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Abstract: The increase in chronic diseases and climate change in recent decades has been
driven by food systems that affect both human health and the environment. This study
investigated the interrelation between food consumption, obesity, undernutrition, and cli-
mate change, aiming to understand how these factors connect within the global syndemic.
The methodology used was a scoping review, in which 12 articles were analyzed after an
initial search that resulted in 11,208 references. The references were screened using the
Rayyan software (Rayyan Systems Inc. (Doha, Qatar), version 1.6.1 and web-based version),
removing duplicates and assessing the studies based on eligibility criteria. The articles
addressed different aspects, such as the relationship between food consumption, obesity,
undernutrition, and climate change, providing data on how food insecurity and socioe-
conomic conditions influence these conditions. In sequence, we developed a conceptual
model to offer a detailed view of the factors affecting the global syndemic, considering the
availability of food, its accessibility, stability in supply, and its use in the diet. The model
recognizes that climate change affects food consumption both directly and indirectly. Direct
effects include the impact of extreme weather events—such as floods and droughts—on
the availability, access, quantity, and quality of food. Indirectly, climate change exacerbates
socioeconomic vulnerabilities and disrupts food systems in more structural ways, contribut-
ing to increased food insecurity. The findings revealed that food insecurity, in turn, can lead
to both obesity and undernutrition, particularly among vulnerable populations. There was
a scarcity of studies that integrated the relationship between undernutrition, climate change,
and food consumption, especially in certain regional contexts such as Latin America. The
evidence gathered in the literature and the conceptual model provide a foundation for
future research and the development of more effective public policies that integrate food
issues, public health, and climate change in a more holistic and interconnected approach.
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1. Introduction
In recent decades, we have witnessed the progressive growth of chronic disease rates

in nearly all regions of the world. This growth occurs in parallel with challenges related to
climate change, with food systems being one of the major drivers of this phenomenon [1].
Food systems encompass all actors and activities involved in the production, processing,
distribution, consumption, and disposal of food. These systems are made up of subsys-
tems that influence each other and interact with other systems, demonstrating a complex
network of interactions [2]—which is related to the global syndemic of obesity, under-
nutrition, and climate change [3]—capable of generating various impacts on human and
environmental health.

The concept of syndemic, introduced by Merrill Singer [4], emphasizes how diseases
cluster and interact under the influence of adverse social conditions [4]. The Global
Syndemic, as elaborated by [3], extends this framework to include the synergistic effects
of non-communicable diseases and environmental degradation—highlighting the need
for systemic, not siloed, solutions. The word syndemic refers to the synergistic interaction
of multiple epidemics or health problems within a specific population, driven by shared
social, environmental, and economic factors. In the case of the Global Syndemic, it refers
to a set of interconnected pandemics—obesity, undernutrition, and climate change—that
reinforce each other, creating a burden on healthcare systems and global resources. They
are considered pandemics because of their geographic spread and the scale of their impact
on health and natural systems. Rather than addressing these issues in isolation, the Global
Syndemic proposes integrated solutions that take into account the interactions and the
urgency of addressing these issues collectively [3].

According to the World Obesity Federation (2024) [5], more than 1 billion people glob-
ally are living with obesity—a figure projected to surpass 1.5 billion by 2035 if no significant
interventions occur. Obesity is a major risk factor for cardiovascular diseases and cancer,
which are the leading causes of death worldwide, especially in developing countries [5].
Simultaneously, the 2024 SOFI report estimated that 735 million people experienced hunger
in 2023, while over 2.4 billion faced moderate or severe food insecurity. This condition
encompasses insufficient food intake in terms of both quality and quantity, and can be
reflected in indicators such as stunting, underweight, and micronutrient deficiencies [6].
Finally, completing the triad of the global syndemic, climate change is associated with
rising average temperatures, changes in humidity patterns (wetter or drier, depending
on the region), and an increased frequency of extreme environmental phenomena. These
changes can directly affect both the quantity and the nutritional quality of agricultural
production, which relies on a dynamic balance of appropriate resources. Consequently, the
nutritional quality of food consumed is directly influenced by climate change [3].

Studies indicate that rising atmospheric CO2 concentrations can reduce the levels of
essential nutrients in staple foods such as rice, wheat, and maize, thereby compromising the
nutritional quality of global diets [6]. In addition, elevated CO2 has been associated with de-
creased protein content in plant tissues. Considering that protein is one of the three primary
macronutrients—along with carbohydrates and lipids—it becomes imperative to quantify
its presence when estimating the impact of altered plant quality on human nutrition in a
CO2-enriched world [7], particularly in light of the broader implications for global food
security and the nutritional adequacy of diets, especially among vulnerable populations.
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Extreme weather events, such as droughts and floods, also directly affect agricultural
production, resulting in shortages of nutritious foods and increased reliance on products
with low nutritional value, which exacerbates food insecurity, especially in vulnerable
regions [8]. Recent modeling studies have shown consistently negative effects of rising
atmospheric CO2 on the availability of protein, iron, and zinc by 2050 across all regions of
the world, although the magnitude of these effects varies between countries [9].

Common factors to these three pandemics of obesity, undernutrition, and climate
change include: changes in land use for food production and the forms of food production;
urban design to facilitate the flow of produced foods and allow individuals access, both
physically and financially; consumer food behavior, regarding the financial capacity linked
to income and access to food, as well as food preparation techniques for consumption.
Analyzing the dynamics between these factors is essential to clarify the effects of potential
interventions, as the syndemic is a consequence of deeper systemic problems that require
actions at the individual, institutional, and political levels [3].

Although studies on the global syndemic require a systemic approach due to the
complexity of the topic, some of the current research presents this issue isolated, referring
only to obesity [10], undernutrition [11], or climate change [12], and in a linear way, relating
the variables directly [13]. To address this, a scoping review was conducted to systematically
describe existing research that deals with at least two components of the syndemic and
identify knowledge gaps. The results of the articles included in the review and insights
from experts were aggregated to create a conceptual model, attributing complexity to the
relationships. Given the central role of food consumption in mediating both undernutrition
and obesity, as well as its environmental impacts, this review aims to map the current
evidence on how dietary patterns and food behaviors contribute to—and can potentially
mitigate—the Global Syndemic.

2. Materials and Methods
2.1. Scope Review, Research Question, and Eligibility Criteria

Given the complexity of the food system and its repercussions on the determinants
of food consumption in the global syndemic, this study adopted the method proposed
by the Joanna Briggs Institute (JBI) for scope reviews [14] The recommendations for the
development of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
Protocols—Extension for Scoping Reviews (PRISMA-ScR) were followed, as well as its
adaptation for presenting the results obtained during the stages of this review [15].

The formulation of the question for this review considered the strategy that encom-
passes population, concept, and context (PCC) for inclusion: (a) regarding the population:
studies that address the general population, without age and/or sex limitations; (b) regard-
ing the concept: specific aspects of food consumption that may include types of diet, eating
habits, food availability, food access, etc.; and (c) regarding the context: different settings,
including both national and international contexts.

The following inclusion criteria were applied: documents that provided the full text,
written in English, Portuguese, or Spanish, with the latter two languages adopted to target
studies focusing on South America; documents where food consumption was related to
at least two of the three components of the global syndemic (undernutrition, obesity, and
climate change) published in the last five years (2018 to 2024).

The combination of food consumption terms and the other two components of the
global syndemic was determined because the scientific literature has already consolidated
the relationship between food consumption and the isolated components of the global
syndemic [3]. In this regard, we sought documents that addressed the relationship between
these components to identify potential gaps in the literature.
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To ensure a comprehensive review, the following documents and resources were
excluded from the analysis based on specific criteria: (1) Studies that related food con-
sumption to only one component of the global syndemic, as the review aimed to explore
the interconnected nature of the syndemic. (2) Articles that addressed food consump-
tion in isolation, without considering its relationship to the broader context of health,
the global syndemic, or other related factors. (3) Studies that discussed components of
the global syndemic without relating them to food consumption. (4) Publications that
focused solely on enzymes, nutrients, food types, or diets without a broader connection
to the global syndemic. (5) Animal studies, as the review focused on human populations.
(6) Reviews, systematic reviews, and literature reviews, as the aim was to include only
original research articles. (7) Technical research reports, commercial publications, white
papers, catalogs, datasheets, application notes, user guides, and quickstart guides, as they
are not peer-reviewed resources. (8) Book chapters, as they typically do not meet the criteria
for peer-reviewed articles. (9) Research protocols, which present planned methodologies
without results. (10) Studies on eating disorders, snacking, night eating, sleep disorders,
and pre/postprandial examinations, as they did not align with the review’s focus on the
global syndemic and food consumption. (11) Studies with specific sample populations (e.g.,
bariatric surgery patients or pregnant women), as the review aimed to include broader,
generalizable findings on food consumption patterns.

2.2. Literature Review

Searches were conducted in the electronic databases Web of Science—Core Collection
(Clarivate Analytics), SCOPUS (Elsevier), and MEDLINE/PubMed (via National Library
of Medicine).

The search strategies were designed to combine at least one association term, one food
consumption term, and at least two components of the global syndemic (Supplementary
Material Table S1). It is important to note that truncation was applied, meaning the use
of an asterisk (*) in the root of words to find terms from the same lexical field written in
different forms. This approach led to studies being found by employing a combination of
descriptors and terms found in the titles, abstracts, and keywords of relevant articles on the
topic to form a search strategy in databases (Supplementary Materials Tables S1–S3). The
database searches lasted for 10 days and were divided into two phases: PubMed and WOS
from 29 January 2024 to 2 February 2024, and Scopus from 15 February 2024 to 16 February
2024. In the interval between these dates, the results were downloaded and uploaded to
Rayyan in order to proceed with the next steps listed below:

1. The identified articles were imported into the Rayyan review management software
(https://www.rayyan.ai/ accessed on 11 March 2024) (Qatar Computing Research
Institute, Doha, Qatar), a free online and mobile app that allows for blinded collabora-
tion among reviewers and improves data screening;

2. In Rayyan, duplicates were removed;
3. Three blinded reviewers assessed the identified articles. First, title screening was

performed for all documents. Each document was reviewed by at least two reviewers
to ensure consistency. Articles accepted by at least two reviewers were included. In
cases of disagreement, a third reviewer was consulted to make the final decision.
The next step was abstract screening, which followed the same procedure as the title
selection. Each document was classified for inclusion or exclusion based on its title
and abstract;

4. A record of the decisions was kept on the platform;
5. The full texts of the included abstracts were retrieved and considered for the review.

https://www.rayyan.ai/
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After the final step of document inclusion, data extraction was performed in Excel by
three independent reviewers. To detail the information, an auxiliary tool developed by the
reviewers was used (Supplementary Material Table S4). Information was collected on the
name of the first author, the journal in which the material was published, the country of
the research sample, the year of publication, the data collection period, the study type, the
study objective, and the identification of food consumption variables and global syndemic
components. Lastly, the relationships between food consumption and the global syndemic
and their respective influencers were extracted.

The protocol was registered under the name “The role of food consumption in
the global syndemic: scoping review protocol” and can be accessed via the DOI:
10.17605/OSF.IO/FYKSC.

2.3. Development of the Conceptual Model

Based on the relationships between food consumption and the global syndemic and
their respective influencers, a conceptual model was developed with the help of Canva®

software (2025). The determinants of food consumption and their interrelations with the
global syndemic were organized based on the dimensions of food and nutritional security
from the Food and Agriculture Organization (2024) [2], following the socioecological model
(Figure 1): individual, household, individual/household, neighborhood, environment, and
cross-cutting factors.

Figure 1. Dimensions of the conceptual model about food consumption and global syndemic. Source:
The authors (2025).

From the connections identified in the review, the initial model was refined through
a collaborative effort of the authors. This process involved a two-hour hybrid meeting
of the research group, composed of experts from various fields such as nutrition and
complex systems modeling. During the discussion, a preliminary model was presented that
described the relationships between food consumption and the components of the global
syndemic. The connections were analyzed individually, with discussions on whether the
relationships were appropriate and which ones should be added, removed, or adjusted
based on the researchers’ expertise and the study’s objectives.

• Individual: undernutrition, consumption of ultra-processed foods, unhealthy eating
patterns, overweight/obesity, and non-communicable chronic diseases;
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• Household: income, diet quality, diet diversity, food security, and the double burden
of undernutrition;

• Neighborhood: access and nutritional transition;
• Environment: greenhouse gas emissions (GHGE), fauna, temperature, and precipitation.
• Cross-cutting variables: These affect multiple dimensions of the model and were

considered throughout the refinement phases. An example is “sex” (limited to the
binary biological sex of female and male), which can directly influence food access (in-
dividual/household dimension), income (household), and indirectly affect diet quality
(individual/household dimension). These variables were highlighted with a specific
symbol in the conceptual model, making it easier to identify their broad influence.

This final structure allowed for a better visualization of the relationships between the
factors that determine food consumption in the context of the global syndemic.

During the refinement meeting, eight relationships were excluded, twelve relation-
ships were improved, both in classification and connections, and three were approved
(Supplementary Material Table S6). An example of an adjustment to the model was the
inclusion of the “Climate Change” variable, highlighting that GHG, precipitation, and
temperature directly influence this variable, which in turn impacts food consumption only
indirectly, through other connections and intermediate steps

The final version of the model presented one additional dimension, as described below:

• Individual: variables related to the individual level, such as BMI and 24-h food recall;
• Individual/Household: variables that encompass both individual and household-level

data, such as dietary diversity in the household and food cost;
• Household: variables related to household conditions, such as socioeconomic status;
• Neighborhood: population-related variables, such as urbanization;
• Environment: environmental variables, such as temperature and agriculture;
• Cross-cutting variables: no changes to the definition.

Each dimension was represented by a color code in the conceptual model—orange
for individual, a gradient of orange and red for individual/household, red for household,
blue for neighborhood, green for environment, and purple for cross-cutting. The system
dynamics were verified through connections between the factors, which were illustrated
by arrows:

• Continuous: relationships identified in the literature;
• Dashed: relationships proposed by the experts;
• Unidirectional: indicating that the influence occurs in the direction of the arrow;
• Bidirectional: indicating mutual interaction between the factors.

3. Results
3.1. Findings from the Literature Review

A total of 11,208 references were identified through the search. Of these, 2333 dupli-
cates were automatically detected and removed using Rayyan software (Rayyan Systems
Inc., version 1.6.1 and web-based version), leaving 8873 records for title and subsequently
abstract screening. After applying the inclusion and exclusion criteria (e.g., studies in-
volving pregnant women, COVID-19, animal models, specific diseases, among others),
24 studies were selected for full-text assessment. Of these, 12 were excluded for not meet-
ing the scope of the review, resulting in 12 studies included for data extraction (Figure 2).
The included articles—referenced numerically throughout this review—along with their
characteristics and extracted data, are available in the Supplementary Materials.
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Figure 2. Study selection process. Source: The authors (2025).

3.2. Selected Studies and Data Tabulation

Of the 12 articles selected for inclusion, six were published in 2022. The types of articles
included the relationship between food consumption, obesity, and undernutrition (n = 9),
food consumption, obesity, and climate change (n = 2), and obesity, undernutrition, and
climate change (n = 1). No documents were found that pointed to the relationship between
food consumption, undernutrition, and climate change. These data can be observed in
Figure 3.

After the data extraction step, the articles were listed and numbered to facilitate data
and result management and improve visualization (Supplementary Material—Table S7).

In the first phase of organizing the variables, that is, in the general listing of all
variables found in the documents, we identified 30 variables with different definitions (sub-
sequently grouped with their similar counterparts) and their various evaluation measures
(Supplementary Material—Table S8).

After tabulating the variables, the main relationships observed in the analyzed data
were identified and documented (Table 1).
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Figure 3. Venn Diagram illustrating the overlapping topics in articles addressing undernutrition,
obesity, and climate change. Source: The authors (2025).

3.3. Conceptual Model Development

From then on, a conceptual model (Figure 4) was built, enabling a global visual-
ization of the connections found between the variables. It is possible to observe that
food consumption directly interacts with individual factors and indirectly with factors
from the food environment (household and neighborhood), the environment itself, and
other parts of the food systems, such as production. It is widely demonstrated that agri-
cultural exploration influences the amount of greenhouse gases (GHG) emitted, which,
as exposed in this review, promote climate change, also driven by extreme changes in
temperature and precipitation levels [13,16–19]. This food production dynamic, in turn,
affects the availability of food, which also varies with the urbanization of the area and
with the distance to the road [16,18,20,21]. Availability then interferes with the physical
and economic access to food, which is bidirectionally related to its utilization (adequate
consumption of safe and nutritious foods) and, consequently, food consumption [17–24].
Furthermore, consumption is also directly influenced by eating behavior, diet quality, and
dietary diversity [20,21,24,25]. Thus, food consumption impacts undernutrition, food secu-
rity, and overweight and obesity, the latter being intrinsically related to the occurrence of
non-communicable diseases, as demonstrated by extensive literature and reference health
organizations [19,24–26]. Moreover, food security is affected by stability—defined by the
Food and Agriculture Organization (FAO) as the ability to have food consistently over
time—which is bidirectionally related to utilization, and by income, and influences the
levels of undernutrition, overweight, and obesity. Finally, based on the authors’ experience
and discussions with specialists, household income also affects utilization and access.
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Figure 4. Conceptual model of the relationships between food consumption and global syndemic.
Source: The authors (2025). The continuous arrows indicate the relationship proposed by the literature
and dashed arrows indicate the relationship proposed by the researchers.

Table 1. Frequency of occurrence of the relationship in the review.

Category Variables Observed Relationships References 1

Food Security and Nutrition Access, Undernutrition, Food
Composition, Food Security

Access → Undernutrition,
Food Composition → Quality,

Food Security → Obesity

1 [22]

3 [24]

5 [18]

Social and Economic
Determinants

Income, Employment,
Family Structure, Education

Income → Food Security,
Employment → Obesity,

Family Structure → Undernutrition,
Education → Dietary Diversity

4 [23]

7 [16]

10 [13]

Environmental and
Geographical Influences

Geography, Fauna,
Temperature, Precipitation

Geography → Access,
Fauna → Undernutrition,

Temperature → Undernutrition,
Precipitation → Obesity

1 [22]

5 [18]

Behavioral and Lifestyle
Factors

Dietary Behavior, Physical
Activity, Sleep, Screen Time

Dietary Behavior → Obesity,
Physical Activity → Obesity,

Sleep → Undernutrition

1 [22]

8 [20]

1 The references correspond to the numbers presented in Table S7.

4. Discussion
The discussion on food systems is essential in light of the urgency of global challenges,

particularly in the context of the global syndemic, which links obesity, undernutrition, and
climate change. As already stated, it is central to Planetary Health which aims at achieving
health and wellbeing for all [27]. In the context of food systems, food consumption is a
central element in this debate, reflecting not only nutritional patterns but also socioeconomic
inequalities, cultural dynamics, and environmental impacts [28].
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4.1. Relationships Between Food Consumption and Components of the Global Syndemic

Food consumption, obesity, undernutrition, and climate change are interconnected
within the global syndemic, a phenomenon that highlights how socio-economic and envi-
ronmental factors exacerbate interconnected health issues. In contexts of food insecurity,
extreme climate events such as droughts and floods increase the vulnerability of popu-
lations, resulting in the coexistence of obesity and undernutrition, especially in regions
most affected by climate change. Although obesity and undernutrition may seem like
opposing conditions, both share the limitation of access to nutritious foods, which leads to
harmful food choices and unsustainable dietary patterns [3,6]. In food insecure situations,
the most vulnerable populations face elevated risks of chronic diseases such as diabetes,
hypertension, and heart diseases, along with nutritional deficiencies caused by the lack of
essential foods [29,30].

The food industries play a central role in this dynamic by promoting ultra-processed
foods, which are high in calories, sugar, saturated fats, and sodium, significantly con-
tributing to the global epidemic of obesity and non-communicable chronic diseases [30].
These products, low-cost and highly accessible, are primarily consumed by low-income
populations, who face barriers to accessing fresh and healthy foods. Additionally, the
production and processing of ultra-processed foods generate a large amount of greenhouse
gas emissions, exacerbating climate change while intensifying food insecurity, creating a
vicious cycle [30]. This environmental impact of the food industries is further worsened by
food shortages caused by climate change, which increases the reliance on ultra-processed
food products due to their long shelf life and ease of transportation and storage [3,31].
Public policies must, therefore, adopt an integrated approach to address food insecurity,
nutrition, and climate change, aiming to mitigate the adverse effects of the food industries
and promote global sustainability and food security [31].

4.1.1. Food Consumption, Obesity, and Undernutrition

The relationship between food consumption, obesity, and undernutrition has been
widely discussed in the literature and is recognized as a complex phenomenon. To better
understand this interconnection, we selected articles that address these three dimensions
simultaneously. Nine studies were analyzed, exploring the connection between food
consumption, obesity, and undernutrition.

In research conducted with young people (children and adolescents), Wu et al.
(2019) [22] identified a significant relationship between food insecurity and the risk of
overweight and obesity, with an Odds Ratio (OR) of 1.46. This means that for each addi-
tional level of severity in food insecurity, the likelihood of developing these conditions
increases by 46%. This finding highlights the importance of socioeconomic factors, such as
food insecurity, in the risk of these diseases, especially in more vulnerable populations [22].

Yang et al. (2022) [20] found that Chinese children and adolescents who met rec-
ommendations for movement behaviors and dietary guidelines had a significantly lower
risk of being overweight or obese, reinforcing the importance of integrated behavioral
guidelines to prevent poor nutritional outcomes in youth [20].

Tan et al. (2024) [32] explored intergenerational nutritional problems in the Philippines,
identifying the coexistence of maternal overweight and child stunting, illustrating how
both under- and overnutrition can coexist within the same household, particularly under
food-insecure conditions [32].

Furthermore, it is crucial to examine how factors like accessibility, cost, and food
marketing strategies influence eating behavior and contribute to the increase in obesity
and undernutrition [33]. Aggressive marketing of ultraprocessed foods, particularly in
low-income communities, has led to an increase in the consumption of nutritionally poor
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food products, perpetuating harmful eating habits in the long term. This makes it more
difficult to access nutritious and sustainable food options [34,35].

Moodie et al. (2013) [36] highlight the negative impact of food marketing, especially in
vulnerable communities, where the promotion of ultraprocessed foods favors harmful food
choices. These marketing practices not only increase the consumption of these products but
also perpetuate unhealthy eating patterns, making it even harder to access healthier and
more sustainable food options [36]. Stuckler and Nestle (2012) [37] discuss the influence of
large food corporations, showing how their lobbying and marketing strategies shape global
food systems and public health policies, creating an environment where harmful foods
are more accessible and appealing, especially to the most vulnerable populations. These
practices have long-term implications, as excessive consumption of ultraprocessed foods is
directly linked to the rise of chronic diseases, such as obesity, diabetes, and cardiovascular
diseases, while also exacerbating undernutrition due to the poor nutritional quality of these
foods [37].

Poulsen et al. (2019) [38] corroborate this result, noting that BMI levels and body fat
percentages are higher among youth from families severely affected by food insecurity
or at risk of experiencing it [38]. Some studies explored the phenomenon of the double
burden of undernutrition and obesity, identifying many children who suffer from hunger
while coexisting with obese adults. These studies highlight the coexistence of stunting and
obesity, suggesting the presence of hidden hunger [16,24].

Recent evidence from low- and middle-income countries reinforces this pattern. In
Bangladesh, Gupta et al. (2023) [39] found significant rural-urban differences in the preva-
lence of underweight and overweight/obesity among adults, highlighting the coexistence
of undernutrition and overnutrition within the same population. Their analysis of the
Bangladesh Demographic and Health Survey 2017–2018 showed that underweight was
more prevalent in rural areas, while overweight and obesity were more common in urban
settings, underscoring the country’s double burden of malnutrition [39]. Similarly, in rural
Central Java, Indonesia, Lowe et al. (2021) [21] observed dietary patterns characterized
by low intake of fruits and vegetables and high intake of processed foods, which were
associated with both undernutrition and overweight in the same population [21]. Finally,
in Ethiopia, Dinku et al. (2020) [16] documented the simultaneous occurrence of child-
hood stunting and maternal obesity within households, illustrating the double burden of
malnutrition in resource-limited settings [16].

Hidden hunger refers to a condition where individuals may be consuming enough
calories, but their diets lack essential micronutrients, leading to deficiencies that are not
immediately visible but have serious long-term health consequences. This form of hunger
is often driven by the consumption of ultraprocessed foods, which are typically high in
calories, sugars, and unhealthy fats, but low in essential nutrients. These foods are often
more accessible and cheaper than healthier options, particularly in low-income commu-
nities, and their consumption can lead to an increase in BMI and the development of
obesity, even though they do not meet the body’s nutritional needs. In essence, while
individuals may appear to have an adequate caloric intake, their nutritional deficiencies
remain hidden, contributing to the paradox of obesity and undernutrition coexisting [40].
Ortiz-Marrón et al. (2022) [23] emphasized that food insecurity is more prevalent in fami-
lies with lower educational levels and purchasing power, associating it with inadequate
eating habits and a higher prevalence of overweight and obesity [23]. Furthermore, Nel
and Steyn (2022) [19] highlighted significant regional variations in diet and health con-
ditions in Sub-Saharan Africa, while Keenan et al. (2021) [41] indicated that domestic
food insecurity is related to increased BMI, mediated by stress and inadequate coping
behaviors. Similarly, in the study by [25], it was observed that while women had a high
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prevalence of obesity (57.3%) and an average BMI of 26.21 kg/m², both men and women
exhibited diets with low food diversity and nutritional deficiencies. The insufficient in-
take of essential foods, such as fruits and dairy products, coupled with the prevalence of
chronic diseases, suggests that inadequate diets contribute to the coexistence of obesity
and nutritional deficiencies, thus characterizing the double burden of malnutrition. This
phenomenon underscores how undernutrition can persist even in contexts of food excess,
often driven by the consumption of ultra-processed foods [25]. These results highlight the
urgent need for integrated interventions that address the socioeconomic determinants of
food insecurity and their consequences for nutritional health. Such interventions must
consider factors such as educational level, socioeconomic status, the role and impact of
the food industry, and access to healthy foods, aiming to promote healthy eating habits
and combat both obesity and undernutrition. Moreover, it is crucial to implement more
effective coping strategies to deal with the stress associated with food insecurity, as well as
to promote educational programs that encourage the consumption of nutrient-rich foods
tailored to the population’s nutritional needs, especially in contexts of social vulnerability.
The development of public policies that integrate health, education, and social assistance is
fundamental to reducing disparities in access to healthy food and, consequently, improving
the quality of life and nutritional health of affected populations.

4.1.2. Food Consumption, Obesity, and Climate Change

The relationship between food consumption, obesity, and climate change was explored
in two articles [13,42]. Niles et al. (2021) [18] demonstrated that global food diversity among
five-year-old children varies substantially due to climatic, agroecological, and socioeco-
nomic factors such as climate vulnerability and the inequalities faced by marginalized
populations [18]. These findings emphasize the role of climate change in exacerbating
existing inequalities in food access and nutrition, particularly in vulnerable communities.
Similarly, Owino et al. (2022) [8] discussed how climate change intensifies the disparities
in food systems, affecting the availability of nutritious foods and leading to increased
vulnerability to both obesity and undernutrition, especially among populations already
facing socio-economic challenges [8].

The authors [18] highlighted that average food diversity is highest in South America
(4.48) and lowest in Sub-Saharan Africa (2.66). Additionally, they observed that high
temperatures are associated with a reduction in food diversity, while high precipitation
correlates positively with diversity in some regions. A study [13] analyzed dietary changes
in China between 1997 and 2011, identifying a decrease in the consumption of cereals
and vegetables, accompanied by an increase in obesity and overweight, which grew from
26% to 44% during the studied period. The authors found a positive correlation (r = 0.92,
p < 0.05) between obesity/overweight and the carbon footprint (CF) of foods, emphasizing
that reducing beef consumption contributes to a lower carbon footprint and a reduced risk
of obesity [13].

Although this topic was underexplored in this review, with only two articles, they
indicated that development policies should integrate detailed climatic considerations to
improve child nutrition, given the relationship between temperature variations, obesity,
and food security. Evidence suggests that rising temperatures may impact BMI in children
and adults, especially in developing countries, where vulnerability to climate change effects
is higher [13], which aligns with the findings of this review.

Moreover, the climate’s impact on food security is more pronounced in tropical regions
and economically disadvantaged populations, being exacerbated by high GHGE scenarios,
which increase food prices and affect the availability of nutritious products [8]. This situa-
tion highlights the need for addressing climate and food justice, particularly by focusing on
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vulnerable populations that are disproportionately affected by the combined pressures of
climate change and food insecurity [43]. Dietary interventions that encourage reducing the
consumption of high environmental impact meats and promote plant-based diets can offer
benefits for both health and the environment, reducing GHGE and decreasing obesity risks
associated with poor dietary patterns [13]. Thus, the studies highlight that both climatic
factors and food choices critically impact child nutrition and public health, underscoring
the need for integrated approaches that consider these aspects in the formulation of policies
and nutritional interventions [43].

4.1.3. Food Consumption, Obesity, Undernutrition, and Climate Change

The research findings of Aceves-Martins et al. (2023) [17] provided valuable insights
into the interrelationship between obesity, undernutrition, and climate change, considering
socio-economic and demographic differences in the United Kingdom. The study indicated
that participants with a BMI greater than 25 kg/m2 have a higher environmental food
impact. This phenomenon reflects a diet that includes a higher proportion of high envi-
ronmental impact foods, such as red meats, which are associated with higher costs and a
larger carbon footprint. In contrast, the reduced calorie intake observed among women,
whose diets are linked to lower values of a diet quality index (NRF8.3) and GHGE, may be
influenced by societal beauty standards that prioritize thinness over health, encouraging
restrictive, calorie-reduced diets that often exclude nutritious foods [17].

Furthermore, “social pressures” can be better understood through the lens of market-
ing campaigns targeting women, where processed and low-nutrient foods are frequently
promoted as part of a healthy lifestyle. These campaigns, often backed by social media
and influencer culture, encourage choices that do not prioritize nutritional value, thereby
reinforcing unhealthy eating patterns. These dynamics highlight the intersectionality of
gender and societal pressures in shaping eating habits, with women facing additional barri-
ers due to cultural expectations, economic limitations, and the overwhelming influence of
commercial marketing strategies [44,45].

The economic impact of these dietary choices also reflects the broader environmental
and social consequences. As women, particularly in lower-income brackets, are pushed
towards less expensive, calorie-dense foods, the link between food costs and climate change
becomes evident. The preference for less sustainable, high-calorie, low-cost foods not only
exacerbates the risk of malnutrition but also contributes to a higher carbon footprint,
reinforcing the need for policies that address both the financial and environmental aspects
of food choices [43].

This pattern is crucial for understanding climate change because less varied and sus-
tainable diets may perpetuate a cycle of poverty and poor nutrition, exacerbated by adverse
climatic conditions. Climate change, by affecting food availability and costs, intensifies
these inequalities, making access to healthy and sustainable diets even more challenging
for vulnerable populations. In an interview, Swinburn emphasized the central role of un-
healthy foods in the global syndemic, particularly ultra-processed foods, which contribute
to both obesity and undernutrition while driving negative environmental impacts [3]. The
Lancet’s report on the global syndemic [3] underscores the need for dual and triple-action
approaches that integrate environmental, food, and public health policies to simultaneously
mitigate the impacts of these three interconnected pandemics.

The review of Dietz & Pryor (2022) [45] highlighted the need for behavioral and policy
changes to address the global syndemic, particularly in the context of transportation and
food production systems in the U.S. This research also reveals a lack of studies attempting
to understand the issue of the global syndemic, as only one original study was identified
in this review [46]. Despite this gap, the review by de Carvalho et al. (2024) [46], which
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aimed to understand the global syndemic through the lens of complex systems, proposed a
systems dynamics model that maps the interactions between the components of the global
syndemic in children under five, identifying structural factors and feedback loops that
perpetuate these challenges and may contribute to the formulation of public policies. Thus,
the observed differences between socio-economic groups in terms of nutritional quality,
environmental impact, and food costs underscore the complex intersection of obesity,
undernutrition, and climate change.

4.2. Conceptual Model

The model presented in Figure 4 offers a comprehensive and detailed view of the
various factors influencing food security, highlighting the complexity of this issue. It helps
us understand that food consumption is not solely determined by individual choices but
by a set of interconnected factors, such as income, education, family structure, sanitation
conditions, and even environmental changes. This approach allows us to view food security
more realistically, considering not only the availability of food but also its accessibility,
stability in supply, and how food is utilized in the diet.

Although the traditional pillars of food security address physical and economic as-
pects, the addition of agency expands the framework to include autonomy, voice, and
participation in food system governance. The concept of agency refers to the capacity
of individuals and groups to make informed decisions about what they eat, what food
they produce, and how that food is distributed, regardless of external constraints [31]. In
the context of the Global Syndemic, agency plays a vital role by enabling communities to
resist structural determinants of poor nutrition and environmental degradation through
informed, collective action [47].

The inclusion of environmental factors, such as agriculture and climate change, demon-
strates that food security cannot be analyzed in isolation, as it is directly connected to issues
such as temperature, precipitation, and GHGE. For example, climate variations can af-
fect agricultural production, reducing the supply of certain foods and impacting their
accessibility, particularly for more vulnerable populations.

Another essential aspect addressed in the model is food quality. It is not enough
for food to be available; its diversity and nutritional value must also be considered. The
model shows how inadequate dietary patterns can lead both to undernutrition and to
an increase in chronic diseases, such as obesity and diabetes. This perspective broadens
our understanding of the relationship between food and public health, reinforcing the
importance of policies that promote balanced and sustainable diets.

Thus, by bringing together different factors in the same framework, the model helps
us visualize the challenges of food security in an integrated manner. Its application can
be crucial for the development of public policies and programs aimed at mitigating food
insecurity, ensuring that the solutions adopted take into account the interdependence of
various determinants of food and nutrition.

4.3. Countries Analyzed, Income Category According to the World Bank, and Relations with
Food Security

Among the 62 countries studied in the titles included in this review (Supplementary
Material Table S5), the majority were classified as low income (n = 22) and lower-middle
income (n = 25) according to the Gross National Income (GNI) per capita of World Bank
country groups and loans, which define economies as follows: low income (US$1145 or
less in 2023); lower-middle income (GNI per capita between US$1146 and US$4515); upper-
middle income (GNI per capita between US$4516 and US$14,005); high income (GNI per
capita above US$14,005) [48].
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This classification reflects the direct consequences found between income and food
security. The highest levels of food insecurity are found in countries where the population
has lower purchasing power. Among the locations studied in this review, in 2023, Sub-
Saharan Africa had the highest moderate and severe food insecurity index (63.3%), followed
by North Africa (33.8%); Central America (28.2%); South America (25.1%); Asia (24.8%);
and Europe (8.2%) [5].

Notably, even in high-income countries [21,23,34], socioeconomic disparities negatively
affect dietary behaviors, diet quality, and food security among marginalized populations.

Dietary patterns driven by the hegemonic food system not only reflect income-based
disparities in food security levels but also shape broader eating habits. This dominant pro-
duction and consumption model permeates food culture and undermines food sovereignty:
diets grow increasingly monotonous and ultraprocessed food-laden—purchased either in
supermarkets or fast-food chains—across both high- and low-income populations [49]. Con-
sequently, communities progressively lose agency over how to produce, process, distribute,
access, and consume nutritious foods, regardless of race, social class, gender, ethnicity, or
religion [50,51].

This reality necessitates critical examination of prevailing food-related cultural norms
to revitalize traditional dietary patterns, which are associated with healthier diets and
inherently promote more sustainable food systems. Such systems emphasize agricultural
biodiversity and equitable food production/consumption [2]. Achieving this transfor-
mation requires coordinated efforts between civil society and policymakers to counteract
commercial pressures from multinational corporations—key drivers of the dual malnutri-
tion/obesity pandemic [49] and climate change exacerbation—while implementing public
policies that simultaneously improve food security metrics and advance Sustainable Devel-
opment Goal (SDG) targets.

4.4. Limitations and Contributions of the Study

While this study offers important contributions, it is essential to recognize some lim-
itations. During the scoping review, it became evident that there is a lack of research
investigating, in an integrated manner, the relationship between malnutrition, climate
change, and food consumption. Furthermore, we observed the absence of studies address-
ing these issues in populations from Latin America, which hinders the direct application
of the results to our context. A limitation was also noted in the number of studies that
consider all three components of the global syndemic—undernutrition, obesity, and climate
change—in conjunction with food consumption. Only one of the articles included in the
review addressed this intersection in a more comprehensive way.

Despite these limitations, this study presents significant strengths. The scoping review
was crucial in identifying gaps in the literature, allowing future research to be directed at
filling these gaps and deepening knowledge in the field. Furthermore, the development
of the conceptual model presented in this work represents a relevant contribution, as it
organizes and connects the various factors influencing food security.

This model can serve as a useful tool both to guide new investigations and to support
public policies aimed at finding more effective solutions to the challenges of food, nutrition,
and climate change—as advocated by initiatives such as the Initiative on Climate Action
and Nutrition (ICAN), which promotes integrated approaches to tackle malnutrition and
environmental degradation simultaneously [5]. Thus, despite the limitations, the findings
of this study emphasize the importance of the topic and point to promising avenues for
future research and interventions.
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5. Conclusions
This study explored the interconnection between food consumption, obesity, under-

nutrition, and climate change, highlighting the complexity and interdependence of these
factors in the global context. From the literature review, it became clear that these issues
should not be analyzed in isolation, as their relationships are multiple and dynamic, es-
pecially in regions that are more vulnerable from a socioeconomic and environmental
standpoint. The conceptual model presented in this study offers an integrated view of food
security, providing a better understanding of how factors such as food access, nutritional
quality, social conditions, and environmental impacts intertwine.

The reviewed evidence shows that food insecurity, obesity, and undernutrition are not
isolated phenomena but components of a global syndemic that disproportionately affects
the most vulnerable populations. The relationship between these factors is particularly
evident in regions with low income levels and high social inequality, where adverse
climate conditions, such as temperature and precipitation variations, further exacerbate
food availability and quality. Moreover, the growing prevalence of diets based on ultra-
processed foods is directly linked to the rising rates of obesity, intensifying the cycle of food
insecurity and nutritional poverty.

Therefore, it is essential that public policies take an integrated approach to food
security, environmental sustainability, and health promotion. Interdisciplinary strategies
that promote balanced and sustainable diets and ensure access to nutritious foods are
key to mitigating the negative effects of this global crisis. To achieve this, future studies
should focus on more detailed models, considering regional specificities and developing
interventions based on concrete, context-driven data.

In summary, this study reaffirms the need for an integrated approach to address the
crisis involving obesity, undernutrition, and climate change. This crisis primarily affects
the most vulnerable populations, and ongoing research in this area will be crucial for devel-
oping more effective and adaptable solutions that improve living conditions and health,
particularly for those in situations of greater economic and environmental vulnerability.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph22060897/s1, Table S1. Search Strategy—SCOPUS via
Elsevier (Search conducted on 11 March 2024); Table S2. Search Strategy—MEDLINE/PubMed (via
National Library of Medicine) (Search conducted on 11 March 2024); Table S3. Search Strategy—Web
of Science—Core Collection (Clarivate Analytics) (Search conducted on 11 March 2024); Table S4.
Data Extraction Instrument; Table S5. Countries Present in the Articles Included in the Review and
Classification According to Income (GNI) per Capita by World Bank Country Groups and Loans;
Table S6. Expert Panel Decisions on the Connections Between the Causes and Consequences of the
Global Syndemic; Table S7. Characteristics of Selected Studies and Global Syndemic Components and
Code Management in the Review; Table S8. Frequency of Occurrence of the Variable in the Review.

Author Contributions: Conceptualization, G.G., F.C.S., S.M.V.B., A.L.G.D., A.D.J., A.M.S., D.M.L.M.,
E.V.J., E.M.S.R., O.J., F.M.S., and A.M.d.C.; Investigation, G.G., F.C.S., S.M.V.B., L.F.D., A.L.G.D., and
A.M.d.C.; Data Curation, G.G.; Formal Analysis, G.G., and L.F.D.; Methodology, G.G., and A.M.d.C.,
Visualization, G.G., F.C.S., and S.M.V.B.; Writing—original draft, G.G., F.C.S., S.M.V.B., and L.F.D.;
Writing—review and editing, G.G., F.C.S., S.M.V.B., L.F.D., A.L.G.D., A.D.J., A.M.S., D.M.L.M., E.V.J.,
E.M.S.R., O.J., F.M.S., and A.M.d.C.; Supervision, A.M.d.C.; Project Administration, A.M.d.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by CAPES—National Coordination of Higher Education Person-
nel Formation Programs (88887.908498/2023-00). The author A.M.d.C. was funded by the Department
of Science and Technology of the Secretariat of Science, Technology, Innovation, and Health Com-
plex of the Ministry of Health of Brazil—MoH, and the Council for Scientific and Technological
Development—CNPq (grant no. 444588/2023-0). The authors A.M.d.C., F.C.S. and L.F.D. were

https://www.mdpi.com/article/10.3390/ijerph22060897/s1
https://www.mdpi.com/article/10.3390/ijerph22060897/s1


Int. J. Environ. Res. Public Health 2025, 22, 897 17 of 19

funded by the São Paulo Research Foundation—FAPESP (grant nos. 2022/03091-6, 2023/13962-7,
2023/16338-2, and 2023/02948-3, respectively).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data supporting the findings of this study are available within the
article and its Supplementary Materials.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Beaumann, C.; Cannon, G.; Elmadfa, I.; Glasauer, P.; Hoffmann, I.; Keller, M.; Lang, T.; Leitzmann, C.; Lötsch, B.; Margetts, B.M.;

et al. The principles, definition and dimensions of the new nutrition science. Public Health Nutr. 2005, 8, 695–698. [CrossRef]
[PubMed]

2. Nguyen, H. Sustainable Food Systems: Concept and Framework; Food and Agriculture Organization of the United Nations: Rome,
Italy, 2018. Available online: http://www.fao.org/3/ca2079en/CA2079EN.pdf (accessed on 10 February 2025).

3. Swinburn, B.A.; Kraak, V.I.; Allender, S.; Atkins, V.J.; Baker, P.I.; Bogard, J.R.; Brinsden, H.; Calvillo, A.; De Schutter, O.; Devarajan,
R.; et al. The global syndemic of obesity, undernutrition, and climate change: The Lancet Commission report. Lancet 2019, 393,
791–846. [CrossRef] [PubMed]

4. Singer, M. A dose of drugs, a touch of violence, a case of AIDS: Conceptualizing the SAVA syndemic. Free. Inq. Creat. Sociol. 1996,
24, 99–110.

5. FAO; IFAD; UNICEF; WFP; WHO. The State of Food Security and Nutrition in the World 2024—Financing to End Hunger, Food
Insecurity, and Malnutrition in All Its Forms. 2024. 289p. Available online: https://openknowledge.fao.org/server/api/core/
bitstreams/d5be2ffc-f191-411c-9fee-bb737411576d/content (accessed on 25 February 2025).

6. Myers, S.S.; Zanobetti, A.; Kloog, I.; Huybers, P.; Leakey, A.D.; Bloom, A.J.; Carlisle, E.; Dietterich, L.H.; Fitzgerald, G.; Hasegawa,
T.; et al. Increasing CO2 threatens human nutrition. Nature 2014, 510, 139–142. [CrossRef]

7. Loladze, I. Hidden shift of the ionome of plants exposed to elevated CO2 depletes minerals at the base of human nutrition. eLife
2014, 3, e02245. [CrossRef]

8. Owino, V.; Kumwenda, C.; Ekesa, B.; Parker, M.E.; Ewoldt, L.; Roos, N.; Lee, W.T.; Tome, D. The impact of climate change on food
systems, diet quality, nutrition, and health outcomes: A narrative review. Front. Clim. 2022, 4, 941842. [CrossRef]

9. Beach, R.H.; Sulser, T.B.; Crimmins, A.; Cenacchi, N.; Cole, J.; Fukagawa, N.K.; Mason-D’Croz, D.; Myers, S.; Sarofim, M.C.; Smith,
M.; et al. Combining the effects of increased atmospheric carbon dioxide on protein, iron, and zinc availability and projected
climate change on global diets: A modelling study. Lancet Planet. Health 2019, 3, e307–e317. [CrossRef]

10. Seifu, C.N.; Fahey, P.P.; Hailemariam, T.G.; Frost, S.A.; Atlantis, E. Dietary patterns associated with obesity outcomes in adults:
An umbrella review of systematic reviews. Public Health Nutr. 2021, 24, 6390–6414. [CrossRef]

11. Zeinalabedini, M.; Zamani, B.; Nasli-Esfahani, E.; Azadbakht, L. A systematic review and meta-analysis of the association of
dietary diversity with undernutrition in school-aged children. BMC Pediatr. 2023, 23, 269. [CrossRef]

12. Franco, C.C.; Rebolledo-Leiva, R.; González-García, S.; Feijoo, G.; Moreira, M.T. Addressing the food, nutrition and environmental
nexus: The role of socio-economic status in the nutritional and environmental sustainability dimensions of dietary patterns in
Chile. J. Clean. Prod. 2022, 379, 134723. [CrossRef]

13. Wang, L.; Cui, S.; Hu, Y.; O’Connor, P.; Gao, B.; Huang, W.; Zhang, Y.; Xu, S. The co-benefits for food carbon footprint and
overweight and obesity from dietary adjustments in China. J. Clean. Prod. 2020, 289, 125675. [CrossRef]

14. Peters, M.D.J.; Godfrey, C.M.; Khalil, H.; McInerney, P.; Parker, D.; Soares, C.B. Guidance for conducting systematic scoping
reviews. Int. J. Evid. Based Healthc. 2015, 13, 141–146. [CrossRef] [PubMed]

15. Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.J.; Horsley, T.; Weeks, L.;
et al. PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467–473.
[CrossRef]

16. Dinku, A.M.; Mekonnen, T.C.; Adilu, G.S. Child dietary diversity and food (in)security as a potential correlate of child anthro-
pometric indices in the context of urban food system in the cases of north-central Ethiopia. J. Health Popul. Nutr. 2020, 39, 11.
[CrossRef] [PubMed]

17. Aceves-Martins, M.; Bates, R.L.; Craig, L.C.; Chalmers, N.; Horgan, G.; Boskamp, B.; de Roos, B. Consumption of foods with the
highest nutritional quality, and the lowest greenhouse gas emissions and price, differs between socio-economic groups in the UK
population. Public Health Nutr. 2023, 26, 3370–3378. [CrossRef]

18. Niles, M.T.; Emery, B.F.; Wiltshire, S.; Brown, M.E.; Fisher, B.; Ricketts, T.H. Climate impacts associated with reduced diet diversity
in children across nineteen countries. Environ. Res. Lett. 2021, 16, 015010. [CrossRef]

https://doi.org/10.1079/PHN2005820
https://www.ncbi.nlm.nih.gov/pubmed/16236202
http://www.fao.org/3/ca2079en/CA2079EN.pdf
https://doi.org/10.1016/S0140-6736(18)32822-8
https://www.ncbi.nlm.nih.gov/pubmed/30700377
https://openknowledge.fao.org/server/api/core/bitstreams/d5be2ffc-f191-411c-9fee-bb737411576d/content
https://openknowledge.fao.org/server/api/core/bitstreams/d5be2ffc-f191-411c-9fee-bb737411576d/content
https://doi.org/10.1038/nature13179
https://doi.org/10.7554/eLife.02245
https://doi.org/10.3389/fclim.2022.941842
https://doi.org/10.1016/S2542-5196(19)30094-4
https://doi.org/10.1017/S1368980021000823
https://doi.org/10.1186/s12887-023-04032-y
https://doi.org/10.1016/j.jclepro.2022.134723
https://doi.org/10.1016/j.jclepro.2020.125675
https://doi.org/10.1097/XEB.0000000000000050
https://www.ncbi.nlm.nih.gov/pubmed/26134548
https://doi.org/10.7326/M18-0850
https://doi.org/10.1186/s41043-020-00219-6
https://www.ncbi.nlm.nih.gov/pubmed/33298197
https://doi.org/10.1017/S1368980023002355
https://doi.org/10.1088/1748-9326/abd0ab


Int. J. Environ. Res. Public Health 2025, 22, 897 18 of 19

19. Nel, J.H.; Steyn, N.P. The nutrition transition and the double burden of malnutrition in Sub-Saharan African countries: How do
these countries compare with the recommended LANCET COMMISSION Global Diet? Int. J. Environ. Res. Public Health 2022,
19, 16791. [CrossRef]

20. Yang, Y.; Yuan, S.; Liu, Q.; Li, F.; Dong, Y.; Dong, B.; Zou, Z.; Ma, J.; Baker, J.S.; Li, X.; et al. Meeting 24-Hour Movement and
Dietary Guidelines: Prevalence, Correlates and Association with Weight Status among Children and Adolescents: A National
Cross-Sectional Study in China. Nutrients 2022, 14, 2822. [CrossRef]

21. Lowe, C.; Kelly, M.; Sarma, H.; Richardson, A.; Kurscheid, J.M.; Laksono, B.; Amaral, S.; Stewart, D.; Gray, D.J. The double burden
of malnutrition and dietary patterns in rural Central Java, Indonesia. Lancet Reg. Health West. Pac. 2021, 14, 100205. [CrossRef]

22. Wu, C.H.; Lin, C.Y.; Hsieh, Y.P.; Strong, C.; Meshki, C.; Lin, Y.C.; Tsai, M.C. Dietary behaviors mediate the association between
food insecurity and obesity among socioeconomically disadvantaged youth. Appetite 2019, 132, 275–281. [CrossRef]

23. Ortiz-Marrón, H.; Ortiz-Pinto, M.A.; Lanza, M.U.; Pajudas, G.C.; Del Pino, V.V.; Cortés, S.B.; Gascón, T.G.; Gavín, M.O. Household
food insecurity and its association with overweight and obesity in children aged 2 to 14 years. BMC Public Health 2022, 22, 1930.
[CrossRef] [PubMed]

24. Harper, A.; Goudge, J.; Chirwa, E.; Rothberg, A.; Sambu, W.; Mall, S. Dietary diversity, food insecurity and the double burden of
malnutrition among children, adolescents and adults in South Africa: Findings from a national survey. Front. Public Health 2022,
10, 948090. [CrossRef] [PubMed]

25. Lee, S.J.; Ryu, H.K. Relationship between dietary intakes and the double burden of malnutrition in adults of Malang, Indonesia:
An exploratory study. Nutr. Res. Pract. 2018, 12, 426–435. [CrossRef] [PubMed]

26. Asgari, E.; Askari, M.; Bellissimo, N.; Azadbakht, L. Association between Ultraprocessed Food Intake and Overweight, Obesity,
and Malnutrition among Children in Tehran, Iran. Int. J. Clin. Pract. 2022, 2022, 8310260. [CrossRef]

27. Myers, S.S.; Pivor, J.I.; Saraiva, A.M. The São Paulo Declaration on Planetary Health. Lancet 2021, 398, 1299. [CrossRef]
28. World Health Organization. World Health Statistics 2022: Monitoring Health for the SDGs, Sustainable Development Goals; WHO:

Geneva, Switzerland, 2022. Available online: https://www.who.int/data/gho/publications/world-health-statistics (accessed on
26 April 2025).

29. Global Nutrition Report (GNR). The Global Nutrition Report 2021: The State of Global Nutrition; Global Nutrition Report (GNR):
2021. Available online: https://globalnutritionreport.org/ (accessed on 20 April 2025).

30. Silva, J.T.; Garzillo, J.M.F.; Rauber, F.; Kluczkovski, A.; Rivera, X.S.; da Cruz, G.L.; Frankowska, A.; Martins, C.A.; Louzada,
M.L.d.C.; Monteiro, C.A.; et al. Greenhouse gas emissions, water footprint, and ecological footprint of food purchases according
to their degree of processing in Brazilian metropolitan areas: A time-series study from 1987 to 2018. Lancet Planet. Health 2021, 5,
e775–e785. [CrossRef]

31. High Level Panel of Experts on Food Security and Nutrition (HLPE). Food Security and Nutrition: Building a Global Narrative
Towards 2030; HLPE of the Committee on World Food Security: Rome, Italy, 2020. Available online: https://www.fao.org/3/ca9
731en/ca9731en.pdf (accessed on 15 March 2025).

32. Tan, L.J.; Oh, S.J.; Nasan-Ulzii, B.; Lee, W.; Hong, S.W.; Shin, S. Association between dietary patterns and obesity: A longitudinal
prospective cohort study. Public Health 2024, 234, 217–223. [CrossRef]

33. Food Systems Economics Commission. The Economics of the Food System Transformation; Food and Agriculture Organization of the
United Nations: Rome, Italy, 2024. Available online: https://www.fao.org/family-farming/detail/en/c/1696203/ (accessed on
12 March 2025).

34. Serafim, P.; Borges, C.A.; Cabral-Miranda, W.; Jaime, P.C. Ultra-Processed Food Availability and Sociodemographic Associated
Factors in a Brazilian Municipality. Front. Nutr. 2022, 9, 858089. [CrossRef]

35. Leung, C.W.; Fulay, A.P.; Parnarouskis, L.; Martinez-Steele, E.; Gearhardt, A.N.; Wolfson, J.A. Food insecurity and ultra-processed
food consumption: The modifying role of participation in the Supplemental Nutrition Assistance Program (SNAP). Am. J. Clin.
Nutr. 2022, 116, 197–205. [CrossRef]

36. Moodie, R.; Stuckler, D.; Monteiro, C.; Sheron, N.; Neal, B.; Thamarangsi, T.; Lincoln, P.; Casswell, S.; on behalf of The Lancet
NCD Action Group. Profits and pandemics: Prevention of harmful effects of tobacco, alcohol, and ultra-processed food and drink
industries. Lancet 2013, 381, 670–679. [CrossRef]

37. Stuckler, D.; Nestle, M. Big Food, food systems, and global health. PLoS Med. 2012, 9, e1001267. [CrossRef] [PubMed]
38. Poulsen, M.N.; Bailey-Davis, L.; Pollak, J.; Hirsch, A.G.; Schwartz, B.S. Household food insecurity and home food availability in

relation to youth diet, body mass inde] and adiposity. J. Acad. Nutr. Diet. 2019, 119, 1666–1675. [CrossRef] [PubMed]
39. Gupta, R.D.; Frank, H.A.; Akonde, M.; Mazumder, A.; Siddika, N.; Apu, E.H.; Chakraborty, P.A. Rural-urban differences in

prevalence and associated factors of underweight and overweight/obesity among Bangladeshi adults: Evidence from Bangladesh
Demographic and Health Survey 2017–2018. Epidemiologia 2023, 4, 505–520. [CrossRef] [PubMed]

40. Weffort, A.R.S.; Lamounier, J.A. Hidden hunger—A narrative review. J. Pediatr. 2024, 100, S10–S17. [CrossRef]
41. Keenan, G.S.; Christiansen, P.; Hardman, C.A. Household food insecurity, diet quality, and obesity: An explanatory model.

Obesity 2021, 29, 143–149. [CrossRef]

https://doi.org/10.3390/ijerph192416791
https://doi.org/10.3390/nu14142822
https://doi.org/10.1016/j.lanwpc.2021.100205
https://doi.org/10.1016/j.appet.2018.10.013
https://doi.org/10.1186/s12889-022-14308-0
https://www.ncbi.nlm.nih.gov/pubmed/36253730
https://doi.org/10.3389/fpubh.2022.948090
https://www.ncbi.nlm.nih.gov/pubmed/36211708
https://doi.org/10.4162/nrp.2018.12.5.426
https://www.ncbi.nlm.nih.gov/pubmed/30323910
https://doi.org/10.1155/2022/8310260
https://doi.org/10.1016/S0140-6736(21)02181-4
https://www.who.int/data/gho/publications/world-health-statistics
https://globalnutritionreport.org/
https://doi.org/10.1016/S2542-5196(21)00254-0
https://www.fao.org/3/ca9731en/ca9731en.pdf
https://www.fao.org/3/ca9731en/ca9731en.pdf
https://doi.org/10.1016/j.puhe.2024.04.002
https://www.fao.org/family-farming/detail/en/c/1696203/
https://doi.org/10.3389/fnut.2022.858089
https://doi.org/10.1093/ajcn/nqac049
https://doi.org/10.1016/S0140-6736(12)62089-3
https://doi.org/10.1371/journal.pmed.1001242
https://www.ncbi.nlm.nih.gov/pubmed/22723746
https://doi.org/10.1016/j.jand.2019.01.001
https://www.ncbi.nlm.nih.gov/pubmed/30858071
https://doi.org/10.3390/epidemiologia4040042
https://www.ncbi.nlm.nih.gov/pubmed/38131674
https://doi.org/10.1016/j.jped.2023.08.009
https://doi.org/10.1002/oby.23033


Int. J. Environ. Res. Public Health 2025, 22, 897 19 of 19

42. Trentinaglia, M.T.; Parolini, M.; Donzelli, F.; Olper, A. Climate change and obesity: A global analysis. Glob. Food Sec. 2021,
29, 100539. [CrossRef]

43. Levine, M.P.; Murnen, S.K. “Everybody knows that mass media are/are not [pick one] a cause of eating disorders”: A critical
review of the evidence for a causal link between media, negative body image, and disordered eating in females. J. Soc. Clin.
Psychol. 2009, 28, 11–33. [CrossRef]

44. Tiggemann, M.; Slater, A. NetGirls: The Internet, Facebook, and body image concern in adolescent girls. Int. J. Eat. Disord. 2014,
47, 630–643. [CrossRef]

45. Dietz, W.H.; Pryor, S. How can we act to mitigate the global syndemic of obesity, undernutrition, and climate change? Curr. Obes.
Rep. 2022, 11, 61–69. [CrossRef]

46. de Carvalho, A.M.; Garcia, L.M.T.; Lourenço, B.H.; Verly Junior, E.; Carioca, A.A.F.; Jacob, M.C.M.; Gomes, S.M.; Sarti, F.M.
Exploring the nexus between food systems and the global syndemic among children under five years of age through the complex
systems approach. Int. J. Environ. Res. Public Health 2024, 21, 893. [CrossRef]

47. World Bank. World Bank Data Helpdesk. World Bank: Washington, DC, USA. Available online: https://datahelpdesk.worldbank.
org/knowledgebase/articles/906519-world-bank-country-and-lending-groups (accessed on 26 March 2025).

48. Watson, K.E. Food Justice: At the Intersection of Policy and Culture. In Antiblackness and the Stories of Authentic Allies; Oxford
University Press: Oxford, UK, 2024. [CrossRef]

49. Horst, M.; McClintock, N.; Hoey, L. The Intersection of Planning, Urban Agriculture, and Food Justice: A Review of the Literature.
In Planning for Equitable Urban Agriculture in the United States; Raja, S., Caton Campbell, M., Judelsohn, A., Born, B., Morales, A.,
Eds.; Urban Agriculture; Springer: Cham, Germany, 2024. [CrossRef]

50. Jacob, M.; Souza, A.M.; de Carvalho, A.M.; Neto, C.F.A.d.V.; Tregidgo, D.; Hunter, D.; Pereira, F.D.O.; Brull, G.R.; Kunhlein,
H.V.; da Silva, L.J.G.; et al. Food Biodiversity as an Opportunity to Address the Challenge of Improving Human Diets and Food
Security. Ethnobiol. Conserv. 2023, 12, 1–14. [CrossRef]

51. United Nations Framework Convention on Climate Change (UNFCCC). The Initiative on Climate Action and Nutrition (ICAN);
UNFCCC: Bonn, Germany, 2023. Available online: https://climateaction.unfccc.int/Initiatives?id=The_Initiative_on_Climate_
Action_and_Nutrition (accessed on 26 March 2025).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.gfs.2021.100539
https://doi.org/10.1521/jscp.2009.28.1.9
https://doi.org/10.1002/eat.22141
https://doi.org/10.1007/s13679-021-00464-8
https://doi.org/10.3390/ijerph21070893
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://doi.org/10.1093/oso/9780197642535.003.0015
https://doi.org/10.1007/978-3-031-32076-7_6
https://doi.org/10.15451/ec2023-02-12.05-1-14
https://climateaction.unfccc.int/Initiatives?id=The_Initiative_on_Climate_Action_and_Nutrition
https://climateaction.unfccc.int/Initiatives?id=The_Initiative_on_Climate_Action_and_Nutrition

	Introduction 
	Materials and Methods 
	Scope Review, Research Question, and Eligibility Criteria 
	Literature Review 
	Development of the Conceptual Model 

	Results 
	Findings from the Literature Review 
	Selected Studies and Data Tabulation 
	Conceptual Model Development 

	Discussion 
	Relationships Between Food Consumption and Components of the Global Syndemic 
	Food Consumption, Obesity, and Undernutrition 
	Food Consumption, Obesity, and Climate Change 
	Food Consumption, Obesity, Undernutrition, and Climate Change 

	Conceptual Model 
	Countries Analyzed, Income Category According to the World Bank, and Relations with Food Security 
	Limitations and Contributions of the Study 

	Conclusions 
	References

