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Abstract

Diabetes mellitus is a major global public health challenge characterised by
chronic hyperglycaemia resulting from impaired impaired insulin secretion,
insulin resistance or both. Nutritional management remains a cornerstone in the
prevention and treatment of diabetes. Dietary fibre plays a significant role in
diabetes care by improving glycaemic control, enhancing satiety and regulating
lipid metabolism. Fibre is broadly classified into soluble and insoluble types,
both of which contribute to improved metabolic outcomes and reduced
postprandial glucose levels.

Nutraceuticals, defined as food-derived bioactive compounds providing
health benefits beyond basic nutrition, are increasingly recognized for their
therapeutic potential. Based on functional roles, nutraceuticals such as
antioxidants, probiotics, prebiotics, omega-3 fatty acids and phytochemicals
support insulin sensitivity, reduce oxidative stress and assist in metabolic
regulation. Special nutritional considerations are essential for diabetic children,
focuses on balanced growth, adequate nutrient intake and glycemic control
through meal planning and lifestyle modifications. Large-scale preventive
initiatives such as the Diabetes Prevention Program (DPP) highlight the
importance of structured lifestyle interventions, including weight management,
dietary modification, and physical activity, in reducing diabetes incidence.

*Assistant Professor of Food and Nutrition, Department of Nutrition, Dr.
Bhupendranath Dutta Smriti Mahavidyalaya under the University of Burdwan,
Hatgobindapur— 713407, Purba Bardhaman, West Bengal, India.

E-mail: aparajita.mukherjee02@gmail.com


https://doi.org/10.65885/anubodhan.v2n1.2026.010
https://anubodhan.org/
mailto:aparajita.mukherjee02@gmail.com

86 Anubodhan, Vol. 2, No. 1, March 2026

Overall, an integrated approach combining dietary fibre, nutraceutical
supplementation, targeted nutrition for vulnerable populations, preventive
public health programmes, and appropriate insulin therapy offers an effective
strategy for comprehensive diabetes management and improved patient
outcomes.

Keywords: Diabetes mellitus; Dietary fibre; Nutraceuticals; Diabetes
prevention; Medical nutrition therapy

1. Introduction

Diabetes mellitus is a chronic metabolic disorder that affects the body's ability
to regulate blood glucose levels due to impaired insulin secretion, insulin
action, or both (World Health Organisation). Effective management of diabetes
is essential to prevent complications and improve overall quality of life. Among
the various components of diabetes management, nutrition plays a central role.
Optimal nutrition helps regulate blood glucose levels, supports healthy body
weight, improves lipid profiles, and reduces the risk of cardiovascular diseases
(American Diabetes Association). An appropriate dietary regimen for
individuals with diabetes emphasizes balanced macronutrient intake, potion
control and individualized meal planning based on physiological needs and
lifestyle factors (Evert et al.). Type 1 diabetes is primarily an autoimmune
disorder characterized by the destruction of pancreatic beta cells, whereas type
2 diabetes is mainly a metabolic disorder associated with insulin resistance and
progressive insulin deficiency (American Diabetes Association). Medical
nutrition therapy remains an essential component of management for both types
of diabetes and contributes significantly to improved glycaemic control and
reduces the risk of long-term complications (Evert et al.). Dietary management
strategies aim to provide practical guidance for individuals with diabetes and
address common challenges in maintaining healthy eating patterns.

Children with type 1 diabetes require careful nutritional management to
maintain optimal blood glucose levels while ensuring adequate energy intake
for normal growth and development. Dietary recommendations should be
adjusted according to age, developmental stage, and activity level (Smart et al.).
In type 2 diabetes, initial management often focuses on achieving weight
reduction of approximately 5-10 percent of body weight, which has been
shown to improve glycemic control and cardiovascular health (American
Diabetes Association). Recommended dietary patterns include limiting total
energy intake, saturated fats, transfats, and sodium while promoting moderate
protein consumption, increased dietary fibre intake, and low glycemic index
carbohydrates. Carbohydrate intake should be distributed evenly throughout the
day and coordinated with medication or insulin therapy (Evert et al.).

1.1 Scope and Objectives of the Paper
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Scope of the paper — This paper examines the role of evidence-based
nutritional strategies in the prevention and management of diabetes mellitus. It
focuses on dietary components such as dietary fibre and nutraceuticals and their
therapeutic potential in improving glycaemic control and metabolic health. The
study also explores specialized nutritional considerations for diabetic children,
the significance of structured lifestyle intervention programmes, and the
contribution of national public health initiatives in reducing the diabetes
burden.

Additionally, the paper highlights the role of insulin therapy and comprehensive
management approaches integrating nutrition, lifestyle modification, and
medical treatment.

Objectives of the Paper

« To examine the classification and physiological role of dietary fibre in
diabetes management.

e« To analyse the functional classification of Nutraceuticals and their
therapeutic benefits in glycemic regulation.

o To evaluate nutritional requirements and dietary planning strategies for
diabetic children.

e« To assess the objectives and significance of the Diabetes Prevention
Program (DPP) in reducing diabetes risk.

« To review intervention programmes in India aimed at controlling the rising
prevalence of diabetes.

e To discuss the role of insulin therapy and integrated management strategies
in effective diabetes care.

2. Complications of Diabetes Mellitus

Acute Metabolic Complications - These complications develop rapidly and
may become life-threatening if not treated promptly.

1. Diabetic Ketoacidosis (DKA) - Diabetic ketoacidosis is a metabolic
emergency caused by severe insulin deficiency leading to hyperglycaemia and
excessive production of ketone bodies (American Diabetes Association).

Pathophysiology of Diabetic Ketoacidosis (DKA): In the absence of adequate
insulin, glucose cannot enter cells effectively, resulting in cellular energy
deficiency. Consequently, the body metabolizes fats for energy, producing
ketone bodies. Accumulation of ketones results in metabolic acidosis and
electrolyte imbalance (Kitabchi et al.).
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Causes of Diabetic Ketoacidosis (DKA): Common causes include missed
insulin doses, infections, emotional or physical stress, trauma, surgery, and
newly diagnosed type l1diabetes (American Diabetes Association).

Clinical Features of Diabetic Ketoacidosis (DKA): Polyuria, polydipsia,
nausea, vomiting, abdominal pain, fruity-smelling breath, Kussmaul respiration,
dehydration, confusion, and potential loss of consciousness (Kitabchi et al.).

Complications of Diabetic Ketoacidosis (DKA): If untreated, DKA may lead
to severe dehydration, circulatory shock, coma, and death.

2. Hyperosmolar Hyperglycaemic State (HHS) - Hyperosmolar
Hyperglycaemic State (HHS) is a severe hyperglycaemic emergency
characterized by extremely elevated blood glucose levels, profound
dehydration, and increased plasma osmolarity without significant ketosis
(Pasquel and Umpierrez).

Predisposing Group: It is most frequently observed in elderly individuals
with type 2 diabetes.

Pathophysiology of Hyperosmolar Hyperglycaemic State (HHS): Marked
hyperglycaemia causes osmotic diuresis, leading to severe dehydration. The
presence of minimal insulin prevents ketone formation but fails to control
hyperglycaemia (Pasquel and Umpierrez).

Clinical Features: Severe thirst, dry skin, weakness, confusion, seizures,
coma, and blood glucose levels often exceeding 600 mg/dL.

Complications: Possible complications include renal failure, neurological
impairment, electrolyte disturbances, and high mortality rates.

3. Hypoglycaemia — Definition of Hypoglycaemia: Hypoglycaemia occurs
when blood glucose levels fall below 70 mg/dL (American Diabetes
Association).

Causes of Hypoglycaemia: Excess insulin or oral hypoglycaemic agents,
skipped meals, excessive physical activity, and alcohol consumption.

Symptoms of Hypoglycaemia: Sweating, tremors, hunger, palpitations,
dizziness, confusion, blurred vision, seizures, and unconsciousness.

Management of Hypoglycaemia: Immediate intake of glucose or
carbohydrate-rich foods is recommended. Intravenous glucose administration is
required in unconscious individuals.

Risks of Hypoglycaemia: Severe or prolonged hypoglycaemia may cause
permanent neurological damage or death (American Diabetes Association).
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Late Systemic Complications - These complications develop gradually due
to prolonged hyperglycaemia and damage to blood vessels and nerves.

1. Atherosclerosis (Macrovascular Complication) — Atherosclerosis involves
thickening and narrowing of major arteries due to lipid deposition.

Pathogenesis of Atherosclerosis: Chronic hyperglycaemia damages vascular
endothelium and promotes lipid accumulation (World Health Organization).

Effects of Atherosclerosis: Reduced blood supply to the heart, brain, and
peripheral tissues.

Complications of Atherosclerosis: Coronary artery disease, stroke, peripheral
vascular disease, foot ulcers, and gangrene.

Risk Factors of Atherosclerosis: Poor glycaemic control, hypertension,
smoking, and obesity.

2. Diabetic Microangiopathy — Microangiopathy refers to damage to small
blood vessels resulting from prolonged hyperglycaemia.

Mechanism: Thickening of capillary basement membranes reduces oxygen and
nutrient delivery to tissues (Forbes and Cooper).

Organs Affected: Eyes, kidneys, and peripheral nerves.

Clinical Significance: Leads to diabetic retinopathy, nephropathy, and
neuropathy.

3. Diabetic Nephropathy — Diabetic nephropathy is progressive kidney
damage associated with chronic diabetes.

Pathology: Damage to glomerular capillaries results in protein leakage and
impaired kidney function (Forbes and Cooper).

Clinical Features: Proteinuria, edema of feet and face, hypertension, and
decreased urine output.

Outcome: May progress to chronic kidney disease and end-stage renal failure.

4. Diabetic Neuropathy — Diabetic neuropathy refers to nerve damage caused
by persistent hyperglycaemia.

Types: Peripheral neuropathy and autonomic neuropathy.

Symptoms: Numbness, tingling, burning sensations, digestive disturbances,
and bladder dysfunction.

Complications: Foot ulcers, infections, and increased risk of limb amputation
(Pop-Busui et al.).
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5. Diabetic Retinopathy — Diabetic retinopathy is a micro vascular
complication affecting retinal blood vessels.

Stages: Includes non-proliferative and proliferative retinopathy.

Symptoms: Blurred vision, floaters, and progressive vision loss.

Prevention: Maintaining optimal glycaemic control and undergoing regular
ophthalmic screening can significantly reduce risk (American Diabetes
Association).

6. Infections

Cause: Hyperglycaemia impairs immune function and delays wound healing.
Common Sites: Skin, urinary tract, respiratory tract, and diabetic foot wounds.
Complications: Delayed healing, sepsis, and possible limb amputations.

Prevention: Maintaining glycaemic control, proper hygiene, and early
management of infections are essential (World Health Organization).

2.1 Overview and Significance of Measurement of Diabetes Diagnostic
Parameters

Each diagnostic test provides distinct clinical information; therefore, they are
used collectively for accurate diagnosis and management.

1. Fasting Blood Glucose (FBG / FBS) - Fasting blood glucose measures
blood glucose concentration after 8-12 hours of fasting. It reflects baseline
glucose regulation influenced by hepatic glucose production and insulin
secretion and is widely used as a primary screening and diagnostic test for
diabetes (WHO, 2023).

Significance

a) Detection of Early Hyperglycaemia — Elevated fasting glucose indicates
impaired insulin secretion or insulin resistance and helps detect prediabetes and
diabetes before clinical symptoms appear (ADA, 2024).

b) Evaluation of Hepatic Glucose Regulation — Fasting glucose mainly
reflects insulin’s ability to suppress hepatic glucose output (Evert et al., 2019).

c) Cost-Effective Screening Tool — It is simple, inexpensive, and suitable for
population-level screening programs.

d) Monitoring Glycaemic Control — Frequently used for day-to-day
monitoring in individuals with diabetes.

Clinical Meaning

. Normal fasting glucose — Indicates balanced glucose metabolism
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. Elevated fasting glucose — Suggests diabetes, stress-related
hyperglycaemia, or endocrine abnormalities (WHO, 2023)

2. Post-Prandial Blood Glucose (PPBG / PPBS) - Post-prandial blood
glucose measures glucose levels approximately two hours after meal
consumption and evaluates insulin response to dietary carbohydrate
intake.

Significance

a) Assessment of Post-Meal Insulin Response — It demonstrates how
efficiently glucose is cleared from circulation and helps detect post-meal
hyperglycaemia even when fasting glucose remains normal (Evert et al., 2019).

b) Indicator of Complication Risk — Elevated post-meal glucose is strongly
associated with cardiovascular disease and microvascular complications (ADA,
2024).

c) Monitoring Treatment Effectiveness — Used to evaluate the impact of diet
therapy, oral hypoglycaemic drugs, and insulin therapy.

Clinical Meaning
. Normal PPBG — Indicates effective glucose tolerance

. Elevated PPBG — Suggests delayed insulin secretion or insulin
resistance (WHO, 2023)

3. Oral Glucose Tolerance Test (OGTT) - OGTT evaluates the body’s
response to a standardized oral glucose load (75 g). Blood glucose levels
are measured during fasting and two hours after glucose consumption.

Significance

a) Detection of Borderline Diabetes — OGTT helps identify impaired glucose
tolerance and early metabolic abnormalities (ADA, 2024).

b) Diagnosis of Gestational Diabetes — It is widely used for diagnosing
glucose intolerance during pregnancy (WHO, 2023).

c) Assessment of Insulin Sensitivity — OGTT reflects how effectively insulin
regulates sudden increases in blood glucose.

Clinical Meaning
. Normal response — Blood glucose returns to normal within two hours

. Delayed glucose clearance — Indicates insulin deficiency or resistance
(ADA, 2024)
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4. Insulin Level — Measurement of circulating insulin helps determine
pancreatic insulin secretion and detect insulin resistance.

Significance

a) Differentiation of Diabetes Types — Low insulin levels indicate Type 1
diabetes, while elevated insulin levels suggest insulin resistance commonly
observed in Type 2 diabetes (Evert et al., 2019).

b) Evaluation of Beta Cell Function — Insulin measurement reflects pancreatic
endocrine activity.

c) Identification of Hypoglycaemia Causes — Helps detect conditions such as
insulinoma or excessive insulin administration.

5. C-Peptide - C-peptide is released in equal proportion to endogenous
insulin during proinsulin cleavage and serves as a marker of pancreatic
insulin production.

Significance

a) Differentiation between Endogenous and Exogenous Insulin — C-peptide
is absent in injected insulin, making it useful in evaluating endogenous insulin
production (ADA, 2024).

b) Assessment of Beta Cell Reserve — Helps determine remaining pancreatic
function.

c) Diabetes Classification — Low C-peptide indicates Type 1 diabetes, while
normal or elevated levels suggest Type 2 diabetes.

6. Glycosylated Hemoglobin (HbA1c) - HbA1lc measures the percentage
of hemoglobin bound to glucose and reflects average blood glucose levels
over the previous 2-3 months.

Significance

a) Indicator of Long-Term Glycaemic Control — Unlike daily glucose
monitoring, HbA1c provides an overall evaluation of chronic glycaemic control
(ADA, 2024).

b) Predictor of Complication Risk — Elevated HbAlc levels are associated
with increased risk of retinopathy, nephropathy, and neuropathy (WHO, 2023).

c) Monitoring Treatment Success — Used to assess effectiveness of
therapeutic interventions over time.

d) Diagnostic Tool — HbAlc is also recommended for diabetes diagnosis.
Clinical Meaning

. HbAlc <7% — Indicates satisfactory glycaemic control
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. HbA1c >8% — Indicates poor metabolic control (ADA, 2024)
Integrated Importance of All Parameters

No single biochemical test provides comprehensive information regarding
diabetes diagnosis or management. A combination of fasting glucose, post-
prandial glucose, OGTT, insulin levels, C-peptide, and HbAlc provides a
detailed assessment of glucose metabolism and pancreatic function (ADA,
2024).

2.2 Urine Glucose Detection Methods

1. Benedict’'s Test - Benedict's test detects reducing sugars such as
glucose. In this test, glucose reacts with copper sulphate present in
Benedict’s reagent and reduces cupric ions (Cu®*) into cuprous oxide (Cu™"),
producing a colour change. The intensity of colour indicates the amount of
glucose present.

Observation and Interpretation

. Blue — No glucose (Normal)

. Green — Trace glucose (+)

. Yellow — Moderate glucose (++)

. Orange — High glucose (+++)

. Brick red — Very high glucose (++++)

Significance

. Indicates glucosuria when blood glucose exceeds renal threshold (~180
mg/dL).

. Useful as a preliminary screening test.

. Cannot differentiate glucose from other reducing sugars.

2. Dipstick Method - The dipstick method uses enzyme-based reactions:

1. Glucose oxidase converts glucose into gluconic acid and hydrogen
peroxide.

2. Peroxidase enzyme reacts with hydrogen peroxide and dye, producing a
coloured compound proportional to glucose concentration.

Interpretation
. No colour — Negative
. Light colour — Low glucose

. Dark colour — High glucose
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. Significance

. More specific and sensitive than Benedict’s test.
. Detects only glucose.

. Widely used in clinical settings.

Comparative Clinical Importance

. Benedict’s test detects all reducing sugars but is less specific.

. Dipstick testing is enzyme-specific and more reliable for diabetes
screening.

. Both tests support early detection and monitoring of diabetes mellitus.

3. Dietary Fibre: Definition, Classification and Role in Diabetes
Management

Definition of Dietary Fibre — Dietary fibre refers to the edible parts of plant
foods or analogous carbohydrates that resist digestion and absorption in the
human small intestine but undergo partial or complete fermentation in the large
intestine. These components pass largely unchanged through the digestive tract
and exert important physiological effects on gastrointestinal function and
metabolic health (Slavin, 2013; Anderson et al., 2009). Common examples of
dietary fibre include cellulose, hemicellulose, pectin, gums, mucilage, and
resistant starch. Dietary fibre plays a significant role in regulating blood glucose
levels, improving lipid metabolism, and maintaining normal bowel function,
making it particularly important in the dietary management of diabetes mellitus
(American Diabetes Association, 2024).

3.1 Classification of Dietary Fibre

Dietary fibre can be classified based on solubility, fermentability, and food
source, each of which influences its physiological function and metabolic
impact.

1. Classification Based on Solubility

Dietary fiber is broadly divided into soluble fiber and insoluble fiber
depending on its ability to dissolve in water.

Soluble Fibre - Soluble fibre dissolves in water and forms a viscous gel-
like substance in the gastrointestinal tract. This gel slows gastric emptying
and delays carbohydrate digestion and absorption, resulting in a more
gradual rise in postprandial blood glucose levels (Slavin, 2013). Soluble
fiber also binds bile acids and reduces cholesterol absorption, thereby
contributing to improved lipid profiles and cardiovascular health.
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Examples of soluble fibre include pectin, gums, B-glucan, and inulin.
Important dietary sources include oats, barley, apples, citrus fruits, legumes,
and flaxseeds.

Insoluble Fibre - Insoluble fibre does not dissolve in water and remains
relatively unchanged as it passes through the digestive system. Its primary
function is to increase stool bulk and promote regular bowel movements.
By increasing intestinal motility and absorbing water in the colon,
insoluble fibre helps prevent constipation and supports overall digestive
health (Anderson et al., 2009).

Examples of insoluble fibre include cellulose, lignin, and certain forms of
hemicellulose. Major dietary sources include whole grains, wheat bran,
vegetables, nuts, and seeds.

2. Classification Based on Fermentability

Dietary fibre may also be classified according to its ability to be fermented by
intestinal microbiota.

Fermentable Fibre - Fermentable fibres such as pectin, gums, and
resistant starch are metabolized by gut bacteria in the colon. This
fermentation process produces short-chain fatty acids (SCFAs) including
acetate, propionate, and butyrate. These metabolites improve gut health,
enhance insulin sensitivity, and contribute to better metabolic regulation
(Slavin, 2013).

Non-Fermentable Fibre - Non-fermentable fibres such as cellulose and
lignin are poorly fermented by intestinal bacteria. Their primary role is to
increase stool bulk and promote bowel regularity rather than produce
metabolic by-products.

3. Classification Based on Source — Dietary fibre can also be classified
according to the food source from which it is derived.

. Cereal fibre — obtained from wheat, rice bran, and other grains.
. Fruit fibre — present in apples, citrus fruits, and berries.
. Vegetable fibre — obtained from vegetables such as carrots, cabbage,

and leafy greens.
. Legume fibre — found in beans, lentils, and pulses.

Each dietary source contributes different types of fibre with varying
physiological and metabolic benefits, highlighting the importance of consuming
a diverse range of fiber-rich foods in the diet.
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3.2 Role of Dietary Fibre in Diabetes Management

Dietary fibre plays an important role in the prevention and management of
diabetes by improving glycaemic control, enhancing insulin action and reducing
cardiovascular risk.

1. Control of blood Glucose Levels

. Soluble fiber forms a viscous gel in the intestine.
. Slows gastric emptying.

. Delays digestion and absorption of carbohydrates.

. Prevents sudden post-meal spikes in blood glucose (postprandial
hyperglycaemia).

. Helps maintain stable glycaemic control in diabetic patients.

2. Improvement of Insulin Sensitivity — Soluble fibre undergoes
fermentation in the colon by gut microbiota producing SCFAs.

These SCFASs:

. Enhance insulin signalling at the cellular level
. Increase glucose uptake by muscle and adipose tissue
. Improve insulin sensitivity

This effect is particularly beneficial in Type 2 diabetes, where insulin
resistance is common.

3. Role in weight management

. Fibre-rich foods increase satiety.

. They prolong the feeling of fullness.

. Reduce hunger and frequent snacking.
. Decrease overall calorie intake.

Healthy weight maintenance or gradual weight loss improves insulin sensitivity
and glycaemic control.

4. Improvement in Lipid Profile and cardiovascular protection — Soluble
fibre binds bile acids and cholesterol in the intestine.

This results in:

. Reduced cholesterol absorption

. Decreased blood LDL cholesterol

. Lower risk of atherosclerosis and cardiovascular diseases
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This is important because diabetic patients have a higher risk of heart
disease.

5. Promotion of Gut Health and Metabolic Regulation — Dietary fiber acts
as a prebiotic and supports beneficial gut microbiota.

Healthy gut microbiota:

. Improves intestinal barrier function

. Regulates glucose and lipid metabolism

. Reduces gut inflammation

. Enhances insulin action

6. Recommended Dietary Fibre Intake — The recommended dietary fibre

intake for adults is 25-40 g per day or approximately 14 g per 1000 kcal of
energy intake. Adequate fibre intake can be achieved by consuming: Whole
grains, Fruits, Vegetables, Legumes, Nuts and seeds
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Figure 1: Role of Dietary Fibre in Diabetes Management
4. Nutraceuticals

Nutraceuticals are foods or food components that provide medical and health
benefits, including the prevention and treatment of diseases. The term
nutraceutical is derived from the combination of the words “nutrition” and



98 Anubodhan, Vol. 2, No. 1, March 2026

“pharmaceutical”, indicating that these substances possess both nutritional
value and therapeutic properties.

Nutraceuticals include naturally occurring bioactive compounds present in
foods as well as fortified or supplemental forms. They are widely used to
promote health, improve metabolic functions, strengthen immunity and reduce
the risk of chronic diseases such as diabetes mellitus, cardiovascular diseases
and obesity.

4.1 Classification of Nutraceuticals

Nutraceuticals can be classified mainly on the basis of source and functional
role.

Classification Based on Source

1. Plant-Based Nutraceuticals - Plant-based nutraceuticals are derived from
herbs, fruits, vegetables and spices. They contain bioactive compounds such as:
Polyphenols present in green tea and berries; Flavonoids; Curcumin from
turmeric; Garlic extract; Cinnamon compounds. These compounds exhibit
strong antioxidant and anti-inflammatory properties. They help lower blood
glucose levels, improve insulin sensitivity, reduce oxidative stress and protect
tissues from metabolic damage. Therefore, they play an important role in
diabetes prevention and management.

2. Animal-Based Nutraceuticals - Animal-based nutraceuticals are obtained
from animal sources such as fish, milk and fermented dairy products. Examples
include: Omega-3 fatty acids from fish oil; Whey protein from milk; Nutritional
components present in fermented dairy products. Omega-3 fatty acids reduce
inflammation, improve lipid profile and enhance insulin sensitivity. Whey
protein supports muscle metabolism, promotes glucose utilization and improves
overall metabolic health.

3. Microbial-Based Nutraceuticals - Microbial-based nutraceuticals mainly
include probiotics, which are beneficial microorganisms. Common examples
include:  Lactobacillus  species;  Bifidobacterium  species.  These
microorganisms improve intestinal microbial balance, enhance digestion and
regulate glucose metabolism. They also strengthen immune function and reduce
inflammation, indirectly supporting better glycaemic control in diabetic
individuals.

Classification Based on Functional Role

1. Dietary Supplements — Dietary supplements include vitamins and minerals
that help correct nutritional deficiencies and support normal metabolic
functions.

Important examples include:
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Vitamin D — improves insulin secretion and insulin sensitivity

. Vitamin B12 — essential for nerve health and prevention of diabetic
neuropathy

. Chromium — enhances insulin receptor activity and improves glucose
uptake

. Magnesium — supports carbohydrate metabolism and insulin action

2. Functional Foods — Functional foods are conventional foods that are
fortified with additional health-promoting ingredients. Examples include:
Fortified cereals enriched with fibre, vitamins or minerals; Probiotic yogurt
containing beneficial bacteria. These foods provide basic nutrition along with
therapeutic benefits and help in glycaemic control, digestive health and
prevention of metabolic disorders.

3. Herbal Nutraceuticals — Herbal nutraceuticals are plant-derived medicinal
products used traditionally for health promotion and disease management.
Common examples include: Fenugreek (Trigonella foenum-graecum); Bitter
gourd (Momordica charantia); Gymnema sylvestre. These herbs possess
hypoglycaemic properties. They help improve insulin secretion, reduce glucose
absorption and enhance glucose utilization, making them valuable supportive

agents in diabetes management.
‘ %! Y
Nutraceuticals

Classification Based on Source and Functional Role

i
r—[ NUTRACEUTICALS ]—1
Classification Based Classification Based on
on Sources Functional Role y

| ]

< ¥ ¢ \ ¥
Plant-Based \ Animal-Based Dietary \ Functional
Nutrac;utlcals % Nutraciutlcals )/ N Suppliments 5/ Foids_ L/
Plant-Based Nutraceuticals Animal-Based Nutraceuticals ‘ Dietary Supplements Herbal Nutraceuticals
Herbs, fruits, vegetables, | Fish, milk, fermented products - Vitamins, B1, minerals (D), - Fengureek, Bitter gourd,
spices (green Tea, turmeric, | Omega-3, protein J( vitamin B12, magnesium, | - Gymnema sylvestre
berries). . | chromium =
o - 1
e L s B |
Ve 4 = = |
« Herbs, fruits, vegetables, » Probiotics s’ « Fortified foods: o Fengureek, Bitter gourd,
spices (green Tea, turmeric, ( o “ ¢ e Probiotic yogurt £ Gymnema sylvestre
berries) ﬁ x - a j & \/ ® Whole grain cereals *» ‘&2 ﬁ‘ 2

Figure 2: Nutraceuticals [Classification based on Source and Functional Role]



100 Anubodhan, Vol. 2, No. 1, March 2026

4.2 Role of Nutraceuticals in Diabetes Management

Nutraceuticals play an important supportive role in the management of diabetes
by improving glycaemic control, enhancing insulin action, protecting against
oxidative stress and preventing long-term complications.

1. Blood Glucose Control — Several nutraceuticals directly help in lowering
blood glucose levels.

. Fenugreek contains soluble fibre and bioactive compounds that slow
carbohydrate digestion and glucose absorption in the intestine.

. Cinnamon improves insulin sensitivity and enhances glucose uptake by
body cells.

. Bitter gourd (Momordica charantia) contains insulin-like peptides
that mimic insulin action and promote glucose utilization.

. Gymnema sylvestre reduces intestinal glucose absorption and
suppresses sweet taste receptors, which helps in reducing sugar intake.

2. Improvement of Insulin Action — Nutraceuticals can enhance insulin
effectiveness at the cellular level.

. Chromium improves insulin receptor binding and intracellular
signaling.

. This increases glucose uptake by tissues.

. Omega-3 fatty acids reduce chronic inflammation, which is a major

cause of insulin resistance.

. Reduced inflammation leads to improved insulin sensitivity and better
metabolic control.

3. Antioxidant Protection — Diabetes is associated with increased oxidative
stress that damages blood vessels, nerves and organs.

. Antioxidant nutraceuticals such as vitamins C and E, polyphenols and
flavonoids neutralize harmful free radicals.

. These antioxidants protect tissues from oxidative damage.

. They help delay the development of diabetic complications such as

retinopathy, nephropathy and neuropathy.
4. Lipid Control and Cardiovascular Protection -

. Omega-3 fatty acids reduce triglyceride levels and improve lipid
metabolism.
. Plant sterols decrease intestinal absorption of cholesterol and lower

LDL cholesterol levels.
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. Improved lipid profile reduces the risk of atherosclerosis and
cardiovascular diseases.

Cardiovascular protection is essential because diabetic patients have a higher risk of
heart disease.

5. Modulation of Gut Microbiota -

. Probiotics help maintain a healthy balance of beneficial gut bacteria.

. They improve intestinal barrier function and reduce gut inflammation.

. A healthy gut microbiome enhances glucose metabolism and insulin
sensitivity.

Thus, gut health contributes significantly to long-term diabetes control.

6. Prevention of Diabetic Complications — Nutraceuticals exhibit antioxidant, anti-
inflammatory and metabolic regulatory properties.

. These actions protect vital organs such as the heart, kidneys, nerves and
eyes.
. Regular consumption of appropriate nutraceuticals may slow disease

progression.
. This ultimately improves the quality of life of diabetic patients.

Role of Nutraceuticals
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Figure 3: Role of Nutraceuticals in  Diabetes Management
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5 Nutrition for the Diabetic Child

Proper nutrition is essential for children with diabetes to ensure normal
growth, development and effective blood glucose control. A well-planned
diet helps maintain energy balance, prevents complications and supports overall
health.

1. Balanced Diet and Energy Needs — A diabetic child should receive a
balanced diet that provides adequate energy and essential nutrients.

. The diet should include appropriate proportions of carbohydrates,
proteins and fats.

. Calorie intake should be adjusted according to age, body weight,
physical activity and medical advice.

. Adequate nutrition supports normal growth, development and
metabolic balance in children with diabetes.

2. Carbohydrate Control and Meal Timing — Carbohydrate intake must be
carefully managed to maintain stable blood glucose levels.

. Carbohydrates should mainly come from complex sources such as
whole grains, fruits and vegetables.

. Simple sugars and refined carbohydrates should be limited.

. Meals and snacks should be consumed at regular intervals throughout
the day.

. Proper meal timing is especially important for children receiving insulin

therapy to prevent hypoglycaemia and maintain stable blood glucose levels.

3. Adequate Protein Intake — Protein is important for growth, tissue repair and
immune function in children. Good sources of protein include: Milk and dairy
products, Eggs, Pulses and legumes, Lean meat and fish, Soy products. Protein
intake should meet the recommended dietary allowance (RDA) appropriate for
the child’s age.

4. Healthy Fat and Fibre Intake - Healthy fat consumption is important for
maintaining cardiovascular health.

. Saturated fats and trans fats should be limited.

. Unsaturated fats from sources such as nuts, seeds and vegetable oils
are preferable.

. Adequate dietary fibre from whole grains, fruits and vegetables helps
regulate blood glucose levels.

. Fibre also improves digestion and increases satiety, helping maintain
healthy eating habits.
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5. Micronutrients, Hydration and Monitoring — Children with diabetes require
sufficient vitamins and minerals for proper growth and metabolic function.
Adequate water intake should be encouraged to maintain hydration. Regular
blood glucose monitoring is essential for effective diabetes management.
Growth patterns, dietary adherence and overall health should be periodically
evaluated by healthcare professionals.

Balanced Diet and Energy Needs
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carbohydrates, proteins, and
healthy fats. I
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Figure 4: Nutrition Management for Diabetic Children
5. Diabetes Prevention Program (DPP): Objective and Significance

The Diabetes Prevention Program (DPP) is a major clinical research study
designed to evaluate strategies for preventing or delaying the onset of Type 2
diabetes in individuals at high risk (prediabetes).

Objective

1. To determine whether lifestyle modification and metformin therapy
can prevent or delay the onset of Type 2 diabetes in high-risk individuals.

2. To promote weight reduction of about 7% through a healthy diet and
at least 150 minutes of physical activity per week.

3. To evaluate the long-term effectiveness and safety of preventive
interventions in reducing the risk of diabetes.

Significanc



104 Anubodhan, Vol. 2, No. 1, March 2026

1 The programme demonstrated that lifestyle intervention can reduce
diabetes risk by about 50-60%, which is more effective than medication
alone.

2 It established an important public health model for diabetes prevention,
helping to reduce healthcare burden and long-term complications.

Thus, the DPP proved that early lifestyle changes such as healthy eating;
physical activity and weight management can effectively prevent or delay
Type 2 diabetes.

6.1 Intervention Programmes in India to Control Diabetes Burden

India has implemented several national health programmes to prevent and
control the increasing burden of diabetes and other non-communicable diseases
(NCDs).

1. NPCDCS Programme

The National Programme for Prevention and Control of Cancer, Diabetes,
Cardiovascular Diseases and Stroke (NPCDCS) focuses on:

. Early screening and diagnosis

. Treatment and follow-up care

. Promotion of healthy lifestyle practices

. Health education and awareness at district and primary healthcare
levels.

2. National NCD Screening Programme
Under this programme:

. Adults aged 30 years and above are screened for diabetes and
hypertension.

. Screening is conducted at health facilities and community outreach
camps.

. The aim is early detection and timely treatment of non-communicable
diseases.

3. Ayushman Bharat — Health and Wellness Centres (Arogya Mandir)
Health and Wellness Centres under Ayushman Bharat provide:

. Free screening for diabetes and other NCDs
. Lifestyle counselling and health education
. Essential medicines and basic diagnostic services

. Community-level  prevention and management of diabetes.
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4.75 by 25 Initiative

This national campaign aims to control diabetes and hypertension in 75
million people by the year 2025 through:

. Systematic screening
. Regular treatment and follow-up
. Community-based health programmes.

5. Public Awareness and Lifestyle Promotion
Government and community programmes promote:
. Healthy dietary habits

. Regular physical activity
. Tobacco and alcohol control
. Routine health check-ups

These measures help reduce the overall risk of diabetes and other lifestyle-
related diseases.
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Figure 5: This figure illustrates the major intervention programmes
implemented in India to control the growing burden of diabetes and
other non-communicable diseases (NCDs).

Role of Insulin Therapy and Integrated Management Strategies in
Effective Diabetes Care

Insulin therapy plays a crucial role in the management of diabetes, particularly
in individuals with Type 1 diabetes and in many patients with advanced Type 2
diabetes where the body cannot produce sufficient insulin. Insulin helps
regulate blood glucose levels by facilitating the uptake of glucose into body
cells for energy and by reducing excessive glucose production in the liver.
Proper insulin therapy prevents acute complications such as diabetic
ketoacidosis and helps maintain optimal metabolic control.

However, effective diabetes care requires an integrated management approach
rather than relying on medication alone. This approach combines insulin
therapy, medical nutrition therapy, regular physical activity, weight
management, stress control, adequate sleep, and continuous blood glucose
monitoring. Patient education and lifestyle modification are also essential
components that improve treatment adherence and self-management.

Integrated diabetes management not only maintains stable blood glucose levels
but also reduces the risk of long-term complications such as cardiovascular
disease, neuropathy, nephropathy, and retinopathy. Therefore, the combination
of appropriate insulin therapy with comprehensive lifestyle and medical
strategies is fundamental for improving quality of life and achieving effective
long-term diabetes control.
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