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Abstract

Background: Socioeconomic factors may influence maternal nutrition knowledge, which directly
affects the nutritional status of children under five. This study seeks to explore the importance of
socioeconomic status (SES) in relation to maternal nutrition knowledge, as well as how these factors
influence children's nutritional status. Method: This cross-sectional study focused on mothers of
children aged 36-59 months (n=657). A structured questionnaire was employed to collect data
socioeconomic determinants. Anthropometric measurements were taken to assess the nutritional
status of the children. The Boruta algorithm, implemented using R Studio, was used to integrate
socioeconomic factors and identify key predictors of maternal nutrition knowledge and nutrition
status. Result: The analysis revealed that SES was a strong predictor of maternal nutrition knowledge
and nutritional status in children under five, particularly stunting and wasting. However, SES was
not confirmed as a predictor of underweight. Underweight was an important predictor for stunting
and wasting. Furthermore, weaning practices and exclusive breastfeeding were found to be
important predictors for underweight, suggesting the importance of infant and young child feeding
(IYCF) practices for nutritional status. Conclusion: SES is an important determinant in predicting
maternal nutrition knowledge and nutrition status (stunting and wasting) among children under five.
These findings underscore the importance of specific nutrition interventions, which must be
prioritised by addressing SES and require multi-sectoral strategies to reduce poverty, promote
maternal nutrition knowledge, support family income, and improve healthcare access.

Keywords: socio-economic; maternal nutrition knowledge; stunting; underweight; wasting; mother

1. Introduction

Malnutrition is a prevailing global health concern, especially for children aged under five. More
than 47 million children worldwide are suffering from wasting, a severe form of acute malnutrition,
and approximately 148.1 million (22.3%) are stunting. Stunting refers to a chronic condition that
comes after malnourishment due to years of inadequate nutrition and/or repeated infections that
result in impaired growth and cognitive development [1]. Child survival, long-term health and
socioeconomic progress are threatened by these forms of malnutrition which lead to lifelong
disadvantage, as stunted children complete fewer grades at school and earn less income than non-
stunted children [1,2].

Undernutrition adversely affects children aged under five since they require adequate nutrition
during their transitional period into adulthood. The symptoms of malnutrition are particularly
apparent in stunting (height-for-age Z score below -2 standard deviations) and wasting (weight-for-
height Z score below -2 standard deviations), which are indicative of chronic and acute
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undernutrition, respectively [3,4]. Approximately 15.4% of children globally are underweight [5],
representing a composite of these conditions.

The burden of malnutrition is a challenge recently in developing countries as a consequence of
poverty and limited access to nutrient-rich foods [6]. Southeast Asia is experiencing the triple burden
of malnutrition (2); stunting, micronutrient deficiencies (“hidden hunger”), and susceptibility to
obesity that challenges sustainable health development. Indonesia is not an exception, as it still needs
to face those problems despite the remarkable economic growth. In terms of national prevalence,
there has been a decline in stunting from 27.7% in 2019 to 21.6% in 2022; however, rates remain above
the WHO acceptable threshold level of under 20% [7]. A study found that in 2022, 6.8% of children
under five had been wasted and 2.1% were severely wasted (1). Urban areas - such as examined in
this study, Surabaya - are particularly vulnerable due to persistent socioeconomic disparities.

Previous research identified that lower family income, mother's education, employment, and
access to health information are key predictors of maternal nutrition knowledge [8-10], which in turn
influences child nutritional outcomes [11-13]. Maternal nutrition knowledge may affect infant and
young child feeding practices [14], and such behaviour is essential to the prevention of malnutrition,
but it has not been systematically addressed by most public health strategies. Health promotion
activities that address socioeconomic determinants predicting maternal nutrition knowledge are
necessary to mitigate the root cause and break the continuity of malnutrition. Nevertheless, the
challenges in conducting programmes in the community are about poverty, illiteracy, and availability
of nutrition-based foods which need to be addressed through policy measures involving the
community [2,6]. By understanding the influence of socioeconomic status (SES) on maternal
knowledge regarding child nutrition, it is possible to establish balanced interventions targeting
underlying determinants of malnutrition.

The effectiveness of nutrition education interventions underscores maternal nutrition
knowledge as a critical determinant for child nutritional status. Many studies demonstrate that the
provision of effective nutrition education improves mothers” knowledge, affecting child feeding
practices [15,16] and reducing the risk of malnutrition in children. For instance, the study conducted
in Kupang Regency, Indonesia, showed that family-centred education using media such as booklets
and food samples was effective to improve nutritional practices among pregnant women during the
first 1,000 days of life, which led to reduced stunting [17]. Various interventions have been
implemented, including nutrition education [18,19], brainstorming [20], and audiovisual
demonstrations [21] to enhance maternal nutrition knowledge and child nutritional status.
Nutritional health education methods and media can be in booklets [22], guidebooks, leaflets, and
internet technology applications (ICT or webApps or APK) [21,23,24], which have demonstrated
significant improvements in maternal nutrition knowledge, showing its relevance with positive child
health outcomes, including reduced stunting prevalence [25]. However, the effectiveness of such
interventions inherently requires a prior prerequisite condition, especially the equitable capacity for
knowledge acquisition. A mother's ability to access, comprehend, and utilise educational resources
is not uniform but is profoundly mediated by their household's socioeconomic status (SES), which
governs exposure to information, formal education, and technology [26]. Therefore, this research
aims to identify socio-economic determinants that limit maternal nutrition knowledge, thereby being
useful in designing crucial nutrition strategies that effectively improve maternal nutrition knowledge
and child nutritional status.

According to the WHO CSDH and UNICEF modified framework, we conceptualise maternal
socioeconomics as structural determinants that influence maternal nutrition knowledge and child
nutritional status. More precisely, it is the broader socioeconomic factors that relate to women'’s
resources through education, occupation, and income [27,28]. This position affects intermediate
determinants of material circumstances (food accessibility related to affordability of food, living and
working conditions) and behavioural factors, among which maternal nutrition knowledge lies as one
such key behavioural resource that shapes feeding, caregiving, and use of health services. In this
study, we design maternal nutrition knowledge as a mediator which is linked to child nutrition
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outcomes, acknowledging that inequities arise from upstream systems and are passed on through
intermediate states involving children’s growth. Therefore, this study aims to develop a predictive
model by identifying the most important socioeconomic determinants as predictors of maternal
nutrition knowledge as well as nutritional status of children under five in Surabaya, Indonesia. These
findings may also be required to determine which predictors could be suggested for implementing
the comprehensive public health intervention based on the predictive model by Boruta analysis.

2. Materials and Methods

2.1. Study Design

The study targeted mothers with children aged 36 to 59 months, ultimately including 657
households in the analysis. A multi-stage cluster random sampling method was employed, using
census blocks provided by the Indonesian Bureau of Statistics. This process involved randomly
selecting two sub-districts from each district. The sample size for each district was determined
proportionally, based on the number of children under five in each district relative to the overall
population of children under five in all selected districts. Before participation, written informed
consent was obtained from all respondents after a comprehensive explanation of the study’s purpose.
Participant confidentiality was strictly upheld throughout the study to ensure anonymity and
privacy.

2.2. Data Collection

Data collection was carried out through face-to-face interviews using a structured questionnaire
at public health service facilities, scheduled to coincide with routine child monitoring sessions in each
subdistrict. Variables were categorized as independent variables including sociodemographic,
socioeconomic, and related information were collected using a structured questionnaire.
Sociodemographic factors are included child gender, household size, sibling under five, and child
health assurance. Socioeconomic status (SES) is a measure of where an individual standing within
society, and typically includes assessing income, level of education, occupation, and combined with
wealth which refer to financial prosperity (assets, such as house and ownership) [30-32]. In this study,
SES was computed based on family income, mother education, mother employment, car ownership,
house ownership, and perceived quality of life (Table 1). SES levels were measured by total score into
tertiles and classified as low SES (<33.33%), middle SES (33.34%-66.67%), and high SES (>66.67%) [33].

Table 1. Characteristics of the study participants.

Variables Frequency Percentage

(%)

Socioeconomic status:

Low 36 55

Middle 588 89.5

High 33 5.0

Maternal nutrition knowledge (MNK):

Low 180 274

Moderate 473 72.0

High 4 6.0

Mother’s age:

<20 years 1 2.0

20 to 29 years 100 15.2

30 to 39 years 336 51.1

=40 years 220 33.5

Family size:

<3 members 114 174
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4 - 6 members 449 68.3
>6 members 94 14.3
Under-five sibling:

<2 children 621 94.5
>3 children 36 55

Child gender:

Boy 326 49.6
Girl 331 50.4
Child health insurance:

Yes 353 53.7
No 304 46.3
Stunting:

Yes 166 25.3
No 491 74.7
Wasting:

Yes 106 16.1
No 551 83.9
Underweight:

Yes 148 225
No 509 77.5
Ever breastfeeding:

Yes 604 91.9
No 53 8.1

Exclusive breastfeeding:

Yes 245 37.3
No 412 62.7
Initiation breastfeeding:

Within 1 hour 214 32.6
After 1 hour or more 443 67.4
Weaning practices:

Less than 6 months 124 18.9
Between 6 months - 24 months 330 50.2
24 months or more 203 30.9
Mother education:

No education 4 0.6

Primary school 179 27.2
High school 376 57.2
Higher degree and above 98 14.9
Mother employment status:

Employed 278 423
Unemployed 379 57.7
Family income:

< Rp 2.300.000 per month 259 394
Rp 2.300.001 - Rp 4.500.000 per month 291 443
Rp 4.500.001 - Rp 5.700.000 per month 61 9.3

Rp 5.700.001 - Rp 7.000.000 per month 26 4.0

Rp 7.000.001 - Rp 10.000.000 per month 13 2.0

> Rp 10.000.001 per month 7 1.1

Car ownership:

Yes 83 12.6
No 574 87.4
House ownership:

Yes 213 32.4
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No 444 67.6
Perceived quality of life:

Rather better off 202 30.7
Average 436 66.4
Rather worse off 19 2.9

The dependent variables were identified as maternal nutrition knowledge (MNK) and child
nutrition status. MNK can be defined as the understanding about nutrients, dietary practices and
food preferences by a mother that helps to maintain health and provide proper growth and
development of infant. We employed the Qualtrics Survey General Nutrition Knowledge
Questionnaire-Revised (GNKQ-R), which has eighteen questions with total scores 52, was used to
assess MNK. The GNKQ-R is considered a reliable instrument for evaluating nutritional knowledge
in adult population [34]. We divided MNK into three levels by tertiles calculation as cut off points
[35]. According to MNK scores, we classified: low MNK (<17 score), moderate MNK (17-34 score),
and high MNK (235 score). While child nutrition status indicators were measured weight and height
of children. Children weight was measure rigorously with a calibrated and zeroed scale before
weighing. Children were weighed with minimal clothing and without footwear, and asked to remain
as still as possible. Heights of children were measured in a standing position using a stadiometer.
Anthropometric data collection followed the World Health Organization (WHO) guidelines for the
measurement, analysis, and reporting of anthropometric indicators in children under five years of
age [36]. Nutritional status was evaluated using the WHO Child Growth Standards, with
classifications generated through WHO ANTHRO software version 3.2.2. The collected data were
converted into Z-scores for key indicators: height-for-age (HAZ), weight-for-height (WHZ), and
weight-for-age (WAZ). Stunting, wasting, and underweight were defined as HAZ, WHZ, and WAZ
values below -2 standard deviations from the median of the reference population, respectively.

2.3. Data Analysis

Demographic and household characteristics were analyzed as categorical variables to interpret
frequency distributions using IBM SPSS version 27.0. Further statistical analysis was performed with
the Boruta package which were used previous research identifying the most critical predictors for
dependent variables [37]. This process enhances machine learning model performance by eliminating
irrelevant variables, thereby simplifying models, improving speed, and increasing accuracy [38]. It is
available via the Comprehensive R Archive Network (CRAN) at Boruta Package. The Boruta
algorithm provides strong all relevant feature selection by identifying every determinant that is
statistically significant to the outcome. The Boruta feature selection algorithm was employed to
identify important determinants of outcome variables such as MNK and undernutrition outcomes,
including stunting, wasting, and underweight. Boruta algorithm helps in confirming relevant
features and discarding irrelevant ones, making it resistant to noise and overfitting using random
forest. We prefer Boruta to comprehensively identify all relevant socioeconomic determinants. This
non-parametric approach is important in nutritional science study, as it effectively provides high
dimensional, complex omics data, and also non-linear relationships, unlike parametric methods in
SPSS which relies on parametric assumptions and stepwise methods that can miss important,
correlated features or those with complex interactions. Importance scores for these variables were
calculated and visualized through boxplots. In these visualizations, blue boxplots represent the
minimum, average, and maximum Z-scores of the shadow attributes for dependent variables, red
boxplots denote rejected features, and green boxplots highlight confirmed important variables.

3. Results

3.1. Study Population
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This study included 657 mothers with children aged between 36 and 59 months. Of the children,
326 (49.6%) were boys and 331 (50.4%) were girls. Among the participants, 25.3% of children were
reported to be stunted, while 16.1% and 22.5% were classified as wasted and underweight,
respectively. Additionally, 97% of mothers demonstrated low levels of nutritional knowledge.

Socioeconomic status (SES) was determined by family income, mother education, mother
employment, car ownership, house ownership, and perceived quality of life. This research revealed
that majority of family having under minimum wage per month 2024 (Rp. 4.725.479) [39] was (39.4%).
Following with family monthly income below Rp. 5.700.000 was as much 44.3%. Data also showed
that the most of mothers have high school education (57.2%) and unemployed (57.7%), mostly no
house ownership (67.6%), and no car ownership (87.4%). Most mothers (66.4%) reported as family
with an average perceived quality of life evaluated their overall situation as neither particularly good
nor poor (Table 1).

Socioeconomic status (SES) of the households was categorized into three levels: high, middle,
and low SES. The findings revealed that only 5.0% of the households were classified as high SES,
indicating a small proportion of families with significant economic resources. The majority of
respondents (89.5%) fell into the middle SES category, reflecting households with average economic
stability, while 5.5% were identified as low SES, highlighting the population facing lack of financial
to attain a decent standard of living MNK was measured and specified in 3 levels: low, moderate,
and high. Even though mostly of respondents demonstrated a moderate level of MNK (72%), but we
still found 27.4% of them having low MNK, and less having high MNK (6.0%).

Children who indicated undernutrition experiencing stunting (25.3%), wasting (16.1%), and
underweight (22.5%). Furthermore, child feeding practices demonstrated unsuccessful of exclusive
breastfeeding (BF) only 37% of children whereas children who ever breastfeed reached 91.9%. Also,
a low of proper initiation BF was found of 32.6% experiencing initiation BF within 1 hour after giving
birth (Table 1).

3.2. The Important Predictors of Maternal Nutrition Knowledge (MNK)

The Boruta analysis was used to determine the most important predictors of MNK. The results
highlighted several critical findings and may reveal important predictors in influencing maternal
nutrition knowledge and child nutrition. SES and initiation BF scores emerged as the most important
predictors for MNK, respectively. Furthermore, stunting and child gender were indicated as tentative
predictors for MNK, suggests its roles as moderate predictors which related to MNK. Furthermore,
SES variables found to be important in influencing MNK were mother education and family income
(Table 2; Figure 1).

Table 2. Determinants importance scores from Boruta algorithm for maternal nutrition knowledge (MNK).

Code Variables Median Min Max Norm hits  Decision
imp. imp. imp.

P1. SES 9.398  9.543  4.025 14.438 0.980 Confirmed
P3. Stunting 3.003  3.024 -3.153 9.706 0.374 Tentative
P4. Wasting -0.135  -0.301 -1.896 2.507 0.000 Rejected
P5. Underweight -0.505  -0.182 -2.009 1.029 0.000 Rejected
P6. Child gender 3.812  3.649 -2.207 9.991 0.475 Tentative
P7. Health assurance 0.202 0.276 -5.197 5.626 0.051 Rejected
P8. Mother’s age 0.064 0518 -3.104 2.075 0.000 Rejected
P9. Family size -0901  -0.789 -2.344 1.277 0.000 Rejected
P10. Under-five sibling -0.243  -0.551 -1.527 2.406 0.000 Rejected
P11.Exclusive BF 0.837 0589 -0.403 2412 0.000 Rejected
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P12.Ever BF 0.887 0.890 -1.600 2.638 0.000 Rejected
P13. Initiation BF 5892 5516 -1.014 11.589 0.727 Confirmed
P14 Weaning practices 0.938 0.550 -2.183 7.634 0.020 Rejected
P15.Mother education 9.521 9.556  3.691 16.766 0.980 Confirmed
P16.Mother employment 3.806 3.795 -0.569 11.37 0.556 Tentative
P17.Family income 13.013 1343  6.525 18.811 1.000 Confirmed
P18.Car Ownership -0.636  -0.815 -1.824 0.857 0.000 Rejected
P19.House Ownership 0.313 0421 -2.235 2.812 0.000 Rejected
P20.Perceived quality of life -0225  -0.202 -2.006 1.542 0.000 Rejected
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Figure 1. Box plots Boruta algorithm for maternal nutrition knowledge (MNK). Blue boxplots represent the
minimum, average, and maximum Z scores of a shadow attribute. Z scores for attributes that were rejected and

confirmed are depicted by red and green boxplots, respectively.

3.3. The Importance Predictors of Stunting

Wasting and underweight were identified as important determinants, contributing significantly
to the model's ability to accurately predict stunting status, and were classified as confirmed with
Boruta analysis. Additionally, SES and child gender were revealed as moderate effects on stunting,
whereas the indicator of SES highlighted as moderate predictor of stunting was perceived quality of
life as shown in Table 3 and Figure 2.

Table 3. Determinants importance scores from Boruta algorithm for stunting status.

Code Variables Median Min. Max. Norm Decision
imp. imp imp hits
P1. SES 6.075 6.164 0.851 14.483 0.657 Tentative
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P2. MNK 0.301 0.181 -1.263 2.455 0.000 Rejected
P4. Wasting 24.503 26.458 6.830 36.536 1.000 Confirmed
P5. Underweight 62.803 67.701 31.805 76.340 1.000 Confirmed
Pé6. Child gender 3.912 3.412 -2.931 12.018 0.465 Tentative
P7. Health assurance -1.720 -1.764 -2.786 -0.243 0.000 Rejected
P8. Mother’s age 0.388 0.618 -1.079 1.977 0.000 Rejected
P9. Family size -0.382 -0.413 -2.300 1.840 0.000 Rejected
P10. Under-five sibling -0.475 -1.004 -1.650 1.117 0.000 Rejected
P11.Exclusive BF 0.198 0.179 -1.073 1.593 0.000 Rejected
P12.Ever BF -0.052 0.467 -3.014 1.290 0.000 Rejected
P13. Initiation BF -0.645 -0.272 -2.602 0.507 0.000 Rejected
P14.Weaning practices 0.387 0.918 -1.929 2.606 0.010 Rejected
P15.Mother education 1.549 1.685 -1.023 3.082 0.010 Rejected
P16.Mother employment -1.570 -1.425 -3.790 1.211 0.000 Rejected
P17 Family income 0.708 0.473 -2.582 6.074 0.020 Rejected
P18.Car Ownership -0.356 -0.050 -1.767 2.084 0.000 Rejected
P19.House Ownership 0.820 1.075 -3.153 4.024 0.030 Rejected
P20.Perceived quality of life 2.819 2.993 -4.321 11.632 0.374 Tentative
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Figure 2. Box Plots Boruta Algorithm for Stunting Status. Blue boxplots represent the minimum, average, and
maximum Z scores of a shadow attribute. Z scores for attributes that were rejected and confirmed are depicted

by red and green boxplots, respectively.

3.4. The Importance Predictors of Wasting

The study also sought to identify key determinants for predicting wasting status using the
Boruta algorithm. SES was revealed as an important predictor for wasting, following stunting,
underweight, and mother’s age also emerged as highly significant determinants, strongly influencing
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wasting status. In addition, the analysis found several SES determinants as strong important
determinant i.e.,, mother education, whereas moderate important determinants i.e., family income
and house ownership. Several factors were deemed non-significant in predicting wasting status,
including MNK, child gender, child health assurance, under five siblings, exclusive BF, and ever BF.
These findings, presented in Table 4 and Figure 3, provide valuable insights into the critical and non-
critical factors correlated with wasting status in children under five.

Table 4. Determinants importance scores from Boruta algorithm for wasting status.

Code Median Min. Max. Norm Decision
Variables imp. imp imp. hits

P1. SES 6.697 6.900 0.396 10.973 0.919 Confirmed
P3. MNK -0.335 -0.504 -1.859 2.062 0.000 Rejected
P3. Stunting 18.184 18.585 9.927 26.268 1.000 Confirmed
P5. Underweight 57.893 59.973 41.257 68.979 1.000 Confirmed
P6. Child gender -0.149 -0.605 -2.343 2.689 0.000 Rejected
P7. Health assurance 0.476 0.419 -1.494 2.018 0.000 Rejected
P8. Mother’s age 6.144 5.829 0.292 11.605 0.889 Confirmed
P9. Family size 1.704 1.821 -2.435 5.220 0.131 Rejected
P10. Under-five sibling -1.388 -1.436 -2.333 -0.468 0.000 Rejected
P11.Exclusive BF 0.374 0.313 -2.203 2.160 0.000 Rejected
P12.Ever BF -0.722 -0.460 -2.129 0.352 0.000 Rejected
P13. Initiation BF 1.491 1.604 -1.751 3.483 0.030 Rejected
P14.Weaning practices 1.546 1.626 -0.469 3.599 0.040 Rejected
P15.Mother education 3.604 3.399 -2.304 9.878 0.545 Confirmed
P16. Mother employment 0.775 0.370 -1.026 3.781 0.020 Rejected
P17 Family income 2.509 2.552 -2.512 6.517 0.465 Tentative
P18.Car Ownership 1.872 1.729 -0.770 5.997 0.081 Rejected
P19.House Ownership 4.088 3.901 -0.468 11.262 0.566 Tentative
P20.Perceived quality of life -0.125 -0.535 -1.265 2.428 0.000 Rejected

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1512.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2025 d0i:10.20944/preprints202509.1512.v1

10 of 21

Boruta Feature Importance

-
1
1
|
1
o B
5] 40 —
[
]
S
.
(o]
Q. T
1
g 20 —
S_QOTT.L
o O - T |é—-
o e o2 L = ?éi—E-- L5
0 | g e R R e e i = O E e L T g+ *0©°
_
T T T 1T T T T T T T T T T T T T T T T T1
E2 8RR e Y ErerRIe@rizoeeaee
%0_ o ﬂ_gﬂ_ﬂ_ o o o D.%ﬂ_ﬂ_
o
3 g 3
2 ° 2
w E 1]
W

Figure 3. Box plots Boruta algorithm for wasting status. Blue boxplots represent the minimum, average, and
maximum Z scores of a shadow attribute. Z scores for attributes that were rejected and confirmed are depicted

by red and green boxplots, respectively.

3.5. The Importance Predictors of Underweight

SES was not confirmed as an important determinant for underweight, even though perceived
quality of life revealed as a moderate predictor. In contrast with stunting wasting, and weaning
practices, which were classified as important determinants by Boruta analysis, contributing
significantly to the predictive model to accurately predict underweight status. Additionally,
moderate determinants were found, including mother’s age and exclusive BF, illustrated in Table 5
and Figure 4. These findings provide critical perspectives into the determinants of underweight status
and may contribute to health priority programmes and modelling initiatives with related studies.

Table 5. Determinants importance scores from Boruta algorithm for underweight status.

Code Median Min. Max. Norm Decision
Variables imp. imp imp hits

P1. SES 1.184 1.103 -0.395 3.958 0.020 Rejected
P2. MNK 0.024 -0.150 -3.965 2.393 0.010 Rejected
P3. Stunting 40.846 42.037 28.338 48.492 1.000 Confirmed
P4. Wasting 65.480 67.689 44.840 74.953 1.000 Confirmed
P6. Child gender 0.033 0.158 -1.773 1.959 0.000 Rejected
P7. Health assurance -1.061 -0.986 -2.302 0.035 0.000 Rejected
P8. Mother’s age 3.003 3.227 -2.405 9.000 0.444 Tentative
P9. Family size 1.713 1.838 -1.642 5277 0.131 Rejected
P10. Under-five sibling -0.146 -0.225 -1.900 1.331 0.000 Rejected
P11.Exclusive BF 3.086 2.995 -1.604 8.378 0.465 Tentative
P12.Ever BF -0.969 -1.004 -2.206 0.412 0.000 Rejected
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P13. Initiation BF 0.165 0.403 -2.381 2.601 0.010 Rejected
P14.Weaning practices 7.546 7.621 0.878 19.141 0.869 Confirmed
P15.Mother education 0.785 0.952 -1.683 2.981 0.010 Rejected
P16.Mother employment 1.233 1.422 -1.576 2.680 0.010 Rejected
P17 Family income 1.032 1.137 -2.124 3.358 0.010 Rejected
P18.Car Ownership 0.085 0.109 -1.864 1.676 0.000 Rejected
P19.House Ownership -0.783 -0.622 -2.573 0.187 0.000 Rejected
P20.Perceived quality of life 3.578 3.490 -1.337 10.594 0.465 Tentative

Boruta Feature Importance
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Figure 4. Box plots Boruta algorithm for underweight status. Blue boxplots represent the minimum, average,
and maximum Z scores of a shadow attribute. Z scores for attributes that were rejected and confirmed are

depicted by red and green boxplots, respectively.

4. Discussion

The current study has underscored the importance of socioeconomic determinants which are
determined by family income, mother education, mother employment, car ownership, house
ownership, and perceived quality of life as predictors for MNK and nutritional status of children 36—
59 months. Employing Boruta algorithm analysis, socioeconomic status (SES) significantly indicated
as the most important predictor across models for MNK and undernutrition status, particularly
wasting status in children, while also confirming as important determinants of being stunting and
underweight that may influence directly and indirectly. The results provide evidence that child
undernutrition is a multidimensional problem in which socioeconomic determinants which are
determined SES might affect the ability of mothers to access and understand nutrition-related
knowledge as well as the resources needed for optimal child growth.

4.1. Socioeconomic Status and Maternal Nutrition Knowledge (MNK)

This study found that MNK has strongly association with SES and early initiation of BF. Previous
study highlighted that higher SES is an important driver for exposure to health information, uptake
of antenatal and postnatal services also influences engagement with healthcare services [40—42]. Low
SES mothers may additionally face barriers as reading literacy is a pre-requisite for obtaining health
information, they have more difficulties in utilization of health care and other competing economic
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priorities. Recent findings indicated that maternal knowledge mediates the association SES and
feeding practices, leading to better dietary diversity and growth among children, respectively [43,44].
In this study, SES classified by education, employment, income and wealth condition aligns with
previous studies that highlight the relationship between education, income, and occupation with
MNK levels [42].

Interestingly, mother education as one of SES determinants was revealed as an important
predictor for MNK. This study aligns with previous findings which highlighted significant
relationship between maternal education level and MNK [45,46]. Previous study analyzed about
relationship mother education with level of exposure and access to media. The effect of a mother's
higher level of education can be partly explained by their access to information, as measured by
newspaper, television, social media, posters, and/or other internet and communication technologies
in general and with respect to child health and nutrition [47,48]. Moreover, their ability to express, to
think autonomously on the basis of an acquired knowledge and the effect of their immediate
environment and community also help explain how they make choices about nutrient health care for
children.

Recent study revealed that family income was predictor for nutrition knowledge among
pregnant women [49]. This finding similarly identified with current study which indicated that
family income was an important predictor of MNK. Family income can influence access to various
resources that contribute to nutrition knowledge. For instance, it can determine a family's ability to
acquire diverse and nutrient food preferences, which can, in turn, familiarize mothers with a broader
spectrum of food groups and their nutritional significance. Additionally, family income may
influence access to health and nutrition information, such as books, magazines, or online resources
focused on child health and nutrition. It can also affect the ability to seek out and utilize healthcare
services that provide dietary counseling, whether from general practitioners, nurses, or specialized
nutritionists. These various avenues, influenced by a family's financial capacity, collectively
contribute to a pregnant woman's acquisition of comprehensive nutrition knowledge, enabling her
to make informed decisions regarding her and her child's dietary well-being.

Additionally, stunting status was also identified as an important predictor of MNK in the Boruta
model, which may reflect a bi-directional relationship. While mothers whose child is underweight
may actively be seeking nutrition information once growth faltering has been diagnosed, low pre-
diagnosis knowledge of these mothers might lead to poor feeding practices causing underweight.
These results are inconsistent with previous research that did not find an association between MNK
and malnutrition [50,51]. Otherwise, malnutrition may suggest improved MNK was affected after
experiencing malnutrition in children. Consequently, mothers find out more about child feeding and
healthy food for their child.

4.2. Socioeconomic Status (SES) and Child Undernutrition

The significant association of SES with wasting, and indirectly with stunting and underweight
implies that SES plays a crucial role in determining different forms of malnutrition as primary
determinant. This is consistent with previous studies that children in lower-SES households are more
vulnerable to being stunting. Children in low- and middle-income countries from the poorest wealth
quintiles are higher likelihood to be stunted, wasted, or underweight compared to those in the highest
quintiles [52]. SES was the strongest predictor of stunting and wasting, consistent with a number of
recent studies that show large, positive relationships between higher household wealth and
improved child growth outcomes [53,54]. In terms of mechanism, SES works in different ways on
child nutrition by affecting household food security [55] and dietary diversity [43] enabling access to
good health care facilities, better sanitation and hygiene conditions [56] and indirectly increasing
maternal education which again predicts better feeding practice [57] and getting better job
opportunity which may support household food security [58].

The present study revealed that SES is an moderate predictor for stunting, which relates to
perceived quality of life in households. It aligns with previous research that found the relationship
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between SES and their ability to secure a diverse, nutrient-rich diet and constrain access to maternal
healthcare [43,59], safe water, and sanitation facilities [56]. Previous research suggested that lower
SES also correlates with lower maternal education levels [9,42]. Aligned with this study, it also
confirmed that SES is one important predictor for MNK, which in turn reduces the likelihood of
adopting optimal IYCF practices.

This study highlights that SES works through acute deprivation, which is found in wasting in
children and may increase vulnerability to infectious diseases. Consistent with previous research,
households that have lower purchasing power often rely on the worst alternative foods, such as
substitutes for cereal-based processed foods [60], and lack access to health care during illness
episodes, which contribute to accelerated weight loss and wasting [61,62]. Similar to what has been
reported in Sub-Saharan African countries and South Asia, low household income was consistently
associated with increased odds of wasting [63,64], particularly in the context of high infection
burdens [63].

Furthermore, this study emphasizes that the mother education has the strongest socioeconomic
impact on child nutrition, particularly on wasting, as it gives the knowledge required to feed and
medicate children optimally related to the information about various nutrients, recognizing sickness
symptoms, regardless of finances, whereas family income and house ownership were less but still
considerably, whether a household can afford healthy food and shelter stability but not necessarily
use effectively without maternal education. Parallel with this, previous study revealed that
improving maternal education is essential in order to address child undernutrition (stunting,
wasting, and underweight), because it provides mothers with the necessary knowledge input for a
better childcare and nutrition practice [65].

For underweight, the pathway of effect of SES is an indirect effect through stunting and wasting,
since stunting and wasting were important predictors for underweight. Likewise, stunting and
wasting were identified as important predictors of underweight, indicating a strong interrelationship
among these indicators of child malnutrition. However, it found in the previous study that low SES
households have high cumulative risks because the same underlying socioeconomic barriers
contribute to both acute and chronic forms of malnutrition exposures like poor dietary quality,
inadequate feeding frequency and recurrent infections which directly leads to low weight-for-age
[66]. Moreover, the present study indicated that IYCF practices, particularly weaning practices [67]
and exclusive BF [68] as predictors of underweight which means a possible link with undernutrition
status as studied in prior studies [67,68].

SES may exert relatively low impact on child undernutrition in predominantly homogenous
low-socioeconomic groups and is mainly modulated by feeding culture and maternal nutritional
knowledge, which determine dietary patterns in mothers and children [69]. Nutrition intervention
must, therefore, be implemented at multiple levels of society and not in an isolated manner, for
addressing malnutrition is challenging. A multifaceted approach, which certainly has to include
revamping MNK to encourage healthier dietary patterns and thus dietary diversity, leading families
towards a better nutritional status, can prove effective.

Previous studies also indicated that differences in SES may be lesser between individuals and
other factors, such as cultural feeding norms (food taboos, food prohibitions) or MNK, are responsible
for greater dietary patterns for mothers and children [70-72]. This highlights the importance of a
multi-level analysis that takes into consideration not only overall economic inequality, but also
localized socio-cultural factors. Consequently, interventions need to be focused on culture,
integrating with SES improvements and tailored education for reducing cultural barriers and
improving MNK.

These studies underscore the importance of IYCF behaviours in child growth and nutritional
status development. Weaning practices highlight as an important predictor of underweight,
consistent with earlier finding indicated a significant relationship between weaning practices and
underweight [73]. In addition, exclusive BF had the trend for being a less definitive essential predictor
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for underweight than weaning practices, suggesting that while exclusive breastfeeding may influence
nutritional status changes over time, its effect needs further investigation.

The evidence presented highlights the need to incorporate economic and educational
interventions into child nutrition strategies. Programs aimed at poverty alleviation, conditional cash
transfers and women’s economic empowerment are required together with culturally tailored
antenatal educational programs delivered through community health workers as well as specific
maternal nutrition-based mass media campaigns. Structural (SES) and behavioral (MNK, feeding
practices) determinants should be targeted to achieve sustainable reductions in stunting, wasting,
and underweight.

4.3. Strengths and Limitation

This study combines a more detailed assessment using the Boruta algorithm for feature selection
improved methodological rigor by enabling an objective recapitulation of the most important
predictors and reduced bias compared to regression models. Boruta uses shadow features and selects
the only relevant models to target variable based on random forest importance measure. Moreover,
combining maternal, child and household factors across different domains (i.e. SES, MNK, child
nutritional status) allowed a comprehensive examination of both structural and behavioral
determinants in I'YCF; hence the results have direct programmatic and policy relevance.

However, some limitations should be considered. Boruta Algorithm prohibits causal inference,
while observed associations, particularly for some factors such as MNK and child nutritional status,
may reflect reverse causality. Self-reported measures of breastfeeding initiation, exclusive BF, and
maternal knowledge have the potential for recall and social desirability bias which could result in
non-differential misclassification. Last, the research instrument (questionnaire) contained only close-
ended questions. By implication, this meant participants would have limited response options. When
SES was not found as an important predictor, we could not know which other variable may directly
influence dependent variables. Qualitative study was suggested for further research to explore
uncovered information. Lastly, Boruta also still need for deeper examination by another test, for
example Chi square test, to investigate the difference effect of SES levels to MNK and undernutrition.

5. Conclusions

The importance of socioeconomic determinants to predict MNK and child undernutrition
outcomes in this study is underscored. SES was the most important predictor of MNK and stunting
which suggests interventions addressing both economic constraints together with nutritional
education may be required to enhance the impact of nutrition programmes. Socioeconomic
determinants such as family income and mother education are the most important predictors for
MNK. Whereas child feeding practices (weaning practices and exclusive BF) are important in
predicting undernutrition, as well initiation BF in predicting MNK, especially to those whose long-
term child growth outcomes are not severely affected by the structural socioeconomic status. Results
support a multi-sectoral approach including economic, maternal education and nutrition-specific
interventions to break the intergenerational cycle of malnutrition and enable sustainable
improvements in early child health and development for resource-limited settings. Interventions
aimed at enhancing SES, strengthening access to health services, and targeted nutrition education are
required in tackling the root causes of child undernutrition.
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Figure 5. Importance model of socioeconomic for predicting maternal nutrition knowledge (MNK) and
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MNK Maternal nutrition knowledge
CSDH Conceptual Framework for Action on The Social Determinants of Health

ICT Information and Communication Technology
WebApps Web applications

APK Android Package Kit

BF Breastfeeding

WHZ Weight for height Z-score

HAZ Height for age Z-score

WAZ Weight for age Z-score

WHO World Health Organization

SES Socioeconomic status

IYCF Infant and young child feeding

GNKQ-R General Nutrition Knowledge Questionnaire-Revised
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