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Abstract

This cross-sectional study assessed the prevalence of stunting, thinness, and overweight/obesity among school adolescents in
Toumodi, C&e d'lvoire. It also identified their sociodemographic and familial determinants. The sample included 253
adolescents (53.0% male; mean age 13.8 +1.5 years) enrolled in Grade 6 and Grade 7 of public secondary schools. Height and
weight were converted into body-mass-index-for-age (BAZ) and height-for-age (HAZ) Z-scores, using World Health
Organization growth references. Stunting was defined as HAZ below -2, thinness as BAZ below -2, and overweight/obesity as
BAZ above +1. Associations with sex, age, area of residence, living companions, family size, and parental education were
assessed. Chi-square tests and multivariable logistic regression were used. Stunting affected 40.1% of children (95% confidence
interval [C1] 34.0-46.1%). Thinness affected 8.4% (95% CI 5.0-11.8%), and overweight/obesity affected 21.2% (95% CI 16.1-
26.3%), confirming a triple burden of malnutrition. Concurrent stunting and thinness affected 4.0% of children. Stunting
prevalence increased sharply with age, from 17.0% among 10-12-year-olds to 63.3% among 16-18-year-olds. It was
independently associated with older age (adjusted odds ratio [aOR] 1.57 per year, 95% CI 1.28-1.93) and male sex (aOR 1.79,
95% CI 1.02-3.13). Overweight/obesity was independently associated with younger age (aOR 0.72 per year, 95% CI 0.57-0.91).
No sociodemographic or familial variable was significantly associated with thinness. Family size and parental education were
not significantly associated with any of the three nutritional outcomes. These findings confirm a substantial triple burden of
malnutrition, dominated by stunting, among adolescents in Toumodi. Age and sex, rather than family size or parental education,
emerged as the main sociodemographic determinants. The results support the need for age- and sex-targeted nutritional
interventions. They also reinforce the importance of extending nutrition surveillance beyond early childhood to explicitly include
adolescents in West African school-age populations.
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1. Introduction

Many low- and middle-income countries, including in Sub-
Saharan Africa, are undergoing a rapid nutrition transition.
This transition is marked by the coexistence of undernutrition
(stunting, wasting or thinness) and overnutrition (overweight,
obesity). Both forms can occur within the same population,
household, or even the same individual. This is termed the
double burden of malnutrition, or the triple burden when all
three forms coexist [1]. In this article, the term is used in an
anthropometric sense: the triple burden refers specifically to
the  co-occurrence  of  stunting,  thinness, and
overweight/obesity as three distinct nutritional outcomes, ra-
ther than to the alternative framework in which the third ele-
ment is micronutrient deficiency. This distinction is made ex-
plicit because stunting and thinness, although often collapsed
into a single ‘undernutrition’ category in double-burden stu-
dies, reflect different underlying processes—chronic, cumula-
tive growth faltering versus current or acute energy deficit—
and are therefore treated here as separate components of the
triple burden. The transition is driven by aetiological path-
ways acting across the life course, including early-life growth
faltering, shifting dietary patterns, and reduced physical acti-
vity. It therefore poses a distinct policy challenge, requiring
strategies that address deficiency and excess simultaneously
rather than a single form of malnutrition [15]. Globally, an es-
timated 148 million children under five were stunted, 45 mil-
lion wasted, and 37 million overweight in 2022 [25]. Progress
towards international nutrition targets remains insufficient in
most regions.

Stunting (low height-for-age) reflects cumulative long-term
nutritional and health deficits. It has well-documented conse-
quences for cognitive development, school performance, and
adult productivity [2, 11]. Explanatory factors for stunting and
wasting differ from one another. Their patterns by age and
context can also diverge considerably within the same popu-
lation. This underscores the value of examining both indica-
tors together, rather than relying on a single anthropometric
marker [24]. Adolescence is a second major window of phy-
sical growth after early childhood. During this period, nutri-
tional deficits accumulated earlier in life may persist, worsen,
or begin to resolve. New risk behaviours related to diet can
also emerge. However, adolescents remain comparatively un-
derstudied relative to children under five in regional nutrition
surveillance systems [12].

In C&e d'lvoire, the 2019 national Nutritional Status As-
sessment Survey estimated chronic malnutrition (stunting) at
22.4% among children aged 0-59 months. Global acute mal-
nutrition affected 6.8% of children, and underweight affected
11.7% [3]. Overweight and obesity were emerging, particu-
larly among women of reproductive age and in urban settings
[3]. Among school-aged children in Abidjan, one study found
that only 54.2% of 1251 children had a normal weight. Diet
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and high parental socioeconomic status were identified as fac-
tors favoring overweight [4]. More broadly, West Africa is at
an early stage of the nutrition transition. This stage is charac-
terized by rapid urbanization and rising consumption of
energy-dense processed foods. An emerging
overweight/obesity transition has been documented among
school-aged children and youth, alongside persistent undernu-
trition [13, 14]. A scoping review of adolescent nutrition stu-
dies in C&e d'lvoire (2000-2019) found that research has fo-
cused predominantly on anaemia and micronutrient status.
Comparatively limited evidence exists on anthropometric sta-
tus and its sociodemographic and familial determinants
among adolescents specifically. No study was identified that
simultaneously ~ assessed  stunting,  thinness,  and
overweight/obesity in this population [10].

The present study therefore had two aims. First, it aimed to
determine the prevalence of stunting, thinness, and
overweight/obesity among school adolescents in Toumodi,
C@&e d'lvoire. This assessment used simultaneous BMI-for-
age (BAZ) and height-for-age (HAZ) Z-scores. Second, it
aimed to identify sociodemographic and familial determinants
of each nutritional outcome. These determinants included sex,
age, area of residence, living companions, family size, and pa-
rental education.

We formulated three a priori hypotheses. H1: stunting,
thinness, and overweight/obesity coexist within this popula-
tion, confirming a triple burden of malnutrition. H2: stunting
prevalence increases with age across adolescence. H3: family
size and parental education are associated with nutritional sta-
tus, independently of age, sex, and area of residence.

2. Materials and Methods

2.1. Study Design, Setting and Participants

A cross-sectional study was conducted among schoolchil-
dren in Toumodi, C&e d'lvoire. Participants were enrolled in
Grade 6 (6@me) and Grade 7 (5é@me) of public secondary
schools. Children were eligible if enrolled in the target grades
and present on the day of data collection. Assent was required
from each child, alongside parental or guardian informed con-
sent. Records with biologically implausible birth dates or an-
thropometric values were excluded during data cleaning (see
Statistical Analysis). This yielded a final analytic sample of
253 children (134 boys, 119 girls; mean age 13.8 1.5 years).
No formal a priori sample size calculation was performed. The
achieved sample size is comparable to those used in similar
school-based nutritional surveys of adolescents in the sub-re-
gion [6, 22, 23]. The study was conducted in accordance with
the Declaration of Helsinki (1964) and was approved by the
Institutional Review Board (Ethics Committee) of the Institut
National de la Jeunesse et des Sports (INJS) / Ecole Normale
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Supérieure de 1’Education Physique et Sportive (ENSEPS),
Cote d’Ivoire (protocol code 000477/MS/INJS/ENSEPS, ap-
proved on 22 February 2025). Written informed consent was
obtained from the parents or legal guardians of all participa-
ting schoolchildren, and assent was also obtained from the
children themselves prior to data collection. This manuscript
does not contain any individual person’s data, images, or case
details.

2.2. Anthropometric Assessment

Height and weight were measured in light clothing and wi-
thout shoes. A calibrated stadiometer and scale were used, fol-
lowing standardized anthropometric procedures. Body mass
index (BMI) was calculated as weight (kg) divided by height
squared (m?). BMI-for-age (BAZ) and height-for-age (HAZ)
Z-scores were then derived. These used the World Health Or-
ganization (WHO) growth reference for children and adoles-
cents aged 5-19 years, constructed with the LMS method [5,
9]. Stunting was defined as HAZ < -2, thinness as BAZ < -2,
and overweight/obesity as BAZ > +1. The International
Obesity Task Force cut-offs proposed by Cole et al. are also
widely used internationally [18]. However, the WHO BAZ-
based classification was retained here, for consistency with
the national nutrition surveillance system in C&e d'lvoire [3].
Concurrent stunting and thinness (i.e., both conditions in the
same child) was also examined. This reflects evidence that
children with combined anthropometric deficits face a subs-
tantially elevated mortality risk, compared with either deficit
alone [17]. Z-score values outside the WHO plausibility limits
(BAZ: -5/+5; HAZ: -6/+6) were treated as missing for the cor-
responding classification.

2.3. Sociodemographic and Familial VVariables

Sex, age, and area of residence (urban/rural) were collected

3.1. Sample Characteristics

by questionnaire. Living companions were also recorded, ca-
tegorized as with parents, with siblings, or alone/other. Family
size and parental (father's and mother's) education level (none,
primary, secondary, university) were collected as well. Family
size was categorized as small (<5 members), medium (6-9
members), or large (>10 members). A similar small-family
threshold (fewer than five members) has been used elsewhere
to examine family size as a determinant of adolescent malnu-
trition [22].

2.4. Statistical Analysis

Prevalence estimates with 95% confidence intervals (Wald
method) were calculated for stunting, thinness, and
overweight/obesity. Bivariate associations between each nu-
tritional outcome and sociodemographic/familial variables
were assessed. The chi-square test was used for categorical
predictors, and Welch's t-test for age as a continuous predictor.
Multivariable logistic regression was used to identify indepen-
dent determinants of each nutritional outcome (stunting,
thinness, overweight/obesity). Models adjusted simultaneou-
sly for sex, age, area of residence, family size, and father's
education. Adjusted odds ratios (aOR) with 95% confidence
intervals are reported. A p-value < 0.05 was considered statis-
tically significant. Statistical analyses were performed using
Python (pandas, SciPy, statsmodels). Reporting of this cross-
sectional study followed the STROBE guidelines [19].

3. Results

A total of 253 schoolchildren were included in the final
analysis after data cleaning (see Materials and Methods).
Sample characteristics are presented in Table 1.

Table 1. Sociodemographic, familial, and parental education characteristics of the overall study sample.

Variable Modality
Male
Sex, n (%)
Female
Age (years), Mean =SD
) Urban
Area of residence
Rural
Parents
Living companions Siblings
Alone/Other
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Overall Sample (n = 253)

134 (53.0%)
119 (47.0%)
13.8 15
229 (90.5%)
24 (9.5%)
73 (28.9%)
172 (68.0%)
8 (3.2%)
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Variable Modality Overall Sample (n = 253)
Small (<5) 80 (31.7%)
Family size Medium (6-9) 129 (51.2%)
Large (>10) 43 (17.1%)
No education 52 (20.6%)
Primary 67 (26.6%)
Father's education
Secondary 83 (32.9%)
University 50 (19.8%)
No education 108 (42.9%)
Primary 63 (25.0%)
Mother's education
Secondary 53 (21.0%)
University 28 (11.1%)

SD: standard deviation.

(Table 2, Figure 1). Stunting was the most prevalent form, af-

3.2. Prevalence of the Triple Burden of fecting 40.1% of children. This was more than four times the
Malnutrition prevalence of thinness (8.4%). Concurrent stunting and
thinness (i.e., both conditions in the same child) affected 4.0%

Stunting, thinness, and overweight/obesity all coexisted wi-  Of children with valid data for both indicators. This subgroup

thin this sample, confirming a triple burden of malnutrition ~ represents the most nutritionally vulnerable children.

50 1

Prevalence (%)

Thinness Overweight/ Stunting
(BAZ <-2) Obesity (BAZ > 1) (HAZ < -2)

Figure 1. Prevalence (%) of thinness, overweight/obesity, and stunting among schoolchildren in Toumodi (n = 253), with 95% confidence
intervals.
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Indicator

Thinness
Overweight/Obesity

Stunting

Table 2. Prevalence of stunting, thinness, and overweight/obesity.

Definition

BAZ<-2SD
BAZ > +1 SD
HAZ < -2 SD

n/N

21/250
53/250
101/252

Prevalence (%)

8.4
21.2
40.1

95% ClI

5.0-11.8
16.1-26.3
34.0-46.1

BAZ: BMI-for-age Z-score; HAZ: height-for-age Z-score; Cl: confidence interval; WHO growth reference, 5-19 years.

3.3. Determinants of Stunting

among 16-18-year-olds (p < 0.001) (Table 3, Figure 2a). A
non-significant trend toward higher stunting prevalence was
observed in boys (45.9%) than girls (33.6%; p = 0.064). No

In bivariate analysis, stunting prevalence increased sharply significant associations were found between stunting and area
and significantly with age. It rose from 17.0% among 10-12-  of residence, living companions, family size, or parental edu-
year-olds to 43.1% among 13-15-year-olds. It reached 63.3%  cation (all p > 0.05).

Variable

Sex

Age group (Years)

Residence

Living companions

Family size

Father's education

Mother's education

Modality

Female

Male

10-12

13-15

16-18

Rural

Urban
Parents
siblings
Alone/Other
Small (<5)
Medium (6-9)
Large (=10)
No education
Primary
Secondary
University
No education
Primary
Secondary

University

Table 3. Bivariate associations between stunting and sociodemographic/familial characteristics.

n Stunted/Total % Stunted p-value
40/119 33.6%

0.064
61/133 45.9%
9/53 17.0%
72/167 43.1% <0.001
19/30 63.3%
9/24 37.5%

0.958
92/228 40.4%
29/73 39.7%
69/171 40.4% 0.985
3/8 37.5%
36/80 45.0%
49/128 38.3% 0.571
16/43 37.2%
21/52 40.4%
26/67 38.8%

0.129
40/82 48.8%
14/50 28.0%
41/107 38.3%
26/63 41.3%

0.696
20/53 37.7%
14/28 50.0%

Chi-square test for categorical variables (Welch's t-test used for the underlying continuous age comparison, summarized here by age group).
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(a)
70 1

63.3%

60 4

50 -

40 A

Prevalence (%)

204 17.0%

10 4

10-12 13-15 16-18
Age group (years)

(b)

359

30 28.8%

Prevalence (%)

10.3%

10-12 13-15 16-18
Age group (years)

Figure 2. (a) Stunting prevalence by age group; (b) Overweight/obesity prevalence by age group.

3.4. Multivariable Determinants of Stunting,
Thinness, and Overweight/Obesity

In multivariable logistic regression models, age remained a
strong independent predictor of both outcomes. Models ad-
justed simultaneously for sex, age, area of residence, family
size, and father's education. Age predicted stunting (aOR =
1.57 per year, 95% CIl 1.28-1.93, p < 0.001) and over-
weight/obesity (aOR = 0.72 per year, 95% CI 0.57-0.91, p =

0.007), but in opposite directions. The odds of stunting in-
creased with age, whereas the odds of overweight/obesity de-
creased with age. Male sex was independently associated with
higher odds of stunting (aOR = 1.79, 95% CI 1.02-3.13, p =
0.041). No sociodemographic or familial variable was signif-
icantly associated with thinness in the adjusted model. Family
size and father's education were not significantly associated
with any of the three nutritional outcomes after adjustment
(Table 4).

Table 4. Multivariable logistic regression: adjusted determinants of stunting, thinness, and overweight/obesity.

Outcome Predictor aOR 95% ClI p-value
Stunting Family size: Medium (ref: Small) 1.21 0.56-2.64 0.626
Stunting Family size: Small (ref: Large) 1.72 0.76-3.86 0.192
Stunting Father's education: Primary (ref: None) 0.92 0.42-2.04 0.847
Stunting Father's education: Secondary (ref: None) 1.43 0.67-3.04 0.357
Stunting Father's education: University (ref: None) 0.81 0.32-2.04 0.655
Stunting Sex (male vs female) 1.79 1.02-3.13 0.041
Stunting Age (years) 1.57 1.28-1.93 <0.001
Stunting Residence (urban vs rural) 1.26 0.49-3.22 0.630
Thinness Family size: Medium (ref: Small) 1.16 0.33-4.10 0.821
Thinness Family size: Small (ref: Large) 0.97 0.25-3.81 0.967
Thinness Father's education: Primary (ref: None) 2.06 0.58-7.29 0.263
Thinness Father's education: Secondary (ref: None) 0.98 0.25-3.75 0.974
Thinness Father's education: University (ref: None) 0.65 0.10-4.05 0.640
Thinness Sex (male vs female) 0.94 0.37-2.39 0.904
Thinness Age (years) 1.27 0.92-1.74 0.144
Thinness Residence (urban vs rural) 2.66 0.33-21.20 0.355

370


http://www.sciencepg.com/journal/jfns

Journal of Food and Nutrition Sciences

http://www.sciencepg.com/journal/jfns

Outcome Predictor

Overweight/Obesity Family size: Medium (ref: Small)

Overweight/Obesity Family size: Small (ref: Large)
Overweight/Obesity
Overweight/Obesity
Overweight/Obesity
Overweight/Obesity Sex (male vs female)
Overweight/Obesity Age (years)

Overweight/Obesity Residence (urban vs rural)

Father's education: Primary (ref: None)
Father's education: Secondary (ref: None)

Father's education: University (ref: None)

aOR 95% CI p-value
0.67 0.27-1.66 0.385
0.98 0.38-2.50 0.965
1.32 0.52-3.37 0.556
1.06 0.42-2.65 0.907
0.97 0.34-2.76 0.958
1.66 0.87-3.17 0.124
0.72 0.57-0.91 0.007
0.39 0.15-1.01 0.053

aOR: adjusted odds ratio; Cl: confidence interval. Each model adjusted simultaneously for sex, age, area of residence, family size, and father's
education. Reference categories: sex = female; residence = rural; family size = large (>10); father's education = no education.

4. Discussion

This study confirms a triple burden of malnutrition among
school adolescents in Toumodi, C&e d'lvoire. Stunting
(40.1%), overweight/obesity (21.2%), and thinness (8.4%)
were all present within the same population, supporting H1.
This pattern is consistent with the broader double/triple
burden of malnutrition increasingly documented across low-
and middle-income countries undergoing nutrition transition
[1, 15]. The specific profile observed here, however, differs
from that reported in comparable adolescent populations el-
sewhere in Sub-Saharan Africa. A pooled meta-analysis of
Ethiopian adolescents estimated stunting at 20.06%, thinness
at 21.68%, and overweight/obesity at 10.63% [22]. A compa-
rative study of adolescents in two Nigerian cities reported a
population-level thinness prevalence of 6.8% and
overweight/obesity of 12.4% [6]. A broader multi-country
analysis of school-going adolescents across seven African
countries similarly documented wide cross-country variation
in the prevalence of underweight, overweight, and obesity
[16], reinforcing the heterogeneity of the triple burden's com-
position across the region. Relative to these estimates, adoles-
cents in Toumodi showed a markedly higher stunting burden
and a lower thinness burden. They also showed a higher pre-
valence of overweight/obesity than reported in Nigeria. This
suggests that the composition of the triple burden - which
specific forms of malnutrition predominate - can vary consi-
derably even within West Africa. This variation likely reflects
differences in local food environments, socioeconomic condi-
tions, and the age structure of the samples studied.

The stunting prevalence observed here (40.1%) is notably
higher than the national estimate of chronic malnutrition. That
estimate was 22.4%, reported in the 2019 national Nutritional
Status Assessment Survey [3]. However, that survey covered
ayounger age range and the full national territory. This sample
instead comprised older schoolchildren from a single locality.
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Stunting prevalence rose sharply with age, from 17.0% to 63.3%
between the youngest and oldest groups. This gradient was ro-
bust in both bivariate and multivariable analysis, supporting
H2. Two explanations are possible. First, it may reflect a cu-
mulative, progressive process of growth faltering across ado-
lescence. Second, it may reflect a cohort effect, whereby older
adolescents faced harsher early-life nutritional conditions than
younger ones. The cross-sectional design cannot distinguish
between these explanations. A comparable positive associa-
tion between age and stunting has been repeatedly reported
across Sub-Saharan Africa [8, 20, 21]. Explanatory factors for
stunting are also known to differ by age. This supports the va-
lue of stratified, age-sensitive analyses such as the one per-
formed here [24]. Stunting has well-documented conse-
quences for cognitive development, educational attainment,
and adult productivity [2, 11]. This age gradient is therefore
of particular public health concern. It warrants longitudinal in-
vestigation, to determine whether it reflects ongoing growth
faltering, a birth-cohort effect, or catch-up growth not yet cap-
tured cross-sectionally.

The independent association between male sex and higher
odds of stunting (aOR = 1.79) is consistent with a well-docu-
mented regional pattern. A meta-analysis of 16 Demographic
and Health Surveys across ten Sub-Saharan African countries
examined this pattern [7]. It found stunting consistently lower
in girls than boys (36% versus 40% pooled prevalence; ad-
justed odds ratio 1.18). The authors suggested this may reflect
greater biological vulnerability of male children in early life,
rather than differential care alone. Multi-country analyses of
household and maternal determinants of stunting have reached
similar conclusions [8, 20]. They identify male sex as one of
the most consistent individual-level risk factors, alongside in-
creasing child age. Our finding was only borderline significant
in bivariate analysis (p = 0.064) before covariate adjustment.
It is nonetheless directionally consistent with this broader evi-
dence base. The precise biological or behavioural mechanisms
underlying the sex difference, however, remain incompletely
understood. Further study is warranted in adolescent, rather
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than under-five, populations specifically.

Contrary to H3, family size and parental education were not
significantly associated with any nutritional outcome in this
sample.  This included stunting, thinness, and
overweight/obesity, in both bivariate and multivariable analy-
sis. This null finding contrasts with a substantial body of lite-
rature from elsewhere in Sub-Saharan Africa. A pooled ana-
lysis of 35 countries found that maternal education, household
wealth, and family structure were all independently associated
with stunting [20]. A community-based study in northwest
Ethiopia found that larger families (six or more members) had
higher odds of stunting. In that study, secondary paternal edu-
cation was protective [21]. A systematic review of adolescents
in Ethiopia identified small family size (under five members)
as protective against both stunting and thinness [22]. A related
study among school-aged children in Abidjan identified diet
and high parental socioeconomic status as factors associated
with overweight [4]. Several explanations may account for the
discrepancy between these findings and our null result. First,
our school-based sampling frame excludes children not enrol-
led in Grade 6/7. These children may disproportionately come
from lower-education or larger households, restricting the so-
cioeconomic range captured here. Second, the relatively mo-
dest sample size may have limited statistical power. Confi-
dence intervals around several point estimates were corres-
pondingly wide (Table 4). This may have prevented detection
of socioeconomic effects of the modest magnitude typically
reported in larger surveys. Third, self- or child-reported family
size and parental education may be subject to misclassification
in a school-based questionnaire. This could have attenuated
true associations. Finally, family size and parental education
may genuinely exert less influence on nutritional status than
age and sex in this peri-urban locality. Other unmeasured fac-
tors, such as dietary diversity, food security, or household
wealth, may instead play a more prominent role.

Overweight/obesity showed the opposite age pattern to
stunting. It declined from 28.8% among 10-12-year-olds to
10.3% among 16-18-year-olds. It was independently asso-
ciated with younger age after adjustment. This is broadly con-
sistent with reports of an emerging overweight/obesity transi-
tion among school-aged children and youth across Sub-Saha-
ran Africa [13, 14]. This transition has so far been most pro-
nounced at younger ages and in urban settings, before shifting
toward older age groups as it matures. Whether this age pat-
tern in Toumodi reflects a genuine biological or behavioural
phenomenon cannot be determined from this cross-sectional
design. Possible mechanisms include increasing energy ex-
penditure or decreasing parental feeding control with age. Al-
ternatively, it may reflect a cohort effect linked to more recent
exposure to obesogenic food environments among younger
children. This is an important question for the longitudinal nu-
trition research agenda in C&e d'lvoire [10].

Concurrent stunting and thinness affected 4.0% of children
with valid data for both indicators. Most evidence on this com-
bined anthropometric deficit comes from children under five.
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In that age group, it has been associated with a substantially
elevated mortality risk compared with either deficit alone [17].
Its occurrence among older schoolchildren in this sample sug-
gests something important. A small but identifiable subgroup
of adolescents in Toumodi carries a particularly high nutritio-
nal burden. This subgroup may warrant prioritized clinical and
nutritional follow-up.

This study has several limitations. First, its cross-sectional
design precludes causal inference. This particularly concerns
the observed age gradients in stunting and overweight/obesity.
These gradients may reflect cumulative growth faltering, co-
hort effects, or both. Second, the single-site, school-based
convenience sample from Toumodi limits generalizability.
Findings may not extend to other Ivorian regions or to out-of-
school adolescents. These groups may differ systematically in
nutritional status and socioeconomic profile. Third, family
size, living companions, and parental education were based on
child- or parent-reported questionnaire data. These may be
subject to recall or reporting inaccuracies. Fourth, no formal a
priori sample size calculation was performed. Several point
estimates in the multivariable models (Table 4) had wide con-
fidence intervals. This indicates limited power to detect mo-
dest associations, particularly for thinness. Fifth, this study did
not collect dietary intake, food security, or household wealth
data. These are recognized determinants of nutritional status
elsewhere in the region [1, 20, 21]. Collecting them would
have allowed a more complete determinants model than so-
ciodemographic and family-structure variables alone. Repor-
ting of this cross-sectional study followed the STROBE gui-
delines [19]. These limitations are made explicit in that spirit.

Future research in this population should prioritize longitu-
dinal designs. These designs can distinguish cumulative
growth faltering from cohort effects in the observed age gra-
dients. Future studies should also incorporate dietary diversity,
food security, and household wealth indicators. These should
be examined alongside the sociodemographic and familial va-
riables studied here, in line with recommendations from recent
reviews of adolescent nutrition research gaps in C&e d'lvoire
[10]. Larger, multisite studies with formal power calculations
are also needed. These would help clarify whether the null fin-
dings for family size and parental education reflect a genuine
absence of association, or insufficient statistical power. They
would also allow more precise estimation of the true compo-
sition of the triple burden of malnutrition among Ivorian ado-
lescents.

5. Conclusions

A substantial triple burden of malnutrition was observed
among school adolescents in Toumodi, C&e d'lvoire. Stunting
affected two in five children. Overweight/obesity showed a
non-negligible prevalence, and thinness a smaller but clini-
cally important burden. A subgroup with concurrent stunting
and thinness was also identified. Age and sex, rather than fam-
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ily size or parental education, emerged as the main sociodem-
ographic determinants. The odds of stunting increased across
adolescence, while the odds of overweight/obesity decreased.
These findings indicate that stunting reduction cannot be as-
sumed complete by secondary school age in this setting. Nu-
trition surveillance and intervention in C&e d'lvoire should
extend beyond the under-five age group, to explicitly include
adolescents. This aligns with global calls to address all forms
of malnutrition simultaneously, rather than sequentially [1,
25]. Practically, these results support prioritizing older and
male adolescents in school-based nutrition and growth-moni-
toring programmes in Toumodi. Longitudinal, multisite re-
search incorporating dietary and food-security data is still
needed. Such research would help establish the causal path-
ways underlying the age- and sex-patterned triple burden iden-
tified here. It would also guide the design of age- and sex-sen-
sitive interventions.
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