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ABSTRACT

Diabetes mellitus is a prevalent chronic condition with significant global implications, necessitating effective management strategies
to mitigate its impact. Dietary management, particularly focusing on carbohydrate intake, plays a pivotal role in controlling blood
glucose levels and reducing the risk of complications. Sucrose and fructose, commonly found in modern diets, have distinct metabolic
effects that warrant attention in diabetes management. This review provides an overview of the epidemiological trends of diabetes
mellitus, emphasizing its growing prevalence and economic burden. It underscores the importance of dietary management in
diabetes, with a specific focus on the role of carbohydrates, including sucrose and fructose. Sucrose, upon hydrolysis, primarily raises
blood glucose levels through its glucose component, while fructose metabolism, predominantly in the liver, leads to rapid triglyceride
synthesis and hepatic steatosis. These metabolic differences contribute to unique effects on blood glucose levels and insulin
sensitivity. Comparative studies suggest that excessive consumption of sucrose and fructose exacerbates postprandial hyperglycemia
and glycemic variability in individuals with diabetes. Furthermore, chronic intake of these sugars is associated with increased risks of

diabetic complications, including nephropathy, retinopathy, neuropathy, and cardiovascular disease.
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INTRODUCTION

iabetes mellitus is a prevalent chronic condition

that affects millions globally, marked by the body's

inability to regulate blood glucose levels
effectively. It exists primarily in two forms: Type 1, where
the body fails to produce sufficient insulin, and Type 2,
where the body struggles to utilize the insulin, it produces.
This condition poses significant challenges to individuals
and healthcare systems worldwide. The increasing
incidence of diabetes underscores the urgent need for
effective management strategies to alleviate its impact on
public health.%?

Diet plays a central role in controlling diabetes, particularly
in its influence on blood glucose Ilevels. Dietary
management for diabetes often involves meticulous
monitoring of carbohydrate intake, as these nutrients have
the most direct impact on blood sugar®. Understanding the
types of carbohydrates consumed is crucial, making the
discussion about different sugars highly relevant. Sucrose
and fructose are two sugars ubiquitous in many diets.
Sucrose, commonly known as table sugar, is a disaccharide
composed of glucose and fructose and is frequently
present in processed foods. Fructose, a monosaccharide
naturally found in fruits, also constitutes a significant
portion of added sugars like high-fructose corn syrup,
prevalent in many soft drinks and snacks*>. The prevalence
of these sugars in our diets, along with the potential for
their consumption in large quantities, raises specific
concerns for individuals with diabetes due to their distinct
metabolic effects, which can impact blood glucose control.

This review is driven by the pressing need to delve deeper
into the metabolic effects of sucrose and fructose in the
diets of individuals with diabetes mellitus. We aim to
provide a clearer understanding of how these common
sugars influence diabetes management.

Background

Diabetes  mellitus, characterized by  persistent
hyperglycemia, results from dysfunctions in insulin
secretion, action, or both. Epidemiological data from the
International Diabetes Federation (IDF) underscores the
magnitude of this global health challenge. In 2019, an
estimated 463 million adults aged 20-79 were living with
diabetes worldwide, and projections indicate a staggering
rise to 700 million by 2045, This epidemiological trend
signifies a profound societal impact, not only in terms of
individual health but also economically.

The economic burden of diabetes is substantial, imposing
significant healthcare costs and productivity losses.
Moreover, the condition substantially elevates the risk of
debilitating complications. Epidemiological evidence
highlights the heightened susceptibility of individuals with
diabetes to cardiovascular diseases, including coronary
artery disease and stroke. Neuropathy, characterized by
nerve damage, can lead to sensory impairments and
neuropathic pain, significantly impacting quality of life.
Nephropathy, a common complication, increases the risk
of kidney disease and end-stage renal failure, necessitating
costly interventions such as dialysis or transplantation.
Retinopathy, affecting the eyes, can lead to vision
impairment and blindness if left unmanaged . These
epidemiological insights underscore the urgent need for
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effective diabetes management strategies at both
individual and population levels. Prevention efforts,
including lifestyle modifications and early detection, are
paramount in mitigating the growing burden of diabetes
and its associated complications.

Importance of Diet in Diabetes Management

Dietary management plays a pivotal role in the
comprehensive care of individuals living with diabetes
mellitus, influencing glycemic control and overall health
outcomes’. By modulating the intake of carbohydrates,
fats, and proteins, individuals with diabetes can effectively
regulate their blood glucose levels and mitigate the risk of
associated complications®. Consequently, understanding
the metabolic effects of dietary components, including
sugars, assumes critical importance in diabetes
management. Carbohydrates, as the primary source of
glucose, exert the most direct influence on blood glucose
levels®. Therefore, carbohydrate counting, meal planning,
and glycemic index considerations are integral
components of dietary management strategies for
individuals with diabetes'. Equally important is the role of
dietary fats in diabetes management. While fats are not
directly implicated in raising blood glucose levels, their
composition can affect insulin sensitivity and lipid profiles,
thereby influencing metabolic health!!. In contrast,
unsaturated fats, particularly monounsaturated and
polyunsaturated fats, exhibit favorable effects on insulin
sensitivity and lipid metabolism, offering cardioprotective
benefits'?. Protein intake also merits consideration in the
dietary management of diabetes, with balanced intake
essential for maintaining glycemic control and preserving
renal function 3.

Amidst the multifaceted dietary considerations in diabetes
management, sugars, particularly sucrose and fructose,
warrant special attention!*. Both sucrose and fructose
have been implicated in insulin resistance, dyslipidemia,
and metabolic syndrome, highlighting the importance of
limiting their consumption in individuals with diabetes .

Metabolic Pathways of Sucrose and Fructose

Sucrose and fructose, two common dietary sugars,
undergo distinct metabolic pathways within the human
body, each with unique implications for metabolic health,
particularly in the context of diabetes mellitus. Sucrose, a
disaccharide composed of glucose and fructose molecules,
is hydrolyzed by the enzyme sucrase at the brush border of
the small intestine, vyielding its constituent
monosaccharides'®. Glucose, a primary energy substrate,
is promptly absorbed into the bloodstream via facilitated
diffusion and active transport mechanisms, contributing to
systemic glycemic control’. In contrast, fructose, the other
product of sucrose hydrolysis, follows a divergent
metabolic trajectory, predominantly metabolized within
the liver. Upon absorption, fructose undergoes
phosphorylation by fructokinase, initiating its metabolism
without the regulation imposed by phosphofructokinase,
the rate-limiting enzyme in glycolysis*®. This unregulated

phosphorylation primes fructose for rapid metabolism,
resulting in the preferential conversion of fructose-derived
intermediates into triglycerides through de novo
lipogenesis!®.  Crucially, unlike glucose, fructose
metabolism operates largely independently of insulin,
exerting minimal influence on insulin secretion and
peripheral glucose uptake?. Consequently, excessive
fructose intake can overwhelm hepatic metabolic
pathways, leading to the accumulation of lipid
intermediates and triglycerides within hepatocytes 2. This
phenomenon, known as hepatic steatosis or fatty liver, is a
hallmark of insulin resistance and is closely associated with
the pathogenesis of type 2 diabetes 22,

The metabolic consequences of fructose extend beyond
hepatic lipid accumulation to encompass systemic
metabolic dysregulation. Chronic fructose consumption
has been implicated in the development of dyslipidemia,
characterized by elevated levels of circulating triglycerides
and reduced levels of high-density lipoprotein cholesterol,
a profile commonly observed in individuals with insulin
resistance and metabolic syndrome?. Furthermore,
fructose intake has been linked to the deposition of
visceral adipose tissue, a metabolically active fat depot
associated with heightened inflammation and insulin
resistance?..

Effects of Sucrose and Fructose on Blood Glucose Levels

Sucrose and fructose, both prevalent sugars in the modern
diet, exert distinct effects on blood glucose levels in
individuals with diabetes, impacting both short-term
glycemic control and long-term health outcomes. These
effects are rooted in the intricate metabolic pathways of
these sugars and their interactions with insulin signaling
and glucose homeostasis.

Sucrose, a disaccharide composed of glucose and fructose,
primarily raises blood glucose levels through its glucose
component. Upon ingestion, sucrose undergoes enzymatic
hydrolysis by sucrase in the small intestine, releasing
glucose into the bloodstream. This rapid increase in blood
glucose levels triggers insulin secretion from pancreatic B-
cells, facilitating glucose uptake by peripheral tissues and
promoting glycogen synthesis in the liver and muscles.
However, in individuals with diabetes, impaired insulin
secretion or insulin resistance may compromise the ability
to regulate postprandial glucose levels effectively,
resulting in hyperglycemia®.

Fructose, in contrast, affects blood glucose levels through
distinct metabolic pathways, predominantly involving the
liver. Unlike glucose, which is metabolized via glycolysis,
fructose is primarily metabolized in the liver through
fructolysis. This metabolic pathway bypasses the rate-
limiting step of glycolysis, leading to rapid conversion of
fructose into triglycerides, which can accumulate in
hepatocytes and contribute to hepatic steatosis.
Furthermore, fructose metabolism does not elicit a
significant insulin response, potentially leading to impaired
suppression of hepatic glucose production and decreased
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peripheral glucose uptake, exacerbating hyperglycemia in
individuals with diabetes?®.

Comparative studies have indicated that excessive
consumption of sucrose and fructose may result in greater
postprandial hyperglycemia and glycemic variability
compared to other carbohydrates, further exacerbating
metabolic dysregulation in diabetes?’. Additionally,
chronic intake of these sugars has been associated with the
pathogenesis of diabetic complications, including
nephropathy, retinopathy, and neuropathy?.
Epidemiological evidence suggests that high sugar
consumption is correlated with an increased risk of these
complications, underscoring the importance of reducing
sugar intake in diabetes management.

Moreover, the association between sugar consumption
and cardiovascular disease underscores the broader health
implications of excessive sugar intake in individuals with
diabetes. High sugar consumption has been linked to
dyslipidemia, inflammation, endothelial dysfunction, and
oxidative stress, all of which contribute to the

development and progression of cardiovascular disease?”
30

CONCLUSION

In conclusion, comprehending the distinct metabolic
effects of sucrose and fructose is pivotal for effective
diabetes management. Fructose, with its hepatic
metabolism and minimal insulin responsiveness, poses
unique challenges, potentially exacerbating hyperglycemia
and increasing the risk of diabetic complications and
cardiovascular disease. Thus, implementing strategies to
reduce sugar intake holds significant scientific merit in
optimizing glycemic control and enhancing overall health
outcomes for individuals with diabetes mellitus.
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