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Abstract

Diabetes Mellitus (DM) is a chronic metabolic disorder that affects millions worldwide, with
Type 1 and Type 2 diabetes being the most common forms. One of the most serious and
potentially life-threatening complications of diabetes is Diabetic Ketoacidosis (DKA), which
occurs when the body lacks insulin and starts breaking down fats for energy, leading to
excessive ketone production. This condition is most frequently seen in individuals with Type 1
diabetes and requires immediate medical intervention. This presentation explores the intricate
relationship between diabetes and DKA, shedding light on their pathophysiology, risk factors,
prevalence, and management strategies. It delves into the epidemiology of diabetes,
highlighting its rising global burden and the disproportionate impact on low- and middle-
income countries. The discussion extends to the clinical diagnosis of diabetes and DKA,
emphasizing early detection and differential diagnosis to prevent severe complications.
Management strategies, including insulin therapy, fluid resuscitation, and electrolyte balance,
are thoroughly examined, along with recent advancements in diabetes treatment, such as
continuous glucose monitoring, artificial pancreas technology, and smart insulin solutions. The
presentation also considers the psychological toll of diabetes, particularly the emotional
distress, anxiety, and depression that many patients experience, especially after severe DKA
episodes. As diabetes continues to be a major global health challenge, this review underscores
the importance of technological advancements, accessible healthcare, and preventive policies
to improve patient outcomes. By integrating innovative treatments, mental health support, and
effective public health strategies, we can bridge the gap between diabetes care and the
prevention of its life-threatening complications like DKA.

Keywords: Insulin deficiency, autoimmune response, Insulin resistance, Beta cells
(pancreatic), Risk factors, Hyperglycemia
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1. Introduction

Diabetes Mellitus (DM) is a metabolic condition characterized by the presence of persistent
hyperglycaemia accompanied by greater or lesser impairment in the metabolism of
carbohydrates, lipids and proteins(1). DM is arguably one of the oldest illnesses that humans
have ever encountered. About 3,000 years ago, it was first mentioned in an Egyptian papyrus(2)
. The distinction between type 1diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM)
was made explicitin 1936 (3). In 1988, T2DM was initially identified as a part of the metabolic
syndrome . There are two major hyperglycaemic crises associated with diabetes(4). Diabetic
ketoacidosis (DKA) and the hyperosmotic hyperglycaemic state. There are 120,000 admissions
for DKA and hyperosmolar hyperglycaemic state (HHS) per year in the United States alone(5)
. The most of frequent but avoidable consequence of TIDM is DKA .it is characterised as an
acute metabolic complication of TIDM that include the biochemical trifecta of metabolic
acidosis (PH <7.3), hyperglycaemia (plasma glucose >250 mg/dL), and ketosis (Urine
acetoacetate +). DKA may also be the initial sign of TIDMin many persons(6) . DKA is the
second most common presenting symptom of T1DM in patients with known DM, while
hypoglycaemia is the first. Patients with TIDM typically use regular insulin to control their
blood sugar, but if they miss a dose, they may present with DKA, with rate ranging from 15%
to 67%(7) . This is true for patients less than six years of age, as up to 44% of children were
found to have DKA upon presentation. DKA is almost always associated with T1D. The
presence of DKA was assumed to suggest the underlying substantial and irreversible B-cells
damage that characterises these diabetic patients as TIDM(7) .

1.1 Definition and type of diabetes

http://ymerdigital.com

Diabetes

When blood sugar level (glucose) is too high, you develop diabetes(8). It appears when your
body isn’t reacting appropriately to the effects of insulin or when your pancreas is not
producing enough of it. People of all age is affected by diabetes(9). All types of diabetes can
be controlled with medicine or lifestyle modification, although the majority are chronic.

1.1.1 Types of Diabetes mellitus

Type 1 diabetes Mellitus

Type 2 diabetes Mellitus

Gestational diabetes

T1DM is One of the disorders
where the pancreas is unable
to generate enough insulin for
the body is type 1 diabetes
mellitus.  Insulin-dependent
diabetes is the term for it.
Insulin is injected through the
skin during this
procedure(10).

T2DM Also known as insulin-
independent diabetes, this form of the
disease occurs when the body
produces some insulin through the
pancreas. the cells are
resistant to the insulin and the amount
produced is insufficient to meet the
body's needs. T2DM is the name
given to this illness(11).

However,

Gestational diabetes
(GD) is a form of
diabetes that typically

manifests as elevated
blood sugar levels in a
pregnant woman who has
never had diabetes
before(12).
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1.2 Pathophysiology of diabetes and diabetic ketoacidosis
1.2.1 Pathophysiology of diabetes

DM is a chronic metabolic disorder characterized by elevated blood glucose levels due to
impaired insulin production, action, or both. The pathophysiology varies between T1D and
T2D.T1DM is an autoimmune condition in which the immune system attacks pancreatic [3-
cells, leading to a complete lack of insulin(13). As a result, glucose cannot enter cells, causing
hyperglycaemia and symptoms like excessive thirst, frequent urination, unintended weight loss,
and, in severe cases, DKA(14). In contrast, T2DM develops due to insulin resistance, where
the body’s cells fail to respond effectively to insulin. Initially, the pancreas compensates by
producing more insulin, but over time, -cell function declines, resulting in rising blood sugar
levels. Additionally, the liver contributes by over producing glucose, further worsening
hyperglycaemia. Chronic high blood sugar in T2DM increases the risk of complications such
as retinopathy, nephropathy, neuropathy, and cardiovascular disease(15). Unlike T1DM,
ketoacidosis is uncommon in T2DM, though severe cases may lead to a hyperosmolar
hyperglycaemic state (HHS). Other forms of diabetes include gestational diabetes, which
occurs due to hormonal changes during pregnancy, and secondary diabetes, which results from
underlying medical conditions or certain medications. Effective management requires lifestyle
modifications, medications, and sometimes insulin therapy to prevent complications and
maintain blood sugar control(16).
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1.2.2 Pathophysiology of DKA

Diabetic patients with ketoacidosis experience aberrant physiology due to insulin inefficiency.
This led to an increase in hormones that catabolise in the body, causing insulin resistance and
hyperglycaemia, hyperketonaemia, hyper-osmolality, and electrolyte imbalance. These
hormones are glucagon, growth hormone and catecholamine(17). Elevated blood glucose
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concentration in interstitial space causes an osmotic gradient, leading to diuresis, hypovolemia
and dehydration. This can exacerbate hyperglycaemia and acidosis by acting counter-
regulatory stress hormone as growth hormone, cortisol, glucagon and catecholamine. These
abundantly circulating free fatty acids (FFA) taken to the liver and transported to its
mitochondria for oxidation; then ketone bodies are formed, including beta- Hydroxy butyrate
(BOHB), acetone, and acetoacetate. Insulin checks the biochemical process, but excessive
ketone production results from insufficient insulin. In the absence of insulin, potassium uptake

decreases(18). There is other way to cause ketoacidosis such as: Starvation, Alcoholic

Ketoacidosis, Osmotic diuresis.

Starvation

Alcoholic Ketoacidosis

Osmotic diuresis

Starvation ketosis

happen when a

Chronic alcohol misuse can lead to
alcoholic ketoacidosis, which cause

Osmotic diuresis increases

the risk of

person consumes less
than 500 kcal per day

for an  extended
period. Low
carbohydrate intake

causes a decline in
blood glucose levels
and decreased insulin
release, activating two
mechanisms: lipolysis

and ketogenesis(19).

nausea, vomiting and severe hunger due
to its unique aetiology. To distinguish
between diuretic and alcohol-induced
ketoacidosis blood glucose level should
be measured. Acute alcohol withdrawal
can trigger the release of counter-
regulatory hormone, and starvation can
lead to low insulin secretion, resulting in

lipolysis and ketogenesis. Diabetic
ketoacidosis is  characterised by
significant ~ hyperglycaemia, = while
ketoacidosis without hyperglycaemia

indicates alcoholic ketoacidosis (20).

ketoacidosis by decreasing
glomerular filtration rate and
reducing glucose excretion.
Hypovolemia leads to higher
level of counter-regulatory

hormones. Low circulation
volume can produce hypo-
perfusion, leading to a rise in
lactic acid level at peripheral
tissue switches to anaerobic

respiration(21) .
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2. Epidemiology and public health impact of diabetes and diabetic ketoacidosis

According to 2019, the International Diabetes Federation estimates that 537 million people
globally have diabetes(22) . In 2020, diabetes ranked as the ninth leading cause of mortality
globally, resulting in almost 2 million fatalities annually from both diabetes-related kidney
disease and diabetes itself(23) . Although DM can occur anywhere in the world, it is more
prevalent in industrialized nations, particularly type 2. However low-and middle-income
nations notably those in Asia and Africa are seeing the biggest prevalence(24) . By 2030 the
majority of patients will likely be found there. Numerous facets of DM, including its natural
history, prevalence, incidence, morbidity, and mortality in various population worldwide, have
better understood thanks to the application of epidemiology to the study of the condition.
Determining the disease’s source and potential preventive measures that may be implemented
to stop or postpone the onset of this illness which has spread to epidemic proportions in both
developed and developing countries(25) . DKA affects 4.6-8.0 per 1000 patients with diabetes
each year. In the United Kingdom, approximately 4% of people with T1D gets DK A each year,
but in Malaysia, approximately 25% develop the illness each year. T1DM is the initial diagnosis
of DKA in paediatric patients under age of 18. Variations in both the population and the
incidence rate. DKA mostly has an incidence rate between 13% & 80% and an estimated death
rate between 4% & 10%(26). Although the proportion of adult with ketosis-probe T2M 1is
unknown, the condition has become more common globally since the early 2000. A correlation
between 135 developing the disease and full-length tyrosine phosphate 1A -2 antibody (1A-
2FL) or its extracellular domain (1A-2EC) has been proposed by studies 134 examining
autoimmunity in ketosis-prone T2D(27) . It is unknown how often DKA is in developing
countries, but it might be higher than in industrialized ones. Individuals of Caucasian descent
exhibit a higher prevalence of T1D which contributes to the increased incidence of DKA within
this demographic(28). Females are somewhat more predisposed than males to acquire DKA for
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unspecified reasons. Young women with TID sometimes encounter recurrent DKA, usually
due to inadequate insulin administration(29).

2.1 Global prevalence of diabetes

Diabetes is becoming an increasingly urgent global health issue, with the number of people
affected rising at an alarming rate. By 2022, around 828 million adults worldwide were living
with the condition-nearly double what the World Health Organization had previously
estimated(30). This surge is especially pronounced in low- and middle-income countries, where
many people struggle to access essential treatments like insulin and regular blood sugar
monitoring. Without proper care, diabetes can drastically impact a person’s quality of life and
put immense strain on healthcare systems(30).

One of the most dangerous complications of DKA a life-threatening condition that mostly
affects people with T1D. DKA happens when the body can’t produce enough insulin, forcing
it to break down fat for energy. This process releases acidic ketones into the bloodstream,
which, if not controlled, can lead to severe dehydration, organ damage, and even death. Every
year, an estimated 4.6 to 8 out of every 1,000 people with diabetes worldwide experience
DKA(31). In the United States alone, DKA leads to about 135,000 hospital admissions
annually, making up a significant portion of medical costs tied to TID(31).

Global Diabetes & DKA Prevalence

Country | Diabetes Estimated | DKA Incidence| Key Risk
Prevalence | Diabetes (per 1,000| Factors
(%) (Adults | Cases people with
20-79) (Millions) | diabetes
annually)

Pakistan | 30.8% 33.0 High risk due to| Poor diet, low
limited insulin  access,
healthcare undiagnosed
access cases (32)

Kuwait 24.9% 1.5A Rising cases | Obesity,
among youth sedentary

lifestyle (32)
Nauru 24.9% 0.01 (small| Data unavailable | High obesity
population) rates,  genetics
(33)

Egypt 20.9% 20.1 High, especially| Poor awareness,

in children late  diagnosis
(34)
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Solomon | 19.8% 0.08 Limited data Poor healthcare
Islands infrastructure(35)
American | 20.3% 0.02 (small| High, lack of| Obesity, lack of
Samoa population) | proper care diabetes
education (36)
Sudan 18.9% 4.3 High due to| Malnutrition,
insulin shortages | lack of
healthcare(37)
Saudi 18.7% 7.5 7.2 per 1,000 High obesity
Arabia rates, genetic
predisposition
38)
Tonga 18.7% 0.05 Limited data Processed  food
consumption (39)
Guam 18.7% 0.03 Rising  obesity| Poor diet, lack of
and diabetes | awareness(40)
rates
Mexico 16.9% 14.1 High, Processed foods,
particularly sugar intake(41)
among  newly
diagnosed
patients
India 12.3% 101.3 ~6.8 per 1,000, High carb diet,
increasing DKA| genetic risk(42)
cases in urban
areas
United 11.3% 32.4 135,000 Obesity, poor
States hospitalizations | diet(43)
per year
Brazil 10.5% 16.8 ~5.3 per 1,000, High sugar
rising DKA| intake, low
cases in youth exercise (44)
China 10.0% 140.9 ~3.6 per 1,000 | Urbanization,
changing diet
(45)
United 8.0% 49 4.8 per 1,000 Processed foods,
Kingdom sedentary
jobs(46)
Germany | 7.5% 6.1 3.9 per 1,000 Aging
population,
obesity (47)
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Japan 7.0% 7.5 2.1 per 1,000 Low obesity rates
but aging risk
(48)

Canada 7.0% 38 5.2 per 1,000, Processed foods,

growing concern| genetics (49)
among  young
adults

Australia | 6.8% 2.1 4.5 per 1,000, High sugar diet,
DKA rates stable | obesity (50)

2.2 Morbidity and mortality of DKA

Hyperglycaemia metabolic acidosis and ketonemia are the hallmarks of DKA, a life-
threatening acute emergency that can cause significant morbidity and death in diabetic patients.
Both HHS and DKA are types of hyperglycaemic crisis that manifest as acute consequences of
diabetes. With over 231,000 hospitalizations in 2019, these illnesses are a significant cause of
morbidity and medical costs in the US (50). According to earlier studies, the death rate for these
illnesses decreased between 1985 and 2002. Pattern of mortality from hyperglycaemic crises
may have changed over time, given trends of declining diabetes management and rising
diabetes related commodities starting in the early 2010s. If diabetes not addresses, DKA, a
potentially lethal consequences, can occur. The country the patient’s condition has an impact
on the DKA fatality rate(51) . Between 0.2% and 2.5% of people in the developing nations die
from DKA. Between 2% and 5% of individuals in industrialised nations succumb to diabetic
ketoacidosis DKA (52). DKA is

still a frequent cause of hospitalization and is linked to significant morbidity and mortality,
despite advancements in insulin therapy and patient education .

3. Clinical presentation and diagnosis of diabetes and DKA
3.1 Diagnosis of Diabetes

The identification of patients with diabetes or pre-diabetes by screening allows for earlier
intervention, with potential reductions in future complication rates, although randomized trials
are lacking to definitively show benefit. The patient described in the vignette has risk factors
and should be screened. About 25% of patients with T2DM already have microvascular
complications at the time of diagnosis suggesting that they have had the disease for more than
5 years at the time of diagnosis(53). As a result, there are different approaches to diagnose
diabetes among individuals. The 1997 American Diabetes Association (ADA)
recommendations for diagnosis of DM focus on Fasting Plasma Glucose (FPG), while we Oral
Glucose Tolerance Test (OGTT)(54) .
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3.1.1 Diagnosis of both Types 1 and Types 2 Diabetes

Random plasma test: The simplest test and doesn’t require fasting before taking the test. If
200 or more than 200 mg/dl of blood glucose it probably indicates diabetes but has to be
reconfirmed(55).

Fasting plasma glucose test: There should be eight hours fasting before taking this test. Blood

glucose more than 126 mg/dl on two or more tests conducted on different days confirm a
diabetes(56).

3.2 Diagnosis of Diabetic ketoacidosis
Mainly diagnosis of DKA is based on their three major signs which are hyperglycaemia,

metabolic acidosis and ketosis(57) .

Glucose: The joint British diabetes societies advocate a glucose cut-off of 11mmol/L. The

American diabetes association recommends a higher cut-off of >13.9mmol/L (58).

Ketones: Recent observational studies indicates that 3-hydroxybutyrate levels vary when

evaluating diabetic ketoacidosis(59) .

Bicarbonate: The joint British societies recommend venous carbonate below 15mmol/ L(60)
Venous pH: The Venous joint British societies recommend a venous pH less than (7.3)(61) .
A differential diagnosis
Other frequent illnesses may mimic DKA because of its heterogeneous and complex
presentation, which shares many characteristics with other common physiologies.
Hyperglycaemia, ketonemia, and anion gap metabolic acidosis are the biochemical trinity that
make up DKA, each of these elements can be observed in different metabolic disorders in
Physical and laboratory testing is therefore necessary to rule out alternative causes of metabolic
acidosis. For instance, total ketone bodies are significantly larger in alcoholic ketoacidosis
(AKA) than in DKA, with a higher BOHB to acetoacetate ratio of 7:1 compared to 3:1 in DKA
(62). Starvation ketoacidosis, pancreatitis, alcoholic ketoacidosis, lactic acidosis, uremia,
hyperosmolar hyper-glycaemic nonketotic syndrome, and myocardial infarction are among the
distinguishing factors(63) . DKA must be differentiated from advanced chronic renal failure,
high anion gap acidosis, including lactic acidosis, and including drug consumption including
salicylate, methanol and ethylene glycol. Though it tends to cause hypoglycaemia rather than
hyperglycaemia, isopropyl alcohol which is frequently sold as rubbing alcohol can cause
significant ketosis and a substantial osmolar gap without metallic acidosis(64) .

3.3 Sign and symptoms of diabetes

Sign and symptoms of diabetes are divided into main three categories mainly
Those related to expression of physical symptoms eg:

. Polydipsia (frequent urination)

. Glycosuria (glucose in urine)

. Polyphagia (extreme hunger or increased appetite)
. Decrease of skin turgor (very dry skin)

. Nocturia

. Tachycardia (fast heart rate)

. Dehydration (65)
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. Dry mouth or hyposalivation(66)

Those arising from specific long-term lesions of DM

. Retinopathy (sudden vision change)

. Nephropathy (in kidney)

. Neuropathy (in the nerves which shows tingling sensation or numbness in the feet
hands. Those resulting from acceleration or increased predisposition to disease
processes(66).

. Atherosclerosis

. Frequent or recurrent skin

. Urinary tract infection(66)

3.4 Diagnostic criteria of diabetic Ketoacidosis(67)

Parameters Mild Moderate Severe
Plasma glucose >13.9 >13.9 >13.9 (67)
Arterial PH 7.25-7.30 7.00-7.24 <7.00
Serum bicarbonate 15-18 10-14.9 <10
Urine ketones ++ ++ +++
Serum ketones +++ +++ +++
Anion gap >10 >12 >12 (67)
Sensorium Alert Alert/drowsy Stupor/coma
Serum sodium Normal Low Low
Serum potassium Normal High High
Serum phosphate Normal High High (67)

VOLUME 24 : ISSUE 08 (Aug) - 2025

One to seven percent of documented DKA cases have a blood sugar level of less than 13.9 m
mol/l (250 mg/dL), and this level appears to be more prevalent in patients with hepatic impair
meant or those who are in patient(68) . Several medicines, including glucocorticoids and
thiazides, are well- known cause of hyperglycaemia, which can lead to a DKA. Clinicians
should also consider DKA in patient receiving a typical antipsychotic medication which present
in hyperglycaemia(69) . A typical antipsychotic has been raised the risk of diabetes, glucose
intolerance, and DKA. The healthcare profession should assess the anion gap and ketones
levels of such patients. Another antipsychotic medicine must be chosen to help alleviate this
problem(70) . The appearance of a patient with DKA varies significantly according on their
severity of the event. Patients with mild or moderate illness may experience vague symptoms
such as fatigue, lethargy, poor appetite, or headache. In T1D, polyuria and polydipsia may be
recent, whereas in T2D, symptoms may have been present for weeks or months(71) . Nausea,
vomiting, and stomach pain are common symptoms of DKA and may be attributed to the
combined effects of dehydration, hypokalaemia, ketonemia, and delayed gastric emptying.
Physical examination may reveal sign of dehydration, such as low skin turgor, decreased
axillary sweat, and postural hypotension(72) .
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4. Management strategies for diabetes and Diabetics Ketoacidosis
4.1 Management strategies for diabetes

Insulin is the chosen treatment for managing both T1D and T2D during pregnancy. Pregnancy
requires frequent insulin adjustment to meet changing needs, emphasising the significance of
daily self-monitoring of blood glucose(73). During the first trimester, women with T1D may
have higher levels of hypoglycaemia due to reduced daily insulin requirements. In the second
trimester, insulin resistance requires weekly or biweekly dose increase to meet glycaemic
typically, basal insulin should account for 50% of total daily doses, whereas prandial insulin
should account for 50%. During the late third trimester, insulin levels often stabilise or decrease
somewhat(74). Referral to a specialised centre with team -based care, including high -risk
obstetrician, endocrinologists, dietitian, nurses and social workers, is recommended due to the
complexity of insulin management during pregnancy. None of the currently available insulin
formulations have been shown to cross the placenta(74).

4.1.1 Type 1 diabetes

Women with T1D have a higher risk of hypoglycaemia during the first trimester and like other
women, have altered counter regulatory response. Pregnancy may diminish hypoglycaemic
awareness(75). Educating patients and family members on the prevention, detections and
treatment of hypoglycaemia is crucial before, during and after pregnancy to mitigate its
hazards. Insulin resistance decrease rapidly with placental delivery. After birthday, women ‘s
insulin sensitivity increases and they may need less insulin than before. Pregnancy is a
ketogenic condition, putting women with T1D and to a lesser extent, T2D at risk for DKA due
to lower blood glucose levels compared to non- pregnant individuals(76). Women with pre-
existing diabetes, particularly types 1, requires ketones strips at home and education on DAK
prevention(77) .

4.1.2 Type 2 diabetes

T2D is frequently related with obesity. Weight increase during pregnancy is recommended for
overweight women at 15-25 Lb and obese women at 10-20Lb(78) . Women with T2D typically
have better glycaemic control than those with T1D. However, they may require greater insulin
dosages and concentrated insulin formulations. Insulin requirements decrease considerably
after birth, just as they do in T1D. T2D can increase the risk of hypertension and other
comorbidities, even with better control and shorter duration. Pregnancy loss is more common
in the third trimester in women with T2D than in the first trimester in women with T1D(79).

4.2 Management strategies for diabetes ketoacidosis
DKA in the intensive care unit within the first 24- 48 hours(80). To manage, focus on optimising

hydration, blood glucose, precipitating factors, Ketoacidosis and electrolytes imbalance (e.g.
sodium, chloride, potassium). The current guidelines for DKA suggest commencing fluid
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resuscitation with isotonic saline based on corrected serum sodium. Insulin can be administered
intravenously, intramuscularly, or subcutaneously. This recommendation focuses on correcting
electrolytes levels, particularly potassium concentrations in the blood. Bicarbonate
supplementation is advised for cases of acidosis with a pH below 6.9(81).

DKA usually happens fast, spanning hours or days. Patients may experience hyperglycaemic
symptoms such as polyuria, polydipsia, polyphagia, and weight loss. More severe symptoms
include abdominal discomfort, vomiting, dehydration, weakness, abnormal mentation and
coma. Abdominal pain should be investigated carefully, as an abdominal process may have
caused the Ketoacidosis state. Examination findings include increased skin turgor, Kussmaul
respiration, tachycardia, hypotension, abnormal mentation and coma(82) . Hypothermia may
also occur. In a hypothermic patient. Normal body temperature may indicate an infection(83).

4.3. Pharmacological interventions

Diabetes management varies based on type and severity of the disease. T1DM needs insulin
therapy for life, with long-acting (basal) insulins such as glargine, detemir, and deludes
maintaining continuous blood sugar control, and rapid-acting (bolus) insulins such as as part,
lispro, and gallisin managing peak mealtime(84). Sodium-glucose cotransporter-2 (SGLT2)
inhibitors or pramlintide may be added in some cases for extra help. T2DM is treated initially
with metformin, but other medications are added as needed. Glucagon-like peptide 1(GLP-1)
receptor agonists (liraglutide, similitude) and SGLT?2 inhibitors (empagliflozin, dapagliflozin)
are excellent choices, particularly in those with cardiovascular or kidney disease, and
Dipeptidyl peptidase-4(DPP-4) inhibitors, sulfonylureas, meglitinides, thiazolidinediones
(TZDs), and alpha-glucosidase inhibitors provide other options to manage blood sugar(85).
Insulin is required later. For DKA—a life-threatening and dangerous complication—therapy is
IV insulin to decrease blood sugar, normal saline fluid resuscitation (replacing with D5-1/2 NS
as glucose improves), and strict monitoring of electrolytes, particularly potassium replacement
to avoid heart complications. Bicarbonate is saved for extreme cases where blood pH is
critically low (<6.9)(86). It's also important to identify and treat the underlying cause, infection,
missed medication, or other stimulus, to permit proper recovery.

1. Pharmacological Interventions for Diabetes

A. Type 1 Diabetes

Drug Class Examples Mechanism of | Usage
Action
Rapid-acting Insulin | Insulin lispro, | Quickly lowers | Used before meals

Insulin as part, blood sugar (87)

Insulin glutinane

Short-acting Insulin

Regular human
insulin

Slower onset than
rapid-acting insulin

Used 30-60 min
before meals (88)
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Intermediate-acting | NPH insulin Provides  baseline | Used twice daily
Insulin insulin coverage (89)
Long-acting Insulin | Insulin glargine, Provides  24-hour | Used once daily (90)
Insulin detemir, glucose control
Insulin degludec
Ultra-long-acting Insulin degludec Longest  duration | Helps reduce
Insulin (~42 hours) nocturnal
hypoglycaemia(90)
B. Type 2 Diabetes
Drug Class Examples Mechanism of | Usage
Action
Biguanides Metformin Reduces liver | First-line
glucose production | therapy(91)
Sulfonylureas Glimepiride, Stimulates insulin | Risk
Glipizide, secretion hypoglycaemia(92)
Glyburide
Meglitinides Repaglinide, Short-acting insulin | Used before
Nateglinide secretagogues meals(93)
Thiazolidinediones | Pioglitazone, Improves  insulin | May cause weight
Rosiglitazone sensitivity gain(94)
DPP-4 Inhibitors Sitagliptin, Inhibits GLP-1 | Less risk
Linagliptin breakdown, hypoglycaemia(95)
increasing  insulin
secretion
GLP-1 Receptor | Liraglutide, Enhances  insulin | Weight loss benefit
Agonists Similitude, secretion, slows | (96)
Exenatide gastric emptying
SGLT2 Inhibitors Empagliflozin, Increases  glucose | Lowers blood
Dapagliflozin excretion in urine pressure, weight
loss benefit (97)
Alpha-glucosidase | Acarbose, Miglitol | Slows carbohydrate | Reduces post-meal
Inhibitors absorption glucose spikes (98)
Insulin Therapy Various Required in| Used when oral
formulations advanced cases medications fail
99)
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Medication Examples Mechanism of | Usage
Action
Intravenous (IV) | Regular insulin Suppresses  ketone | Given as continuous
Insulin production and | IV infusion (99)
lowers blood
glucose
IV Fluids Normal saline (0.9% | Replenishes  fluid | First-line therapy for
NaCl), Half normal | loss and maintains | dehydration(100)
saline (0.45% | circulation
NaCl), Dextrose 5%
Potassium Potassium chloride | Prevents Given if serum K+
Replacement (KCI),  Potassium | hypokalaemia <5.3 mEq/L (101)
phosphate caused by insulin
therapy
Bicarbonate Sodium bicarbonate | Corrects severe| Only  used in
Therapy (Rarely acidosis (pH <6.9) | extreme cases(81)
Used)
Electrolyte Magnesium Maintains Given based on lab
Replacement sulphate, Phosphate | electrolyte balance | results (81)

4.1.1 Treatment for Type 1 Diabetes mellitus
1. Insulin Therapy (Lifelong Requirement)

Insulins are classified based on their onset, peak, and duration of action.

Type of Examples Onset Peak Duration Usage
Insulin
Rapid-acting Lispro, As 10-30 min 1-2 hrs 3-5 hrs Pre-meal
part, bolus
Glulisine (102)
Short-acting Regular 30-60 min 2-4 hrs 6-8 hrs Used
insulin 1
n
v
infusion
for DKA
(60)
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Intermediate NPH 1-2 hrs 6-10 hrs 12-18 hrs Basal
acting (Neutral insulin,
Protamine given
Hagedorn) twice
daily(103)
Long-acting Glargine, 1-2 hrs No peak 24 hrs Basal
Detemir insulin,
given
once daily
(90)
Ultra-long Degludec 1-2 hrs No peak >42 hrs Provides
acting stable
glucose
control
(90)
Insulin Delivery Methods:
. Subcutaneous Injections: Most common, using syringes, pens, or pumps.
. Insulin Pumps: Continuous Subcutaneous Insulin Infusion (CSII), mimics

physiological insulin secretion.
. Inhaled Insulin: Afrezza is a rapid-acting insulin alternative(104).

B. Treatment for Type 2 Diabetes Mellitus
1. First-Line Therapy: Metformin (Biguanide) is often the initial medication prescribed due
to its effectiveness, safety profile, and affordability.
2. Second-Line Agents (Added if HbAlc target is not met)

Mechani
Class Examples c¢ z.lnlsm Benefits Side Effects
of Action
Glipizide Stimulate
Sulfonylureas P L insulin Rapid glucosel Hypoglycaemia,
Glyburide, . . .
(SUs) : .. release from reduction weight gain (93)
Glimepiride
beta cells
Short-acti Useful fi .
e . Repaglinide, ] © ‘ac ne Setu ‘or Hypoglycaemia,
Meglitinides .. insulin postprandial . .
Nateglinide weight gain (93)
secretagogues| control
No Weight gain,
.  qe e . Improve . ) )
Thiazolidinediones| Pioglitazone, insulin hypoglycaemia, fluid retention,
(TZDs) Rosiglitazone e improved lipid heart failure risk]
sensitivity
profile (105)
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Inhibit
incretin
T ) Nasopharyngitis,
Sitaglipt degradat Well tolerated
DPP-4 Inhibitors | e P cetacation, L oraeG ncreatitis
Linagliptin enhancing no weight gain .
. . risk(106)
insulin
secretion
Enhance
GLP-1 Receptor Liraglutid;, insulir'l Weight loss, GI side effects
Aconists Semaglutide, secretion, cardiovascular (nausea,
g Dulaglutide suppress benefits vomiting)(107)
appetite
Weight loss, BP  Risk of UTls,
Empagliflozin,| Promote renal reduction, diabetic
SGLT-2 Inhibitors | Canagliflozin, | glucose cardiovascular | ketoacidosis,
Dapagliflozin | excretion benefits dehydration
(108)
Del ful fi I side effect
Alpha-Glucosidase| Acarbose, © a4y Usefu 'or Gl side effects
s . carbohydrate postprandial (flatulence,
Inhibitors Miglitol . )
digestion control diarrhea) (98)
Mimics Necessar . Risk of
) (When physiological 4 hypoglycaemia
Insulin Therapy . . late-stage . .
required) insulin and weight gain|
T2DM
response (109)
Combination Therapy:
. Dual or triple therapy is used if monotherapy fails.
. Example: Metformin + GLP-1 receptor agonist + SGLT-2 inhibitor for synergistic
effects(110).
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2. Diabetic Ketoacidosis (DKA) is a serious and life-threatening complication of type 1
Diabetes Mellitus. Imagine your body as a car that usually runs on gasoline (glucose). In DKA,
it’s like the car is out of gas and starts using an alternative fuel (fat) instead. This process
produces harmful substances called ketones, which build up in the blood and make it
acidic(111).
A. Pharmacological Management of DKA

The involves careful and systematic pharmacological interventions, with insulin therapy being
the cornerstone. Think of insulin therapy as the key to unlocking the body’s ability to use
glucose again, essentially reversing the dangerous build -up of ketones and bringing high blood
sugar levels back down to safer territories(112). DKA fluid resuscitation is crucial to correct
dehydration and improve blood flow. Patients typically start with an initial administration of
0.9% sodium chloride (NaCl) solution, commonly known as normal saline, receiving 1-2 liters
over the first 1-2 hours. This helps to rehydrate the body swiftly. Once their sodium levels are
stable, the maintenance fluid changes to 0.45% NaCl to continue hydration without overloading
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the body with sodium. Additionally, when blood glucose levels drop below 250 mg/dL,
dextrose is added to the fluids to prevent hypoglycaemia (Dangerously low blood sugar
levels)(56).

4.2 Insulin Therapy in Diabetic Ketoacidosis

To avoid exacerbating hypokalaemia insulin therapy should be postponed until serum
potassium levels reach 3.3 mEq/L and continued following intravascular volume
expansion(113) . Traditionally, with the exception of mild episodes of DKA, a continuous
intravenous infusion of normal insulin has been the preferred treatment to limit Lipolysis.
Because of technical constraints, accompanying life — threatening illnesses, and institutional
policies, DKA treatment with intravenous regular insulin is primarily provided in the critical
care unit(114) . The standard is an initial intravenous bolus of regular insulin at 0.1 unit/kg
body weight, followed by a continuous infusion at 0.1 units/kg/h. Alternatively, an intravenous
infusion of normal insulin at a beginning rate of 0.14 units/ kg/h (10 units / h in a 70-kg patients)
without the priming loading dosage was recently advocated in prospective randomised
research. Insulin glulisine can be used for acute intravenous treatment of DKA, although the
choice depends on institutions preferences and cost- effectiveness(115) . The predicted
decrease in serum glucose concentration within the first hour is 50 mg/dL. If this is not
accomplished, re address hydration status and then titrate insulin infusion by doubling every
hour until a consistent glucose fall of 50 to 75mg/h is achieved. When the serum glucose
reaches 200- 250mg / dL the insulin infusion rate is decreased to 0.02-0.05 units/ kg per hour
and dextrose (5-10%) is added to the intravenous fluid to prevent precipitous falls in plasma
osmolality, thereby allowing continued insulin administration with the goal serum glucose
between 140 and 200 mg/dL and resolution of metabolic acidosis. The ideal route of insulin
administration remains stable in the acute treatment of DKA and includes regular insulin via
continuous intravenous infusion or by frequent subcutaneous or intramuscular injection.
Overwhelmingly, experts have recommended intravenous insulin infusion as the treatment of
choice in the intensive care setting, as a predictable means of administration allowing for
maximal peaks insulin with in the first hour of treatment(116) .

5. Nutritional consideration of Diabetes and diabetics ketoacidosis

5.1 Nutritional consideration of Diabetes management

The focus on a diet rich in fruit, vegetable, whole grains, lean protein, and healthy fat. Avoid
sugary snacks and beverages. monitor carbohydrates intake as it directly affects blood sugar
levels. Choose complex carbs like whole grains over simple carbs. keep portion sizes in check
to avoid overeating. Eat regular meals and snacks to maintain steady blood sugar levels stay
hydrated with water instead of sugary drinks. Reduce intake of foods with added sugars.
Include sources of healthy fats like avocados, nuts, and olive oil(117).

5.2 Nutritional consideration of diabetic ketoacidosis

DKA is a critical metabolic complication of diabetes, marked by elevated blood glucose levels,
ketone production, and metabolic acidosis. In the initial phase of DKA treatment, the primary
focus is on rehydration and correction of electrolyte imbalances. Intravenous (IV)
administration of 0.9% sodium chloride solution is commonly employed to address
dehydration and sodium deficits. Continuous monitoring of electrolytes, particularly
potassium, phosphate, and sodium, is essential, with replacements as needed to prevent
complications such as cardiac arrhythmias(118). Once the patient can tolerate oral intake, the
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reintroduction of carbohydrates is crucial to prevent hypoglycemia and halt ketone production.
Emphasis should be placed on low glycemic index foods, including whole grains, legumes, and
vegetables, while avoiding refined sugars to maintain stable blood glucose levels. An intake
constituting 15-20% of total daily calories is advisable, with sources such as lean meats, fish,
eggs, dairy products, and plant-based proteins like lentils and beans. Given that fat metabolism
contributes to ketone production, dietary fat should be cautiously reintroduced. Following the
resolution of the acute DK A phase, long-term nutritional strategies should focus on maintaining
balanced blood glucose levels. A multidisciplinary approach, involving healthcare providers,
dietitians and patient education, is essential to optimize outcomes and support sustained
metabolic health(119).

5.3 Role of diet in diabetes management

Eat complex carbs with a low glycaemic index, like whole grains, legumes, fruits, and
vegetables. These contribute to steady blood sugar level. Keeping track of meal sizes helps to
regulate blood sugar levels. To boost cardiovascular health, consume healthy fats, from foods
such as nuts, seeds, and seafood. Include lean proteins like poultry, fish, tofu, and beans to
improve overall nutrition and satiety. Eating smaller, more regular meals throughout the day
can help minimize dramatic changes in blood sugar levels. Reduce your intake of added sugars
and sweeteners to avoid rapid blood sugar rises(120).

5.4 Nutritional therapy in diabetic ketoacidosis

Balancing carbohydrate

Monitoring and adjusting

Choosing the right proteins

Nutritional therapy in

DKA

Healthy fat and oil Hydration proper

/ \

Balancing carbohydrate: Balancing carbohydrate intake is essential to maintain stable blood
sugar levels. Complex carbohydrate with a low glycemic index, such as whole grains and
legumes, are preferred(121).
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Choosing the right protein: Proteins that do not significantly raise blood sugar levels are
important. Lean sources of proteins like chicken, fish, tofu, and beans are good choices.
Healthy fats and oils: Incorporating healthy fats from sources like nuts, seeds, avocados, and
olive oil can improve overall health without causing blood sugar spikes(122).

Hydration proper: Hydration is crucial, especially during episodes of DKA. Water and
electrolyte solutions can help maintain fluid balance and prevent dehydration(118).
Monitoring and adjusting: To manage DKA, blood sugar levels must be monitored on a
regular basis and the diet adjusted accordingly. A qualified dietician can provide personalized
counsel and support(118).

6.Psychological and behavioural Aspects of Diabetes and Diabetic Ketoacidosis

The emotional burden of diabetes can contribute to significant psychological challenges,
including stress, anxiety, depression, and diabetes — related distress. The constant responsibility
of managing glucose levels, following dietary restrictions, and adhering to treatment plans can
lead to frustration and emotional fatigue(123).

Diabetes -Related Distress (DRD) are many individuals experience stress and emotional
exhaustion due to the continuous demands of diabetes management. feeling of frustration,
helplessness, or guit may arise from struggling to maintain optimal blood sugar control(124).
The fear of complications such as DKA, hypoglycaemia, and long-term organ damage can
cause heightened anxiety. Some individuals become excessively focused on checking blood
sugar levels, leading to increased stress and hypervigilance is known as anxiety and fear.
Depression is the people with diabetes face a greater risk of developing depression, which can
manifest as persistent sadness, low energy, and lack of motivation to manage their condition.
Depression can also contribute to neglecting diabetes care, increasing the likelihood of
complications. Post -traumatic stress disorder (PTSD) is Severe DKA episodes can be
traumatic, leading to PTSD symptoms such as flashback, nightmare, and an intense fear of
recurrence. This distress can make it more difficult for individuals to engage in regular diabetes
management, as they may avoid situations or behaviours associated with their
hospitalization(123).

6.1 Behavioural Aspects of Diabetes and DKA

The psychological effects of Diabetes often influence behaviour, impacting self - care practices,
adherence to treatment, and overall lifestyle choices. Emotional stress, diabetes - related
burnout and mental health struggles can lead to behaviours that compromise proper diabetes
management. Successfully managing diabetes requires consistent adherence to insulin therapy,
medication, and lifestyle modifications(125). However, stress, depression, or a lack of
motivation can result in skipped insulin doses, unhealthy dietary habits, and irregular blood
sugar monitoring, increasing the risk of complications like DKA is known as treatment
adherence. Disordered eating and diabetes burnout is some individuals develop unhealthy
eating patterns, such as skipping meals to avoid insulin injections or binge eating in response
to emotional distress. Diabetes burnout, characterized by emotional exhaustion from
continuous self-care demands, can lead to complete disengagement from diabetes management.
Risk-taking Behaviours is certain individuals may engage in harmful behaviours, such as
intentionally skipping insulin (diabulimia) to control weight excessive alcohol consumption,
or avoiding medical appointments. These actions can worsen blood sugar control and elevate
the risk of DKA. Avoidance and Denial are psychological burden of diabetes can lead to
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avoidance behaviours, including refusing to check blood sugar levels or avoiding discussion
about diabetes with healthcare providers and loved ones. Such behaviours increase the risk of
undetected high blood sugar levels and related complications(125).

6.2 Impact of Diabetic Ketoacidosis on Mental health

Diabetic ketoacidosis (DKA) is a serious, life-threatening complication of diabetes, clinically
characterized mainly by physical manifestations such as extreme dehydration, nausea,
vomiting, and altered mental status. The psychological effect of DKA, however, is often
overlooked(126). Emotional distress during hospitalization, fear of recurrence, and the lifelong
burden of managing diabetes can have desperate effects on the mental health of a patient. In
the absence of proper support, these psychological problems can develop into anxiety,
depression, and even post-traumatic stress disorder (PTSD), thereby having a serious adverse
effect on overall health. Screening and management of these psychological problems are a
crucial component of overall diabetes care.

Having DKA is a traumatic event, and most patients develop anxiety and depression following
an attack. Chronic worry about when the next attack will occur, the daily stress of managing
blood sugars, and worry about long-term complications are common. Physical symptoms of
DKA- fatigue, nausea, and weakness- can also lead to a feeling of sadness, frustration, and
hopelessness. Some will have generalized anxiety, with excessive worry about blood sugars,
another DLA attack, and long-term complications(126). These psychiatric issues must be
addressed. Professional counselling, attending diabetes-specific support groups, and stress-
reducing activities such as exercise, mindfulness, and creative activities can be helpful in
overcoming anxiety and depression.

For others, the intensity of DKA may be so severe that it initiates the onset of PTSD. Those
affected may experience frequent flashbacks of the hospital stay, nightmares about the event,
or intrusive thoughts that cause severe fear and distress. Symptoms of PTSD may appear as
reexperiencing the trauma through frightening dreams or disturbing thoughts, avoidance
patterns such as failure to keep appointments or avoidance of blood sugar testing out of fear,
and heightened arousal that causes increased irritability, difficulty with concentration, or
heightened sensitivity to body sensations. Evidence-based therapy, including cognitive-
behavioural therapy (CBT) and eye movement desensitization and reprocessing (EMDR), has
been effective in alleviating symptoms of PTSD, allowing individuals to process their trauma
and restore a sense of mastery(127).

Mental health is just as vital as physical health in diabetes care. To sustain emotional well-
being with diabetes, a good support system needs to be established, with understanding family,
friends, and healthcare staff to offer assistance and reassurance(128). Stress coping and self-
management are also vital. Regular use of stress reduction exercises like meditation, deep
breathing, yoga, or other low-level exercise may reduce stress and improve mood.

The psychological effects of DKA cannot be overestimated. Blood sugar control is most
important, but so is treating the mental health issues that may develop after such a traumatic
event. Acknowledging the emotional burden of DKA, getting help, and integrating mental
health care into diabetes care can enhance well-being and resilience. Nobody needs to bear the
burden of diabetes by themselves-support and help are there for those who need it(129).
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7. Technological Advances in Diabetes Care

7.1 Ultrarapid Insulins

In recent years, faster acting insulin analogue have been developed to improve postprandial
glycaemic management, preventing or reducing pp glycaemic excursions. Their earlier
beginning will also allow for more quicker correction of hyperglycaemia. In September 2017,
Novo Nordisk got FDA approval for flaps (a novel insulin as part formulation)(129). Flaps is
created by combining niacinamide (vitamin B3), which boosts early absorption, and I-arginine,
a stabilizer. In a pooled analysis of six trials evaluating the pharmacokinetics and
pharmacodynamic characteristics of flaps in adults with T1D, it consistently demonstrated
earlier onset of appearance, greater early insulin exposure, and glucose-lowering effect than
traditional insulin as part across all trials. In phase lll trials, fiasps was demonstrated to enhance
glucose control compared to insulin as part after mixed meal tolerance testing in people with
both TID and T2D(129). The improved effect of fiasp is also due to earlier inhibition of
endogenous glucose. A clinical experiment investigating the compatibility, effectiveness, and
safety of Fiasp compared to insulin aspart in continuous subcutaneous insulin infusion (CSII).
Fiaspis was shown to be comparably safe and compatible for use in CSII, with no additional
safety problems detected in either treatment arm. Fiaspis has been shown to improve
pharmacokinetics (PK) and pharmacodynamic (PD) profiles, as well as per person (PP) glucose
control, compared to insulin aspart in CSII usage, which is comparable with prior studies for
multiple dose injection (MDI) users. Future trials will look into the possible benefits of quicker
Insulins in artificial pancreas (AP) device(130).

7.2 Smart Insulin

Aside from algorithm driven AP technologies, another approach to glucose-responsive insulin
therapy has been the creation of smart insulin. Insulin may sense and respond to glucose,
triggering release only when necessary. This can be achieved through glucose-responsive
polymer encapsulation or direct alteration of insulin molecules. Juvenile Diabetes Research
Foundation (JDRF), a charitable organisation that funds T1D research, ingested in Smart cells,
Inc. In 2003.SmartCells was eventually acquired by Merck in 2010, and phase I trials were
completed in 2016, after which the drug’s development was halted due to a lack of efficacy in
early trials(131).

7.3 Inhaled insulins

Despite its inconvenience and discomfort, subcutaneous insulin injections continue to be the
major method of insulin Inhaled insulin was a popular “meal insulin” choice since it eliminates
the need for inconvenient injections and provides quick insulin action. Despite its potential,
inhaled insulin has yet to become widely used. Needle anxiety is likely overestimated, 27 and
developing molecules that can be effectively administered and absorbed into the alveoli has
been difficult(132). Afrezza was FDA approved in 2014 and is now the only inhaled insulin
available on the market. Afrezza is recombinant human insulin adsorbed onto Technosphere
These particles are generated by the self -assembly of an inert excipient, fumaryl
diketopiperazine. The size of the Technosphere particles facilitates administration of insulin to
the deep lung for better systemic absorption. Afrezza has a more rapid onset and shorter
duration of action than subcutaneously injected rapid acting insulin analogues. In clinical trials,
the median time to peak activity of Afrezza was demonstrated to be 53min, and duration of
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action to be 160min (2.5-3h). Its use is connected with less frequent PP hypoglycaemia and
slightly lower weight gain(133).

7.4 Continuous Glucose monitoring systems

Glucose monitoring (GM) despite significant developments in continuous glucose monitoring
(CGM), the vast majority of patients with diabetes worldwide rely on intermittent self-
monitoring of blood glucose (SMBG)(133). Furthermore, due to the cost of GM, even habitual
insulin users may choose to skip GM on certain days. Efforts to minimise the user cost of GM,
aside from government intervention, are unfortunately rare. Accurate SMBG devices are
widely available, and increasing their use while decreasing the use of less accurate sensors is a
positive trend. CGM advancements. Research and development in CGMs aims to improve
accuracy while minimising user calibrations. Additional aims include ease of use, longer wear,
miniaturization, more impactful data Management, and secure and reliable connectivity with
the cloud and other multiple more improvements have been considered for CGMs, ranging
from predictive glucose alerts to integration with AP Additional CGM improvements are being
explored. Current CGM trend arrows are potentially valuable, but neither the implementation
of the arrows nor how they should be responded to has been guidelines for the use of trend
arrows have been published, but they are complex and focus on a particular CGM system(134).
To standardised bolus doses, it may be helpful to consider positive or negative glucose trend
lines when a CGM system has been shown to accurately forecast glucose levels for 3060
minutes.This would allow for safer and more accurate bolus doses modifications, potentially
reducing hypoglycaemia and hyperinsulinemia. Factory calibration of CGMs decreases user
errors, improves convenience, saves money on meter -based calibration, and may improve
sensor accuracy. A business building an AP system reported using a factory-calibrated CGM to
avoid potential inaccuracies caused by user’s calibration issues. Although zero calibration
appears to be ideal, factory-calibrated sensors may occasionally benefit from meter calibration
if readings from an accurate meter significantly differed from those of the Having two to five
functional electrodes on each sensor improves accuracy and eliminates readings from failed
sensors from the glucose average. Acetaminophen, ascorbic acid (vitamin c¢), and
acetylsalicylic acid might(133).

8.5 Artificial pancreas Technology

Over 30 years ago, a study tilted “Algorithms for adjusting insulin dosage by patients who
monitor blood glucose “addressed the technical challenges of today’s artificial pancreas. The
paper was published in reaction to the introduction of home blood glucose monitoring. In the
1970s, SMBG enabled people with diabetes to acquire real-time data on their blood glucose
levels, a first since the discovery of insulin(135). The goal of the research was to offer a
collection of algorithms to help patients make real-time optimal therapy decisions based on
blood glucose meter data for extra insulin in response to hyperglycaemia. The contemporary
artificial pancreas consists of three main components: a continuous glucose monitoring system,
an insulin infusion pump, and a control algorithm. Uplike produced one of the earliest
continuous glucose sensors in 1967 by immobilising glucose oxidase in a biodegradable
membrane. Produced the first commercial continuous glucose monitoring device using a
comparable electrochemical sensor. The glucose sensor is introduced via the skin and put at a
depth of 8-12 mm in the subcutaneous tissue(136). The sensor monitors glucose in the
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interstitial fluid, not the blood. Glucose is measured using a catalytic reaction including the
enzyme glucose oxidase immobilised in a polymeric membrane overlaying an electrode
sensing device. Insulin pumps, created in the late 1970s, have improved the quality of life and
clinical outcomes for diabetics. Modern pumps are compact, dependable electro mechanical
devices that provides insulin via a controlled infusion into the subcutaneous tissue. Pumps are
made up of a refillable insulin cartridge, a pump mechanism, and a programmed user interface
that the patient can use to establish a basal infusion rate or to administer a discrete bolus for
meal coverage or hyperglycaemia correction. Since the debut of insulin pumps three decades
ago, improvements in microelectronics and consumer electronics have increased the
technology’s functionality and usability. The control algorithms in the AP make real -time
insulin -infusion decisions based on data from the continuous glucose monitor, insulin pump,
and other vital information. Parker et al(136). introduced one of the initial current algorithms
approaches to the AP in 1999 with their Monetary Policy Committee (MPC) algorithm. Parker
and Doyle used a physiology model to manage insulin delivery for individuals with T1D. The
glucose insulin dynamics model predicts future glucose levels based on previous insulin
administration and glucose measurements. Using a model based predictive algorithm insulin-
dosing instructions can be supplied based on projected glucose levels, reducing the temporal
delays caused by subcutaneous insulin’s delayed action. Devised an MPC algorithm based on
a nonlinear model of diabetes patients’ physiology. MPC has been employed by numerous
another prominent research. Presented the pelvic inflammatory disease (PID) technique as an
early attempt to developing AP control algorithm for diabetes management. We provide
examples of unihormonal or Bihor monal methods to AP using MPC, PID, follicular lymphoma
(FL), and other logical supervision algorithms(137).

8.Health economics and policy implication in diabetes management

Health economics and policy are core to diabetes management through influencing access to
care, costs of treatment, and health outcomes. Diabetes places a colossal economic burden on
patients, the healthcare system, and society, including costs outside medical care to cover lost
productivity, disability, and premature death. Investing in cost-saving interventions can reduce
the burden of the disease and healthcare costs. Prevention interventions that promote healthier
lifestyles, such as better diet and physical activity, reduce the risk of T2D. Detection early
through screening averts severe complications and reduces long-term medical
expenditures(138). Policies promoting medication adherence, such as insurance coverage and
financial assistance, promote better disease control and prevent costly hospitalization. Public
health policies also play a crucial role in diabetes management. Expanding insurance coverage
for health improves access to essential treatment, while price controls on medications like
insulin keep them affordable. Value-based care models enhance more effective control by
linking provider reimbursement with patient outcomes. Public health action on a population
level, such as taxing sugar-sweetened beverages, improving food labeling, and promoting
physical activity, also prevents diabetes. An efficient healthcare system also plays a significant
role in diabetes management. Incorporating diabetes management into primary healthcare
ensures early detection and better support, while telemedicine and digital health technologies
enhance access, particularly in underserved areas. Social and economic inequities also play a
crucial role to address, as poor groups often have limited access to affordable care. A
comprehensive approach with economic measures and policy interventions is necessary to
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reduce the burden of diabetes. Governments, healthcare providers, and policymakers must
collaborate to improve care, promote prevention, and ensure sustainable healthcare
spending(139).

8.1 Cost effectiveness of diabetes treatment

Successful control of diabetes not only entails improvement in health outcomes but also
determining economically feasible measures that reduce the economic burden on individuals
and health systems. Preventive measures such as healthy eating, exercise, and weight control
have been established as some of the most cost-effective and successful measures to avoid the
development of T2D(139). Evidence suggests that lifestyle changes have the potential to
considerably reduce the risk of developing diabetes, often a more cost-effective measure than
pharmacological interventions. In cases where pharmacotherapy is required, metformin is one
of the most cost-effective and reliable choices for the treatment of T2D. It has significant health
benefits at a relatively affordable cost compared to newer agents. However, newer agents like
SGLT-2 inhibitors and GLP-1 receptor agonists have added cardiovascular and renal benefits
at a relatively higher economic cost. The cost-effectiveness of these agents is based on the
individual patient's needs and the expected long-term benefits(140).

Insulin therapy is critical for T1D patients and those with established T2D. The application of
technologies such as continuous glucose monitoring (CGM) and insulin pumps has greatly
enhanced glycemic control and minimized complications but, with their high cost, can limit
accessibility in most patients(141). In addition, early detection and diagnosis of diabetes are
cost-saving measures, as early detection of the disease can avert advanced complications and
lower long-term treatment costs. The emergence of digital health and telemedicine has made it
possible to introduce new strategies in managing diabetes in a cost-effective and efficient
manner. Evidence shows that telemedicine improves blood glucose control and lowers
hospitalization rates, making it an acceptable alternative for those residing in remote or
underserved communities. As technology advances, the integration of digital health solutions
into diabetes care has the potential to enhance accessibility, enhance compliance with
medication therapy regimens, and offer greater health outcomes-while simultaneously
remaining cost-effective.9.2 Health policies for diabeties prevention.

8.2 Health Policies for Diabetes Prevention

Effective health policies are important in improving diabetes care by making treatment more
accessible, affordable, and preventive. Properly designed policies not only improve patient
outcomes but also reduce the financial burden to patients and healthcare systems. Availability
of healthcare services is one of the main goals in diabetes policy. Increased insurance coverage
and government subsidies allow patients to afford drugs like insulin, glucose meters, and
preventive care(142). Price regulation of drugs and encouragement of generic drug use also
reduce the expenses. Financial assistance programs are available in most countries, which try
to make treatment for diabetes cost-effective and ensure that patients receive continuous care.
Prevention and early detection are main areas of focus in policy design. Public health programs
promote healthier lifestyles through better nutrition, exercise, and education. Governments
have introduced programs like taxes on sugary drinks and increased labeling of food products
to encourage healthier consumer behaviour. Regular screening programs for high-risk groups
make it easy to detect diabetes, which prevents serious complications and reduces long-term
healthcare costs. In addition, new healthcare models are transforming the practice of diabetes
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care. Integration of diabetes care into primary healthcare systems allows patients to benefit
from earlier intervention and better long-term care(142). Telemedicine and online health
resources have made it easy to access care for people living in remote areas, while value-based
care designs ensure that healthcare providers are patient-outcomes-focused instead of service
volume-focused. Reduction of disparities in diabetes care is another main policy goal. Most
low-income communities are faced with issues like limited access to healthcare, high drug
costs, and low health literacy. Subsidized medical programs, community services, and
occupational health programs enable everyone, irrespective of their economic background, to
effectively manage their diabetes. A successful diabetes health policy integrates prevention,
early treatment, new therapies, and equal access to healthcare. Collaborative efforts from
government agencies, healthcare providers, and policymakers can establish sustainable
solutions that enhance diabetes management and promote healthier lifestyles for
everyone(143).

9. Conclusion and future perspectives

Diabetes, especially when complicated by DKA, remains a serious global health challenge.
While medical advancements-such as new insulin therapies, continuous glucose monitoring,
and AP systems-have greatly improved diabetes management, millions of people still struggle
with access to care, treatment costs, and the daily burden of managing their condition. The
reality is that diabetes isn’t just a medical issue; it affects every aspect of a person’s life, from
their physical health to their mental well-being.

Looking to the future, there is hope. Emerging research in smart insulin, non-invasive glucose
monitoring, and Al-driven diabetes management tools could make life easier for those living
with the disease. Personalized treatment plans tailored to an individual’s unique needs will
likely become the norm, helping to prevent complications before they arise. At the same time,
public health efforts must focus on prevention, education, and making essential diabetes care
more affordable and accessible, particularly in underserved communities. Beyond technology
and medicine, we must also acknowledge the emotional toll of diabetes. Supporting mental
health, reducing stigma, and fostering a sense of community among those affected by the
disease are just as important as any medical breakthrough. The future of diabetes care isn’t just
about better treatments-it’s about making sure that every person, regardless of where they live
or their financial situation, has the resources and support they need to live a full and healthy
life.
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