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Abstract: This study investigates the role of food additives in public health, with a particular emphasis on their
potential contribution to the increasing prevalence of diabetes mellitus. A comprehensive review of recent literature
was conducted to examine the association between various categories of food additives including artificial sweeteners,
preservatives, and emulsifiers and metabolic health outcomes. The findings indicate a significant link between the
consumption of these additives and heightened risk of insulin resistance and type 2 diabetes. Specifically, artificial
sweeteners such as aspartame and sucralose have been shown to impair glucose metabolism; preservatives like sodium
benzoate are associated with increased inflammation and oxidative stress; and emulsifiers may disrupt gut microbiota
composition, thereby contributing to metabolic dysregulation.
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The study identifies critical shortcomings in current regulatory frameworks, particularly their failure to evaluate the
cumulative and long-term health effects of combined additive exposure. It underscores the need for more rigorous
food safety policies, improved public awareness, and the implementation of longitudinal studies to further assess the
chronic health impacts of food additive consumption. This work provides important insights into the biological
mechanisms linking food additives to diabetes risk and offers recommendations for future research and policy reform.
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1. Introduction

Food additives, known in Indonesian as bahan
tambahan pangan (BTP), have become fundamental
components of the modern food industry. They are
widely used to enhance the flavor, texture, shelf life,
and overall appeal of processed foods. These
substances include preservatives, flavor enhancers,
colorants, and emulsifiers. Although they are regulated
by national and international authorities to ensure their
safety for human consumption, concerns have
emerged regarding their potential adverse effects on
public health. In particular, their possible contribution
to chronic metabolic conditions such as diabetes
mellitus has drawn increasing attention.

The global prevalence of diabetes has been
rising at an alarming rate. According to the
International Diabetes Federation, approximately 537
million adults were living with diabetes in 2021. This
trend highlights the urgency of identifying dietary and
environmental factors that may influence the
development and progression of the disease. Recent
studies have suggested that some food additives,
especially artificial  sweeteners and  certain
preservatives, may disrupt metabolic processes and
contribute to insulin resistance and type 2 diabetes.

Despite such findings, many regulatory frameworks
focus solely on acceptable daily intake levels for
individual additives and often fail to consider the long-
term or cumulative effects of multiple additives
consumed together. This limitation raises critical
questions about the adequacy of current safety
evaluations.

This study aims to investigate the relationship
between food additives and the onset and progression
of diabetes mellitus, with particular emphasis on the
shortcomings of existing regulatory measures. The
research is timely, given the growing burden of diet-
related chronic diseases worldwide. Through a
synthesis of current scientific literature and case
studies, this study provides a comprehensive analysis
of how food additives may influence metabolic health.
It also presents policy recommendations to improve
public health protections and strengthen regulatory
systems.

The relevance of this research is further
supported by global shifts in dietary habits. The
increasing consumption of processed and convenience
foods, which often contain high levels of additives,
reflects a broader trend in modern food systems. The
popularity of fast food chains and ready-to-cat meals
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has raised concerns about nutritional quality and the
presence of artificial ingredients. Companies operating
on a global scale have faced growing scrutiny over the
health implications of their products, making them
critical points of focus for regulatory intervention.

Beyond its academic contributions, this study
offers practical implications for public health policy.
By identifying specific additives linked to metabolic
disturbances and evaluating the limitations of current
regulations, the research provides a foundation for
more effective and evidence-based policymaking. It
also highlights the importance of increasing consumer
awareness and holding the food industry accountable
for health-related outcomes.

The primary objective of this study is to
examine the role of food additives in public health,
with a particular focus on their association with
diabetes mellitus. It seeks to identify which categories
of additives are most strongly linked to diabetes risk
and to assess the effectiveness of existing regulatory
frameworks in mitigating these risks. By reviewing the
literature and analyzing real-world examples, the study
offers insight into the biological mechanisms through
which food additives may contribute to metabolic
disorders and explores regulatory gaps that may
exacerbate these risks.

This research contributes uniquely to the field
by emphasizing the need for more comprehensive and
rigorous regulatory oversight. While existing studies
have largely focused on the safety of individual
additives, few have addressed the cumulative health
effects of additive combinations over time. This study
aims to fill that gap by offering practical
recommendations for food safety policies that reflect
the complex realities of modern diets.

The guiding research question is as follows:
How do food additives contribute to the development
and progression of diabetes mellitus, and what
regulatory measures should be implemented to reduce
the associated public health risks? In answering this
question, the study seeks to inform public health
strategies and consumer decisions, ultimately
contributing to the prevention of diabetes and the
promotion of better health outcomes worldwide.

2. Literature Review
2.1. The Role of Food Additives in Human Health
Food additives play a crucial role in enhancing the
sensory properties and prolonging the shelf life of food
products. However, growing evidence has suggested
that some of these additives may have unintended
health  consequences.  Artificial  sweeteners,
preservatives, colorants, and emulsifiers have been
increasingly linked to metabolic disorders, including
insulin resistance and obesity, which are major risk
factors for diabetes mellitus [2]. A significant concern
with food additives is their ability to interfere with

metabolic processes, either by directly affecting
insulin sensitivity or by altering the gut microbiome, a
key player in metabolic regulation. For example,
emulsifiers  like  carboxymethylcellulose  and
polysorbate 80, commonly used in processed foods,
have been shown to disrupt gut microbiota
composition, potentially leading to inflammation and
insulin resistance [3].

The metabolic effects of food additives are
complex and multifactorial. Artificial sweeteners,
particularly aspartame and sucralose, are frequently
used in low-calorie foods and beverages as sugar
substitutes. However, recent studies have suggested
that they may not be harmless. Calcattera argue that
artificial sweeteners could disrupt the body’s natural
regulation of glucose and insulin, leading to alterations
in glucose metabolism and an increased risk of insulin
resistance [4]. The mechanism by which artificial
sweeteners exert these effects remains unclear, but it
has been suggested that they may interfere with the gut
microbiota, leading to metabolic. These substances,
when consumed regularly, could ultimately contribute
to the rising prevalence of diabetes.

Despite these concerns, the long-term health effects
of food additives are still not fully understood.
Research on the interactions between multiple food
additives is limited, and regulatory agencies have been
slow to adapt to these emerging findings. Individual
food additives are regulated through safety testing,
cumulative exposure to a variety of additives in the
typical modern diet is largely unexamined. Thus, there
is an urgent need for more comprehensive research that
considers the combined and long-term effects of food
additives, especially as the prevalence of diabetes
continues to rise globally. The current body of
literature provides compelling evidence that certain
food additives may be contributing to the global
diabetes epidemic, warranting further investigation
and more stringent regulatory oversight [5].

2.2. Diabetes Mellitus and Its Growing Prevalence

The global burden of diabetes mellitus has
increased significantly over the past few decades, with
type 2 diabetes emerging as one of the most prevalent
chronic diseases worldwide. The International
Diabetes Federation [6] reported that the number of
people with diabetes reached 537 million adults in
2021, and this figure is expected to rise substantially
in the coming decades. This alarming trend can be
attributed to a combination of genetic factors, lifestyle
choices, and environmental exposures. However, one
of the most significant contributors is the increasing
consumption of processed foods high in added sugars,
fats, and artificial additives. These foods, often
marketed as convenient and affordable, have become
staples in the diets of many populations worldwide,
particularly in developed countries [7]

The consumption of processed foods, which often
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contain multiple food additives, has been shown to
influence the development of diabetes in several ways.
Processed foods are typically high in refined sugars
and unhealthy fats, both of which are known to
contribute to insulin resistance and metabolic
dysfunction. However, the role of food additives in this
process is becoming more apparent. Studies have
found that preservatives and artificial sweeteners,
commonly present in processed foods, may exacerbate
insulin resistance by disrupting normal metabolic
pathways [8]. In particular, artificial sweeteners, which
are used to replace sugar in low-calorie foods and
beverages, have been implicated in impairing glucose
metabolism, possibly due to their impact on the gut
microbiome or alterations in the brain’s reward system
[9].

A key concern is the effect of food additives on the
gut microbiome, which plays a crucial role in
regulating metabolism, immune function, and
inflammation. Recent research suggests that food
additives such as emulsifiers and preservatives can
alter the composition of gut bacteria, leading to an
inflammatory response that may increase the risk of
obesity and diabetes [10]. Disruptions in the gut
microbiome can interfere with the body’s ability to
process glucose and respond to insulin, thereby
contributing to the development of type 2 diabetes.
This growing body of evidence underscores the need
to investigate the role of food additives in diabetes
more closely, particularly given the increasing
consumption of processed foods in both developed and
developing countries.

2.3. The Link Between Food Additives and Diabetes

The potential link between food additives and
diabetes mellitus is a subject of growing research
interest, particularly in light of the global increase in
diabetes prevalence. While many food additives are
considered safe when consumed within recommended
limits, emerging evidence suggests that their long-term
and cumulative consumption may have adverse effects
on metabolic health, particularly in relation to
diabetes. Artificial sweeteners are among the most
commonly studied additives in this context. Recent
studies have shown that artificial sweeteners, such as
aspartame and sucralose, may contribute to the
development of insulin resistance by altering the
body’s glucose metabolism. For example, research by
[11] found that regular consumption of artificial
sweeteners could lead to an increased risk of metabolic
disorders, including diabetes, by affecting insulin
secretion and glucose uptake.

Similarly, preservatives used to extend the shelf life
of food products have been implicated in promoting
the development of diabetes. Sodium benzoate, a
commonly used preservative, has been shown to
increase oxidative stress and inflammation, both of
which are associated with insulin resistance and type 2
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diabetes [3]. Other preservatives, such as nitrates and
nitrites, have also been linked to increased diabetes
risk, although the evidence is less conclusive. The role
of preservatives in insulin resistance is thought to be
related to their impact on cellular processes and
inflammatory pathways, which can affect insulin
sensitivity and glucose metabolism [9].

Emulsifiers, which are used to improve the texture
and consistency of food products, have also raised
concerns due to their potential effects on the gut
microbiome. Studies have demonstrated that
emulsifiers such as carboxymethylcellulose and
polysorbate 80 can alter gut microbial composition,
leading to an imbalance that promotes inflammation
and metabolic dysfunction. These changes in the gut
microbiota are believed to play a central role in the
development of insulin resistance and obesity, both of
which are risk factors for type 2 diabetes [8]. Given the
widespread use of emulsifiers in processed foods, this
represents a significant public health concern. The
cumulative impact of various additives on metabolic
health warrants further investigation, particularly as
they may act synergistically to promote diabetes
development.

2.4. Current Regulatory Measures and Their
Limitations

Regulatory measures for food additives vary
widely across countries, but most regulatory agencies,
such as the FDA and EFSA, set acceptable daily intake
(ADI) levels for a wide range of additives based on
toxicological assessments. These assessments are
typically designed to ensure that the levels of additives
present in food products are not harmful when
consumed daily over a lifetime. However, several
experts have raised concerns about the adequacy of
these regulations, particularly in light of new research
suggesting that the long-term cumulative exposure to
food additives may pose greater health risks than
previously acknowledged [6]. For example, the current
ADI levels are based on single additive exposure,
without considering the combined effects of multiple
additives consumed together, which is often the case in
modern diets.

A significant limitation of current regulations is the
lack of consideration for the potential interactions
between different food additives. Many processed
foods contain multiple additives, each of which may
individually pose a health risk, but the synergistic
effects of these additives remain largely unexplored
[12]. While some food additives have been extensively
studied, there is a lack of research on the cumulative
effects of consuming multiple additives over time,
particularly when combined with other environmental
factors, such as poor diet or sedentary lifestyles. This
gap in the regulatory framework highlights the need
for a more holistic approach to food safety that
accounts for the cumulative exposure to additives and
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their long-term health effects.

Furthermore, the safety thresholds established by
regulatory bodies often fail to account for vulnerable
populations, such as children, pregnant women, and
individuals with pre-existing health conditions. These
groups may be more susceptible to the adverse effects
of food additives, and current regulations may not
adequately protect them from potential harm. [8] argue
that more robust safety assessments are needed to
account for the specific vulnerabilities of these
populations. Stricter regulations that consider both
individual and cumulative risks are essential to
safeguard public health and reduce the growing burden
of chronic diseases, such as diabetes mellitus.

2.5. Proposals for Stricter Regulations

Given the mounting evidence linking food
additives to metabolic disorders like diabetes, there is
growing consensus that existing regulatory
frameworks need to be updated. One potential
approach is to adopt stricter regulations for high-risk
food additives, such as artificial sweeteners,
preservatives, and emulsifiers. Regulatory bodies
could revise ADI levels based on new scientific
findings, considering not only the safety of individual
additives but also their cumulative effects on
metabolic health [13]. Furthermore, policymakers
could introduce more stringent labeling requirements
to ensure that consumers are informed about the
additives in the foods they purchase. Transparent
labeling would enable individuals to make more
informed decisions about their diets, potentially
reducing the intake of harmful additives.

Another proposal is to increase the emphasis on
long-term studies that assess the health risks associated
with the consumption of food additives over the
lifespan. While short-term toxicological studies have
been conducted for many additives, there is a lack of
research on the long-term effects of exposure to food
additives in combination with other dietary factors [4].
More comprehensive studies are needed to fully
understand the role of food additives in the
development of chronic diseases, including diabetes.
Such research would provide a stronger scientific basis
for revising current safety standards and could lead to
the implementation of more proactive regulatory
measures.

Finally, there is a growing call for global
cooperation to harmonize food additive regulations
across countries. As the food supply becomes
increasingly globalized, inconsistencies in regulations
between different regions can lead to the unintentional
exposure of consumers to harmful additives. A unified
approach to food safety, with stricter regulations based
on the latest scientific evidence, would help mitigate
the health risks associated with food additives and
protect public health worldwide [14]. This would also
facilitate the development of more standardized

labeling practices, enabling consumers to make
healthier food choices across different markets

3. Method

3.1 Research Design

This study adopts a qualitative approach,
specifically a literature review, to comprehensively
examine the role of food additives (BTP) in public
health and diabetes mellitus. The rationale behind
selecting this research design lies in the nature of the
research questions, which aim to synthesize existing
evidence and propose regulatory measures based on
the current understanding of the relationship between
food additives and diabetes. A literature review design
allows for a thorough exploration of both primary and
secondary sources, enabling the integration of diverse
findings and perspectives from various research
studies. It is particularly useful for understanding
complex phenomena such as the long-term effects of
food additives, which require the analysis of multiple
sources of evidence [13]. This approach aligns with the
study’s objective of critically assessing the existing
body of knowledge on food additives and diabetes,
identifying gaps, and proposing evidence-based
regulatory changes.

3.2 Sample

The sample for this study consists of peer-reviewed
journal articles, reports from governmental and health
organizations, and other credible sources published in
the last five years. These sources were selected based
on their relevance to the research topic and their
scientific rigor. The inclusion criteria were: (1) articles
published between 2019 and 2025; (2) studies that
investigate the relationship between food additives and
metabolic health, specifically focusing on diabetes
mellitus; and (3) sources from reputable academic
journals, governmental health organizations, or
established international research bodies. Exclusion
criteria included studies that were not peer-reviewed,
articles without clear relevance to the topic, and
sources that focused on food additives not directly
linked to diabetes. This selection process ensures that
the review provides the most up-to-date and credible
evidence, offering insights into the complex
interactions between food additives and public health
outcomes, particularly diabetes [2].

3.3 Data Collection

Data collection for this study involved a
comprehensive search through electronic databases
such as Google Scholar, PubMed, and Scopus. The
search process was initiated with broad keywords
related to food additives and diabetes mellitus, such as
"food additives and diabetes," "BTP and public
health," and "impact of food additives on metabolic
health." Each relevant article was carefully reviewed
for inclusion based on the aforementioned criteria.
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Articles that met the inclusion criteria were then
categorized according to the types of additives they
discussed (e.g., artificial sweeteners, preservatives,
emulsifiers) and their respective impacts on diabetes
or metabolic disorders. This article with the data being
collected from a variety of global sources, ensuring a
diverse and comprehensive pool of information. The
literature review methodology provides a systematic
way to gather a wide range of studies, offering a
holistic view of the issue at hand.

3.4 Data Analysis

Data analysis for this literature review was
conducted using a thematic approach, which is
commonly used in qualitative research for identifying,
analyzing, and reporting patterns (themes) within data.
Thematic analysis allows for the identification of key
trends, common findings, and significant gaps in the
literature regarding the role of food additives in the
development of diabetes [15]. Each article was read
multiple times to extract relevant themes related to the
impact of food additives on public health and diabetes.
These themes were then organized into categories,
such as "Impact of Artificial Sweeteners,"
"Preservatives and Insulin  Resistance," and
"Regulatory Gaps and Proposals for Stricter Controls."
This approach not only enables the researcher to
identify recurring patterns and connections across
studies but also facilitates the synthesis of findings in
a way that directly addresses the research questions.
Thematic analysis is particularly appropriate for this
study, as it enables a deeper understanding of the
nuances in the literature, identifying both consensus
and disagreement across studies, and contributing to
the development of regulatory recommendations.

4. Result and Discussion
4.1 Impact of Artificial Sweeteners on Insulin
Resistance and Diabetes Risk

One of the key findings of this study is the
significant association between the consumption of
artificial sweeteners and an increased risk of insulin
resistance and type 2 diabetes. According to Kraemar
[12], regular consumption of artificial sweeteners such
as aspartame and sucralose has been shown to disrupt
glucose metabolism, contributing to an elevated risk of
insulin resistance. In a study conducted by Limbert
[16], individuals who consumed more than 10 grams
of artificial sweeteners daily had a 15% higher
likelihood of developing insulin resistance compared
to those with lower consumption levels. This suggests
that even low-calorie products containing artificial
sweeteners may contribute to metabolic dysfunction,
despite their intended benefit of reducing sugar intake.

Moreover, the literature review indicated that the
long-term effects of artificial sweeteners could
exacerbate the development of diabetes. Research by
[2]) found that artificial sweeteners might interfere
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with insulin secretion and insulin sensitivity, further
elevating the risk of developing type 2 diabetes. The
impact of these sweeteners on the gut microbiome,
which plays a critical role in metabolic regulation, was
also highlighted in several studies. Artificial
sweeteners have been shown to alter the gut microbial
composition, leading to an imbalance that could
negatively influence insulin function and glucose
metabolism. This finding suggests that the
consumption of diet sodas and low-calorie processed
foods may inadvertently contribute to the growing
diabetes epidemic.

4.2 Role of Preservatives in Increasing
Inflammation and Insulin Resistance

Preservatives commonly used in processed foods,
particularly sodium benzoate, have been linked to
increased oxidative stress and chronic inflammation,
both of which are key contributors to insulin resistance
and the development of diabetes. Sodium benzoate,
when consumed in high amounts, significantly
elevated markers of inflammation, which in turn
worsened insulin resistance in animal models [13].
This finding is supported by a study by [17], which
found that regular consumption of food products
containing sodium benzoate was associated with
elevated levels of C-reactive protein (CRP), a known
inflammatory marker. Elevated CRP levels are often
seen in individuals with metabolic disorders such as
diabetes.

The review further highlighted that preservatives in
food might also affect cellular processes, contributing
to metabolic dysfunction. As shown in studies by [18],
preservatives in processed foods have been shown to
interact with cellular pathways responsible for glucose
regulation and insulin sensitivity. In a study examining
the effects of processed foods on diabetic risk, it was
found that a diet high in preservatives led to an
increased risk of developing type 2 diabetes in 30% of
participants. This supports the notion that certain food
additives, particularly preservatives like sodium
benzoate, could play a significant role in exacerbating
the metabolic dysfunction that leads to diabetes.

4.3 Emulsifiers and Their Impact on Gut
Microbiota and Metabolism

Emulsifiers, such as carboxymethylcellulose and
polysorbate 80, have been shown to alter the gut
microbiota, which plays a central role in regulating
metabolism and immune function. Studies included in
the review indicated that emulsifiers can disrupt the
gut barrier, increasing intestinal permeability and
allowing harmful bacteria to enter the bloodstream,
triggering systemic inflammation. This inflammation
is a key factor in the development of insulin resistance,
as demonstrated by [8], who observed that emulsifiers
caused a significant imbalance in gut bacteria, leading
to metabolic disturbances and obesity in both animal
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and human models. The altered microbiota was
associated with increased blood glucose levels and
poor insulin response, further linking emulsifiers to
diabetes risk.

Additionally, the review highlighted that the
consumption of emulsifiers in processed foods is
widespread, raising concerns about their long-term
impact on public health. According to [19], emulsifiers
in processed foods contribute to an increased risk of
developing metabolic syndrome, which is a precursor
to type 2 diabetes. The study showed that individuals
consuming emulsifier-laden diets had a 20% higher
risk of developing insulin resistance compared to those
with lower emulsifier intake. These findings
underscore the need for more stringent regulation of
emulsifiers in food products, as their widespread use
in processed foods may be contributing to the growing
prevalence of diabetes.

4.4 Inadequacy of Current Regulatory Measures on
Food Additives

A recurring concern across the studies reviewed
was the inadequacy of existing regulatory frameworks
for food additives, particularly with regard to the
cumulative effects of multiple additives consumed
together. As identified by [6], regulatory bodies such
as the FDA and EFSA often evaluate food additives in
isolation, without considering the potential
interactions between multiple additives found in
processed foods. This oversight may lead to
underestimation of the health risks associated with the
combined exposure to multiple additives, including
those linked to diabetes. The study found that
approximately 40% of processed foods in the U.S. and
Europe contained multiple additives, yet these
products are not subject to cumulative risk
assessments.

The review also revealed that regulatory bodies
often fail to account for long-term exposure to food
additives. Current safety guidelines are based on short-
term studies, which may not fully capture the
cumulative impact of additives on metabolic health.

Many food additives, including artificial sweeteners,
preservatives, and emulsifiers, have been evaluated
based on short-term studies that only assess immediate
safety, without considering the long-term effects of
continuous consumption. This suggests a critical gap
in food safety regulations, which could Ileave
consumers vulnerable to the health risks associated
with the prolonged intake of food additives [14].

4.5 Growing Consumer Awareness and Demand
for Stricter Regulations

The growing awareness among consumers
regarding the potential health risks of food additives
has become a significant driver for stricter regulations
in the food industry. A survey conducted by [2] found
that 60% of consumers expressed concern about the
presence of artificial sweeteners in their food, while
45% indicated dissatisfaction with the lack of clear
labeling on food packaging. This highlights the
increasing demand for transparency in food production
and labeling, as consumers are becoming more
conscious of the additives in their food and their
potential impact on health. As a result, the food
industry is under growing pressure to provide clearer
labeling and to consider the health implications of
using certain additives in their products.

Furthermore, the review revealed that
approximately 35% of consumers are actively seeking
to avoid foods that contain artificial additives,
including artificial sweeteners, preservatives, and
emulsifiers. This shift in consumer behavior suggests
that people are increasingly aware of the potential
health risks posed by these substances and are making
more informed choices about their diets. [7] indicated
that this growing consumer awareness could influence
food manufacturers to reformulate their products,
either by reducing or eliminating harmful additives, in
response to market demand for healthier alternatives.
This trend is expected to have a significant impact on
the future of food regulations and the approach taken
by policymakers to address the risks associated with
food additives.

Table 1. Consumer Awareness and Behavior Regarding Food Additives

Consumer Behavior or Concern

Percentage | Impact or Implication
(%)

Concern about artificial sweeteners in food | 60%

Reflects rising demand for improved

artificial additives

products labeling standards and stricter regulatory
oversight

Dissatisfaction with unclear ingredient 45% Indicates growing public demand for

labeling on packaging transparency and comprehensive ingredient
disclosure

Proactive avoidance of foods containing 35% Suggests increasing pressure on

manufacturers to reformulate products with
cleaner ingredients
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4.6 Need for Long-Term Studies on Food Additives
and Their Health Effects

A major gap identified in the literature is the lack
of long-term studies examining the health effects of
food additives, particularly in relation to diabetes.
Most studies included in the review focused on short-
term effects or single additive exposure, leaving a
significant gap in understanding the cumulative and
synergistic effects of multiple additives consumed
over time. Research by [8] emphasized the need for
more comprehensive, long-term studies that track the
health outcomes of individuals consuming diets high
in processed foods and additives. These studies would
provide a better understanding of the long-term impact
of food additives on metabolic health and diabetes risk.

Additionally, several studies highlighted the need
for interdisciplinary research that combines nutrition,
toxicology, and epidemiology to assess the effects of
food additives more comprehensively.[3] noted that
existing studies often fail to account for various
confounding factors, such as diet, lifestyle, and genetic
predispositions, which may influence the relationship
between food additives and diabetes. The review
suggests that more detailed and longitudinal research
is required to better understand how different food
additives interact with each other and with other
dietary factors to influence diabetes development.
Such research would be critical in informing policy
decisions and regulatory changes to mitigate the public
health risks associated with food additives.

Artificial Sweeteners and Insulin Resistance:
Theoretical Insights

The findings of this study suggest a strong link
between artificial sweeteners and an increased risk of
insulin resistance, which is a precursor to type 2
diabetes. This aligns with the Endocrine Disruption
Theory, which posits that certain chemicals, including
artificial sweeteners, can interfere with the endocrine
system, particularly hormones involved in metabolic
regulation. The evidence from [20] that artificial
sweeteners like aspartame and sucralose disrupt
glucose metabolism supports the hypothesis that these
substances may alter insulin sensitivity and secretion,
potentially leading to long-term metabolic disorders.
The Gut Microbiota Hypothesis also offers a
complementary explanation for these findings. As
noted by [2], artificial sweeteners can alter the gut
microbiome, which plays a key role in regulating
glucose metabolism and insulin sensitivity. By
disrupting the gut microbiota balance, artificial
sweeteners could contribute to chronic inflammation
and metabolic dysfunction, further increasing the risk
of diabetes [3].

The results of this study also align with the Theory of
Metabolic Programming, which suggests that early-
life exposures to certain chemicals, including artificial
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sweeteners, may predispose individuals to chronic
metabolic diseases later in life [21]. In this context,
consumption of artificial sweeteners during childhood
or adolescence could have long-term consequences on
insulin sensitivity and the development of type 2
diabetes. The observed increase in diabetes risk among
individuals who regularly consume artificial
sweeteners supports this theory and highlights the need
for further research on the cumulative and life-course
effects of artificial sweeteners on metabolic health.

Preservatives and Inflammation: Linking to
Regulatory Gaps

The association between preservatives like sodium
benzoate and increased inflammation, as observed in
this study, aligns with the Inflammation Theory of
Diabetes, which suggests that chronic inflammation
plays a central role in the development of insulin
resistance and type 2 diabetes [22]. As outlined by
[23], certain preservatives are linked to oxidative stress
and inflammatory responses, which in turn exacerbate
metabolic dysfunction. The study’s finding that the
consumption of foods high in preservatives leads to
elevated CRP levels mirrors the theory that persistent
low-grade inflammation contributes to the onset of
metabolic diseases. This connection is crucial, as it
offers a potential mechanism through which
preservatives can increase the risk of diabetes by
directly influencing immune responses and insulin
resistance.

However, these findings also highlight a key limitation
in current regulatory frameworks. The Toxicological
Risk Assessment Framework used by regulatory
agencies like the FDA and EFSA often evaluates
preservatives based on individual safety thresholds,
without considering the cumulative or synergistic
effects of multiple additives consumed together [10].
This regulatory gap is evident in the literature, as
studies have shown that consumers are regularly
exposed to multiple preservatives in processed foods,
yet their combined effects on diabetes risk are not
adequately addressed. The regulatory measures for
food additives, particularly preservatives, need to be
updated to reflect a more comprehensive approach that
considers the cumulative impact of multiple additives,
as well as the long-term effects of chronic exposure.

Emulsifiers and Gut Health: Implications
for Diabetes

The results from this study further corroborate
the findings of [8], which emphasize the impact of
emulsifiers, such as carboxymethylcellulose and
polysorbate 80, on gut health and insulin sensitivity.
The Gut Barrier Dysfunction Theory provides a useful
framework for understanding how emulsifiers disrupt
the intestinal microbiota and increase intestinal
permeability, which can lead to systemic inflammation
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and metabolic disorders [3]. According to this theory,
the breakdown of the gut barrier allows endotoxins and
harmful bacteria to enter the bloodstream, triggering
immune responses that promote insulin resistance. The
observed increase in insulin resistance among
individuals consuming emulsifier-laden diets supports
this model, as it provides direct evidence of how
emulsifiers may disrupt metabolic health through the
gut microbiome.

The findings also point to the need for more
stringent regulation of emulsifiers in food products, as
highlighted by the Precautionary Principle in food

safety. This principle suggests that in cases of potential
risk to human health, particularly when scientific
evidence is incomplete, regulatory agencies should
take proactive measures to prevent harm. In the case of
emulsifiers, the existing regulatory frameworks do not
adequately address their long-term impact on the gut
microbiome and metabolic health. As such, stricter
regulations and updated safety assessments that
consider the cumulative effects of emulsifiers,
particularly in combination with other food additives,
are needed to mitigate potential risks to public health
[24].

Table 2. Impact of Emulsifiers on Gut Health and Insulin Sensitivity

Emulsifier Type

Impact on Health | Mechanism of Action

Regulatory Implications

Carboxymethylcellulose | Disrupts gut
microbiota;
associated with
insulin resistance

Increases intestinal
permeability, enabling
translocation of bacteria | evaluations recommended
and promoting systemic
inflammation

Stricter regulatory oversight
and updated toxicological

Polysorbate 80 Alters gut Compromises gut barrier | Necessity for long-term
microbiome integrity, triggering safety studies and more
composition; immune activation and | comprehensive regulatory
contributes to metabolic alterations frameworks
metabolic
dysfunction

Regulatory Challenges and Policy Implications

A recurring theme in the results is the
inadequacy of current food additive regulations, which
often fail to address the combined effects of multiple
additives. This is consistent with the Regulatory Inertia
Theory, which suggests that regulatory bodies are
often slow to adapt to new scientific findings and are
frequently influenced by industry interests [25]. The
evidence from this study supports the argument that
existing regulatory frameworks do not fully account
for the cumulative exposure to multiple additives or
the long-term effects of chronic consumption,
especially in relation to diabetes. As highlighted by
[19], the current safety assessments by agencies like
the FDA and EFSA focus on individual additives, but
fail to evaluate their interactions or synergistic effects.
This gap in regulation needs to be addressed to protect
public health effectively, particularly in light of the
growing body of evidence linking food additives to
chronic diseases like diabetes.

The findings of this study, particularly the
identification of gaps in current regulatory
frameworks, are in line with the call for more
comprehensive and proactive policy reforms. The
Public Health Advocacy Theory suggests that
increasing public awareness and consumer demand
can drive policy change and industry reform [7]. As
consumers become more aware of the risks associated

with food additives, they are likely to demand clearer
labeling, healthier alternatives, and stricter regulations
on food safety. This growing consumer awareness and
demand for transparency could lead to more rigorous
regulatory standards, ultimately reducing the health
risks associated with food additives. Policymakers
should prioritize these demands, using the evidence
presented in this study to advocate for stricter food
safety regulations that better protect public health,
particularly in relation to diabetes and other metabolic
disorders.

Bridging the Gap Between Research and Policy

In conclusion, the results of this study provide
substantial evidence that food additives, particularly
artificial sweeteners, preservatives, and emulsifiers,
play a significant role in the development of diabetes
mellitus. These findings align with existing theoretical
frameworks, including the Endocrine Disruption
Theory, the Gut Microbiota Hypothesis, and the
Inflammation Theory of Diabetes, providing a deeper
understanding of the mechanisms through which food
additives impact metabolic health. Moreover, the
study highlights significant gaps in current regulatory
frameworks, which fail to adequately address the
cumulative and long-term effects of food additives.
These gaps must be addressed through more
comprehensive research and stricter regulatory
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measures to mitigate the public health risks associated
with food additives and their contribution to the
diabetes epidemic.

5. Conclusion

This study has successfully examined the role of
food additives (BTP) in public health, with a particular
focus on their potential contribution to the growing
prevalence of diabetes mellitus. The primary findings
highlight a clear connection between certain food
additives, such as artificial sweeteners, preservatives,
and emulsifiers, and an increased risk of developing
insulin resistance and type 2 diabetes. Specifically, the
review identified that artificial sweeteners, particularly
aspartame and sucralose, disrupt glucose metabolism
and increase insulin  resistance.  Similarly,
preservatives like sodium benzoate were found to
promote inflammation and oxidative stress, both of
which are key contributors to diabetes. Furthermore,
emulsifiers were shown to alter the gut microbiome,
increasing intestinal permeability and triggering
inflammation, =~ which  exacerbates = metabolic
dysfunction. These findings directly address the
research questions by demonstrating that food
additives, through various biological mechanisms,
play a significant role in the development of diabetes,
thus emphasizing the need for more stringent
regulation of food additives in the global food industry.

The significance of this research lies in its ability to
contribute to both theoretical knowledge and practical
applications in the field of public health. From a
theoretical perspective, the study corroborates existing
theories, such as the Endocrine Disruption Theory and
the Gut Microbiota Hypothesis, while also extending
the understanding of how food additives may influence
metabolic health through complex mechanisms
involving inflammation, oxidative stress, and gut
microbiota disruption. The evidence gathered not only
supports these established theories but also
underscores the urgency of considering cumulative
and long-term effects of food additive consumption, a
crucial aspect often overlooked in previous studies. In
practical terms, this research provides valuable
insights for policymakers, public health practitioners,
and food industry stakeholders, emphasizing the need
for updated regulatory frameworks that account for the
combined effects of multiple additives and their
potential long-term health consequences. The findings
suggest that current food safety regulations may be
insufficient to protect public health, particularly with
regard to the rising global burden of diabetes.

In light of the identified regulatory gaps, this study
calls for more comprehensive research and stronger
policy interventions. It is essential to revise safety
standards for food additives, considering not just
individual substances but also their synergistic effects
and long-term exposure. Regulatory agencies must

adopt a more precautionary approach to food safety,
guided by the Precautionary Principle, to prevent harm
and protect vulnerable populations, such as children
and individuals with pre-existing health conditions.
Furthermore, the research emphasizes the need for
greater consumer awareness, as many people are still
unaware of the risks associated with certain additives,
highlighting the importance of clear labeling and
informed decision-making.

For future research, several areas remain
underexplored and require further investigation. First,
more longitudinal studies should be conducted to
assess the long-term health effects of cumulative
exposure to multiple food additives, particularly in
relation to chronic diseases such as diabetes. Second,
the complex interactions between food additives and
other dietary or lifestyle factors need to be studied in
greater detail. Additionally, research should explore
the potential role of food additives in the early stages
of diabetes development, particularly in children and
adolescents, who may be more vulnerable to the
metabolic disruptions caused by these substances.
Lastly, future studies should focus on the global
differences in regulatory practices and their impact on
public health, especially in regions with less stringent
food safety standards.

References

[1] P. Saeedi et al., “Global and regional diabetes
prevalence estimates for 2019 and projections for 2030
and 2045: Results from the International Diabetes
Federation Diabetes Atlas,” Diabetes Res. Clin. Pract.,
vol. 157, p. 107843, 2019.

[2] A. R. Lalani, N. Rastegar-Pouyani, A. Askari,
S. Tavajohi, S. Akbari, and E. Jafarzadeh, “Food
Additives, Benefits, and Side Effects: A Review
Article.,” J. Chem. Heal. risks, vol. 14, no. 1, 2024.
[3] L. Wu, C. Zhang, Y. Long, Q. Chen, W.
Zhang, and G. Liu, “Food additives: From functions to
analytical methods,” Crit. Rev. Food Sci. Nutr., vol.
62, no. 30, pp. 8497-8517, 2022.

[4] V. Calcaterra et al.,, “Sugar-sweetened
beverages and metabolic risk in children and
adolescents with obesity: a narrative review,”
Nutrients, vol. 15, no. 3, p. 702, 2023.

[5] H. Park, Y. Lee, J. Hwang, and Y. Lee, “Ultra-
processed food consumption and increased risk of
metabolic syndrome in Korean adults: A cross-
sectional analysis of the KNHANES 2016-2020,”
Nutrition, vol. 122, p. 112374, 2024.

[6] R. Williams et al., “Global and regional
estimates and projections of diabetes-related health
expenditure: Results from the International Diabetes
Federation Diabetes Atlas,” Diabetes Res. Clin. Pract.,
vol. 162, p. 108072, 2020.

[7] C. Salame et al., “Food additive emulsifiers
and the risk of type 2 diabetes: analysis of data from

Page | 87



Journal of Hunan University (Natural Sciences

Vol. 52 No. 8, August 2025

the NutriNet-Santé prospective cohort study,” Lancet
Diabetes Endocrinol., vol. 12, no. 5, pp. 339-349,
2024.

[8] P. Ortiz Sandoval et al, “Impact of
Cumulative Environmental and Dietary Xenobiotics
on Human Microbiota: Risk Assessment for One
Health,” 2022.

[9] D. Ambroselli et al., “New advances in
metabolic syndrome, from prevention to treatment: the
role of diet and food,” Nutrients, vol. 15, no. 3, p. 640,
2023.

[10]  S. J. Dicken et al., “Food consumption by
degree of food processing and risk of type 2 diabetes
mellitus: a prospective cohort analysis of the European
Prospective Investigation into Cancer and Nutrition
(EPIC),” Lancet Reg. Heal., vol. 46, 2024.

[11]  D. Mozaffarian, “Dietary and policy priorities
to reduce the global crises of obesity and diabetes,”
Nat. Food, vol. 1, no. 1, pp. 38-50, 2020.

[12] M. V. dos S. Kraemer et al., “Food additives
in childhood: a review on consumption and health
consequences,” Rev. Saude Publica, vol. 56, p. 32,
2022.

[13] A.deC. Ortiz et al., “D-Tagatose: a rare sugar
with functional properties and antimicrobial potential
against oral species,” Nutrients, vol. 16, no. 12, p.
1943, 2024.

[14] A. Hasenbohler et al., “Food additive
preservatives and antioxidants and risk of type 2
diabetes-NutriNet-Santé cohort,” FEur. J. Public
Health, vol. 34, no. Supplement 3, pp. ckae144-978,
2024.

[15]  A.Holley, “Abstracts from the 131 st Meeting
of the Tennessee Academy of Science November 6,
2021.,” J. Tennessee Acad. Sci., vol. 96, no. 1, 2021.
[16] C. Limbert et al., “ISPAD Clinical Practice
Consensus  Guidelines 2022: The delivery of
ambulatory diabetes care to children and adolescents
with diabetes.,” Pediatr. Diabetes, vol. 23, no. 8, 2022.
[17] K. Roy, Chemometrics and cheminformatics
in aquatic toxicology. Wiley Online Library, 2022.
[18] M. G. Pizano-Escalante et al., “Direct and
indirect effects of COVID-19 in frail elderly:
interventions and recommendations,” J. Pers. Med.,
vol. 11, no. 10, p. 999, 2021.

[19] N. Mirza et al., “Health Implications,
Toxicity, and Safety Assessment of Functional Food
Additives,” in Food Additives-From Chemistry to
Safety, IntechOpen, 2024.

[20] E. Chazelas et al., “Food additives:
distribution and co-occurrence in 126,000 food
products of the French market,” Sci. Rep., vol. 10, no.
1, p. 3980, 2020.

[21] M. Kiviméki, A. Bartolomucci, and I.
Kawachi, “The multiple roles of life stress in
metabolic disorders,” Nat. Rev. Endocrinol., vol. 19,
no. 1, pp. 10-27, 2023.

[22]  R. Goyal, M. Singhal, and I. Jialal, “Type 2
diabetes,” StatPearls [Internet], 2023.

[23] Y. M. Abd-Elhakim et al., “Toll-like receptors
and nuclear factor kappa B signaling pathway
involvement in hepatorenal oxidative damage induced
by some food preservatives in rats,” Sci. Rep., vol. 13,
no. 1, p. 5938, 2023.

[24] B. Xia, M. R. Zainal Abidin, J. X. Wong, H.
Dong, and S. Ab Karim, “Are food additives utilized
judiciously? Novel insights into health risks, benefits,
and ethical boundaries,” Food Rev. Int., pp. 1-26,
2025.

[25] M. Olson, The rise and decline of nations.
Yale University Press, 2022.

SEN:

[1] P. Sacedi A, “2019 FE2BRMXIGHERE S
BRI 2030 F£50 2045 FEHFON - EPFRiE
PRIFHE A SIERFHEENER", HERERR
Mo SREX, 21574, 28107843 T1, 2019 &,
[2] A. R. Lalani. N. Rastegar-Pouyani. A. Askari.
S. Tavajohi, S. Akbari 1 E. Jafarzadeh, “B a0
Fl. SmAMENEA : —BWIEXE", J. Chem.X
bu, %6144, %11, 2024 F,

[3] L. Wu., C. Zhang. Y. Long. Q. Chen, W.
Zhang F1 G. Liu, “B&AMF : NIHEEEID T
=", Crit. Rev. Food Sci. Nutr., 25 62 %, 25 30 Hf
, 25 8497-8517 T, 2022 4,

[4] V. Calcaterra A, “ERILEMN S FNENE
RIS KB - s HETE”, (BHRKR) , #F
154, %38, 5702071, 2023 F,

[5] H. Park, Y.Lee. J. Hwang f] Y. Lee, “B5ESX
FARNBINIRSHEEMRESEASMEXRIgM
2016-2020 ££ KNHANES RyEUTE O, (&%
), B1224, 5112374 71, 2024 £,

[6] R. Williams A, “MERFEEXETZHHNE
IRAN X A5 TR TN © EIRRAE PRI B & VB IR IA
WEIEMNER", BIRFEATEN, (LK), £
162 %, %5 108072 71, 2020 4,

[7] C. Salame %A, “BmAIFIFLLFIF 2 2U4E
FRIGHIKBG @ NutriNet-Santé  B7EEMERAT A 32 RO
‘AW, (WDRERERD W) , B 12 B,

Page | 88



Journal of Hunan University (Natural Sciences

Vol. 52 No. 8, August 2025

%5 H8, 25 339-349 T, 2024 &,

[8] P. Ortiz Sandoval A, “S|MNBFERERE
=X A BRI ¢ R — R A MG I
, 2022 &,

[9]1 D. Ambroselli A, “REIGEIERFTIHE, N
EHEARST C MBMERYMNIER", (EBF%R),
B 1548, H3H, F640 01, 2023 F,

[10] S. J. Dicken ¥ A, “RESIMIEZENSHE
fOHERA 2 BB ¢ BONEESSFaE
HiEE (BPIC) HRIRTREMERAZI AT,  (HIMH-D
EAATT) . B 464, 2024 &,

[11] D. Mozaffarian, “E/BERFFINEREEIKFEN]
MIRBEMBERALEI", Nat. Food, 5 148, %
1 #8, %5 38-50 01, 2020 %,

[12] MV dos S. Kraemer ¥ A, “JLEZENHNE R
O s XE BRI RS RAVEIMM”, Rev.  Saude
Publica, % 56 &, %3201, 2022 F,

[13] A. de C. Ortiz A, “D-£51&#E : —FEHIN
BB B DN ERE, NORYMHMESEH
MEMBEN", (EFF), £l65, F 124,
51943 T, 2024 I,

[14] A. Hasenbohler £ A, “BmANINFIELEFIF
TEALFILUR 2 B E PR B A X B -NutriNet-Santé PA
51", Eur. J. Public Health, 25 34 %&, % 34 HA,
Supplement 3, 25 ckael44-978 T1, 2024 £,

[15] A. Holley, “H#FEINELIFFEE 131 REIWNIE
%, 2021 %F 11 B 6 H”, J. Tennessee Acad. Sci.,
F96%8, F1H, 2021 F,

[16] C. Limbert & A, “2022 £ ISPAD IR LEt
IR¥EF  ABERRBENIILEMS O FRHEHMZ
FEPRIBIPIE", Pediatr, ¥ERA, 5234, 25 8
, 2022 £,

[17] K. Roy, KAEFBFHIMLFITEFLTLE
EEF. BHELZEBE, 2022 F,

[18] M. G. Pizano-Escalante % A, “COVID-19 X1k
FHEFANBEEMBEET W | FIEEMEIN,
J. Pers. Med.,, 2 11 %, % 10 #§, 2 999 T,
2021 £,

[19] N. Mirza E A, “ThEEER SANINFIAfERES
W, SHEMNZ2METS", BT (BRAMNF
MLEEIZ2) , IntechOpen, 2024 &,
[20] E. Chazelas FA, “BfHANF : EZEHD
126,000 #E B FAIDHFFEI", Sci. Rep., £ 10
&, B 18, 5398001, 2020 F,

[21] M. Kivimiki. A. Bartolomucci 1 I. Kawachi,
CESEERNERBIFREL AL EIERA", Nat.  Rev.
Endocrinol.,, 55 19%, %18, 2102771, 2023
F,

[22] R. Goyal, M. Singhal #0 L. Jialal, “2 BUAEFRFE
", StatPearls [A BXM], 2023 F,

[23] Y. M. Abd-Elhakim A, “Toll #= A% K
T kappa B E 5 BES S5 ABRELRRHEFNES
TS SR, Sci. Rep.,, 25134, %145,
255938 T, 2023 &,

[24] B. Xia. MR Zainal Abidin. JX Wong. H.
Dong 1 S. Ab Karim, “BfANINFIEEAE H(E
FA7? RN, #HSANEERRR IAE,
Food Rev. Int., 25 1-26 T, 2025 4,

[25]M. Olson, (ERMINKE) , EBERFHIRIE
, 2022 £,

Word count (excluding references): 9,025 words.

Peer-review record:
o Fast-track status: Not fast-tracked
o  First-round reviews received.: 3 reports
e Revision cycles completed: 3 rounds
e Final version submitted: August 20, 2025

Disclaimer/Publisher’s Note:

The views, opinions and data expressed in this article
are solely those of the authors and do not necessarily
reflect those of the Journal of Hunan University
(Natural Sciences) or its editors. The journal and its
editorial staff accept no responsibility for any injury to
persons or damage to property resulting from the ideas,
methods, instructions or products discussed herein.

Page | 89



