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Abstract

Diabetes mellitus is a chronic metabolic disorder with rising global prevalence and significant morbidity and mortality due to its complications.
Among these, acute complications such as diabetic ketoacidosis (DKA), hyperosmolar hyperglycaemic state (HHS), hypoglycaemia, and
lactic acidosis represent urgent and life-threatening conditions requiring immediate medical intervention. DKA and HHS share common
pathophysiological pathways involving insulin deficiency and counter-regulatory hormone excess, leading to profound metabolic
disturbances. Although DKA is more common in type 1 diabetes (T1D) and HHS in type 2 diabetes (T2D), both demand prompt diagnosis
and structured therapeutic strategies to restore fluid and electrolyte balance and normalise blood glucose levels. Hypoglycaemia is often
due to drug-induced insulin overdosing, and is associated with neuroglycopenic symptoms, while lactic acidosis involves derangements in
lactate metabolism and may be triggered by conditions such as sepsis or metformin use. This review explores the pathophysiology, clinical
presentation, diagnostic features, and management protocols for these acute complications. It further highlights the importance of preventive
strategies, patient education, and the potential role of digital health and personalised medicine in reducing the risk of complications and

improving diabetes outcomes.

Keywords: diabetes; diabetic ketoacidosis; hyperosmolar hyperglycaemic state; lactic acidosis; hypoglycaemia

© Authors

Introduction

Globally, the prevalence of diabetes continues torise atan alarming
rate." According to the International Diabetes Federation (IDF), an
estimated 589 million adults (aged 20-79 years) were living with
diabetes in 2024, and this number is projected to increase to 853
million by 2050.2 In sub-Saharan Africa, approximately 25 million
adults had diabetes in 2024, with projections indicating a rise to
33 million by 2030 and 55 million by 2045.%% The African region
also has the highest proportion of undiagnosed diabetes globally,
with nearly 53.6% of individuals unaware of their condition. In
South Africa, recent IDF estimates suggest that approximately 4.2
million adults (approximately 12% of the population aged 20-79
years) are living with diabetes.?

Diabetes mellitus is a heterogeneous group of disorders
characterised by persistent hyperglycaemia with disturbances in
carbohydrate, fat and protein metabolism resulting from defects
in insulin secretion, insulin action, or both. The two primary types
are type 1 diabetes (T1D) and type 2 diabetes (T2D). T2D accounts
for approximately 90-95% of all diabetes cases in the general
population, while T1D, which typically presents in childhood,
represents about 5-10% of cases.*> However, other rare forms of
diabetes include Maturity Onset Diabetes of the Young (MODY),
Gestational Diabetes Mellitus (GDM) and idiopathic diabetes.®
Clinical symptoms associated with diabetes are due to chronic
hyperglycaemia and endocrine maladaptation. Glycosuria
accompanied by polyuria is common in diabetic patients leading
to dehydration that triggers compensatory polydipsia.”® Diabetes
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may be diagnosed by glycated haemoglobin (HbA1c) or blood
glucose concentrations where the latter is either the Fasting Blood
Glucose (FBG), Random Blood Glucose (RBG) or Impaired Glucose
Tolerance (IGT) with a 75 g glucose challenge.!

According to the American Diabetes Association (ADA), HbA1c is
a marker of chronic glycaemia reflecting average blood glucose
levels over a two to three-month period with the cut-off point
of > 6.5% for confirming diabetes as an alternative to FPG
> 6.0 mmol/L and RBG of > 11.0 mmol/L." Glucose intolerance
is defined as the inability of blood glucose levels to return to
baseline two hours post 75 g oral glucose challenge. Patients
must have fasted for more than eight hours before the Oral
Glucose Tolerance Test (OGTT) interpretation. The normal FBG
blood glucose concentrations range from 3.1 mmol/L-7.8 mmol/L
depending on the fed or fasted state of the person.>™

Diabetes is associated with several complications such as

ketoacidosis, neuropathy, retinopathy, nephropathy and
cardiovascular diseases that significantly contribute to increased
morbidity and mortality.” The two most common life-threatening
complications of uncontrolled diabetes mellitus include diabetic
ketoacidosis (DKA) and hyperglycaemic hyperosmolar state
(HHS). DKA usually occurs in patients with T1D but HHS is
mostly diagnosed in patients with T2D and they both require
prompt recognition and aggressive therapy to optimise clinical
outcomes.”? This review specifically focuses on the acute

complications associated with diabetes.
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Acute diabetes complications

Diabetic ketoacidosis, hyperglycaemic hyperosmolar state, lactic
acidosis, and hypoglycaemia represent acute, severe metabolic
disturbances associated with uncontrolled diabetes.”® DKA and
severe hypoglycaemia are more common in T1D, whereas HHS
without ketoacidosis is more frequently associated with T2D.
DKA and HHS require prompt recognition and aggressive therapy
to optimise clinical outcomes.” Although there are important
differences in their pathogenesis, the basic underlying mechanism
for both disorders is the reduction in the effective concentrations
of circulating insulin leading to hyperglycaemia and severe
dehydration.™

Diabetic ketoacidosis (DKA)

DKA is an acute but major life-threatening complication of
diabetes that mainly occurs in patients with T1D, even though
uniquely frequent among some patients with T2D." It is defined
by blood glucose concentrations > 11.0 mM, venous blood
pH < 7.3, bicarbonate < 15 mM, glycosuria, ketonaemia and
ketonuria.’”® DKA is a consequence of absolute lack of insulin
with a concomitant increase in plasma levels of insulin counter-
regulatory hormones such as catecholamines, glucagon,
cortisol and growth hormone leading to hyperglycaemia and
ketosis (Figure 1). Ketosis is a metabolic state in which the body
uses fat-derived ketone bodies for energy instead of glucose.
It occurs when carbohydrate intake is low, or when insulin is
insufficient, leading the body to break down fat for fuel. The lack
of insulin combined with hyperglycaemia lowers the amount
of fructose-2,6-phosphate in the liver. This alters the activity of
phosphofructokinase and fructose-1,6-bisphosphatase, leading

Excess counter-

regulatory
hormones

to increased glucose production in the liver and a reduction
in glycolysis.” Insulin deficiency also reduces levels of GLUT4,
which impairs glucose uptake into skeletal muscles and adipose
tissues thus reducing intracellular glucose metabolism.™ Insulin
deficiency and increased counterregulatory hormones also lead
to the release of free fatty acids (FFA) into circulation from adipose
tissue (lipolysis), which undergo hepatic fatty acid oxidation to
ketone bodies (beta-hydroxybutyrate and acetoacetate), resulting
in ketonaemia and metabolic acidosis.” However, hyperglycaemia
develops as a result of increased gluconeogenesis in the liver,
accelerated glycogenolysis and impaired glucose utilisation by
peripheral tissues.'

Precipitating factors of DKA

A precipitating factor for the development of DKA is infection, with
urinary tract infections and pneumonia being the most common
causes.?’ Additionally, newly onset T1D, inadequate insulin doses,
orinsulin pump malfunction canlead to the development of DKA.?'
Poor adherence to insulin therapy is a frequently observed cause
of DKA, particularly in younger individuals. Other precipitating
factors include myocardial infarction, cerebrovascular accident,
acute pancreatitis, trauma, severe burns and alcohol abuse.
Myocardial infarction and stroke can trigger diabetic ketoacidosis
by increasing the release of stress hormones that raise blood
glucose and ketone levels. These acute events lead to insulin
resistance and elevated metabolic demand, worsening glucose
metabolism. In patients with insufficient insulin, this can rapidly
progress to severe hyperglycaemia and ketoacidosis.? In addition,
medications such as glucocorticoids, atypical antipsychotics, and
diazoxide can contribute to precipitation of DKA in individuals
without a previous diabetes diagnosis.??* Glucocorticoids and
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Figure 1: Pathophysiology of DKA. Insulin insufficiency promotes gluconeogenesis in the liver and ketogenesis in skeletal muscles. Increased production
of insulin counter-regulatory hormones promotes lipolysis and proteolysis in the adipose tissue and the skeletal muscles. FFA: Free fatty acids; 1: Increase:

|: Decrease
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atypical antipsychotics increase insulin resistance and promote
hepatic glucose production, while diazoxide directly inhibits
insulin secretion from pancreatic beta cells.?

Diagnosis and presentation of DKA

The clinical presentation of DKA usually develops rapidly, i.e. over
a period of < 24 hours presenting with polyuria, polydipsia and
weight loss.'>* With appropriate therapy the mortality in DKA is
low (< 5%) and is closely related to underlying or precipitating
events, such as infections or myocardial infarction.?> The major
non-metabolic complication of DKA therapy is cerebral oedema,
which most often develops in children. Most individuals with
DKA present with symptoms such as excessive urination
(polyuria), excessive thirst (polydipsia), weight loss, vomiting,
dehydration, general weakness, and altered mental status.?*
Physical examination may reveal signs such as poor skin turgor,
deep and laboured breathing (Kussmaul respirations), rapid
heart rate (tachycardia), and low blood pressure (hypotension).??
Gastrointestinal manifestations may include nausea, vomiting, and
generalised abdominal pain. Clinical signs of dehydration such as
blood pressure, pulse rate, capillary refill, skin turgor, oral mucosal
moisture, and degree of weight loss may not reliably reflect the
hydration status in children. Therefore, regular monitoring of
haemodynamic parameters is essential for accurate assessment.?'
The American Diabetes Association (ADA) classifies DKA into mild,
moderate, and severe according to specific criteria (Table ).

Management of DKA

Specific therapeutic goals for DKA require frequent monitoring
of patients, correction of hypovolaemia and hyperglycaemia,
replacement of electrolyte losses, and attention to precipitating
factors. Treatment of DKA is initiated with intravenous (IV) fluids,
normal saline (0.9% NaCl) at the rate of 15-20 mL/kg body weight
during first hour unless the patient has cardiac dysfunction, and
then followed by 0.45% normal saline at a rate of 4-14 mL/kg/h
(Table I1).2 Hypotonic saline (0.45%) helps correct hyperosmolarity
and reduces the risk of cerebral oedema, especially in children
or those with severe dehydration. Once blood glucose reaches
11.1 mmol/l, IV fluids should be changed to 5% dextrose with
0.45% NaCl at 150-250 mL/hr.”

Insulin treatment is the cornerstone in the management of DKA.
Continuous insulin infusion should be administered at a bolus
dose of 0.1 unit/kg IV and a maintenance dose of 0.1 unit/kg/hr

IV. Adequate renal function should be established (urine output
~50 mL/h). If potassium (K) is < 3.3 mEq/L, insulin can be stopped
and 20-40 mEq/hr of K should be administered until K> 3.3 mEq/L.
If Kis > 5.5 mEq/L, it should not be given, but if K is between > 3.3
and < 5.3 mEq/L, K at 20-30 mEq should be given in each litre IV
fluid to maintain K between 4-5 mEq/L."*?

Occasionally, patients with DKA may present with significant
hypokalaemia as a result of correction of volume or metabolic
acidosis and/or insulin therapy.?** Hypokalaemia can cause life-
threatening arrhythmias and respiratory muscle weakness.?
In such cases, potassium replacement should begin with fluid
therapy, and insulin treatment should be delayed until potassium
concentration is restored to > 3.3 mEq/L because insulin drives
potassium into cells, further lowering serum potassium levels.®
Generally, the administration of 20-30 mEq potassium in each
litre of infusion fluid is sufficient to maintain a serum potassium
concentration within the normal range of 4-5 mEq/L. Bicarbonate
therapy should be considered in patients with severe acidosis.?**°
Careful attention should be paid to potential complications, such
as cerebral oedema due to rapid osmotic shifts particularly in
paediatric patients.

Hyperglycaemic hyperosmolar state (HHS)

HHS is a serious complication of diabetes mellitus, most
commonly seen in individuals with T2D.3' Although it can develop
in those with T1D, such cases are uncommon. It is characterised
by extreme hyperglycaemia, hyperosmolality, and severe
dehydration but notably occurs without significant ketoacidosis.*
HHS is marked by a relative deficiency of insulin concentrations to
maintain normoglycaemia due to insulin resistance but adequate
levels to prevent lipolysis and ketogenesis as indicated by residual
C-peptide.®Insulin deficiency leads to hepatic glucose production
(through glycogenolysis and gluconeogenesis) and impairs
glucose utilisation in the skeletal muscles.”” Hyperglycaemia
induces osmotic diuresis leading to intravascular volume
depletion, which is exacerbated by inadequate fluid replacement.
Most people with T2D still produce some insulin, unlike in T1D
where insulin production is minimal or absent due to autoimmune
destruction of beta cells.?®

Although the fundamental difference between HHS and DKA is
small, HHS is characterised by a greater severity of blood glucose
elevation (> 33.3 mmol/L), marked increase of plasma osmolality

Table I: Diagnostic criteria and deficits of electrolytes in different stages of diabetic ketoacidosis (DKA)'®

I Mild DKA (glu > 250) Moderate DKA (glu > 250) Severe DKA (glu > 250)

Arterial PH 7.25-7.30
Serum bicarbonate 15-18
Urine ketone Positive
Serum ketones Positive
Serum osmolality Variable
Anion gap >10
Mental status Alert

7.00to < 7.24 <7.00
10to< 15 <10
Positive Positive
Positive Positive
Variable Variable
>12 >12
Alert/drowsy Stupor/coma
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(> 320 mOsm/kg), absence of or mild ketosis, and altered mental
status.* It is associated with glycosuria, leading to osmotic diuresis
and loss of water, sodium, potassium, and other electrolytes.
General treatment of DKA and HHS requires frequent monitoring
of blood glucose, electrolytes, renal function, acid-base status,
and fluid balance. Continuous assessment helps guide insulin
therapy, fluid replacement, correction of electrolyte imbalances
and attention to precipitating factors.?®

Precipitating factors of HHS

Infections may precipitate HHS by increasing insulin resistance
and stimulating the release of counter-regulatory hormones,
leading to severe hyperglycaemia.?* HHS may also be triggered
by certain medications, non-adherence to therapy, undiagnosed
diabetes, substance abuse, and underlying comorbidities. It is
frequently characterised by an altered mental state (confusion)
and neurological symptoms.?® While infections are the most
common trigger for HHS, other precipitating factors include
cerebrovascular accidents and trauma, myocardial infarction,
and pancreatitis.3* In addition, certain medications associated
with metabolic decomposition and HHS include glucocorticoids
thiazide diuretics, phenytoin, B-blockers, and more recently,
atypical antipsychotics especially second-generation
antipsychotics.3* HHS occurs most commonly in elderly patients
with T2D and early diagnosis and intervention are essential to
prevent the onset of serious complications.?

Diagnosis and presentation of HHS

Patients with HHS present with profound dehydration, poor tissue
turgor, dry buccal mucosa, soft, sunken eyeballs, cool extremities,
and a rapid weak pulse® Excessive urination (polyuria) and
increased thirst (polydipsia) are the most frequent early signs
of HHS. Furthermore, adults may present with a low-grade
fever, while children may exhibit non-specific symptoms such
as headache, weakness, and vomiting, which may occur with or
without abdominal pain.3® Seizures which may be resistant to
anticonvulsives and phenytoin may worsen HHS. Acute focal or
global neurological changes, such as drowsiness, delirium, seizures
(focal or generalised), coma, visual disturbances, hemiparesis, and
sensory deficits are considered late manifestations of HHS."

Management of HHS

The goal of treatment is guided by several key principles aimed at
i) normalising osmolality, ii) restoring fluid and electrolyte losses,
and iii) normalising blood glucose.? Management and treatment
of HHS begins with aggressive fluid replacement, initially with
intravenous (IV) isotonic saline (0.9% sodium chloride [NaCl]) to
replenish circulating volume and reverse dehydration, followed
by insulin infusion (IV) (Table II), which should be carefully titrated
based on serum sodium and osmolality levels.?® Electrolytes,
such as potassium must also be closely monitored and corrected
as necessary.®® Preventive strategies are essential in the
management of HHS, including the use of thromboprophylaxis
in high-risk individuals to mitigate the risk of thromboembolic

events.*® Additionally, close monitoring for potential neurological
complications, such as cerebral oedema is critical 333%% It is also
important to educate patients to support long-term diabetes
management and prevent recurrence.

Hypoglycaemia

Hypoglycaemia is a common and potentially serious complication
in individuals with diabetes. The primary cause is overdose of
diabetes medications in particular, those which raise insulin levels
independently of blood glucose, such as sulphonylureas and
exogenous insulin.? It is defined as a blood glucose concentration
of below 4 mmol (70 mg/dL), with severe episodes involving
neuroglycopenic symptoms such as confusion, seizures, or loss
of consciousness that require external assistance.** Common risk
factors include the use of insulin or sulfonylureas, insufficient
intake of exogenous glucose, such as during prolonged fasting
or consumption of very low-carbohydrate meals, alcohol
consumption, increased glucose utilisation during or after intense
physical activity, renal or hepatic dysfunction, and advanced
age.”** These factors either enhance insulin action or weaken
counter-regulatory hormonal responses, thereby predisposing
individuals to low glucose levels.*

Diagnosis and presentation of hypoglycaemia

Hypoglycaemia is diagnosed when blood glucose levels fall
below 4 mmol/L, often accompanied by symptoms such as
sweating, trembling, confusion, irritability, or dizziness.*' It may
present suddenly and can range from mild to severe, with severe
cases leading to seizures or loss of consciousness if not treated
promptly. Blood glucose concentrations should be measured with
a glucometer to confirm hypoglycaemia.*?

Management of hypoglycaemia

In cases of confirmed or strongly suspected hypoglycaemia,
intravenous dextrose 10% at 2-5 ml/kg is administered.
After treatment, blood glucose should be reassessed within
10-15 minutes.®® If hypoglycaemia persists, give an additional
bolus of dextrose 10% at 2 mL/kg and initiate a continuous
infusion of dextrose 5% or 10% at 3-5 mL/kg/hour to maintain
glucose levels. Excessive fluid volumes should be avoided and
continuous monitoring is essential until clinical recovery is
evident. Hypoglycaemia can also be managed with either oral or
intravenous glucose and/or intramuscular glucagon (Table 11).#*

Lactic acidosis

Lactic acidosis is a serious metabolic condition characterised
by excessive accumulation of lactic acid in the bloodstream
(> 5 mmol/L), leading to a decrease in blood pH (< 7.35)
accompanied by low plasma bicarbonate levels (< 20 mmol/L).*
This condition occursduetoan elevatedrate of L-lactate production
and/or a reduced rate of its metabolic clearance typically due to
tissue hypoperfusion, mitochondrial dysfunction, or the effects
of certain medications.* Lactic acidosis is classified into type A
(hypoperfusion-related) and type B (non-hypoperfusion-related)
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Table II: Management of diabetic complications*
Diabetes complication Management strategy

Diabetic Type | diabetes Intravenous (1V) fluids
ketoacidosis insuflin
Electrolyte replacement
Monitor pH
Hyperosmolar  Type Il diabetes Aggressive |V fluids
hyperglycaemic IV insulin
state

Electrolyte replacement
Hypoglycaemia Mild to moderate  Oral glucose
Severe Glucagon injection (IM or SC)
IV dextrose (D50)
Lactic acidosis Stop metformin
Treat underlying causes

Provide intensive care unit (ICU)
care

Monitor lactate, pH, renal function

Dialysis or renal replacement
therapy

forms. Septic shock remains a frequent cause of type A lactic
acidosis.

Diagnosis and presentation of lactic acidosis

Lactic acidosis typically presents with symptoms such as rapid
breathing, nausea, vomiting, abdominal pain, confusion, and
fatigue. Diagnosis involves measuring serum lactate, performing
corrected anion gap calculations (especially in cases of
hypoalbuminaemia), and analysing arterial blood gases.*

Management of lactic acidosis

Treatment typically involves fluid resuscitation to improve
circulation and oxygen delivery to the tissues.*“® Vasopressors
may be necessary to maintain adequate blood pressure and organ
perfusion in these patients.* Mechanical ventilation may be
required to ensure proper oxygenation and ventilation. In severe
cases, renal replacement therapy may be considered to help clear
lactate and correct acidosis.*® Sodium bicarbonate administration
remains controversial and is generally reserved for extreme cases
only due to the risk of mortality.** Continuous monitoring of
lactate levels, acid-base status, and haemodynamic parameters
is critical for informing therapy and assessing the response to
treatment (Table Il).

Preventative measures

It is well established that diabetes is associated with a significant
number of life-threatening complications. These complications
are responsible for burdens associated with diabetes, both on
the individual and on healthcare systems.”® Thus, preventative
measures are required to prevent or delay the occurrence of these
diabetes complications. The most effective measure for preventing
complications is to prevent the onset of diabetes by modifying

lifestyle-related factors such as diet, physical activity, and alcohol
consumption.* However, these modifications may not be
applicable to patients with T1D. The current diabetes management
aims to prevent complications, which are a major cause of
morbidity and mortality.*® The current preventative measures of
diabetes complications include appropriate education, adequate
treatment, and frequent glucose monitoring.*® In addition, it has
been reported that the most effective preventative measures
of diabetes complications include the long-term maintenance
of normoglycaemia, regular blood glucose monitoring, patient
education, and lifestyle modifications.>! It has been suggested that
therisk of diabetes complications could be limited through patient
empowerment such as education, and diabetes self-monitoring
and management training.> This promotes a partnership between
clinicians and patients, and helps prevent both acute and chronic
diabetes complications.

Conclusion

Although current therapies for the prevention and management
of diabetes have been effective in optimising glycaemic control,
complications persist leading to high morbidity and mortality.
New multifactorial therapies with minimal adverse effects that can
prevent these complications and reduce the burden of diabetes
are thus required. In addition, future diabetes therapies should
focus on personalised medicine where treatments are optimised
based on patient-specific factors including genetic profiles,
comorbid conditions, and risk of complications.>>** Furthermore,
future directions should focus on improving self-monitoring of
glucose and management by patients to promote adherence. The
integration of digital health technologies and artificial intelligence
in personalised medicine may offer promising avenues for
monitoring and managing diabetes complications enabling
more precise and timely interventions.>* Future directions also
involve the incorporation of wearable computers (digital devices),
personal digital assistants, and mobile phones in monitoring and
managing diabetes.>>¢
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