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Abstract

Objective: This study aimed to assess the prevalence of the double burden of malnutrition (DBM)

at the individual level in children and adolescents through a comprehensive literature review.

Sources: Electronic databases, including PubMed, Scopus, and Web of Science, were searched

for articles published up until September 9, 2022. Studies reporting individual-level DBM in chil-

dren and adolescents were included, and meta-regression models were used to investigate

potential causes of heterogeneity across studies.

Summary of the findings: Of the 784 articles initially retrieved, 11 met the inclusion criteria.

The overweight/obesity prevalence ranges from 8.1 % to 37.0 %, and the undernutrition (stunt-

ing, micronutrient deficiency, or anemia) from 4.2 % and 73.0 %. The prevalence of DBM ranged

from 1 % to 35.4 %, with the highest rates observed in low- and middle-income countries. Among

children, Asia reported the highest DBM prevalence, while in adolescents, Latin America had the

highest rates. The review revealed significant variability in DBM prevalence across studies, with

a notable increase in research on this topic over the past decade (2013�2022).

Conclusion: These findings underscore the concerning global prevalence of the double burden of

malnutrition in children and adolescents, particularly in low- and middle-income countries.
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Standardized definitions and methods are urgently needed to improve comparability, along with

further research to identify the specific drivers of DBM and inform effective prevention strate-

gies. CRD42022333424.

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1 Introduction

2 Obesity is a chronic non-communicable disease (NCD) that
3 affects various systems in the body and is a significant risk
4 factor for several other NCDs, including type 2 diabetes, car-
5 diovascular disease, hypertension, stroke, different forms of
6 cancer, and mental health issues.1 Currently, around the
7 world, approximately 340 million adolescents and 39 million
8 children are overweight, and it is projected that by 2025,
9 about 167 million people globally will experience compro-

10 mised health due to being overweight or obese.2

11 Undernutrition continues to be a significant problem that
12 manifests in different forms, such as stunting, underweight,
13 and micronutrient deficiencies, with serious short- and long-
14 term consequences, including increased morbidity and mor-
15 tality, irreversible physical and neurocognitive damage, and
16 an increased risk of developing NCDs in adulthood.3 Cur-
17 rently, 33 countries have at least 30 % of children who are
18 stunted worldwide, with an estimated 151 million children
19 under the age of 5 being affected, 47 million underweight
20 for their age, and 340 million micronutrients deficient.
21 Undernutrition is responsible for 45 % of child deaths
22 globally.2

23 The Double Burden of Malnutrition (DBM) is the simulta-
24 neous occurrence of undernutrition and overweight/obesity
25 and has gained more attention recently, as it appears to be
26 more persistent and widespread than previously thought.4

27 One in three Low and Middle-Income Countries (LMICs) is
28 affected by undernutrition and obesity globally. In the
29 2010s, 38 % of the 126 LMICs faced DBM, with a particularly
30 high prevalence in sub-Saharan Africa, South Asia, East Asia,
31 and the Pacific. DBM is increasing at a rate that is 30 % faster
32 in children in developing countries compared to high-income
33 countries.5

34 DBM can occur at various levels, including the national
35 level where both overweight and undernutrition coexist in
36 the same population, the family level or mother-child pairs
37 where the mother may be overweight and one of her chil-
38 dren under five is wasted, or the mother is overweight and
39 one of her children under five is stunted, or the mother is
40 thin and one of her children is overweight. It can also occur
41 at the intra-individual level where an individual has both
42 excess weight and micronutrient deficiency. These different
43 levels of DBM highlight the complexity of the issue and the
44 need for a multi-faceted approach to address it.4-6

45 Exposure to DBM for an extended period increases the risk
46 of developing a range of health problems, such as cardiovas-
47 cular diseases and deficiencies in cognitive development.7

48 This condition in children and adolescents deserves special
49 attention, as the coexistence of undernutrition and obesity
50 can exacerbate the vulnerability of this age group to chronic
51 diseases in the future.6,8 Furthermore, understanding DBM
52 from childhood is essential to inform more effective public
53 policies, as the early years of life are critical for the

54development of healthy metabolic and immune systems.9

55Therefore, DBM at the individual level, especially in children
56and adolescents, represents a global public health issue,
57requiring long-term interventions to reduce both undernu-
58trition and obesity rates.10

59However, there is still a lack of comprehensive assess-
60ment of the prevalence of DBM at the individual level in the
61child population across different countries. The absence of
62data on this condition at the individual level in childhood
63prevents health policies from being effectively adapted to
64combat multiple forms of undernutrition simultaneously.10-

65
14 Moreover, focusing on children and adolescents is crucial,

66as this age group is in a critical period for physical and cogni-
67tive development, and appropriate interventions can pre-
68vent progression to more severe chronic conditions in
69adulthood. To assess the prevalence of DBM in children and
70adolescents at an individual level, this study proposes con-
71ducting a systematic review of the current literature.

72Methods

73This systematic review utilized the methodology proposed
74by Clark & Oxman,15 focusing on studies reporting the preva-
75lence of DBM in children and adolescents aged 2�19 years.

76Identification of eligible studies—Electronic search
77and other sources

78The authors conducted searches in three electronic data-
79bases: Medline/PubMed, Scopus, and Web of Science, with
80searches up to September 9, 2022. This review was regis-
81tered in the PROSPERO International Prospective Register
82for systematic reviews on January 12, 2022, under reference
83number CRD42022333424. A comprehensive search was con-
84ducted using specific search terms, subject title truncations
85(*), and Boolean operators ("AND," "OR"), tailored to each
86database's requirements.
87Search strategy groups included:

88i. The first group included terms related to the study popu-
89lation: child, children, childhood, school, preschool, pre-
90schoolers, child preschool, adolescents, teen, teenager,
91youth, and adolescence;
92ii. The second group included terms related to excess
93weight and micronutrient deficiencies: obesity, meta-
94bolic diseases, overnutrition, overweight, body weight,
95pediatric obesity, iron metabolism disorders, iron defi-
96ciencies, iron, anemia, iron deficiency, and iron defi-
97ciency; The search terms focused on iron deficiency and
98overweight were selected due to the high prevalence of
99iron deficiency as a micronutrient deficiency in children
100and adolescents, as well as its significant association with
101overweight/obesity. This specificity aligns with existing
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102 literature on the DBM, where iron deficiency is frequently
103 reported as a key component.16,17

104

105 iii. The third group added terms related to DBM: nutritional
106 deficiency, nutritional deficiencies, undernutrition, mal-
107 nourishment, malnourishment, nutrition disorders, the
108 double burden of malnutrition, and malnutrition;
109

110 iv. As the aim of this review was to determine the preva-
111 lence of DBM, a fourth set of commands was added to
112 restrict the study design: prevalence studies, prevalence,
113 cross-sectional studies, and surveys.

114 The search strategy was executed initially in September
115 2022 and rerun in December 2022 before the final analysis. A
116 flow diagram (Figure 1) illustrates the selection process and
117 number of records retrieved.
118 The following inclusion and exclusion criteria were
119 applied to identify eligible studies:
120 Inclusion criteria:

121 i. Original research articles;
122 ii. Studies reporting the prevalence of double burden of
123 malnutrition using the individual criterion where the

124same individual is overweight and micronutrient deficient
125concurrently;
126

127iii. Studies conducted on children and adolescent popula-
128tions aged between 2 and 19 years;
129

130iv. Studies published up until the end of September 2022;
131v. Full-text studies are available in English, Spanish, or Por-
132tuguese.

133Exclusion criteria:

134i. Review articles, including meta-analyses, were excluded;
135ii. Studies that focused on specific diseases or specific popu-
136lations (such as refugees) were excluded;
137

138iii. Studies that reported only on the prevalence of double
139burden of malnutrition at the household level, rather
140than at the individual level, were excluded.

141Assessment, data extraction, and analysis

142This study followed the systematic review methodology as
143proposed in the Preferred Reporting Items for Systematic
144Reviews and Meta-Analyses (PRISMA) guidelines. The PRISMA

Figure 1 Selection process and the number of articles included in the review.
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145 2020 statement includes a checklist of 27 essential items
146 that ensure transparent reporting.18

147 The studies retrieved from various databases were
148 imported into EndNote, which is a bibliographic reference
149 manager developed by Clarivate Analytics, and duplicates
150 were removed. In cases where the title and abstract of each
151 study contained insufficient information to determine its
152 suitability for inclusion, the complete manuscript was
153 reviewed. If there were discrepancies in the inclusion of
154 studies between the two authors, a third author was
155 involved in the evaluation. After screening the records in
156 the search results by titles and abstracts, the authors exam-
157 ined the full-text versions of all identified articles to deter-
158 mine their potential eligibility. A research log was
159 maintained for accountability and transparency.
160 The following items were included in the database:

161 i. Publication information: Name of the first author, name
162 of the journal, year of publication.
163 ii. Data: Country, year of data collection, and number of
164 subjects analyzed.
165

166 iii.Methods: Focus on the combination of people with malnu-
167 trition and overweight at the same time, age group of
168 children and adolescents, and nutritional indicators used
169 to identify malnutrition and overweight.
170

171 iv. Results: Number and prevalence of individuals with a
172 double burden of malnutrition, along with associated fac-
173 tors.

174 For comparison purposes, crude prevalence rates were
175 preferably retrieved, if available, as some studies reported
176 only raw (unadjusted) values. In studies that analyzed multi-
177 ple datasets (multiple years) or that used multiple indica-
178 tors, information was extracted for each outcome.

179 Summary of results

180 The extracted prevalence estimates were exported to Sta-
181 tistical and Data Science Software [(STATA)/SE V.15.1] for
182 subsequent meta-regression analysis. The data were synthe-
183 sized based on nutritional status (overweight/obesity and
184 nutritional deficiency). The authors estimated the between-
185 study variance (tau2), the residual variation attributable to
186 statistical heterogeneity (I2), the proportion of between-

187study variance explained (R2), and the joint test for all cova-
188riates. A p-value � 0.05 was considered significant in the
189meta-regression. The potential cause of heterogeneity
190among factors that may determine the prevalence of DBM
191was explored through meta-regression analysis.19 Results
192were presented in narratives, tables, and all statistical
193interpretation was reported based on a p-value < 0.05 and
19495 % CI.

195Results

196Study selection and data collection

197The literature search resulted in a total of 784 article titles,
198of which 64 full-text articles were screened. Finally, 11
199articles were deemed eligible for inclusion in the study
200based on the established criteria. Table 1 provides a sum-
201mary of the selected articles, including information on the
202main author, country of the study, year of publication, total
203number of participants, age group, and proportion of girls.
204All of the studies were published after 2008, although the
205concept of DBM has been around for more than 20 years. The
206earliest publication found in this study that reported the
207prevalence of DBM at the individual level in children and
208adolescents was published in 2009.
209The 11 articles included in this review reported data from
2108 countries, with most studies conducted in low- and middle-
211income countries. Five studies were conducted in Latin
212America (n = 5),20-24 four in Asia (n = 4),25-28 one in Africa
213(n = 1),29 and one in North America (n = 1).30 The synthesis
214included descriptive information obtained from 50,054 indi-
215viduals between the ages of 2 and 19 years. Of the included
216articles, seven21-27 used secondary data such as Demo-
217graphic and Health Surveys. Some studies focused on specific
218populations or contexts within the country, such as Hispanics
219(n = 1)30 rural areas (n = 2)26,28 and women of reproductive
220age (n = 3).21,23,29 Only one26 study reported multiyear prev-
221alence rates for the study country, and the age range of chil-
222dren and adolescents varied between studies, with one27

223study stratifying age in months.

224Cutoff points

225For the classification of overweight and obesity, Body Mass
226Index (BMI) for age was the commonly used indicator for

Table 1 Descriptive analysis of the reviewed studies.

First author Country Year published n total study Age range Proportion of girls (%)

Ortega et al.20 Venezuela 2009 74 14�19 y 100

Iriart et al.30 EUA 2013 14,710 2�19 y 48.6

Kordas et al.21 Colombia 2013 655 13�17 y 100

Kroker-Lobos et al.22 Mexico 2014 16,351 5�11y 49.8

Piernas et al.25 China 2015 2839 2�12 y 46.3

Zou et al.26 China 2016 1534 7�17 y 49.4

Jones et al.23 Mexico 2017 4039 15�19 y 100

Crivelli et al.27 Tajakistan 2018 1342 2�5y 48.7

Hoang et al.28 Vietnam 2019 893 6�9 y 50.4

Zarate-Ortiz et al.24 Mexico 2019 7380 12�19 y 50.6

Moyo et al.29 South Africa 2022 237 6�18 y 50.2
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227 nutritional status classification. Most studies (n = 9)20-24,27-30

228 used the BMI for age z-score, or Body Mass Index for Age
229 (BAZ), where BAZ > +1 Standard Deviation (SD) to define
230 overweight, including obesity. However, two studies25,26

231 used the BMI classification for those over 19 years old, with
232 one25 using BMI > 25.0 kg/m2 and the other26 using BMI >
233 24.0 kg/m2 for overweight. Among studies that used z-scores
234 (according to Child Growth Standards), the World Health
235 Organization (WHO) references published in 200631 for chil-
236 dren under 5 years of age (BAZ > +1SD as "at risk of over-
237 weight," BAZ > +2SD as overweight, and BAZ > +3SD as
238 obese) and in 200732 for those aged 5 to 19 years (BAZ >

239 +1SD for overweight and BAZ > +2SD for obesity) were most
240 commonly used for classification.
241 For nutrient deficiencies, the studies considered differ-
242 ent micronutrients and/or growth deficits. The most com-
243 monly evaluated micronutrient was iron, and the studies
244 used the following cutoff points for iron deficiency: Ferri-
245 tin = 15�20mg/L and Ferritin < 12.0 mg/L. Additionally,
246 some studies showed deficiencies in specific micronutrients
247 such as iron, iodine, vitamin D, vitamin B12, and folate.
248 Only one study measured vitamin D and iodine, and another
249 study measured vitamin B12 and folate, while nine studies
250 analyzed anemia and four studies analyzed growth retarda-
251 tion. For the classification of anemia, the most commonly

252used marker was Hemoglobin (Hb) with the cutoff point
253established by the WHO, where Hb < 120 g/L.33 For growth
254retardation, the cutoff values were Height for Age (HAZ) <
255�2 SD, according to the WHO references published in 2006
256for children under 5 years of age and in 2007 for those aged
2575 to 19 years.31,32

258DBM prevalence

259Table 2 presents the prevalence rates of overweight and
260obesity, malnutrition, developmental delays, and micronu-
261trient deficiencies for each survey analyzed in this study.
262The table includes the specific criteria used to classify each
263condition, as well as the number of prevalence values
264reported in the included articles. A total of 23 prevalence
265rates were analyzed, as six studies used multiple criteria for
266classifying developmental delays, and two studies were con-
267ducted in different years and stratified into different age
268groups.
269The highest prevalence of DBM among children was found
270in Asia,27 while in adolescents, it was found in Latin America
271(24). Over 90 % of the articles21-30 reported a prevalence
272greater than 14 % for overweight and obesity. The preva-
273lence of stunting,24 micronutrient deficiency,20,21,27,29,30 or
274anemia20-22,27,28 was equal to or greater than 10 % in the

Table 2 Description of the prevalence of overweight, micronutrient deficiencies, DBM, established criteria and cutoff points for

classifying overweight, micronutrient deficiencies, and definition of the DBM.

First author Classification of

weight status

WOB (%) Classification of

undernutrition

Undernutrition (%) DBM (%)

Ortega et al.20 BMI > percentile 90,

Venezuela Project

8.1 Anemia -> Hb < 120 g/l, WHO and INACG;

ID - > Ferritin = 15�20 ug/l, WHO and CESNI

Anemia = 48.6;

DI = 13.5

Anemia + WOB = 1.3

DI + WOB = 1.35

Anemia + DI + WOB = 5.4

Iriart et al.30 BMI � percentile 85,

CDC

31.9 Stunting -> HAZ < percentile 5;

VitD; DI; Iodine, CDC

Stunting = 3.5;

VitD = 5.6;

Iodine = 22.1;

Iron = 5.3

Stunting + WOB = 2.5

VitD + WOB = 8.0

Iodine + WOB = 19.4

Iron +WOB = 6.4

Kordas et al.21 BAZ � 1 SD, WHO 20.2 Anemia -> Hb < 120 g/l;

ID -> Ferritin <12,0 mg/l, CIFW

Anemia = 32.0;

ID = 12.5

Anemia + WOB = 7.6

DI + WOB = 2.1

Kroker-Lobos

et al.22
BAZ � 1 SD, WHO 34.4 Anemia -> Hb < 120 g/l, WHO;

Stunting -> HAZ, WHO

Anemia = 10.1;

Stunting = 6.9

Anemia + WOB = 2.9

Stunting + WOB = 1,0

Piernas et al.25 BMI � 25, IOTF a2009: 2�6y = 14.3;

7�12y = 14.2

2011: 2�6y = 22.5;

7�12y = 18.9

Stunting -> HAZ, WHO Stunting

2009: 2�6y = 4.5; 7�12y =

2.4

2011: 2�6y = 4.2; 7�12y =

0.4

Stunting + WOB

2009: 2�6y = 2.7; 7�12y =

0.5

2011: 2�6y = 3.2; 7�12y =

0.4

Zou et al.26 BMI � 24, GCOTF 19.8 Anemia -> Hb <115 g/l (5�11 y)

Hb <120 g/l (12�14 y and girls > 15y)

Hb <130 g/l (boys > 15y), WHO and UNICEF

Anemia = 5.2 Anemia + WOB = 6.1

Jones et al.23 BAZ � 1 SD, WHO 37.0 Anemia -> Hb < 120 g/l, WHO Anemia = 7.4 Anemia + WOB = 1.8

Crivelli et al.27 BMI � percentile 85,

WHO

22.5 Anemia -> Hb < 11 g/dll, WHO and UINICEF Anemia = 20.0 Anemia + WOB = 33.3

Hoang et al.28 BAZ � 1 SD, WHO 18.7 Anemia -> Hb < 115 g/l, WHO Anemia = 12.9 Anemia + WOB = 7.9

Zarate-Ortiz et

al.24
BAZ � 1 SD, WHO 30.9 Anemia -> Hb<120 g/ (12 �14 y and girls > 15y)

Hb <130 g/l (boys > 15y), WHO;

Stunting -> HAZ, WHO

Anemia = 8.5;

Stunting = 16.8

Anemia + WOB = 35.4

Stunting + WOB = 25.1

Moyo et al.29 BAZ � 1 SD, WHO 18.2 Anemia -> Hb < 11.8 g/dl (6�11 y)

Hb < 12.6 g/dl (12�15 y boys)

Hb < 11.9 g/dl (12�15y girls)

Hb 13.6 g/dl (16�19y boys)

Hb 12.0 g/dl (16�19y girls), CDC;

VitB12< 156 pmol/, D-A=CHl;

Folato < 5.9 nmol/dl, WHO

Anemia = 6.3; VitB12 = 4.2;

Folate = 73.0

Folate + WOB = 13.1

one or more UN + WOB =

13.6

WOB, Overweight/Obesity;UN, Undernutrition; BAZ, BMI z-score; HAZ, height-for-age z-score; Hb, Hemoglobin; ID, Iron Deficiency; VitD,
Vitamin D; WHO, World Health Organization; IOTF, International Task Force against Obesity; GCOTF, Group of China Obesity Task Force;

INACG, International Advisory Group of anemia; CESNI, Associated Center of the Faculty of Medicine of the Salvador's university; UNICEF,

United Nations Children's Fund; CDC, Center for Disease Control and Prevention; D-A-CHI, Nutrition societies of Germany, Austria and Swit-

zerland; y, years.
a Multi-year study (2009 and 2011).
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275 presented studies. The prevalence of anemia and micronu-
276 trient deficiencies, including iron, iodine, vitamin D, vitamin
277 B12, and folate, were reported in the same research in three
278 studies.20,21,29 The prevalence of growth deficit and anemia
279 was reported in three studies,22,24,29 while the prevalence
280 of growth deficit and micronutrient deficiency was reported
281 in one study.16 Iron was the most frequently studied micro-
282 nutrient (n = 3).Q2 X X20,21,30

283 Meta-regression of factors that may determine the
284 prevalence of DBM

285 A meta-regression analysis was conducted to identify the
286 potential sources of heterogeneity in factors that may deter-
287 mine the prevalence of DBM, due to the presence of variabil-
288 ity in these factors. The analysis considered the year of
289 publication of the studies, sample size, age range of individ-
290 uals, economic classification of countries,34 classification
291 used for nutritional status, prevalence of overweight/obe-
292 sity and nutritional deficiency. However, none of the varia-
293 bles included showed a statistically significant source of
294 heterogeneity in all analyses, as shown in Table 3.

295 Discussion

296 The aim of this study was to conduct a literature review on
297 the prevalence of DBM in children and adolescents world-
298 wide. The authors included eleven articles that met the
299 inclusion criteria, revealing an individual-level prevalence
300 of DBM of less than 10 %. Despite an increase in knowledge
301 on this topic over the past decade (2013�2022), the authors
302 identified a notable lack of studies addressing DBM in child
303 populations aged 2�19 years, particularly at the individual
304 level in high-income countries compared to low- and mid-
305 dle-income countries.
306 Among the 11 articles eligible for inclusion in this review,
307 ten were published between 2013 and 2022, suggesting that
308 the topic of individual-level DBM has gained academic inter-
309 est only in recent years. This growing focus from the scien-
310 tific community on DBM among children and adolescents can
311 be attributed, at least in part, to the progressive rise in
312 overweight prevalence over the past three decades, affect-
313 ing increasingly younger age groups.35 Consequently, the
314 adverse effects of obesity, such as micronutrient deficien-
315 cies and its role as a risk factor for non-communicable

316diseases (NCDs), have begun to be investigated.36 Despite a
317general decrease in malnutrition prevalence globally, mal-
318nutrition issues remain unresolved.2,37 However, there is still
319a scarcity of studies on individual-level DBM. Comprehensive
320information on the prevalence of DBM is crucial for investi-
321gating and controlling the determinants of this condition,
322understanding risk distributions, identifying differences
323between populations or changes within populations over
324time, and planning preventive measures, treatment, and
325health service administration.38

326The prevalence of children and adolescents with a double
327burden in this review ranged from 1.0 %22 to 35.4 %.24 This
328broad variation reflects differences among the various
329micronutrients examined in conjunction with overweight,
330the age groups considered, the cut-off points utilized, as
331well as the influence of different geographic areas, years,
332and data sources. Furthermore, the heterogeneity in sample
333sizes and sampling methods inevitably impacts the robust-
334ness of the studies. Therefore, studies with small samples
335and lacking a clear description of sampling methods should
336be scrutinized, as they may provide weak evidence.
337The prevalence of micronutrient deficiency for anemia
338reached 48.6 %,20 while the prevalence of overweight was
33937 %23 in the studies, with all countries reporting an over-
340weight prevalence exceeding 8 %. This variation in preva-
341lence rates can be partially attributed to biological, social,
342and environmental factors, including genetics and individual
343biological differences, rapid changes in dietary patterns
344(notably the increased consumption of ultra-processed foods
345and beverages), alterations in physical activity due to urban-
346ization and motorized transport, and cultural differences
347between countries.14 In high-income countries, a low level
348of malnutrition below 5.5 %25,26,30 was reported, as
349expected, since these countries generally exhibit better
350food conditions, superior social and economic circumstances
351(such as parental education levels, family housing condi-
352tions, and basic sanitation), and improved access to health-
353care services.4,39

354Currently, research on the DBM has focused on LMIC due
355to factors such as the nutritional and epidemiological transi-
356tions these countries have experienced in recent decades,
357coinciding with the rising prevalence rates of DBM in their
358populations.5,14 This finding is consistent with the present
359study, where the majority of articles (72.7 %) assessed LMIC.
360Only three25,26,30 studies from high-income countries were
361eligible for this review. Although several studies addressing

Table 3 Meta-regression to identify heterogeneity between the factors that can determine the prevalence of DBM in children

and adolescents.

Variables Coefficient P< 0.05 95 % CI

Publication year 0.03 0.86 (�0.34 to 0.40)

Population (n) 0.00 0.84 (�0.00 to 0.00)

Age 1.31 0.07 (�0.14 to 2.76)

Economic rating �0.03 0.94 (�1.13 to 1.06)

Weight status 0.96 0.60 (�2.79 to 4.71)

Prevalence of WOB 0.02 0.48 (�0.05 to 0.11)

Status of undernutrition 0.82 0.14 (�0.29 to 1.93)

Prevalence of undernutrition 0.02 0.48 (�0.04 to 0.08)

WOB, Overweight/Obesity.
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362 overweight and micronutrient deficiencies involving high-
363 income countries have been reported in the literature, the
364 classification of DBM is relatively new and may not have
365 been utilized in these studies.
366 Regarding the indicators, the authors observed the use of
367 different cutoff points for overweight (n = 5), anemia (n = 8),
368 growth retardation (n = 2), and different anthropometric
369 standards were used to evaluate deficiencies of different
370 micronutrients (n = 5). Some studies used HAZ cutoff values
371 for failure to thrive equal to HAZ < �2 SD or HAZ < 5th per-
372 centile as an indicator of malnutrition, while others assessed
373 anemia together or separately with different hemoglobin
374 cutoff points by study and by age, with the most common
375 being anemia (Hb < 120 g/L). However, HAZ better reflects
376 chronic malnutrition,40 and the presence of anemia can be
377 caused by the deficiency of several nutrients, so it is prefer-
378 able that they are used together for studies with children
379 and adolescents on DBM at the individual level.40

380 The classification of excess weight also revealed different
381 indicators, with the most common being BAZ, where a cutoff
382 of BAZ > +1 was utilized. Additionally, BMI was employed
383 with a cutoff point of BMI � 25 for overweight and obesity.
384 However, since BMI varies significantly with advancing age,
385 these cutoff points may not be the most suitable for classify-
386 ing the nutritional status of children and adolescents. Even
387 among studies using the same z-score, multiple references
388 were applied to assess nutritional status, including interna-
389 tional standards from the WHO and the National Center for
390 Health Statistics (NCHS)/WHO.41 These varying definitions
391 impact estimates of the prevalence of DBM, and the use of
392 different references can lead to inconsistent classifications
393 of an individual's nutritional status. Therefore, results
394 should be interpreted with caution. The criteria for studies
395 involving DBM appear not to be well established, indicating
396 a significant gap in the literature. Implicit in the varying cut-
397 off points is the potential for non-differential error, which
398 can result in erroneous classification of DBM and an underes-
399 timation of exposure.42

400 Among the studies reviewed, only two27,30 (6.22 %) inves-
401 tigated factors associated with DBM, with only one30 report-
402 ing significant associations. The factors identified as being
403 associated with DBM included ethnicity, parental education,
404 household income, and maternal age. Generally, children
405 from households with lower income and education levels
406 were more likely to experience DBM. Additionally, maternal
407 age was associated with DBM, with children of younger
408 mothers being more vulnerable. The authors suggested that
409 the lack of significant associations in most studies may stem
410 from the complex and multifactorial nature of DBM, necessi-
411 tating a comprehensive and interdisciplinary approach to its
412 prevention and management.39,43

413 Three studies20,24,28 analyzed associations related to
414 excess weight or micronutrient deficiency separately and
415 did not examine the interplay of various factors with the
416 double burden. Two additional articles21,23 explored several
417 factors associated with DBM, frequently assessing urban/
418 rural residence, income, maternal or head-of-household sta-
419 tus, and educational attainment in relation to the double
420 burden. However, these studies focused solely on women of
421 reproductive age and did not stratify associations by the age
422 group examined in this review. The limited investigation
423 into factors associated with DBM may be attributed to some

424studies relying on secondary data, which often provides
425restricted information. Understanding the relationship
426between childhood weight status and micronutrient defi-
427ciencies, along with the factors influencing this condition, is
428essential. This underscores the necessity for further analysis
429targeting the child population at the individual level.
430The heterogeneity in the samples and methods used
431across the analyzed studies likely contributed to the vari-
432ability in the results, underscoring the need for a more rigor-
433ous and standardized approach in collecting and analyzing
434data related to the Double Burden of Malnutrition (DBM).
435Such standardization is essential to ensure a more accurate
436interpretation of findings. These limitations may impact the
437conclusions of this study, as the lack of standardized termi-
438nology can create knowledge gaps and hinder the develop-
439ment of effective interventions. Future research should
440prioritize using consistent DBM terminology and explore fac-
441tors associated with DBM in diverse cultural and socioeco-
442nomic contexts, which are critical for a comprehensive
443understanding of this complex issue. Moreover, establishing
444standardized methods and classification criteria for DBM is
445imperative for advancing research and guiding public health
446strategies.

447Potentialities of the study

448This is the first systematic review on the topic and repre-
449sents a significant contribution to scientific knowledge by
450identifying gaps in the existing literature, particularly the
451scarcity of investigations focused on this age group. The
452study highlights a critical area that requires greater atten-
453tion, such as the standardization of indicators and classifica-
454tion methods to improve comparability between studies,
455thereby allowing for more robust analyses. This contributes
456to a deeper understanding of the DBM and its implications
457for global health.

458Limitations of the study

459However, several limitations must be considered, including
460the possibility of incomplete retrieval of studies. Due to the
461relatively recent nature of the term "double (or dual) burden
462of malnutrition," studies that did not adopt this terminology
463may not have been identified. Furthermore, literature pub-
464lished in languages other than English, Spanish, and Portu-
465guese was not included, even if it provided an abstract
466written in any of the aforementioned languages.

467Conclusion

468The reviewed literature highlights several critical findings:
469(i) the prevalence of the double burden of malnutrition
470(DBM) among children and adolescents represents a pressing
471public health concern, yet research on this condition
472remains limited; (ii) knowledge of DBM has significantly
473expanded over the past decade (2013�2022); and (iii) a sub-
474stantial gap exists in individual-level studies addressing DBM
475in children and adolescents (ages 2�19) and the associated
476factors contributing to this condition.
477Future research should prioritize establishing standard-
478ized definitions and indicators for DBM to enhance data
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479 comparability and facilitate more robust analyses. The lack
480 of adolescent-focused studies is particularly concerning,
481 given their vulnerability to micronutrient deficiencies and
482 the influence of unhealthy food marketing, both of which
483 may drive rising obesity rates. Addressing these gaps is
484 essential for advancing the understanding of DBM and
485 informing the development of targeted public health inter-
486 ventions to reduce its burden on young populations.
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