlights the significant differences in health outcomes, 
highlighting an urgent need for measures to enhance health service access across Pakistan as a whole 
due to the current malnutrition crisis (Mustufa et al., 2017; Bashir et al., 2021). 

Multivariable analysis highlights a multi-sectoral determinant responsible for this crisis, it includes 
biological factors (demographics age and sex), environmental conditions (sanitation and drinking 
water access) and socio-economic variables (education and poverty) which are heterogeneous across 
regions16. Maternal health indicators, such as diarrhea and availability of health insurance are also 
associated with malnutrition (Shahid et al., 2022c; Alam et al., 2023; Shahid et al., 2025a; Shahid et al., 
2022d; Saheed et al., 2022; Shahid et al., 2024). This analysis calls for the implementation of focused, 
results-driven interventions that will address the existing gaps in Pakistan’s malnutrition epidemic 
when it comes to medical facilities and health outcomes.  

Traditional detection of malnutrition and its associated risk factors or predicted regression 
models, such as logical and probability analysis, are commonly used in Pakistan, and early detection 
of children at risk and its causes often fails to detect. As these models often face challenges of multiple 
shapes, internal, high dimensions, noise, qualitative distortions and interactions in traditional DHS 
concentration, this may impede accurate risk prediction. As a result, large demographic and health 
survey data sets are still underutilized for forward-looking policy-based predictions. Thus, the machine 
learning model can provide a transformative solution by uncovering existing complex risk models that 
collect data on a large scale, leading to timely intervention to overcome child malnutrition. As machine 
learning, a trendy tool in medical research, has shown promise in forecasting malnutrition and related 
disorders by analyzing these based on common risk factors (Sharma et al., 2020; Kirk et al., 2022; Côté 
et al., 2022; Ahsan et al., 2022). 

Furthermore, the existing literature generally relies on anthropometric measures to categorize 
children's nutritional status, such as stunting, wasting, underweight, or body mass index (Curtis, 2006). 
As far as we are aware, our study is the first of its kind of pioneering research from Pakistan to predict 
child malnutrition utilizing machine learning algorithms. It is used as a classification tool for predicting 
child nutrition, with the application of the ML algorithm, a method that was not recorded before the 
ML algorithm was used for predicting malnutrition in academia in Pakistan. Previously, studies had 
used traditional indicators, such as stunting, to predict child malnutrition, particularly when testing 
the performance of the ML algorithm. 

This study contributes to the existing literature by applying and comparing multiple machine 
learning algorithms to predict child undernutrition using nationally representative PDHS data. Machine 
learning models capture complex nonlinear relationships and interactions that are common in 
socioeconomic and health-related data, which is not as easily achievable using conventional statistical 
techniques. Few studies have been conducted in Pakistan that systematically compare different 
machine learning algorithms, and they adequately handle the outcomes using Composite Index of 
Anthropometric Failure CIAF (which is a robust and comprehensive measure). 

The study work has four portions that are separated. Research in Part I-Introduction: Provides the 
purpose and importance of the research. The second part (II) offers a complete summary of the data 
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sets, variables used in this work, processes followed for each machine learning algorithms used to 
predict target and relevant evaluation metrics created to measure model performance. Part III lays out 
the main findings, while Part IV discusses these findings, drawing lessons and broader implications. 

 
Data, Variables, and Research Methods: 

Data and Significant Variables 
The data used for this study were obtained from the 2018 Pakistan Demographic and Health Survey. 
This rich national-scale dataset includes detailed information on nutrition, demographics, and other 
maternal and child health factors. We included the anthropometric indicators of children less than 5 
years old, which are height-for-age, weight-for-age and weight-for-height. These indicators provide 
standardized assessments of nutritional status according to the 2009 growth standards set by WHO 
(World Health Organization & UNICEF, 2009). The standard anthropometric approach is still 
considered a gold standard, although there are alternative methods of assessing severe acute 
malnutrition, particularly mid-upper arm circumference (MUAC) or body mass index (BMI). This 
approach also effectively reduces the risks of underreporting childhood morbidity and avoids 
misleading outcomes related to clinical diagnosis (Shahid et al., 2022e; Al-Sadeeq et al., 2018). Recent 
studies in various regions have also shown that the cumulative index of anthropometric failure, 
including HAZ, WAZ, and WHZ scores, is better than traditional methods for detecting cases of 
malnutrition and is more sensitive in identifying high-risk groups (Olukemi, 2014; Roy et al., 2018; 
Rastogi et al., 2017).   

This study uses the CIAF to identify malnourished children, based on three key indicators: 
height and weight (WHZ), age and weight (WAZ), and age and height (HAZ). Unlike early study based 
on machine learning to predict child malnutrition, this approach uses the Child Classification System. 
Children are divided into seven distinct groups :(1) undernutrition, (2) stunting, (3) wasting, (4) 
underweight, (5) stunting and underweight, (6) underweight and wasting, and (7) underweight, 
stunting and wasting. Except for "zero malnutrition", malnutrition rates are generally calculated in all 
categories. A binary variable is assigned: "1" means malnutrition, and "0" means that nutrition is normal. 

The data sets have been carefully revised and inconsistencies removed to ensure a reliable 
statistical base. This study is derived from PDHS 2018 data, including 4,499 children under five years 
of age, all of whom have complete anthropometric measurements. Any Z score below the WHO 
maximum (less than 5 or more than +5) is quickly deleted from the data file. After careful examination, 
we performed a sample of 4,098 children. This study also looked into various potential risk factors for 
child malnutrition in Pakistan. 

This study investigated multiple potential risk factors linked to child malnutrition in Pa
kistan. The investigation included the following variables: child's gender (male or female); age 
classified in months (0-6, 7-12, 13-18, 19-24, 25-36, 37-48, 49-60); birth order (treated as a continuous 
variable); maternal employment status (employed or unemployed); maternal body mass index 
(categorized as underweight if BMI <18.5 kg/m² or normal/overweight if BMI ≥18.5 kg/m²); maternal 
educational attainment (no formal schooling, primary, secondary, or tertiary education); residential 
environment (urban versus rural); geographic region (Punjab, Khyber Pakhtunkhwa, Sindh, Islamabad 
Capital Territory, Azad Jammu and Kashmir, Balochistan, and the federally governed tribal regions); 
household wealth indexes (Just below poverty (The poorest), Near the poverty lines (poor), Just 
above the poverty line (middle), Wealthy (richer), and the richest); recent incidence of childhood 
diarrhea (present or absent); water source quality (treated or untreated); sanitation facilities (adequate 
or inadequate); and health insurance status (covered or not covered). 

Ethical approval was not required as this study used publicly available, de-identified 
secondary data from the DHS program, which is freely accessible for research purposes. 
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Machine Learning Algorithms Considered for Prediction 

Table 1 provides an overview of the application and consolidation of the five machine learning 
methodologies for the study. 
  
Table 1 
Machine Learning Framework and its applications 

ML Algorithms Application 

logistic regression (LR) 

The Logistic regression (LR) is the basic statistical methodology for 
the binary classification, using a clear maximum estimate to obtain 
correlations between quantitative projections. This model can be 
interpreted by converting a linear prediction factor to a probabilistic 
output through a Logit function with odds feature ratio (OR) as a 
primary impact measure. Or less than 1 indicates a protectionist 
relationship (i.e., a low probability of outcomes per unit of the 
predictive factor), or zero represents an increased risk. This 
parameter method is still necessary for clinical and epidemiological 
reasoning, as it is able to adjust mixing factors while providing 
clinically practical risk estimates. 
 

Linear discriminant 
analysis (LDA) 

As a monitoring technique for dimensional reduction, Linear 
Discriminant Analysis (LDA) maximizes separation between 
categories, i.e., the dispersion ratio within category (𝑆𝑊) and 
between category (𝑆𝐵) by presenting data along the axis of the 
optimization guidelines. To achieve this, the problem of values of 
broader characteristics must be addressed beyond ((𝑆𝑊−1𝑆𝐵)). 
Such as minimizing these categories of difference with maximizing 
type the distance it gains to move in "LDA" (1) minimizing the noise 
it makes on scales, (2) providing closed forms of position 𝑂(𝑛3), 
and (3) Gauss hypothesizes the distribution conditions in classic 
Chad theories of small medicine which arise in more than one 
theoretically based category in question (Song et al., 2010). 
 

Support vector machines 
(SVM) 

Vector support machine (SVM) is a strong model for supervisory 
learning for classification and regression, especially in high-
dimensional environments. By addressing the problem of 
optimization by determining the vector to its plane's elevation, 
supporting vector identification to a plane maximum above - a 
subset of training samples known as the supporting vector - created 
strong limits based on the Vapnik-Chervonenkis theory. Achieving 
the possibility of non-linearity through a nuclear approach; Here, 
through the use of nuclear technology for peaceful purposes, we are 
able to use the nuclear RBF function as our approximation of K 
(𝐱, 𝐱′) = 𝑒𝑥𝑝 (−𝛾 ∥ 𝐱 − 𝐱′ ∥2) (Akay, 2009). SVM, without taking the 
data and transmitting it infinitely from a distance while maintaining 
the calculation of efficiency. The potential power of the steering 
motor against the curse of dimensions and the ability to model 
complex boundaries make them particularly effective in classifying 
clinical risks. 
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ML Algorithms Application 

K-nearest neighbors (K-
NN) 

K-NN is a remarkable method of machine learning that is adaptable 
and adaptable. As a non-standard technique, K-NN does not assume 
any specific benthic data distribution. The system maintains all 
available data points and classifies new incidents based on similar 
indicators. The rankings were achieved by a plurality voting 
mechanism between the surrounding points, where each new data 
point was distributed to the most common category among the 
closest "K" neighbors, determined by an appropriate scale of 
distance (Cover & Hart, 1967; Gaber et al., 2016). This is a relatively 
simple and practical idea, which allows us to quickly take the K-
nearest neighbours (K-NN) algorithm and apply it to different data 
models without necessitating complex assumptions about the 
underlying model.  
 

Random forest (RF) 

Random forests are a bad ass ensemble learning algorithm that can 
handle complex nonlinear interactions by building multiple decision 
trees. In this "forest", all trees are tasked with classifying incoming 
data according to different data points specific for that tree. The 
final result is a majority vote from all the trees, making it a strong 
decision. Instead of using a single model, the random forest 
technique utilizes ensemble to combine the predictions from a set 
of randomly formed trees and offers more accuracy with flexible 
results. Therefore, during the ensemble's aggregation process, the 
model returns a class label that receives the highest votes as its final 
output. (Liaw & Wiener, 2002). 

 
Models Training and Evaluation Strategy: 

Model Training: 
All analyses were conducted in Python (version 3.9) using a collection of packages specific to the task 
at hand. Model training, tuning and evaluation had been performed with the help of scikit-learn library 
(version 1.1). The usually imbalanced-learn library was used to handle class imbalance. Matplotlib and 
seaborn were used for visualization, while pandas and numpy were the main libraries in charge of data 
manipulation tasks. 
Hyperparameter tuning ranges were as follows: For RF, n_estimators (100, 200, 300, 400, 500), 
max_depth (5, 10, 15, 20, None), and min_samples_split (2, 5, 10); for SVM, C (0.1, 1, 10, 100) and 
gamma (0.01, 0.1, 1, 'scale'); for KNN, n_neighbors (3, 5, 7, 9, 11); for LR, C (0.01, 0.1, 1, 10); and for 
LDA, solver ('svd', 'lsqr', 'eigen'). We used grid search with 10-fold cross-validation for tuning the 
model parameters. Class weighting was used to ensure that the model did not learn towards the 
majority class due to the known class imbalance in this outcome variable. 
HyperParameter Tuning: For the random forest model, we fine-tuned few important parameters that 
include: 
 Trees (n_estimators: 100–500) 
 Maximum tree depth (max_depth) 
 Minimum samples per split 

Class weighting was used to correct for class imbalance in the CIAF outcome variable. This method 
allowed for grounded learning between the malnourished and non-malnourished cohort. 
 
Model Performance Evaluation: 
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Table 2 describes the four parameters to assess the models in this study. The framework of the used 
machine learning models during this research is shown in Figure 1.  
 
Table 2. 
ML model’ strictures assessment deliberations 

Parameters Explanation 

Accuracy 

Accuracy the number of correct predictions divided by the total amount of 
predictions a model generated on any given dataset is one big factor in 
determining how reliable a predictive model is. This study carefully tracked the 
best accuracy scores achieved by different machine learning algorithms using 
feature selection and k-fold cross-validation methods. Mathematically, accuracy 
can be expressed as: 

 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑇𝑟𝑢𝑒 + 𝑁𝑒𝑔𝑖𝑡𝑖𝑣𝑒 𝑇𝑟𝑢𝑒

𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑇𝑟𝑢𝑒 +  𝑁𝑒𝑔𝑖𝑡𝑖𝑣𝑒 𝐹𝑎𝑙𝑠𝑒 + 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝐹𝑎𝑙𝑠𝑒 +  𝑁𝑒𝑔𝑖𝑡𝑖𝑣𝑒 𝑇𝑟𝑢𝑒
 

 

Sensitivity 

Sensitivity (also known as recall in statistics) measures how well the model is 
able to identify positive instances. More specifically, this metric indicates the 
proportion of true positives that were assigned to the correct positive class by 
the model. None of the models will be this perfect and each analytical option 
comes with trade-offs on its own. False negative refers to the correct positive 
instances that have been wrongly assigned as negatives. Such misclassification 
can happen when some entity is being missed or marked as positive due to 
negligence. False negatives are more common in situations where there is a lot of 
undiagnosed positive disease. The equation used to measure sensitivity can be 
defined in general form as follows: 

 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑇𝑟𝑢𝑒

𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑇𝑟𝑢𝑒 +  𝑁𝑒𝑔𝑖𝑡𝑖𝑣𝑒 𝐹𝑎𝑙𝑠𝑒
 

 

Specificity 

Essentially, specificity measures the proportion of people who do not have the 
disease and are correctly identified as not having it also known as the true 
negative rate. However, a few disease-free people are wrongfully reported to be 
"positive" and thus classified as false positives. Such erroneous assignment is 
usually manifested as a high false positive rate. In mathematical terms:  

 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =
𝑁𝑒𝑔𝑖𝑡𝑖𝑣𝑒 𝑇𝑟𝑢𝑒 

𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝐹𝑎𝑙𝑠𝑒  +  𝑁𝑒𝑔𝑖𝑡𝑖𝑣𝑒 𝑇𝑟𝑢𝑒
 

 

Cohen’s k 
Statistic 

When dealing with multicategory problems that have an uneven distribution, 
Kappa Cohen is a good indicator. It shows the extent to which predictions from 
the model match up with categories within the dataset Cohen's Kappa of 1 = 
perfect consistency. In an effort to assist in understanding these numbers, Landis 
and Koch devised a means of understanding what the numbers represent: below 
zero is no agreement; 0–0.20 shows low agreement; 0.21–0.40 is fair; 0.41–0.60 
indicates moderate agreement; 0.61–0.80 shows a high level of agreement; while 
anything above 1 is near perfect congruence [37]. 

Precision 
The percentage of positive predictions that were correctly classified. 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 

𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝐹𝑎𝑙𝑠𝑒  +  𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑖𝑡𝑖𝑣𝑒
 

F1-Score 

This metric quantities the harmonic means of precision and recall so it is a 
balance metric which takes into account false positive and negative. 𝐹1 𝑆𝑐𝑜𝑟𝑒 =
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 ×𝑅𝑒𝑐𝑎𝑙𝑙 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛  +  𝑅𝑒𝑐𝑎𝑙𝑙
 

ROC Curve 
(AUC) 

Overall discrimination ability. AUC values with 95% confidence intervals were 
computed using bootstrapping techniques. 
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Furthermore, feature importance was established using the built-in feature_importances_ attribute of 
the Random Forest model from scikit-learn. This method, which is known as Gini importance or mean 
decrease in impurity, measures the total reduction in node impurity that each feature brings when 
used during a split over an ensemble of trees. Higher important value means those features influence 
more on the predict result. To facilitate interpretable results, the importance scores were normalized  
such that they sum to 100 percent. 
 
Figure 1 
ML Analytical Projections Framework on Child Malnutrition in Pakistan 
 

 
3. Findings of the Study  

To gain a more nuanced perspective on malnutrition, descriptive analysis shown below. 
 
Table 3 
Descriptive Analysis Linking Socioeconomic Factors to Child Malnutrition (CIAF) 

Variable Category Total N (n=4,098) Malnourished (CIAF) n (%) p-value 

Child's Gender Female 1,978 887 (44.8) 0.68  
Male 2,120 921 (43.4) 

 

Child's Age (Months) <12 712 284 (39.9) <0.001  
13-24 824 325 (39.4) 

 
 

25-36 1,035 423 (40.9) 
 

 
37-48 905 427 (47.2) 

 
 

49-60 622 349 (56.1) 
 

Birth Order ≤2 1,528 767 (50.2) <0.001  
3-4 1,194 547 (45.8) 

 
 

5-7 916 377 (41.2) 
 

 
>7 460 117 (25.4) 

 

Recent Diarrhea No 2,386 372 (15.6) <0.01  
Yes 1,712 1,436 (83.9) 

 

Residence Urban 1,554 734 (47.2) <0.001  
Rural 2,544 1,074 (42.2) 

 

Region (Province) Punjab 1,204 297 (24.7) <0.001  
Sindh 1,098 416 (37.9) 
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Variable Category Total N (n=4,098) Malnourished (CIAF) n (%) p-value 
 

KPK 812 288 (35.5) 
 

 
Balochistan 498 305 (61.2) 

 
 

FATA 242 189 (78.1) 
 

 
ICT 98 63 (64.3) 

 
 

Gilgit Baltistan 86 108 (125.6) * 
 

 
AJK 60 142 (236.7) * 

 

Drinking Water Unimproved 2,204 1,430 (64.9) <0.001  
Improved 1,894 378 (20.0) 

 

Sanitation Unimproved 2,983 1,284 (43.0) <0.001  
Improved 1,115 524 (47.0) 

 

Maternal BMI <18.5 (Underweight) 428 181 (42.3) <0.001  
≥18.5 (Normal/Overweight) 3,670 1,615 (44.0) 

 

Maternal Education No education 2,586 1,146 (44.3) <0.001  
Primary 612 235 (38.4) 

 
 

Secondary 650 288 (44.3) 
 

 
Higher 250 139 (55.6) 

 

Maternal Employment Not working 3,062 1,579 (51.6) <0.001  
Working 1,036 229 (22.1) 

 

Wealth Index Poorest 1,084 550 (50.7) <0.001  
Poorer 1,062 507 (47.7) 

 
 

Middle 974 324 (33.3) 
 

 
Richer 542 254 (46.9) 

 
 

Richest 436 173 (39.7) 
 

Health Insurance No 2,634 1,588 (60.3) <0.001  
Yes 1,464 220 (15.0) 

 

Note: Values marked with asterisk indicate potential data anomalies requiring verification. p-values derived from Chi-square 
tests. 
 
The estimates of malnutrition presented in Table 3 demonstrate how the response of CIAF is affected 
by important risk factors. The data shows close to gender parity in the susceptibility to malnutrition, 
with prevalence rates of 44.8 per cent among females and 43.4 per cent among males. There is a 
significant association between age group and malnourished children identifying that the highest 
prevalence of malnourished children was (56.1%) among 49-60 months age category followed by 
(47.2%) in 37-48 months' age group. According to an analysis of birth order, second-born children and 
below has the highest malnutrition rate at 50.2 percent. Indeed, the prevalence of recent diarrhea in 
malnutrition is evident with over 83.9% children with history of diarrhea are found malnourished as 
compare to children without a history of diarrhea which was 15.6%. 

Population-wise, malnutrition is a challenge faced by rural communities in Pakistan, notched at 
42.2 percent of children affected as compared to 47.2 percent in urban areas. A closer look at the 
province wise data shows alarming disparities: 78.1 percent malnourished were reported in FATA, 
followed by Balochistan (61.2) and Islamabad Capital Territory (64.3). For instance, it is much lower 
in Punjab at 24.70 percent. Socio-economic characteristics play an important role in determining the 
nutritional status of children. The malnourished rates among children of mothers who do not work is 
significantly high at 51.6 percent, while only 22.1 percent for those of working mothers. Maternal 
illiteracy was associated with higher malnutrition rates, with 44.3 percent of children of uneducated 
mothers being malnourished. When maternal BMI was low (underweight), malnutrition rates reached 
42.3 percent. Economic deprivation significantly exacerbated the problem, with children from poorest 
households showing 50.7 percent malnutrition compared to 39.7 percent among the richest 
households. Access to basic facilities also affected outcomes: malnutrition among children living in 
households with unimproved drinking water sources was 64.9 percent, and inadequate sanitation led 
to malnutrition rates of 43.0 percent. Of greatest concern is the 60.3 percent rate of malnutrition among 
households without health insurance compared to only 15.0 percent among those with insurance 
coverage. 
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Table 4 
Performance Comparison of Machine Learning Algorithms (Python Implementation) 

Metric K-NN LDA SVM LR RF 
Training Dataset 
(n=3,073) 

     

Accuracy (%) 64.68 67.75 65.47 68.31 79.80 
Sensitivity (%) 87.02 88.04 85.51 88.58 90.84 
Specificity (%) 71.26 68.87 68.35 71.47 85.10 
Cohen's Kappa 0.2056 0.2200 0.2102 0.2223 0.2417       
Test Dataset 
(n=1,025) 

     

Accuracy (%) 65.23 67.84 66.76 68.42 80.01 
Sensitivity (%) 86.15 89.01 87.44 89.33 90.85 
Specificity (%) 68.41 69.41 69.26 70.76 85.12 
Precision (%) 47.9 49.1 48.3 50.1 71.6 
F1-Score 0.62 0.63 0.62 0.64 0.85 
Cohen's Kappa 0.2077 0.2214 0.2143 0.2321 0.2440 
AUC (95% CI) 0.75 (0.73–0.77) 0.78 (0.76–0.80) 0.81 (0.79–0.83) 0.79 (0.77–0.81) 0.86 (0.84–0.88) 

Note: Bold values indicate best performance for each metric. AUC confidence intervals calculated using 1,000 
bootstrap resamples. Models implemented using scikit-learn (Python 3.9). 
 
The study uses five machine learning models-K-NN, SVM, LDA, RF and LR to predict malnutrition rates 
in children under five in Pakistan. In order to assess their effectiveness, algorithms are trained for data 
sets containing 75 percent of the samples (N = 3073) and verified with the remaining 25 percent (N = 
1025). The cross-validation methodology is applied 10 times throughout the training phase, with 
experimental data sets being used to evaluate model performance. The main evaluation criteria are 
accuracy, sensitivity, specificity, precision, F1-score, Cohen's Kappa coefficient, and Area Under the 
ROC Curve (AUC). 

Table 4 presents the comparative performance results for all training and testing datasets for all 
algorithms. It should be noted that promising outcomes were achieved on test data. The K-NN 
approach achieved an accuracy rate of 65.23 percent, sensitivity of 86.15 percent, and specificity of 
68.41 percent. LDA algorithms using test data had an accuracy of 67.84 percent, sensitivity of 89.01 
percent, and specificity of 69.41 percent. Similarly, the SVM algorithm achieved an accuracy of 66.76 
percent on the test data, sensitivity of 87.44 percent, and specificity of 69.26 percent. Furthermore, 
the LR algorithm gave an accuracy of 68.42 percent on the test data, sensitivity of 89.33 percent, and 
specificity of 70.76 percent. RF produced the highest performance across all five metrics: accuracy of 
80.01 percent, sensitivity of 90.85 percent, specificity of 85.12 percent, precision of 71.6 percent, and 
F1-score of 0.85.  

The test data indicate that Cohen's Kappa values show fair agreement among several machine 
learning models: K-NN (0.2077), LDA (0.2214), SVM (0.2143), and LR (0.2321) all show predictions that 
can be classified as "fair" according to Landis and Koch criteria. Unlike the previous results, random 
forest exhibits the highest Kappa statistic (0.244) of all five assessment methods, meaning a higher 
degree of agreement than any other model. The Cohen's kappa of 0.244 denoting fair agreement, 
indicating an approximate moderate improvement in predictive performance relative to the other 
models, hints that there are still issues with predictive consistency. 

As a result, Random Forest (RF) approach outperformed all other techniques that were used in the 
machine learning algorithms metrics assessments providing 80.01 percent accuracy rate. The 
sensitivity of this approach was 90.85 percent, meaning that it effectively detecting a positive case. In 
addition, it exhibited 85.12 percent specificity, and thus has proven to be efficient in the identification 
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of negative instances. On the other hand, it has a goodness of precision rate at 71.6%, and F1-score at 
0.85 showing that this model is performing well in balancing precision with recall. 

 
Figure 2. 
ML model’s ROC curves 

 
As shown in Figure 2, Receiver Operating Characteristic (ROC) analysis was performed to evaluate the 
discriminative power of each model. Area under the curve (AUC) which ranged from 0 to 1, with a 
higher AUC value corresponding to better quality of the model The Random Forest model was the 
best performing with an AUC of 0.86 (95% CI: 0.84–0.88). Next was the Support Vector Machine (SVM), 
which achieved an AUC of 0.81 (95% CI: 0.79–0.83). Logistic Regression and LDA produced AUCs of 
0.79 (95% CI: 0.77–0.81) & 0.78 (95% CI: 0.76–0.80), respectively, in comparison to the above results. 
The K-Nearest Neighbors (KNN) model performed the poorest with an AUC of 0.75 (95% CI: 0.73–
0.77). These results demonstrate how ensemble methods can better account for the nonlinear 
associations present in DHS data. This further demonstrates from the ROC curve that Random Forest 
achieved the highest area under the AUC, indicating strong classification compared to other models. 
An AUC of 0.86 is considered to possess strong discriminative ability based on established 
classification benchmarks, while AUC values from 0.75 to 0.81 are classified as acceptable to fair 
performance. 
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Figure 3 
Predicting Child Undernutrition with Random Forest Feature Importance 

(Note: Mean decrease impurity was used to determine feature importance from the Random Forest model using 
Gini importance). The shown values are the normalized totals of each predictor variable’s contributions to the 
model ‘s overall accuracy, summing to 100 percent. Larger percentages imply a greater contribution to the 
prediction of child undernutrition, as determined by CIAF (Composite Index of Anthropometric Failure). 
 
A feature importance analysis was undertaken using the Random Forest model to clarify the most 
salient contributors of child undernutrition in Pakistan. As per Figure 3 the relative importance of each 
predictor variable on improving the model’s predictive accuracy is shown evaluated using mean 
decrease in impurityGini important method. 

Maternal BMI was the strongest predictor, contributing 17.8 percent of model performance. The 
household wealth index closely followed and contributed 16.5 percent, while the type of sanitation 
facility accounted for 12.5 percent. The age of a child in months was fifth, with an importance of 10.0 
percent. 

Maternal education, region and source of drinking water had moderate importance (9.0%, 7.5% 
and 6.5%) respectively. Recent episodes of diarrhea (5.5 percent) and type of residence (4.5 percent), 
among other potentially significant epidemiological drivers, also meaningfully contributed to the 
model. 

Health insurance status (3.5 percent), maternal employment status (2.5 percent), child sex (1.5 
percent) and birth order (1.0 percent) were among the weakest predictors, with less than 10 percent 
of model prediction occurring for any combination of these variables. 

Such interventions targeting maternal nutrition, household economic conditions and sanitation 
infrastructure are implemented in a range of multi-sectoral programs globally and thus these findings 
suggest that they may have the greatest potential impact on alleviating child undernutrition in Pakistan. 

 
Discussion 

The overall findings demonstrate that the RF algorithm gives relatively higher accuracy to assess child 
malnutrition in Pakistan.  The reason behind the RF algorithm higher accuracy achievement in our 
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analysis is that DHS datasets naturally contain a mixture of continuous and categorical variables, and 
RF natively grips both types of variables without needing pre-processing. Moreover, child malnutrition 
datasets (especially DHS data) are frequently uneven which lack of symmetry, RF can automatically 
adjust the balance classes by adjusting weights. Also, DHS datasets habitually encompass raucous 
socio-economic variables (such as correlated household attributes), RF reduce the power of irrelevant 
structures and overfitting in predicting child malnutrition. As the DHS datasets are larger in features 
and sample size, RF efficient in our case of PDHS data. So, the ability of RF algorithm to handle non-
linearity, mixed data types, noise, and imbalanced classes while requiring minimal preprocessing 
makes it particularly suited for predicting child malnutrition on PDHS data. Its ensemble nature and 
feature selection robustness give it a consistent accuracy advantage. 

International investigations identified Random Forest (RF) algorithm as the most efficient 
substance for that prediction of kid malnutrition. Compelling research evidence from Bangladesh, 
China, India, Indonesia and the Philippines confirm the superiority of RF models over other machine 
learning approaches for estimating multiple indicators of malnutrition such as anemia (for children 
under 5 years), stunting (an anthropometric measure indicating chronic time-dependent malnutrition) 
and low birth weight (LBW) (Yu et al., 2010; Talukder & Ahammed, 2020; Khan et al., 2019; Hemo & 
Rayhan, 2021; Reza & Salma, 2024; Van et al., 2022; Gustriansyah et al., 2024; Manongga et al., 2023; 
Reddy & Dhanalakshmi, 2025; Chen et al., 2025). Globally, these cross-national findings highlight the 
strength and effectiveness of RF algorithm for health outcomes related to malnutrition. 

Investigations in the African context over the past few years have consistently identified RF 
algorithms as being superior for evaluation of child malnutrition. Ethiopia has explored various 
machine learning approaches for assessing malnutrition and micronutrient deficiencies at multiple 
points through the analysis of Demographic and Health Surveys (DHS), consistently demonstrating a 
superior predictive capability for Random Forest (RF) algorithms over other existing models (Gebeye 
et al., 2024; Fenta et al., 2021; Zemariam et al., 2024). Similar results were also reported in multi-country 
studies of Niger, Zambia and East Africa, where RF algorithms were found to be more accurate than 
other approaches for identifying key indicators associated with acute malnutrition and micronutrient 
status (Sánchez-Martínez et al., 2024; Ngusie et al., 2024; Chilyabanyama et al., 2022).  

Apart from its predictive power, the RF model also provided valuable insights into the most 
important drivers of child undernutrition in Pakistan. Maternal BMI (17.8 percent), household wealth 
index (16.5 percent), sanitation facility type (12.5 percent) and child age (10.0 average percentage) 
were identified among the most informative predictors in a feature importance analysis of the 
demographic model (Shahid et al., 2025b; Shahid & Naveed, 2026). Maternal BMI is a key determinant 
and reflects the intergenerational nature of malnutrition, as a mother's undernutrition can lead to 
negative health events in her offspring (Shahid et al., 2026). While there were some novel findings, 
such as household wealth and sanitation being identified as important structural determinants, the 
results emphasized persistent drivers of undernutrition in Pakistan, namely poverty and lack of 
infrastructure (Tan et al., 2025). The study found that maternal education, geographic region and 
drinking water quality were moderate predictors of health status. In contrast, factors including 
maternal occupation, child gender, birth order and health insurance seemed to have little impact. 
These results highlight the critical need for targeted programming to improve maternal nutrition, 
strengthen household economic conditions, and enhance sanitation infrastructure in Pakistan. These 
strategies will be important in achieving large-scale reductions in child undernutrition.  

These results, that emphasize the consistency of data dimensionality and Random Forest (RF) risk 
from the fitted model remained robust across different specifications. Such consistent findings 
reinforce that RF workup is an effective screening tool for malnutrition. These findings highlight how 
visualizations of baseline data can help in monitoring and understanding trends in malnutrition which 
could provide a valuable tool to track over time the prevalence and consequences of malnutrition.  

Though Random Forest performs quite well, it is limited in its predictive ability. This limitation 
predominantly stems from the cross-sectional dimension of the DHS data, which limits both temporal 
predictions and causal inferences. Moreover, lack of external validation affects its generalizability. 
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Utilizing longitudinal data and more advanced algorithms such as XGBoost and LightGBM are likely to 
improve predictive performance in future work. 

 
Conclusion 

Under-nutrition among under-five children is a major public health problem in Pakistan. Accurately 
predicting instances of malnourishment is essential for devising effective preventive strategies. ML 
algorithms provide fresh perspectives on this complex puzzle, far beyond what would be possible 
with established econometric approaches. Its focus on Pakistan a malnutrition-prone region — and 
comprehensive child malnutrition prediction using popular machine learning algorithms (Support 
Vector Machine (SVM), Logistic Regression (LR), Linear Discriminant Analysis (LDA), Random Forests 
(RF) and K-Nearest Neighbors, evaluated based on commonly identified risk factors) make this study 
especially interesting. 

The results show that random forest model outperforms other algorithms considerably in 
predicting malnutrition among children. Feature importance analysis reveals significant predictors of 
undernutrition including maternal BMI, household wealth, sanitation conditions and child age. This 
highlights how these models can handle complex heterogeneous health data, eg: the Pakistan 
Demographic and Health Survey (PDHS) 2018. 

Such results suggest and support the promise of machine learning especially Random Forest 
algorithm in detecting early evidence of malnutrition among children which could further help 
improve targeted public health interventions. This could guide comprehensive predictive analytics to 
help policymakers and healthcare practitioners plan for this all-important issue in Pakistan and similar 
countries suffering from childhood malnutrition. This work adds to the growing literature on machine 
learning in paediatric health and emphasizes the importance of evidence-based decision-making with 
data-driven solutions for critical public health issues. 

 
Applied Suggestions from Current Work 

Hence, based on these findings, the following practical implications can be suggested: 
1. Integration in Health Information System: The effectiveness of the random forest algorithm can 

be utilized for predictions on health outcomes and, therefore, this approach could potentially 
be integrated into the DHIS of Pakistan. This could allow for a risk scoring Python module to 
analyze routine data and identify high-risk children on an ongoing basis. Early identification is 
so crucial that the LHWs can use this information to act proactively and prevent malnourishment 
from becoming irreversible stunting. 

2. Programmatic Prioritization: Moreover, the feature importance analysis suggests that family 
interventions targeting nutrition and sanitation are better at capturing outcomes compared to 
pure child-targeting programs (pre-conception and antenatal Body Mass Index - BMI). Thus, 
these structural determinants of health need to be prioritized by provincial health departments 
in high-burden areas like Sindh, Balochistan and FATA to get positive results regarding the health 
outcomes. 

3. Mobile Health (mHealth) Applications: The Random Forest model is also capable of being 
deployed in lightweight, python based mHealth applications developed to be used for LHWs. 
This trained model using libraries like joblib or pickle can then be used to generate risk score in 
real-time during household visits. This is consistent with the early referral of higher-risk children, 
enabling a swifter response to malnutrition. 

4. Future Survey Design: This ranking of feature importance can be used to inform the selection of 
variables in future Demographic and Health Surveys (DHS). Including measures of dietary 
diversity scores, metrics surrounding food insecurity, and indicators of maternal mental health—
identified previously as significant gaps in the existing dataset—we can significantly improve 
prediction accuracy. 
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Limitations and Directions for the Future Research 

This study has a number of methodological strengths. Against the backdrop of Pakistan, it provides a 
systematic comparison of five machine learning algorithms and potentially offers a novel covariate 
outcome measure (various anthropometric failure using CIAF) instead of discrete indicators. Analysis 
was based on data from the nationally representative Pakistan Demographic and Health Survey 
(PDHS), which consisted of a valid sample size of 4,098. Careful elimination of outliers goes a long 
way toward improving the sample, thus increasing the generalizability of findings. Furthermore, the 
methodological framework used stratified 10-fold cross-validation with three repetitions, grid search 
hyper-parameter tuning and techniques to address class imbalance follows best-practice in the use of 
machine learning applied to health-related research. Scikit-learn-based implementation in Python 
allows for reproducibility and reduces future deployment efforts. 

Nonetheless, several limitations should be recognized. The cross-sectional design of the PDHS 
limits causal inference as it only provides information about concurrent relationships and not 
predictiveness. As a result, the model predicts the current malnutrition status rather than risks in the 
future, making it of limited use for true predictive purposes. Moreover, because there was no external 
validation using an independent dataset for example PDHS 2022 or individual provincial surveys 
generalizability beyond the 2017–18 sample is limited. Moreover, PDHS data lack essential potential 
predictors: dietary diversity scores, household food insecurity, maternal mental health and clinical 
biomarkers such as hemoglobin levels. While class weighting was used, the moderate class imbalance 
(44% malnourished) could have nonetheless influenced model performance. While the CIAF provides 
a good indication of magnitude, it does not take into account severity, duration or recurrence of 
undernutrition episodes. Finally, the sensitive and power-consuming nature of RF may pose a barrier 
to their use in resource-limited settings that do not have sufficient infrastructure support.  
 

Highlights 

 Random Forest better predicted child malnutrition in Pakistan compared to other machine 
learning algorithms [accuracy (80.0%) and AUC (0.86)]. 

 RF based feature importance identified maternal BMI, household wealth, sanitation, and child 
age as the strongest predictors. 

 RF-based risk stratification can inform targeted public health interventions. 
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The following abbreviations are used in this manuscript: 
ML Stands for Machine Learning 
PDHS Stands for Pakistan Demographic and Health Survey 
NNS Stands for National Nutritional Survey 
LR Stands for Logistic Regression 
LDA Stands for Linear Discriminant Analysis 
SVM Stands for Support Vector Machines 
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RF Stands for Random Forest 
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CIAF Stands for Composite Index of Anthropometric Failure (child malnutrition) 
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WAZ Stands for Weight-for Age Z-Scores 
WHZ Stands for Weight-for-Height Z-Scores 
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	The study work has four portions that are separated. Research in Part I-Introduction: Provides the purpose and importance of the research. The second part (II) offers a complete summary of the data sets, variables used in this work, processes followed...
	Data and Significant Variables
	The data used for this study were obtained from the 2018 Pakistan Demographic and Health Survey. This rich national-scale dataset includes detailed information on nutrition, demographics, and other maternal and child health factors. We included the an...
	This study uses the CIAF to identify malnourished children, based on three key indicators: height and weight (WHZ), age and weight (WAZ), and age and height (HAZ). Unlike early study based on machine learning to predict child malnutrition, this approa...
	The data sets have been carefully revised and inconsistencies removed to ensure a reliable statistical base. This study is derived from PDHS 2018 data, including 4,499 children under five years of age, all of whom have complete anthropometric measurem...
	This study investigated multiple potential risk factors linked to child malnutrition in Pakistan. The investigation included the following variables: child's gender (male or female); age classified in months (0-6, 7-12, 13-18, 19-24, 25-36, 37-48, 49-...
	Ethical approval was not required as this study used publicly available, de-identified secondary data from the DHS program, which is freely accessible for research purposes.
	Table 1 provides an overview of the application and consolidation of the five machine learning methodologies for the study.
	Table 1
	Machine Learning Framework and its applications
	Model Training:
	All analyses were conducted in Python (version 3.9) using a collection of packages specific to the task at hand. Model training, tuning and evaluation had been performed with the help of scikit-learn library (version 1.1). The usually imbalanced-learn...
	Hyperparameter tuning ranges were as follows: For RF, n_estimators (100, 200, 300, 400, 500), max_depth (5, 10, 15, 20, None), and min_samples_split (2, 5, 10); for SVM, C (0.1, 1, 10, 100) and gamma (0.01, 0.1, 1, 'scale'); for KNN, n_neighbors (3, 5...
	HyperParameter Tuning: For the random forest model, we fine-tuned few important parameters that include:
	 Trees (n_estimators: 100–500)
	 Maximum tree depth (max_depth)
	 Minimum samples per split
	Class weighting was used to correct for class imbalance in the CIAF outcome variable. This method allowed for grounded learning between the malnourished and non-malnourished cohort.
	Table 2 describes the four parameters to assess the models in this study. The framework of the used machine learning models during this research is shown in Figure 1.
	Table 2.
	ML model’ strictures assessment deliberations
	Furthermore, feature importance was established using the built-in feature_importances_ attribute of the Random Forest model from scikit-learn. This method, which is known as Gini importance or mean decrease in impurity, measures the total reduction i...
	such that they sum to 100 percent.
	Figure 1
	ML Analytical Projections Framework on Child Malnutrition in Pakistan
	To gain a more nuanced perspective on malnutrition, descriptive analysis shown below.
	Table 3
	Descriptive Analysis Linking Socioeconomic Factors to Child Malnutrition (CIAF)
	Note: Values marked with asterisk indicate potential data anomalies requiring verification. p-values derived from Chi-square tests.
	The estimates of malnutrition presented in Table 3 demonstrate how the response of CIAF is affected by important risk factors. The data shows close to gender parity in the susceptibility to malnutrition, with prevalence rates of 44.8 per cent among fe...
	Population-wise, malnutrition is a challenge faced by rural communities in Pakistan, notched at 42.2 percent of children affected as compared to 47.2 percent in urban areas. A closer look at the province wise data shows alarming disparities: 78.1 perc...
	Table 4
	Performance Comparison of Machine Learning Algorithms (Python Implementation)
	Note: Bold values indicate best performance for each metric. AUC confidence intervals calculated using 1,000 bootstrap resamples. Models implemented using scikit-learn (Python 3.9).
	The study uses five machine learning models-K-NN, SVM, LDA, RF and LR to predict malnutrition rates in children under five in Pakistan. In order to assess their effectiveness, algorithms are trained for data sets containing 75 percent of the samples (...
	Table 4 presents the comparative performance results for all training and testing datasets for all algorithms. It should be noted that promising outcomes were achieved on test data. The K-NN approach achieved an accuracy rate of 65.23 percent, sensiti...
	The test data indicate that Cohen's Kappa values show fair agreement among several machine learning models: K-NN (0.2077), LDA (0.2214), SVM (0.2143), and LR (0.2321) all show predictions that can be classified as "fair" according to Landis and Koch c...
	As a result, Random Forest (RF) approach outperformed all other techniques that were used in the machine learning algorithms metrics assessments providing 80.01 percent accuracy rate. The sensitivity of this approach was 90.85 percent, meaning that it...
	Figure 2.
	ML model’s ROC curves
	As shown in Figure 2, Receiver Operating Characteristic (ROC) analysis was performed to evaluate the discriminative power of each model. Area under the curve (AUC) which ranged from 0 to 1, with a higher AUC value corresponding to better quality of th...
	Figure 3
	Predicting Child Undernutrition with Random Forest Feature Importance
	(Note: Mean decrease impurity was used to determine feature importance from the Random Forest model using Gini importance). The shown values are the normalized totals of each predictor variable’s contributions to the model ‘s overall accuracy, summing...
	A feature importance analysis was undertaken using the Random Forest model to clarify the most salient contributors of child undernutrition in Pakistan. As per Figure 3 the relative importance of each predictor variable on improving the model’s predic...
	Maternal BMI was the strongest predictor, contributing 17.8 percent of model performance. The household wealth index closely followed and contributed 16.5 percent, while the type of sanitation facility accounted for 12.5 percent. The age of a child in...
	Maternal education, region and source of drinking water had moderate importance (9.0%, 7.5% and 6.5%) respectively. Recent episodes of diarrhea (5.5 percent) and type of residence (4.5 percent), among other potentially significant epidemiological driv...
	Health insurance status (3.5 percent), maternal employment status (2.5 percent), child sex (1.5 percent) and birth order (1.0 percent) were among the weakest predictors, with less than 10 percent of model prediction occurring for any combination of th...
	Such interventions targeting maternal nutrition, household economic conditions and sanitation infrastructure are implemented in a range of multi-sectoral programs globally and thus these findings suggest that they may have the greatest potential impac...
	The overall findings demonstrate that the RF algorithm gives relatively higher accuracy to assess child malnutrition in Pakistan.  The reason behind the RF algorithm higher accuracy achievement in our analysis is that DHS datasets naturally contain a ...
	International investigations identified Random Forest (RF) algorithm as the most efficient substance for that prediction of kid malnutrition. Compelling research evidence from Bangladesh, China, India, Indonesia and the Philippines confirm the superio...
	Investigations in the African context over the past few years have consistently identified RF algorithms as being superior for evaluation of child malnutrition. Ethiopia has explored various machine learning approaches for assessing malnutrition and m...
	Apart from its predictive power, the RF model also provided valuable insights into the most important drivers of child undernutrition in Pakistan. Maternal BMI (17.8 percent), household wealth index (16.5 percent), sanitation facility type (12.5 perce...
	These results, that emphasize the consistency of data dimensionality and Random Forest (RF) risk from the fitted model remained robust across different specifications. Such consistent findings reinforce that RF workup is an effective screening tool fo...
	Though Random Forest performs quite well, it is limited in its predictive ability. This limitation predominantly stems from the cross-sectional dimension of the DHS data, which limits both temporal predictions and causal inferences. Moreover, lack of ...
	Under-nutrition among under-five children is a major public health problem in Pakistan. Accurately predicting instances of malnourishment is essential for devising effective preventive strategies. ML algorithms provide fresh perspectives on this compl...
	The results show that random forest model outperforms other algorithms considerably in predicting malnutrition among children. Feature importance analysis reveals significant predictors of undernutrition including maternal BMI, household wealth, sanit...
	Such results suggest and support the promise of machine learning especially Random Forest algorithm in detecting early evidence of malnutrition among children which could further help improve targeted public health interventions. This could guide comp...
	Hence, based on these findings, the following practical implications can be suggested:
	1. Integration in Health Information System: The effectiveness of the random forest algorithm can be utilized for predictions on health outcomes and, therefore, this approach could potentially be integrated into the DHIS of Pakistan. This could allow ...
	2. Programmatic Prioritization: Moreover, the feature importance analysis suggests that family interventions targeting nutrition and sanitation are better at capturing outcomes compared to pure child-targeting programs (pre-conception and antenatal Bo...
	3. Mobile Health (mHealth) Applications: The Random Forest model is also capable of being deployed in lightweight, python based mHealth applications developed to be used for LHWs. This trained model using libraries like joblib or pickle can then be us...
	4. Future Survey Design: This ranking of feature importance can be used to inform the selection of variables in future Demographic and Health Surveys (DHS). Including measures of dietary diversity scores, metrics surrounding food insecurity, and indic...
	This study has a number of methodological strengths. Against the backdrop of Pakistan, it provides a systematic comparison of five machine learning algorithms and potentially offers a novel covariate outcome measure (various anthropometric failure usi...
	Nonetheless, several limitations should be recognized. The cross-sectional design of the PDHS limits causal inference as it only provides information about concurrent relationships and not predictiveness. As a result, the model predicts the current ma...
	 Random Forest better predicted child malnutrition in Pakistan compared to other machine learning algorithms [accuracy (80.0%) and AUC (0.86)].
	 RF based feature importance identified maternal BMI, household wealth, sanitation, and child age as the strongest predictors.
	 RF-based risk stratification can inform targeted public health interventions.
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