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Abstract: Background: Almost half of all deaths worldwide in children under five are
related to malnutrition. Malnutrition encompasses a wide array of nutritional conditions
and emerging evidence indicates a growing overlap of these different forms of malnutri-
tion. Nutrimetry, which combines assessments of height-for-age (HAZ) with BMI-for-age
(BMIZ) to offer a more integrated assessment of nutritional status, can be particularly
useful in low-resource settings to correctly reflect the complex interplay of stunting and
overweight. Objective: The objective of this study is to explore the impact of malnutrition
on children in Madagascar and demonstrate how integrating HAZ assessments with BMIZ
can reveal the double burden of malnutrition—encompassing both undernutrition and
overnutrition—within the same population. Methods: This cross-sectional observational
study employing Nutrimetry was carried out in rural communities in the Itasy region of
Madagascar. A systematic random sampling method was used to choose the 500 women to
invite to participate from the approximately 5000 who formed the pool of potential partici-
pants. A total of 437 were able to be invited and all invited women agreed to participate,
resulting in 437 mother—child (0-24 months) pairs being included in the study. Results:
Chronic undernutrition or thinness (31.6%), overweight and obesity (21.3%), and stunting
(57.6%) were prevalent among the children included in the study. Among children with
chronic undernutrition, 55.06% were identified as stunted. Among children with over-
weight or obese, 61.03% were identified as stunted. This highlights a significant overlap
between inadequate weight and stunting. A socioeconomic analysis revealed significant
barriers, including limited financial resources and poor dietary diversity, exacerbating mal-
nutrition. Maternal nutritional status and breastfeeding practices also emerged as critical
determinants of child nutritional outcomes. Conclusions: The study underscores the im-
portance of prioritizing height assessments as a preliminary step in nutritional evaluations
to prevent undetected acute malnutrition.

Keywords: double burden of malnutrition; Nutrimetry; nutritional status; Madagascar;
child development
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1. Introduction

Malnutrition, defined as an imbalance in the intake of energy or nutrients, encompasses
undernutrition, overnutrition, and micronutrient deficiencies. Globally, approximately
144 million (21%) children under five suffer from stunting, a key indicator of chronic
undernutrition [1]. Additionally, 45% of deaths among children under five are linked to un-
dernutrition, particularly in low- and middle-income countries (LMICs), where childhood
obesity rates are concurrently rising. Optimizing nutrition during the critical window of
the first 1000 days of a child’s life—from conception to a child’s second birthday—is vital.
Appropriate breastfeeding practices during this period significantly enhance the likelihood
of optimal child development [2].

Traditionally, malnutrition has been studied in isolated dimensions, focusing sepa-
rately on undernutrition, food insecurity, micronutrient deficiencies, or overweight and
obesity [3]. However, emerging evidence indicates a growing overlap of different forms
of malnutrition within individuals, families, and populations, termed the double burden
of malnutrition (DBM) [4]. DBM describes the coexistence of undernutrition (including
stunting, wasting, and micronutrient deficiencies) with overweight, obesity, and non-
communicable diseases linked to diet [5].

Anthropometry, the measurement of human body dimensions, has been a cornerstone
in assessing nutritional status, particularly in detecting malnutrition. However, despite
its widespread use, the limitations of current anthropometric methods hinder their ef-
fectiveness in identifying chronic malnutrition, with important implications for public
health. These limitations include inaccuracies in data quality [6], overreliance on proxy
measures [7,8], missed cases of malnutrition [9-12], and challenges in special popula-
tions [7,8,13-16].

The limitations of current anthropometry measurements have significant implications
for public health. The underestimation of malnutrition prevalence due to the limitations
of anthropometric measures can lead to inadequate resource allocation and ineffective
intervention programs [7]. The failure to detect malnutrition in its early stages can result
in long-term consequences for child development, including stunted growth, cognitive
impairments, and increased susceptibility to infections [12,15]. The underestimation of
malnutrition in certain populations can lead to inequitable distribution of resources [12].
The limitations of anthropometric measures make it difficult to accurately monitor the
impact of nutrition interventions. This can lead to incorrect conclusions about the effec-
tiveness of programs and hinder efforts to improve nutrition outcomes [17]. The failure
to detect malnutrition early can result in more severe health complications, leading to
increased healthcare costs [13]. The limitations of anthropometric measures can lead to
poorly informed policy decisions [9-12].

In 2023, an authoritative report highlighted Madagascar as one of the countries that
is most severely affected by malnutrition, with rates worsening significantly between
2020 and 2022 [18]. Nationally, 64.9% of households experienced food insecurity during
this period, with the Itasy region reporting a stunting prevalence of 62.3%, peaking at
18-23 months of age [18].

Malnutrition during critical developmental periods—such as prenatal life, infancy, and
early childhood—has profound and lasting impacts, increasing the risk of chronic diseases
and reducing overall health and socioeconomic potential in adulthood. Both prenatal
and early childhood malnutrition are strongly linked to increased risks of cardiometabolic
diseases [19-23], impaired organ function [19,24,25], and immune system impairment [26].
The timing of malnutrition is crucial. Early gestation and the first three years of life are
particularly vulnerable periods, with long-lasting effects on organ structure, metabolism,
and disease risk [19,27]. Malnutrition can cause epigenetic changes and alter developmental
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pathways, affecting organ growth, immune function, and metabolic regulation without
necessarily changing birth size [19,21,24]. Deficits in high-quality protein, zinc, and other
micronutrients during recovery from malnutrition can limit lean tissue growth and further
increase chronic disease risk [21,26]. Survivors of early malnutrition often experience
diminished intellectual performance, lower work capacity, and reduced socioeconomic
status in adulthood [23,27]. Malnutrition is linked to delayed cognitive and behavioural
development, which can have lifelong consequences [27]. Early prevention and adequate
nutrition during these windows are essential for lifelong health.

Stunting, defined as a height-for-age less of than two standard deviations below
the WHO child growth standard median, has long-term consequences for physical and
cognitive development, contributing to behavioural disorders in adulthood and adversely
affecting national economic growth [28,29]. Furthermore, stunted individuals exhibit a
heightened risk of obesity later in life due to altered metabolic profiles, including lower
resting energy expenditure and reduced fat oxidation, which predispose them to weight
gain [30,31].

The DBM is a growing public health issue in low- and middle-income countries
(LMICs) [32,33]. Prevalence varies by age group, country, and socioeconomic status, but
evidence shows that the double burden is common and increasing, especially among chil-
dren and adolescents [32,33]. Among children under 5 years in LMICs, the prevalence of
concurrent stunting and overweight at the individual level ranges from about 0.7% to 10.9%,
with 0.6% to 37.8% of stunted children also being overweight in some countries [34,35].
Nationally, only a small number of countries (5 out of 93) meet the World Health Organiza-
tion’s threshold for double burden at the national level, but about one-third of countries
show higher-than-expected individual-level prevalence [35].

Over the past two decades, stunting and wasting have generally decreased, while
overweight and obesity have increased in many LMICs [5,34,36]. The problem is shift-
ing from primarily affecting poor households to also impacting wealthier households in
poorer countries and poorer households in wealthier LMICs [5,37]. Economic and social
globalisation, urbanisation, and changes in food systems (e.g., increased availability of
ultra-processed foods) are linked to higher double burden prevalence, particularly among
the poorest populations [5,37]. Risk factors include food insecurity, diet behaviour, breast-
feeding practices, illness, metabolic programming, household wealth, women’s education,
and urbanisation [38].

The context of maternal and child nutrition during the first 1000 days in Madagascar
is critical, as this period significantly influences health outcomes for both mothers and
children. This timeframe, encompassing pregnancy through the first two years of a child’s
life, is essential for growth and development. In Madagascar, maternal nutritional status is
often compromised, leading to adverse effects on foetal growth and infant health. A high
prevalence of maternal overweight and obesity, alongside undernutrition, is observed in
Madagascar [39]. Also, maternal anaemia is common, negatively impacting birth weight
and increasing infant mortality risk [39]. When it comes to the nutrition challenges in
children, the reliance on low-nutrient cereal-based diets contributes to inadequate dietary
diversity, exacerbating malnutrition [40]. Stunting, a significant concern, is linked to chronic
malnutrition during the first 1000 days [41]. Despite these challenges, there is a growing
recognition of the importance of addressing maternal and child nutrition in Madagascar.
However, the effectiveness of interventions may vary based on local contexts and resources,
necessitating tailored approaches to improve outcomes.

The area of study, a rural municipality of the Itasy region of Madagascar, is charac-
terised by a subtropical climate influenced by monsoon patterns. During the rainy season
(November—March), destructive floods disrupt agricultural production and exacerbate
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food insecurity, while the dry season (May—-September) poses challenges due to prolonged
periods without rainfall. Madagascar ranks among the nation’s most vulnerable to the
impacts of the global climate crisis [42,43].

This study aims to evaluate the DBM at the individual level in the Itasy region of Mada-
gascar using the innovative Nutrimetry methodology [44]. This approach combines two
anthropometric measures—BMI-for-age (BMIZ) and height-for-age (HAZ)—to facilitate an
integrated interpretation of nutritional status. By addressing the limitations of conventional
BMI assessments, Nutrimetry provides a comprehensive view of how stunting and obesity
coexist and interact.

2. Materials and Methods
2.1. Study Design and Population

The exploratory, observational, and analytical study conducted between 1 November
2022 and 31 March 2023 targeted women residing in Ampefy who had children aged
0-24 months. Ampefy has a population of 25,078, divided into 13 administrative units
known as fokontany, the smallest administrative divisions in Madagascar. The population
is ethnically diverse, with the Merina ethnic group being predominant.

2.2. Study Population and Data Collection

The study population was identified through the patient registry of St. Paul’s Medical
and Surgical Centre, which collaborates with the NGO Change Onlus to support maternal
and child health initiatives in the Itasy region. Women meeting the following inclusion
criteria were considered eligible: (i) aged 15-49 years (reproductive age), (ii) having at least
one living child aged 0-24 months, and (iii) currently breastfeeding at least one child in
this age range. Exclusion criteria included the following: (i) refusal to provide informed
consent, (ii) unreliable responses during data collection, and (iii) incomplete responses to
the questionnaire.

Eligible participants were selected using a systematic random sampling method from
the health centre registers. Women attending the health centre with their children, or those
accessing services during the days when project personnel were present in the fokontany,
were invited to participate. The demographic data of Ampefy municipality indicate that
approximately 5000 women of reproductive age (1249 years) reside in the region. Among
these, 437 women were systematically invited to participate, all of whom provided informed
consent, resulting in a 100% response rate and the inclusion of 437 mother—child pairs.

Recruitment and data collection spanned from November 2022 to March 2023. The
research team underwent a comprehensive seven-day training program to standardize
data collection techniques and ensure quality control. The training included the use of the
questionnaire and anthropometric measurement tools, as well as piloting study procedures
with a subset of participants who were not included in the final study.

All participants were informed of the study’s objectives and assured of the confiden-
tiality and anonymity of their data. Consent forms were translated orally by health centre
staff to ensure that the participants understood the study’s purpose and their rights. To
maintain anonymity, each participant was assigned a unique identification number. Data
collection was supervised by the project coordinators to ensure adherence to protocols and
to address any issues that arose during fieldwork.

Data collection took place in the 13 fokontany of Ampefy and at the NGO’s headquar-
ters, the health centre. A structured questionnaire was administered through face-to-face
interviews conducted in the local language by trained staff, with each interview lasting
approximately 20 min to collect a range of information, including maternal medical his-
tory, sociodemographic characteristics, dietary practices, access to healthcare services, and
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breastfeeding behaviours. Maternal medical histories were reviewed when available in
the health centre records to cross-validate self-reported data. Tablets were used to record
responses directly, minimizing transcription errors.

Anthropometric measurements for both mothers and children were taken at the same
time as the interview was conducted and recorded using standard techniques. Child
length (for children under 12 months) or height (for children 12 months and older) were
measured with a precision stadiometer, while maternal height was measured with the
same equipment. Child weight was recorded using a calibrated electronic baby scale, and
maternal weight was assessed with an adult electronic scale. Mid-upper arm circumfer-
ence (MUAC) was measured for mothers and children using non-stretchable measuring
tapes. The anthropometric data were used to calculate BMIZ and HAZ based on WHO
growth standards.

2.3. Ethical Considerations

The study adhered to the World Medical Association’s Declaration of Helsinki (2000)
on Ethical Principles for Medical Research, as clarified in 2002 and 2004 [45]. It also
followed the Guidelines on the Practice of Ethics Committees Involved in Medical Research
and the Ethical Conduct of Medical Research Involving Children [46]. Ethical approval
was obtained from The Ethics Committee of the University of Valencia, Spain (protocol
code: 2089516, approval date: 7 July 2022) and The Ethics Committee of St. Paul Medical-
Surgical Centre and the Institut d’Enseignement Supérieur de Soavinandriana, Université
d’Antananarivo, Madagascar (protocol code: 20220197, approval date: 27 October 2022).
Informed consent, written or verbal, was obtained from all participants. Verbal consent
was witnessed and formally documented.

2.4. Measurement Tools

The semi-structured, non-pretested questionnaire was specifically designed to collect
data on maternal education, attitudes toward antenatal care, dietary habits during preg-
nancy and lactation, and the relationship between micronutrient intake, dietary diversity,
and sociodemographic factors. Initially drafted in English, the questionnaire was translated
into Malagasy by a local translator fluent in English. A second translation ensured accuracy
and preserved the content’s integrity. To verify its usability, ten mothers from the health
centre reviewed the questionnaire and provided feedback.

After administering the pilot questionnaire to the 10 mothers, attention span limita-
tions were observed after 25 min. Consequently, the questionnaire was revised, removing
questions about personal hygiene and paternal influence on feeding decisions. The number
of items in the questionnaire was reduced from 60 to 43. Mothers in the pilot study were
excluded from the final sample to avoid bias.

The final questionnaire consisted of four sections: (i) maternal characteristics (age,
education, occupation, and pregnancies); (ii) practices during pregnancy and breastfeeding
(antenatal care, place of birth, breastfeeding); (iii) living conditions (health status, water
access, proximity to health centres, and transport availability); and (iv) an assessment of
Minimum Dietary Diversity for Women of Reproductive Age (MDD-W) [47].

Dietary intake during the previous 24 h was assessed using a list-based technique,
where interviewers presented a culturally adapted food list reflecting the ten food groups
defined by FAO and FHI 360’s MDD-W [48]. Mothers provided detailed descriptions of
foods and ingredients consumed within the household, which were categorised based on
their composition. Data collectors were trained to classify meals containing mixed food
groups, recording only those where consumption exceeded 15 g per group.
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Maternal measurements were obtained using a SECA stadiometer (Hamburg, Ger-
many; precision: 0.1 cm) and a SECA Clara 803 electronic scale (Hamburg, Germany;
precision: 0.1 kg). Two height measurements were taken, and the average was used to
minimise errors. BMI was calculated by dividing weight by height squared (kg/ m?), with
nutritional status classified as underweight, normal weight, overweight, or obese according
to WHO cut-off values [28].

Anthropometric assessments were performed by experienced interviewers, each with
over seven years of involvement in the Child Malnutrition Prevention and Treatment
Project by Change Onlus. For children under 12 months, length was measured in the prone
position using UNICEF length charts (precision: 0.1 cm). For children older than 12 months,
height was measured standing with equivalent precision. A trained nutritionist assisted
during measurements to ensure reliability. Nutritional status was determined using WHO
cut-off points for weight-for-height (WFH), HFA, weight-for-age (WFA), and BMIZ [28].
All raw data were entered into WHO AnthroPlus 1.0.4 software for calculation [49], except
WFH, which was determined using an online tool.

Additionally, Nutrimetry [44] was employed to assess nutritional status by combining
BMIZ and HAZ into a single framework. This method uses Nutricodes, a system of
nine diagnostic codes (1, 3, 4, 5, 6, 7, 8, 9, 11) displayed in a 3 x 3 matrix for conceptual
interpretation. The Nutricodes are defined as follows: 1 (Low HAZ + Low BMIZ), 3 (Normal
HAZ + Low BMIZ), 4 (Low HAZ + Normal BMIZ), 5 (High HAZ + Low BMIZ), 6 (Normal
HAZ + Normal BMIZ), 7 (High HAZ + Low BMIZ), 8 (High HAZ + Normal BMIZ), 9 (Low
HAZ + High BMIZ), and 11 (High HAZ + High BMIZ). Nutricodes differentiate nutritional
statuses: even numbers (4, 6, 8) represent healthy weight, smaller odd numbers (1, 3, 5)
indicate thinness, and larger odd numbers (7, 9, 11) denote overweight or obesity. Numbers
3, 6, and 9 reflect normal height, while 1, 4, and 7 indicate short stature, and 5, 8, and 11
signify tall stature. This approach effectively captures the dual burden of malnutrition and
highlights the long-term risks of stunting related to overweight and obesity.

2.5. Data Analysis

Continuous variables were presented as means with standard deviations (SDs) or
medians with interquartile ranges (IQRs), depending on the distribution of the data, while
categorical variables were expressed as frequencies and percentages. The Kolmogorov—
Smirnov test was applied to evaluate the normality of data distribution.

Comparisons between stunted and non-stunted children were performed using ap-
propriate statistical tests: the Chi-square test or McNemar test for categorical variables
and analysis of variance (ANOVA) for continuous variables. Statistical significance was
determined at a threshold of « < 0.05.

All statistical analyses were conducted using IBM SPSS Statistics version 26.0 (IBM
Corp., Armonk, NY, USA). The software facilitated comprehensive data evaluation, ensur-
ing accurate interpretation of results and adherence to rigorous statistical standards.

3. Results
3.1. Baseline Characteristics of the Infants

The study included 437 mother—child pairs. Anthropometric measurements were
used to calculate the HAZ and BMIZ for the children. These scores were subsequently

integrated into nine categories, referred to as Nutricodes, to reflect distinct nutritional
statuses (Table 1).
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Table 1. Anthropometry of the infants by Nutricodes (n = 437).
BMI/Age z< —1 —1<z<+1 z>+1
(BFA) +0 +3 +6
) Thinness Healthy Weight Overweight/Obesity
Height/Age n =138 n =206 n =93
(HFA) (31.6%) (47.1%) (21.3%)
z>+2
+5
8 1 1
High stature o 0 0
=10 (1.8%) (0.2%) (0.2%)
(2.2%)
—2<z<+2
+3
54 86 35
Normal stature o o o
n=175 (12.4%) (19.7%) (8.0%)
(40.2%)
z< =2
Low ::ature 76 19 >7
=250 (17.4%) (27.2%) (13.0%)
(57.6%)

For thinness (BMIZ < —1), groups 1, 3, and 5 represent children classified as experienc-
ing ‘Thinness” according to Nutrimetry. These groups collectively account for 31.6% of the
sample (Table 1). Among these children, 55.06% were identified as stunted (HAZ < —2),
highlighting a significant overlap between thinness and stunting. For healthy weight (BMIZ
between —1 and +1), groups 4, 6, and 8 correspond to children categorised as having a
‘Healthy Weight’ by Nutrimetry. This group represents 47.1% of the total sample. Within
this group, 57.37% of the children were stunted, underscoring the prevalence of linear
growth retardation even among those classified as having normal weight. For overweight
or obese (BMIZ > +1), groups 7, 9, and 11 include children classified as ‘Overweight or
Obese’ by Nutrimetry. These groups constitute 21.3% of the sample. Notably, 61.03%
of these children were stunted, indicating that excess weight often coexists with chronic
undernutrition in this population.

These findings demonstrate a high prevalence of stunting across all Nutrimetry cat-
egories, emphasizing the critical need for height assessments alongside weight-based
evaluations to accurately capture the dual burden of malnutrition in children.

3.2. Characteristics of the Children

Table 2 summarizes the anthropometric and nutritional characteristics of the infants
in the study. The mean age of the children was 10.53 & 6.48 months, with significant
differences observed across Nutricode categories. The Healthy Weight category was most
prevalent among children aged 14-24 months, whereas the Thinness category was also
common in this age group. Conversely, the Overweight/Obesity category was more
frequent among infants aged 0-6 months. No significant differences in sex distribution
were identified across groups. Low birth weight (LBW, defined as <2.5 kg) was observed in
20.6% of the sample, with the highest prevalence in the Thinness category: 35.5% in Group 1,
18.5% in Group 3, and 25.0% in Group 5. LBW was less common in the Healthy Weight and
Overweight/Obesity categories, with significant differences between these classifications.
The mean weight was 7.31 + 1.74 kg, and the mean height was 66.20 & 8.52 cm, both
showing significant variations across Nutricode groups.
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Table 2. Profile of the infants.
NUTRICODE
Total Thinness Healthy Weight Overweight/Obesity
N =437 (n = 138, 31.6%) (n = 206; 47.1%) (n = 93; 21.3%)
F (%) 1 3 5 Total 4 6 8 Total 7 9 11 Total p-Value! p-Value?
Mok’ @=76 (=54 (n=8 (=138, (=119 (n=85; (=1, (n=206; (=57 @=35 (=1 (=93
ean 174%)  124%)  1.8%)  31.6%)  47.1%)  19.7%)  02%) = 47.1%)  13.0%)  8.1%) 02%)  21.3%)
1187+ 966+ 1312+ 1108+ 1280+ 926+ 1129+ 878+ 697+ 8.04 +
Age 10.53 & 6.48 539 5.88 7.22 5.77 5.85 6.66 7.00 6.42 7.51 6.07 3.00 7.00 <0001 <0.001
. 13 18 1 3 20 37 . 57 28 19 . 48
0-6 months 137.314%)  (177%)  (333%) (125%) (232%) (168%) (43.0%) 00 (0770 @91%) (543%) 110%) (5160
. 31 23 5 59 43 24 . 68 10 11 . 21
7-13 months 148(33.9%)  (408%)  (42.6%)  (625%) (428%) (36.1%) (27.9%) L100%) 3300y (175%) @ra%w)  00%) (2269
<0001  <0.001
14-24 months 152 (34.8%) 32 13 2 47 26 25 0 (0%) 81 4 5 0 (0%) 24
8% @2.1%)  (41%) (25.0%) (341%) (@7.1%)  (29.1%) ) (393%) (333%)  (14.3%) ) (258%)
_ . 76 54 . 138 119 86 . 206 57 35 . 93
Total n = 437 437 (100%) 100%)  (100%) 8A00%)  (100%)  (100%)  (100%) LA00%) qogey  00%)  (100%)  L(100%)  (100%)
Sex 0.711 0.402
. 31 27 4 62 61 44 . 106 28 20 . 49
Female 217(49.7%)  (40.8%)  (50.0%)  (50.0%)  (449%) (513%) (512%) LA00%) 550y @91%)  (57.1%) L100%) (5579,
45 27 4 76 58 2 100 29 15 44
Male 220(50.3%) (5920 (50.0%) (50.0%) (55.1%) (487%) (488%) 0(0%)  wgsey  (509%) (429%) 00%) (4739,
_ . 76 54 . 138 119 86 . 206 57 35 . 93
Total n = 437 437 (100%) 100%)  (100%) 8A00%)  (100%)  (100%)  (100%) LA00%) qogey  100%)  (100%)  L(100%)  (100%)
27 10 2 39 26 12 38 13 13
. . 3
Low birth weight 90 (20.6%) (355%)  (185%) (25.0%) (283%) (1.8%) (140%) °0%)  (ga%) (28%) 00%)  00%) (1409 0004 0.036
. 649+ 694+ 853+ 678+ 750+  7.65+ 756+ 783+ 783+ 751 +
Weight (kg) 731+174 137 137 1.58 1.45 131 2.02 8.70 1.64 230 2.30 7.31 214 <0.001  <0.001
. 6642+ 6906+ 7950+ 6821+ 6710+ 6744+ 6726+ 5988+  62.60 & 60.87 +
Height (cm) 66.20 + 8.52 e 0 s - e 5] 73.00 e o 5oL, 57.00 e <0001  <0.001
MUAC 12461 13347 13830 12869 13554 14227 13791 14250 15253 146.24
(mm) 135911172 Y7945 1810 +1208 +£1019 +933 +1011 13000 19511 1808 +979 - +995 <0001 0.001
MA 0, 0, 0, 0, 0O, 0O, 0, 0O, 0, 0O, 0O,
14 S 9 (2.6%) a1 i%) 0(0%)  0(0%) 8(66%) 1(09%) 0(0%)  00%) 1(0.6%) 0(0%)  0(0%) - 0 (0%)
MAM
. 39 10 1 50 16 . . 17 . . 0
=115 mm — 67 (19.4%) (565%)  (22.2%)  (143%)  (413%) (144%) 1(16%) 00%)  (ggyy  00%)  0(0%) - 0(0%) <0001  <0.001
N . 2 35 6 63 94 61 . 156 3 19 51
Normal > 125mm 270 (780%) 3790y  (77.8%) (85.7%) (52.1%)  (847%) (984%) 1L(100%) (g7ory  (100%)  (100%) - (100%)
_ . 69 45 7 121 111 62 . 174 ) 19 51
Total n = 346 346 (100%)  (90.8%)  (833%)  (87.5%) (87.7%)  (933%) (721%) L100%) a5y (561%)  (54.3%) - (54.8%)
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Table 2. Cont.

NUTRICODE
Total Thinness Healthy Weight Overweight/Obesity
N =437 (n = 138, 31.6%) (n = 206; 47.1%) (n =93; 21.3%)
1 3 5 Total 4 6 8 Total 7 9 11 Total p-Value! p-Value?

Fﬁ(ellalzriys(];/o) (n=76; (n=54 n=8 (=138, (n=119; (n=286; n=1;, =206 (0=57 (n=35 n=1; (n=93;
17.4%) 12.4%) 1.8%) 31.6%) 47.1%) 19.7%) 0.2%) 47.1%) 13.0%) 8.1%) 0.2%) 21.3%)

W oiis WSS WGt AhT WET MR 'S ow W N e o 4% am om
<—35D 13 (3.0%) (10.85%) 3 (5.6%) (25%%) (9}4%/0) 00%)  0(0%)  0(0%)  0(0%)  00%  00%  00%  0(0%)
>_3to— <—2SD 41 (9.4%) (27.g%) (271.3%) (25%% | (273?%) 2(17%)  0(0%)  0(0%) 2(1.0%) 1(1.8%) 0(0%)  0(0%)  1(1.1%)
2—2to <+15D 283 (64.8%) (60%2%) (66?.’9%) (50.%%) (62?36%) (8%.06%/0) (897.57%) 1(100%) (8;.%10/0) (15.98%) (17.61%) 1(100%) (17%3%)

>+1 to <+2SD 42 (9.6%) 1(13%) 0(0%)  0(0%) 1(0.7%) (8.14(‘)’/0) 8(9.3%)  0(0%) (8.17*?,/0) (191.3{% @ 41%%) 00% 42_3%) <0001  <0.001
>12 — <43SD 26 (5.9%) 000%)  0(0%)  0(0%)  0(0%) 3(25%) 1(1.2%) 0(0%) 4 (1.9%) (lef%) (2812%) 0 (0%) (23%%)
>+3SD 32 (7.3%) 00%) 0% 0% 00% 108%) 00% 00% 1(05%) 1% | (20%%) 0 (0%) (33?’31%)
Total n = 437 437 (100%) (107060/0) (1561%) 8 (100%) (1%)%)%/0) (1%)3)2/0) (1(?(?%) 1(100%) (1%(())?/0) (15070/0) (155%) 1(100%) (10903%)

Mg oee R W R M 35 W0 w %Y W %0 w %% am o
<-35D 60 (13.7%) (ng%) 3(5.6%)  0(0%) (30%%) a o ) 00%)  0(0%) (8.13?,/0) 1(18%) 0(0%)  0(0%) 1(1.1%)

> 3to— >-2SD 9%BQELT% 4_;*%) (291.2%) (12_15%) (37531,/0) G L3 y00%)  0(0%) (19‘%91%) 3G3%)  00%  00%)  3G2%) o o
2-18D 282 (64.5%)  3(3.9%) (643.3%) (87.75%) (32%2%) (516.3}%) (1(?06%) 1(100%) (7%%%/0) (935.(3)%) (1(?(?%) 1(100%) (95?3%)
Total n = 437 437 (100%) (10706%) (155%) 8 (100%) (1%)?)%/0) (1%)%)2/0) (1(?06%) 1(100%) (1%%30) (1(?(;%) (1305%) 1(100%) (1()93%)

Height for Age HFA ~ —218+179 50+ 063&  351e 8% 9= 08 96 2B 37A%F D= 2, 2DE 001 <0001
<—3SD 120295%) 463.{’%) 00%)  0(0%) (253.’2%) ( 465?3%) 00%)  00%) 65?%) (70%3%) 00%) 0% 43%8%)

>-3t0-2-25D  12Q79%) (5595 O0O%)  00%) oot samn  00%  00%) ol pomn 00 00%  qgl o o
>_1SD 186 (42.6%) 0 (0%) (1056*%) 8(100%) fg%) 0 (0%) (1%’%) 1000%) 42*?27%) 0 (0%) (10305%) 1.(100%) (383.76%)
Total n =437 437 (100%) (10706%) (1(?(?%) 8 (100%) (1%)?)%/0) (1%3)2/0) (1(?06%) 1(100%) (1%)%9/0) (15()70/0) (1(%5%) 1(100%) (10903%)

MUAC, middle upper arm circumference. MAS, severe acute malnutrition. MAM, moderate acute malnutrition. ! p-value was obtained and calculated using ANOVA or Chi-squared
test for comparison between the nine Nutricode groups (1, 3, 5,4, 6,8, 7,9, and 11). If any group had n = 0, it was excluded from the comparison. 2 p-value was obtained calculated using
ANOVA or Chi-squared test for comparison between the three Nutricode categories (Thinness, Healthy Weight, and Overweight/Obesity). If any category had n = 0, it was excluded
from the comparison. 3 Low birth weight was considered as <2.5 kg.
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Severe acute malnutrition (MUAC < 114 mm) was observed in 2.6% of the sample,
predominantly in Group 1 (11.6%), and was absent in other categories. Moderate acute
malnutrition (MUAC 115-124 mm) affected 19.4% of the sample, primarily in the Thinness
category (56.5% in Group 1, 22.2% in Group 3, and 14.3% in Group 5). Minimal cases were
noted in the Healthy Weight group, with no instances in the Overweight/Obesity category.
The mean weight-for-length (WFL) Z-score was —0.01 &£ 1.85, with significant intergroup
differences. Moderate and severe malnutrition (WFL Z-score below —2) occurred mainly
in Groups 1, 3, and 5, whereas elevated WFL values (above +2 Z-score) were most frequent
in Groups 7 and 9. The mean WFA Z-score was —1.47 & 1.42, varying significantly across
groups. Higher WFA Z-scores (above +1 SD) were more common in Groups 7, 9, and 11,
suggesting weights exceeding international norms for age. The HFA analysis revealed
severe stunting prevalence in Groups 1, 4, and 7, with rates of 46.1%, 45.4%, and 70.2%,
respectively. Moderate stunting affected 27.9% of the total sample, reflecting a substantial
burden of chronic undernutrition in the study population.

3.3. Characteristics of the Mothers

The maternal profiles summarized in Table 3 showed almost no significant differences
across groups, reflecting the homogeneity of the rural study population. Mothers of children
in the Thinness category had the lowest mean weight (45.60 & 7.10 kg) and were shorter
(151.14 £ 5.20 cm), whereas mothers of children in the Overweight/Obesity category
were the heaviest (51.87 & 8.60 kg). Maternal BMI differed significantly among groups.
Underweight mothers (BMI < 18.5) represented 24.7% of the sample, most commonly in
the Thinness group (36.2%). Normal BMI (18.5-24.9) was observed in 66.1% of mothers,
predominantly in the Healthy Weight group. Overweight (BMI 25.0-29.9) was recorded in
7.8% of mothers, mainly in the Overweight/Obesity group (11.6%). Obesity (BMI > 30)
was rare, affecting only 1.4% of mothers, with a slight predominance among mothers of
thin children.

3.4. Maternal Care and Feeding Practices

Table 4 summarises maternal care and feeding practices according to the Nutricode
classifications of their children. Delivery methods showed significant variation among
groups. Vaginal delivery was the most common mode of delivery (92.0%), particularly
in the Thinness group (97.4%). Operative vaginal deliveries accounted for 5.3%, with the
highest prevalence in the Overweight/Obesity group (8.6%). Caesarean sections were
infrequent (2.7%) but more common in the Thinness group (5.1%), where seven out of the
12 caesarean deliveries occurred. Most deliveries (64.1%) took place in health centres, while
35.9% occurred at home, with the Thinness group having the highest proportion of home
births (38.2%).

Maternal dietary practices during pregnancy and breastfeeding exhibited notable
differences. While 53.8% of mothers reported improving their diet during pregnancy, this
was less frequent in the Thinness group (39.5%) compared to the Healthy Weight (55.3%)
and Overweight/Obesity (61.3%) groups. During breastfeeding, 41.6% of mothers reported
dietary improvements, with the highest proportion in the Overweight/Obesity group
(44.1%).
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Table 3. Mother’s profile in relation to her child’s Nutricode.
NUTRICODE
Total Thinness Healthy Weight Overweight/Obesity
n =437 (n = 138, 31.6%) (n = 206; 47.1%) (n = 93; 21.3%)
. 1 3 5 Total 4 6 8 Total 7 9 11 Total  p-Value! p-Value?
Frequency (%) (n=76;, (=54 (=8 (=138, ®=11% @m=8; (=1, @=2065 (M=5; Mm=35 (=1 (n=9;
ean 17.4%)  12.4%) 1.8%) 31.6%)  47.1%)  19.7%) 0.2%) 47.1%)  13.0%) 8.1%) 0.2%) 21.3%)
2586+ 2652+ 2600+ 2612+ 2608+ 2563+ 2587+ 2467+ 2546+ 2495 +
Age 25.75+ 616 6.81 6.70 5.70 6.67 6.41 5.55 22.00 6.04 6.02 493 23.00 5.59 0.892 0.343
<18 31 (7.1%) 792%) 3(5.6%)  0(0%) (7129,/0) 9(7.8%) 6(7.0%) 1(100%) (752/0) 4(7.0%) 2(7%)  00%)  6(6.5%)
. 47 37 7 91 76 59 . 136 ) 27 . 70
18-29 297 (68.0%)  (51.8%)  (685%) (875%) (659%) (63.9%) (686%) °O%)  (ee0%) (37%) (77.1%) L100%) 753%)
18 10 1 29 27 19 46 9 6 0.991 0.692
30-39 90 (20.06%) o370y (185%) (125%) (21.0%)  (227%) (221%)  O%) o039y a58%) (17.1%) 00%)  (161%)
40-49 19 (4.3%) 4(53%) 4(74%) 0(0%) 8(5.8%) 7(59%) 2(23%) 0(0%) 9(@44%) 2(35%) 0(0%)  00%) 2 (2.2%)
X 76 54 . 138 119 86 . 206 57 35 . 93
Total 437 (100%) 100%)  (100%) 8@00%)  (100%)  (100%)  (100%) LA00%) qogey  00%)  (100%)  L(00%)  (100%)
. 4560+ 4951+ 5060+ 4742+ 4706+ 5187+ 4903+ 4844+ 5080 + 4943 +
Weight (kg) 48.61 +8.04 7.10 10.05 13.62 8.96 6.85 8.60 38.30 7.98 5.89 7.15 58.00 6.49 <0.001 0.10
. 15114 15437 15200 15246 15155 15430 15270 15296  152.63 152.84
Height (cm) 15265 £567 550  +687 4590 +610 +544 4572 200 5 Y55 399 19300 g, 0004 0.87
1993+ 2058+ 2170+ 2028+ 2040+ 21.66+ 2091+ 2073+ 2181+ 2118 +
BMI (kg/m?) 20.77 +3.05 2.88 3.79 491 3.40 2.69 3.22 16.50 2.99 2.20 2.79 24.80 2.50 0.002 0.060
25 21 4 50 30 15 46 8 4 12
<185 108 (24.7%) L% @8 GOUN)  @62%)  (52%)  (174% 1A00%)  (2239%)  (14.0%) (114%) °0%) (129%)
. 25 2 82 59 . 141 46 27 .
18.5-24.9 289 (66.1%) (61 8%) (46.3%)  (25.0%) (53 6%) ©89%)  (68.6%) O0O%)  (6ga%)  (807%) (77.1%) 1 (100%) (79 6%)
2 10 10 17 4 . 001
25.0-29.9 34 (7.8%) BBI%) 5O o500 72w TOIB  qrewy  O0%)  gzoy 363 (119 00%)  7(75%) 0.005 <0.00
>30 6 (1.4%) LU 3GEW 0% 4@9%)  00% 2@ 00%)  2(L0% 0% 0@k 00%) 0%
Total 437 (100%) 100%)  (100%) 8A00%)  (100%)  (100%)  (100%) LA00%) qogey  00%)  (100%) L (100%)  (100%)
Parity 0.773 0.164
L . 27 2 3 52 44 27 . 72 23 14 . 37
Primiparous 161(36.8%) (3550  (40.7%) (37.5%) (37.7%) (37.0%) (31.4%) L(100%) 3500 (404%) @40.0%)  00%) (39.8%)
31 21 3 55 56 48 104 27 16
23 203 (46.5%)  (40.8%) @89%)  (75%)  (99%)  @71%)  (58%) 00%)  (505%) (7.4%) (@57%) 1(100%) 47.3%)
. 18 2 31 19 11 . 30 7 5 .
24 73 (16.7%) (23.7%) (20 4%) 259%)  (225%) (160%) (128%) 00%)  (146%) (123%) (1a3%) 00%) a29%)
76 54 ) 138 119 86 . 206 57 35 .
Total 437 (100%) 100%)  (100%) 8@00%)  (100%)  (100%)  (100%) LA00%) qogey  00%)  (100%)  L00%)  (100%)
Twin pregnancy 3 13 (3%) 6(7.9%) 1(1.9%) (1215%) 8(58%) 1(0.8%) 2(23%) 0(0%) 3(1.5%) 2(3B5%) 00%)  0(0%) 2(22%) 0142 0.059
Birth spacing < 24 o o o o o 12 o o 16 o o o o
Spacing 26 (5.9%) 6(79%) 1(.9%) 0% 7GI% o1y @7 00%) gy 2065%) 1@9%)  00% 3(32%) 0451 0.018
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Table 3. Cont.
NUTRICODE
Total Thinness Healthy Weight Overweight/Obesity
n =437 (n = 138, 31.6%) (n = 206; 47.1%) (n = 93; 21.3%)
F % 1 3 5 Total 4 6 8 Total 7 9 11 Total  p-Value! p-Value?
ﬁ‘l“e‘iYSD" (n=76; (n=54 (n=8 (=138, (n=119; (M=86; (n=1; (=206 (=57 (n=35 (=1 (=93
ean 17.4%)  12.4%) 1.8%) 31.6%)  47.1%)  19.7%) 0.2%) 47.1%)  13.0%) 8.1%) 0.2%) 21.3%)
Education 0.671 0.913
Tliterate 17 (3.9%) 4(53%)  0(0%) (12.15%) 5(3.6%) 4(34%) 4(@47%)  0(0%) 8(39%) 4(7.0%) 0(0%)  0(0%) 4 (4.3%)
. . 40 19 3 62 50 29 . 79 26 14 . 40
Primary 181 (414%)  (50600)  (352%)  (37.5%)  (44.9%) (42.0%) (33.7%) 00%) (3839, @36 @00%) 00%)  (43.0%)
. 28 57 3 58 54 b . 97 16 . 38
Secondary Istcycle 193 (44.2%) (3680, (50.0%) (37.5%) (42.0%) (454%) (48.8%) 1L (100%) (477 (36 8%) @5.7%) 1100%) (46 9o,
. X 8 1 13 11 11 . 2 5 . 11
Secondary Znd cycle 46 (10.5%)  4(5.3%) (1489 (125%)  (94%)  (92%) (12.8%) OO%)  (1079%) ao. 5%) 142%)  00O%)  (q18%)
. 76 54 ) 138 119 86 . 206 35 . 93
Total 437 (100%) 100%)  (100%) 8@00%)  (1009%)  (100%)  (100%) 1+ 100%) (1000 (100%) 100%)  1100%) (1000
Education level 0.152 0.472
) . 4 19 4 67 54 33 . 87 30 14 . 44
Primary or below 198 (453%)  (57.9%)  (35.2%)  (50.0%) U6 @54 (84%) 00%)  w2%)  (52.6%) (40.0%) 00%)  (47.3%)
Secondary or above 239 (54.7%) 32 35 4 65 53 1(100%) il 27 10100%) 22
y : @2.1%)  (64.8%)  (50.0%) (51 4%) (54.6%)  (61.6%) (57.8%)  (47.4%) (60 0%) (52.7%)
Occupation 0.881 0.729
. 62 39 6 107 60 . 158 44 25 . 70
Farmer BBTOTR) g16%)  (722%)  (75.0%)  (77.5%) (81 5%) 69.8%) 100%) ey (7700 (714%) L100%) (7539,
. X X 1 11 X 11 . 19 6 5 . 11
Seller 41 (9.4%) 566%) 503%) (1259  @o% 567 2gn  O0%  ohuy  aosw  azw 0O arse
Fisher 26 (5.9%) 4(53%) 3(G6%) 00%) 7GI%)  7(9%)  6(7.0%)  0(0%) 18 400%) 267%) 00%)  6(65%)
(6.3%)
Housewife 5(1.1%) 1(13%)  0(0%) (12.15%) 2(14%) 1(08%) 1(12%) 0(0%) 2(1.0%)  0(0%) 1(9%) 0(0%) 1(11%)
Other 30 (6.9%) 4(5.3%) (13.%%) 0 (0%) (8.1010/0) 6(5.0%) 8(9.3%)  0(0%) (6%%/0) 3(53%) 2(7%)  0(0%) 5(54%)
. 76 54 . 138 119 86 , 206 57 35 . 93
Total 437 (100%) 100%)  (100%) 8@00%)  (100%)  (100%)  (100%) LA00%) qogey  00%)  (100%)  L(100%)  (100%)

1 p-value was obtained calculated using ANOVA or Chi-squared test for comparison between the nine Nutricode groups (1, 3, 5, 4, 6,8, 7,9, and 11). If any group had n = 0, it was
excluded from the comparison. 2 p-value was obtained calculated using ANOVA or Chi-squared test for comparison between the three Nutricode categories (Thinness, Healthy Weight,

and Overweight/Obesity). If any category had n = 0, it was excluded from the comparison. 3> Any twin pregnancy during lifetime.
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Table 4. Maternal care and feeding practices in relation to her child’s Nutricode.

NUTRICODE
Total Thinness Healthy Weight Overweight/Obesity
n =437 (n = 138, 31.6%) (n = 206; 47.1%) (n = 93; 21.3%)
F % 1 3 5 Total 4 6 8 Total 7 9 11 Total  p-Value! p-Value?
ﬁ‘l“e‘iYSD" n=76; (n=54 (n=8 (=138 (M=119; (M=8; (n=1; (=206 @™=57 (=35 (=1 (n=93;
ean 174%)  124%)  1.8%)  31.6%)  47.1%)  19.7%)  02%) = 47.1%)  13.0%)  8.1%) 02%)  21.3%)
ANC? 0.973 0311
0 3 (0.7%) 000%) 0(0%  0(0%)  00% 2(17%) 1(12%) 0(0%) 3(15%) 00%)  00%  0(0%)  0(0%)
1 7 (1.6%) 2026%) 0(0%)  0(0%) 2(14%) 2(17%) 2(23%) 0(0%) 4(1.9%) 1(18%) 0(0%)  0(0%) 1(1.1%)
. 10 . 1 14 . . . 10 . 0 0 0
23 31 (7.1%) aag)  3G6%) (25w (o1 6G%)  A@TR) 00%) g, 568%) 267%) 0% 7(75%)
. 4 51 7 122 109 79 . 189 51 33 . 85
=4 396 (90.6%) @400y (044%)  (875%)  (884%) (91.6%)  (91.9%) L100%) 9170y (g95%)  (943%) L(100%) (9749,
. 76 54 . 138 119 86 . 206 57 35 . 93
Total 437 (100%) 100%)  (100%) 800%) (1009%)  (100%)  (100%) L100%)  (qo0%)  @oo%)  (100%) 100%) (100%)
IFA 4 . 59 45 7 111 101 73 . 174 50 30 . 81
supplementation 366 (83.8%) 77y (833%)  (875%)  (804%)  (849%) (849%) 0O0%) @iy @77%)  (857%) L(100%) (g77q, 0396 0.374
Type of delivery <0.001 0.138
) . 74 46 6 126 112 78 . 190 54 32 . 86
Vaginal 402920%)  (97.40%)  (852%) (75.0%) (913%) (941%) (907%) OO%) (9229  (©a7%) (914%) 90O%) (9529
Operative vaginal o o o 1 o o o o 14 o o o o
N 23 (5.3%) 00%) 4(4%) (1phy) 50G6%) 6(G0%) 7B1%) 10100%) (kb 1(L8%) 3B6%) 00%)  4(43%)
Caesarean section 12 (2.7%) 226%) 4 (7.4%) (12_15%) 7(51%) 1(0.8%) 1(12%) 0(0%) 2(1.0%) 2(35%) 00%) 1(100%) 3 (3.2%)
. 76 54 . 138 119 86 . 206 57 35 . 93
Total 437(100%)  (q00%)  (100%) 800%)  (q00%)  (100%)  (100%) L100%)(100%)  (100%)  (100%) > A90%)  (100%)
Place of delivery 0.267 0.082
. 29 16 . 47 53 30 . 84 16 10 . 26
Home 157(359%)  (382%)  (29.6%) 2@%)  @3a1%)  4d5%) (349%) L100%) 4ogey  281%) @86%) OO0%)  (280%)
. 47 38 6 91 66 56 . 122 41 25 . 67
Health centre 280 (64.1%)  (518%)  (704%) (75.0%) (65.9%) (555%) (651%) 0O%) 5950y (719%) (71.4%) L100%) (7500,
. 76 54 . 138 119 86 . 206 57 35 . 93
Total 437 (100%) 100%)  (100%) 8@00%)  (1009%)  (100%)  (100%) LA00%) q0oey  00%)  (100%) L (100%)  (100%)
Reason in case of home delivery 0.801 0.573
- . 15 6 . 23 28 10 . 39 5 5 10
Upcoming birth 72 (45.0%) G17%)  @75%) 2000%) g gey  (509%)  (323%) L(100%) (4490 (313%)  (50.0%) - (38.5%)
. . 7 5 . 12 20 17 . 37 6 5 ) 11
Personal choice 60 (37.5%) @41%)  (313%) 00%) o550 364%) (48%) 00 5%y 375%)  (50.0%) (42.3%)
. o 5 4 1) 9 0, 0, 0, ) 3 o, 3
Transport issues 19 (11.9%) (17.2%) (25.0%) 0 (0%) (19.1%) 4(7.3%)  3(9.7%) 0 (0%) 7 (8.0%) (18.8%) 0 (0%) - (11.5%)
HOH;;?;?;;{"T a 4 (2.5%) 000%) 1(63%) 00% 121%) 2(3.6%) 0(0%) 00%) 2(23%) 1(63%) 0(0%) - 1 (3.8%)
Lack of mone 4(2.5%) 2(69%) 0(0%)  0(0%) 2(43%) 0(0%) 1(32%) 00% 1(11%) 1(63%) 0(0%) - 1(3.8%)
f health
Absencs‘;aoff ealt 1 (0.6%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 1(1.8%)  0(0%) 00%) 1(1.1%)  0(0%) 0 (0%) - 0 (0%)
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Table 4. Cont.

NUTRICODE
Total Thinness Healthy Weight Overweight/Obesity
n =437 (n = 138, 31.6%) (n = 206; 47.1%) (n = 93; 21.3%)
F % 1 3 5 Total 4 6 8 Total 7 9 11 Total  p-Value! p-Value?
Mok’ @=76 (=54 (n=8 (=138, (=119 (n=85; (=1, (n=206; (=57 @=35 (=1 (=93
174%)  124%)  1.8%)  31.6%)  47.1%)  197%)  02%)  47.1%)  13.0%)  81%)  02%)  213%)
Early breastfeeding o 34 29 5 68 70 50 o 120 37 25 o 63
initiation ® 251 (574%)  4a7%)  (537%)  (625%) (493%)  (58.8%) (58.1%) O0O%)  (583%)  (649%) (714%) L1100%) (g7 0162 0.021
26 25 4 55 50 3 82 23 10 33
6 _ o, o )
EBF ° (n = 385) 170 (442%)  (366%)  (51.0%) (50.0%) (43.0%) (43.9%) (464%) CO0%)  ugeuy  @89%)  @0o%) 00%) 452y 0761 0.949
Breastfeeding up to o 64 35 o 106 89 45 o 135 34 16 o 51
1-year (n = 304) 292961%)  (9550%)  (100%) 7 100%) (9729  ©18%) (97.8%) L1(100%) (935goy  (100%)  (100%) 1(00%) (1p09) 0346 0.103
Early weaning 7 o 44 26 5 75 70 36 o 106 29 14 o 43
s o 224(60.9%)  (62.9%)  (55.3%) (625%) (60.0%) (625%) (58.1%) 00%)  (606%)  (659%) (609%) OO%) (32 0792 0.901
Improved mother’s
oved m . 30 30 4 64 68 45 . 114 33 23 . 57
%‘fgg‘fl‘;ﬁg;é 235(53.8%)  (395%)  (55.6%) (50.0%) (464%) (57.1%) (52.3%) 1L(100%) 5530y 579%)  (65.7%) 1(00%) (6139 0195 0.064
Improved mother’s
oved m . 25 20 2 47 56 37 , 94 2 18 . M
bf;g;t‘}:ergﬁg 182 (41.6%)  (3399%)  (37.0%) (250%) (34.1%) (47.1%) (43.0%) L(00%) 4560, (386%)  (51.4%) L(100%) - ggqey 0283 0.093
. . 54 39 7 100 95 61 ) 157 2 30 ) 73
Todized salt BO(55%) 11w (722%)  875%)  (747%)  (798%)  (709%) L1(00%) (zg50ny  (737%)  (857%) 1(100%) (g5 0576 0.551

! p-value was obtained calculated using ANOVA or Chi-squared test for comparison between the nine Nutricode groups (1, 3, 5,4, 6, 8, 7,9, and 11). If any group had n = 0, it was
excluded from the comparison. 2 p-value was obtained calculated using ANOVA or Chi-squared test for comparison between the three Nutricode categories (Thinness, Healthy Weight,
and Overweight/Obesity). If any category had n = 0, it was excluded from the comparison. > ANC: antenatal care. 4 IFA: iron and folic acid supplementation during last pregnancy. 5
Early breastfeeding initiation within 1 h after birth. ® Exclusive breastfeeding for the first 6 months. 7 Early weaning before 6 months.
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3.5. Socioeconomic Characteristics of Households

Table 5 summarises the socioeconomic characteristics of the households in the study.
There are no observed differences between the groups, but the data reflect the economic
and infrastructural challenges faced by households with a consistently high dependency
ratio, limited living space and overcrowding. Low-middle income, defined as a monthly
income below MGA Ar 200,000, was reported by 75.1% of households. Food insecurity was
a significant concern, as 32.0% of households lacked sufficient rice for at least six months
of the year. Land ownership, crucial for agricultural and financial stability, was reported
by 51.7% of households, with comparable levels across groups. Protected wells were the
primary water source for 65.2% of households and access to latrines was widespread, with
91.1% of households reporting availability. Transportation challenges were reported by
25.9% of households, and the average walking time to health centres was 47.67 + 33.04 min.

3.6. Dietary Diversity of the Mothers

Table 6 summarises the dietary diversity of mothers, evaluated using the Minimum
Dietary Diversity for Women (MDD-W) questionnaire, in relation to their child’s Nutricode
classification. The findings reveal that 33.0% of mothers consumed fewer than five food
groups, reflecting limited dietary diversity. Despite some variation in individual food
group consumption, no statistically significant differences were observed in overall dietary
diversity across Nutricode groups. Reliance on staple foods such as grains and tubers
was uniform, highlighting their central role in the diet. However, the limited intake of
animal proteins (e.g., eggs and dairy) suggests potential economic constraints or cultural
dietary preferences. The overall dietary diversity remains insufficient for many mothers,
underscoring the need for improved dietary interventions to enhance nutritional adequacy
in this population.
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Table 5. Socioeconomic information about the household.

NUTRICODE
Total Thinness Healthy Weight Overweight/Obesity
n =437 (n =138, 31.6%) (n = 206; 47.1%) (n = 93; 21.3%)
1 3 5 Total 4 6 8 Total 7 9 11 Total  p-Value! p-Value?

Fﬁggﬁgysg‘)) (n=76; (=54 (=8 (n=138, (=119 (@M=86 (=1, (=206, (=57 (=35 (=1 (n=93
17.4%)  124%)  1.8%)  316%)  47.1%)  19.7%)  0.2%)  47.1%)  13.0%)  8.1%) 02%)  21.3%)

459 £ 4.65 + 4.88 £ 4.63 + 456 £ 4.66 = 4.60 = 4.67 £ 431 + 454 +

Family size 459 +1.69 1.52 1.68 1.13 1.56 1.80 1.51 3.00 1.68 2.02 1.67 5.00 1.89 0.962 0.921
Dimension of the 2621+ 3058+ 2662+ 2795+ 3044+ 3253+ 3124+ 2346+ 2685+ 2470 +
house 2881 +£2412 "oy 23.25 14.80 20.32 28.16 31.06 16.00 29.30 13.91 14.68 20.00 14.16 0515 0.086
Overcrowded
oW . 43 2 4 69 57 39 . 9% 30 15 . 46
(:127;;‘5) o 211 (483%)  (566%)  (40.7%)  (50.0%)  (50.0%) (47.9%) (453%) OO%) ey (26%) (429%) LA0%) (4950, 059 0.202
Low-middle 62 43 3 108 92 59 152 44 24 68
income 328(751%)  ®16%)  (79.6%) (75%)  (783%)  (77.3%)  (68.6%) L(00%) (3gony  7ou)  (686%) 00%) (7319 - 0061 0.576
Source of drinking
0.884 0.414
water
. . 23 14 2 39 47 29 76 23 10 34
Public standpipe 149(B41%)  303%)  (259%) (250%) (283%) (39.5%) (33.7%) OO%)  369%)  @04%) (28.6%) 1L100%) (30
. 5 40 6 98 71 34 , 128 34 25 . 59
Protected well 285(65.2%)  (6g4%)  (741%)  (75.0%) (71.0%)  (59.7%)  (59.6%) LA00%) 70y (59.6%) (714%) 00%)  (6349%)
Unprotected spring 3(0.7%) 1(13%) 0(0%)  0(0%) 1(0.7%) 1(0.8%) 1(0.8%) 0(0%) 2(1.0%) 0(0%)  0(0%)  0(0%)  0(0%)
. . 27 12 . 43 36 2 . 59 2% 14 , 38
Rice < 6 months 140 320%)  (355%) (22%) 200 312%)  303%) (56%) L100%)  ogguy  @21%)  400%) 1(100%) (4o99) - 0153 0.114
. o 66 51 125 106 82 189 51 84
Toilet facility BOLI%  gogn)  ©4d%) SU0%)  ooow  @%)  ©55% 1000%) 01w (sosy) 1(00%) 1(100%) g5, 0631 0.893
Walking distance 1333+ 765+ 550+ 1065+ 900+ 919+ 911+ 772+ 769+ 7.66 +
from water (min) 929 £11.25 15.94 8.17 481 13.24 9.83 10.25 15.00 9.96 10.14 11.50 3.00 1057 0.079 0.134
Walking distance 4941+ 4267+ 3925+ 4618 5226+ 4881+ 5071 4290+ 4217+ 313+
from HCS (min) 07 +3304  “p 67 32.34 2760  +33.02 3498 36.54 3000 {3553 2697 24.49 90.00 26.24 0.396 0.151
Transport 2 14 3 39 26 25 52 10 11 2
availability H3@259%)  (089%)  (25.9%) (375%) (283%) (21.8%) (291%) L(100%) o550y (175%)  (314%) 1(100%) (o370, 0223 0.709
} . 34 30 4 62 70 46 . 116 28 19 . 48
Land’s owner 226 SL7%)  447%)  (55.6%)  (50.0%)  (449%) (588%) (535%) L100%) se3eny a9.1%)  (543%) L(100%) (5169, 0491 0122

1 p-value was obtained calculated using ANOVA or Chi-squared test for comparison between the nine Nutricode groups (1, 3, 5, 4, 6,8, 7,9, and 11). If any group had n = 0, it was
excluded from the comparison. 2 p-value was obtained calculated using ANOVA or Chi-squared test for comparison between the three Nutricode categories (Thinness, Healthy Weight,
and Overweight/Obesity). If any category had n = 0, it was excluded from the comparison. 3 Overcrowding rate was considered as <5 m? of floor area per person. * Low middle income
was established as <MGA Ar 200,000 (national currency of Madagascar Ar). > HC: health centre.
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Table 6. Dietary diversity of the mothers in relation to their children’s Nutricode.

NUTRICODE
Total Thinness Healthy Weight Overweight/Obesity
n =437 (n = 138, 31.6%) (n = 206; 47.1%) (n = 93; 21.3%)
F % 1 3 5 Total 4 6 8 Total 7 9 11 Total  p-Value! p-Value?
Mok’ @=76 (=54 (n=8 (=138, (=119 (n=85; (=1, (n=206; (=57 @=35 (=1 (=93
ean 174%)  124%)  1.8%)  31.6%)  47.1%)  19.7%)  02%) = 47.1%)  13.0%)  8.1%) 02%)  21.3%)
X 30 17 3 50 39 X ) 70 12 12 ) 24
<5 groups 144 (33%) (395%) (315%) (37.5%) (362%) (32.8%) O1(B6%)  00%) 3550 21.1%) (343%) 00%  (o58%) 0577 0.265
Grains, white roots X 76 54 ) 138 119 86 ) 206 57 35 ) 93
and tubers. 437.(100%)  (q00%)  (100%)  8A0%) (q00%)  (100%)  (100%)  LA90%) (qgen)  (100%)  (100%) L A00%) (1000 1.0 10
. 31 18 4 53 46 26 ) 72 18 7 ) 26
Pulses 150 (343%)  (408%) (333%) (50.0%) (384%) (387%) (302%) °0%)  350%)  @16%) (o00%) 00%  (g9y) 040 0.19
. 14 8 1 23 31 13 , 44 13 5 , 19
Nuts and seeds 86 (19.7%) (184%)  (148%) (125%) (167%) (261%) (151%) 00%) 0140  @228%) 43%) 1A0%) (5040, 0.22 0.55
. , 23 18 4 45 35 24 ) 59 14 9 ) 24
Dairy products 128 (293%)  (303%)  (333%) (50.0%) (32.6%) (294%) (27.9%) C0%)  ogeuy  (2a6%) (257%) 1100%) (o580 0.66 0.52
: ) 45 41 5 91 75 63 . 138 43 28 . 72
Meats, poultry, fish 301 (689%)  (5950,)  (759%)  (625%) (65.9%) (63.0%) (733%) OO%)  (670%)  (754%) (80.0%) 1 (100%) (774 0.10 0.13
. N . 1 10 12 11 . 23 7 4 ) 11
Eggs 4(101%)  5(66%) 4(74%)  (p50)  (72%)  (101%) (128%) 9O%)  q1129%) (123%) @114%) 00%)  (118%) 0.95 0.40
Dark green leafy o 54 37 7 98 94 60 o 155 44 24 o 69
vegetables 322(737%)  (711%)  (685%)  (875%) (71.0%)  (79.0%)  (69.8%) L100%) z5oeny 7700y (68.6%) L100%) (7459, 0.67 0.68
Other Vitamin A
ther Vit . 43 33 3 79 69 44 , 114 35 21 . 57
rl'igég‘;{fl:;‘d 250 (57.2%)  5ee%)  (611%) (375%)  (572%)  (58.0%) (51.2%) L100%) s5meny s14%)  (60.0%) L100%) (6139, 0.76 0.63
X 53 37 5 95 92 67 ) 160 44 28 . 73
Other vegetables 328(751%)  (697%)  (685%)  (625%)  (68.8%) (77.3%)  (77.9%) L1(00%) wrmon g7ow)  (80.0%) 1(00%) (7g 50, 0.76 012
. ) 39 28 6 73 63 45 , 109 3 16 , 48
Other fruits 20(525%)  (513%)  (519%) (75.0%) (529%)  (52.9%) (52.3%) 100%) sp00y  se1%)  457%)  00%)  (516%) 0.79 0.97

1 p-value was obtained calculated using ANOVA or Chi-squared test for comparison between the nine Nutricode groups (1, 3, 5, 4, 6,8, 7,9, and 11). If any group had n = 0, it was
excluded from the comparison. 2 p-value was obtained calculated using ANOVA or Chi-squared test for comparison between the three Nutricode categories (Thinness, Healthy Weight,
and Overweight/Obesity). If any category had n = 0, it was excluded from the comparison.



Children 2025, 12, 640

18 of 25

4. Discussion

This study offers valuable insights into the anthropometric measurements, socioeco-
nomic characteristics, maternal care practices, and dietary diversity of mothers in relation
to their child’s Nutricode classification. Groups 1 (Low HAZ + Low BMIZ), 3 (Normal
HAZ + Low BMIZ), and 5 (High HAZ + Low BMIZ) contained a significant number of
children, while the highest prevalence was found in groups 4 (Low HAZ + Normal BMIZ),
5 (High HAZ + Low BMIZ), 1 (Low HAZ + Low BMIZ), and 3 (Normal HAZ + Low
BMIZ). The results underscore the complex interplay between maternal and child nutrition,
socioeconomic factors, and health practices.

4.1. Anthropometry and Nutritional Status of Children

The data revealed substantial variability in BMIZ and HAZ among children. Of the
participants, 31.6% were classified as thin, 21.3% as overweight or obese, and 47.1% had
a healthy weight. These findings underscore the dual burden of malnutrition in LMICs,
where undernutrition and overnutrition coexist. Similar studies in Colombia and Malaysia
also highlight the importance of addressing this dual burden through comprehensive
nutritional assessments and early interventions [50,51].

The use of nutrimetry, which combines BMIZ and HAZ to offer a more integrated
assessment of nutritional status, proved valuable in identifying at-risk children. This
method is particularly relevant in low-resource settings, where traditional assessments
may fail to capture the complex interplay of stunting and overweight. Stunting’s long-
term effects, including an increased risk of obesity and associated complications such as
cardiovascular disease and hypertension, further emphasize the need for early detection
and prevention strategies.

As a methodology for nutritional assessment, nutrimetry is still in its infancy and has
only been applied in limited situations previously [44,52-57]. It has been used in paediatric
populations in Mexico (0-19 and 5-11 year olds) [44,55], Spain (311, 6-9 year olds, and
0-30 month olds) [52,54,57], Ecuador (3-11 year olds) [53], and Madagascar [56]. The study
conducted in Madagascar was on children aged 6 to 17 years old and therefore is not
comparable to the population of this study [56]; the only study conducted on a population
of similar age (under two years old) was conducted in Spain [57], which is a developed
country and is therefore also not comparable.

4.2. Maternal Profile and Its Influence on Child Nutrition

The average maternal age was 25.75 years, with 66.1% of mothers within the normal
BMI range. However, 24.7% were underweight, with the highest prevalence in the Thinness
group (36.2%), highlighting the link between maternal and child nutritional status. These
findings support evidence on the intergenerational transmission of malnutrition, where
undernourished mothers are more likely to give birth to underweight infants, predisposing
them to stunting and other developmental challenges [58,59].

Adequate maternal nutrition, particularly during pregnancy, is critical for preventing
low birth weight and ensuring optimal foetal growth. Deficiencies in iron and folate
during pregnancy can lead to adverse outcomes such as preterm birth and impaired foetal
development [60,61]. Additionally, maternal malnutrition exacerbates the risk of long-
term health issues in children, including cognitive impairments and chronic diseases [62].
Addressing socioeconomic factors such as poverty and healthcare access is imperative to
breaking this cycle of intergenerational malnutrition [63].
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4.3. Maternal Care Practices

Antenatal care (ANC) coverage was high, with over 90% of mothers attending at least
four visits and 83.8% receiving iron and folic acid supplements. These practices are essential
for improving maternal and foetal health outcomes [64]. However, caesarean sections were
more common in the Thinness group, consistent with evidence linking maternal nutritional
deficiencies to pregnancy complications requiring surgical intervention [65,66].

While breastfeeding rates were high, with 96.1% of mothers breastfeeding during
the first year, early weaning was prevalent, reported by 60.9% of mothers. Early wean-
ing may compromise infant nutrition and increase susceptibility to infections and mal-
nutrition [67], underlining the need for targeted education and support for optimal
breastfeeding practices.

4.4. Socioeconomic Factors

The average household size was 4.59 persons, with 48.3% of households living in
overcrowded conditions. Low household income, reported by 75.1% of families, limits
access to adequate nutrition and healthcare, contributing to food insecurity. Approximately
32.0% of households reported insufficient rice for at least six months of the year, a situation
exacerbated in the Thinness (35.5%) and Overweight/Obesity (40.9%) groups.

Sociodemographic and cultural aspects in Madagascar significantly influence the de-
velopment of DBM and contribute to varying nutritional and health outcomes. Additionally,
the country’s diverse ecological contexts and socioeconomic disparities further complicate
the nutritional landscape, leading to a complex interplay of factors that drive the DBM
in Madagascar. Environmental changes, including deforestation and climate shifts, affect
food production and availability, leading to nutritional deficiencies and increased disease
burden [68]. Socioeconomic disparities, such as income inequality and access to resources,
contribute to malnutrition, with some non-poor households experiencing stunting and
some poor households having non-stunted children [69]. Cultural practices and dietary
habits influence nutritional outcomes, with traditional diets sometimes lacking in essential
nutrients, contributing to undernutrition [68]. Demographic transitions, including urbani-
sation and changes in lifestyle, contribute to the nutrition transition, where populations
experience shifts from traditional diets to more processed foods, increasing the risk of
overnutrition [70]. While Madagascar faces significant challenges in addressing the DBM, it
is crucial to consider the broader implications of these issues. The DBM is not only a health
concern but also an economic and social one, affecting future generations and the nation’s
development. Addressing these challenges requires a holistic approach that integrates
environmental, cultural, and socioeconomic factors into comprehensive nutrition policies
and programs.

Economic constraints often lead to reliance on seasonal agriculture and cheaper,
energy-dense foods, increasing the risks of both undernutrition and obesity [71-73]. These
findings align with research linking low socioeconomic status to poor dietary diversity
and adverse nutritional outcomes [18]. Limited access to healthcare further compounds
the effects of malnutrition, as financial barriers prevent many households from seeking
timely medical care [74]. Addressing these socioeconomic challenges is vital for improving
nutritional outcomes and reducing the dual burden of malnutrition.

4.5. Dietary Diversity Among Mothers

Approximately 33% of mothers consumed fewer than five food groups, reflecting low
dietary diversity, particularly in the Thinness group (39.5%). While grains and tubers were
universally consumed, the intake of eggs (10.1%) and dairy products (29.3%) was notably
low. This limited diversity indicates potential deficiencies in key nutrients such as calcium,
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vitamin D, and protein, all of which are essential for maternal and child health [75,76].
Mothers in the Healthy Weight and Overweight/Obesity groups reported higher consump-
tion of animal proteins, such as meat, poultry, and fish, suggesting better access to these
nutrient-rich foods, which contribute to improved dietary quality. However, the overall
dietary diversity was constrained, particularly among low-income households. This high-
lights the need for interventions that promote diverse diets to reduce malnutrition risks
and associated health complications [77]. Strategies could include nutritional education,
food fortification, and policies that encourage the production, availability, and affordability
of a broader range of food groups.

4.6. Applicability to Practice and Research

The significant prevalence of the double burden of malnutrition in children under
two years old in Madagascar highlights critical areas for future practice and research. Ad-
dressing this issue requires a multifaceted approach that combines targeted interventions,
improved food security, and tailored nutritional policies. These findings can inform future
practices by emphasizing the importance of localized and context-specific strategies that
consider the unique socioeconomic and geographical factors influencing malnutrition. The
integration of these insights into policy and practice can lead to more effective resource
allocation and intervention strategies. While these findings emphasize the need for targeted
and context-specific interventions, it is also crucial to consider the broader socioeconomic
and environmental challenges that may impact the implementation of these strategies.
Factors such as political stability, infrastructure development, and climate change can sig-
nificantly influence the success of nutritional interventions in Madagascar and addressing
these may yield more sustainable solutions in the long term.

Longitudinal studies could provide insights into the long-term effects of interventions
and help refine strategies to combat malnutrition effectively. Utilizing small-area estimation
techniques can provide precise commune-level data on malnutrition, allowing for targeted
interventions rather than broad, ineffective policies [69].

Investigating the interplay between poverty and malnutrition can inform more effec-
tive resource allocation and intervention strategies [69]. The prevalence of malnutrition
in non-poor households suggests that interventions should not solely focus on poverty
alleviation but also address nutritional education and access to quality foods across all
socioeconomic groups [69]. Programs should focus on educating parents about the im-
portance of a diversified diet for children aged 6-23 months, emphasizing the need for
micronutrient-rich foods [78].

Understanding seasonal variations in food security can guide the development of
agricultural strategies that enhance food self-sufficiency during lean periods, thereby
reducing malnutrition rates [79]. Future research should explore seasonal dietary patterns
and their impact on child malnutrition, providing insights for timely interventions [79].

Long-term strategies should aim to enhance household food self-sufficiency, partic-
ularly during lean periods when food insecurity peaks [79]. Ensuring that vulnerable
populations have access to affordable, fortified foods is essential for combating malnutri-
tion [78].

4.7. Strengths and Limitations

This study has several strengths, including the innovative application of Nutrimetry,
which integrates BMI-for-age and height-for-age measurements to provide a comprehensive
assessment of nutritional status. The large sample size of 437 mother—child pairs enhances
the generalizability of the findings to similar rural settings. Rigorous data collection
processes, including the use of structured questionnaires and trained professionals, ensured
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the reliability and accuracy of the data. However, the study’s cross-sectional design limits
its ability to establish causality between variables. Self-reported data on maternal diet
and socioeconomic status may introduce recall or social desirability biases. Additionally,
single-point measurements for certain indicators might not fully capture variability over
time, potentially affecting the reliability of some outcomes. Moreover, the sample may
over-represent families with better access to healthcare services, potentially skewing the
findings and limiting generalizability to less engaged or more disadvantaged populations.
Addressing these limitations in future research, such as incorporating longitudinal designs
or reaching underserved populations, could provide a more nuanced understanding of the
dynamics between maternal and child nutrition.

5. Conclusions

This study highlights the DBM in Madagascar, where chronic malnutrition among
children manifests as reduced height-for-age. This stunting complicates the accurate identi-
fication of malnourished children when using BMI as the primary anthropometric indicator,
potentially leading to underdiagnosis and missed interventions. The findings also reveal
an association between maternal characteristics and children’s nutritional status, emphasiz-
ing the intergenerational nature of malnutrition. The coexistence of undernutrition and
overnutrition within the same population reflects the complex dynamics of malnutrition
in low- and middle-income countries. Chronic undernutrition and stunting coexist with
increasing risks of childhood obesity, illustrating the urgent need for integrated approaches
to nutritional assessment and intervention. The study underscores the necessity of prioritis-
ing height assessments to determine whether children’s growth is appropriate for their age
before conducting further anthropometric evaluations. This methodological adjustment
can improve the identification of at-risk children and enable the implementation of targeted
nutritional interventions, particularly during the critical first 1000 days of life. Addressing
both undernutrition and childhood obesity within this window is essential for improving
long-term health outcomes and breaking the cycle of intergenerational malnutrition.
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