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Table 24-6 Classification of Diabetes Mellitus

Type 1 diabetes (3-cell destruction, usually leading to absolute
insulin deficiency)

Immune-mediated
Idiopathic

Type 2 diabetes (combination of insulin resistance and [3-cell
dysfunction)

Genetic defects of 3-cell function

Maturity-onset diabetes of the young (MODY), caused by mutations in:
Hepatocyte nuclear factor 4cc (HNF44), MODY1
Glucokinase (GCK), MODY2

Hepatocyte nuclear factor 1o (HNF7.4), MODY3
Pancreatic and duodenal homeobox 1 (FPOXT), MODY4
Hepatocyte nuclear factor 13 (HWVWFTE), MODYS
Meurogenic differentiation factor 1 (MEURODT), MODYEB

MNeonatal diabetes (activating mutations in KCNJT 7T and ABCCS, encoding
Kir6.2 and SUR1, respectively)

Maternally inherited diabetes and deafness (MIDD) due to mitochondrial DMNA
mutations (M.3243A—G)

Defects in proinsulin conversion

Insulin gene mutations

Genetic defects in insulin action

Type A insulin resistance
Lipoatrophic diabetes

Exocrine pancreatic defects

Chronic pancreatitis
Pancreatectomy/trauma
MNeoplasia

Cystic fibrosis
Hemochromatosis
Fibrocalculous pancreatopathy

Endocrinopathies

Acromegaly
Cushing syndrome
Hyperthyroidism
Pheochromocytoma
Glucagonoma

Infections

Cytomegalovirus
Coxsackie B virus
Congenital rubella

Drugs

Glucocorticoids
Thyroid hormone
Interferon-ot

Protease inhibitors
P-adrenergic agonists
Thiazides

Nicotinic acid
Phenytoin (Dilantin)
Vacor

Genetic syndromes associated with diabetes

Down syndrome
Klinefelter syndrome
Turner syndrome
Prader-Willi syndrome

Gestational diabetes mellitus



Genetic predisposition

Environmental factors
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Autoantigens form on insulin-producing beta cells
and circulate in the blood stream and lymphatics

.

Processing and presentation of autoantigen by antigen presenting cells
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Activation of T helper 1 lymphocytes

Activation of T helper 2 lymphocytes
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Activation of macrophages
with release of IL-1 and TNF o

Activation of autoantigen-
specific T cytotoxic (CD8) cells
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Activation of B lymphocytes to
produce islet cell autoantibodies
and antiGADgs antibodies
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Destruction of beta cells with decreased insulin secretion

Figure 21-13 Pathophysiology of type 1 diabetes mellitus. GAD

s> glutamic acid

decarboxylase; INF-y Interferon-gamma; /L, interleukin; TNF-a, tumor necrosis factor-alpha.
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& TABLE 27.5. Major Risk Factors for Type 2 Diabetes Mellitus

(ADA Recommendations, 2007).

Family history of type 2 DM

Ovesity

Habitual physical inactmity

Race and ethnicity (Blacks, Asians, Pacific islanders)

Previous identification of impaired fasing glucose of impared
gucose lolerance

History of gestabonal DM or delivery of baby heawer than 4 kg
Hypertension
Dyslipidaemia (HDL leved < 35 mg/d or Inglycendes > 250 mg/d)
Polycystic ovary disease and acanthosis nigncans

History of vascutar disease
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Lipolysis? Glucose Adverse adipokine
FFA 1 uptake | secretion
Lipotoxicity Glucose Adiponectin |
toxicity Leptin 1
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Pro-inflammatory
cytokines?

I

IL-61, PAI-1 1,
MCP-1 1, TNFa 1

Impaired insulin signaling in target tissues
Activation of pro-inflammatory pathways

o

Systemic insulin resistance




B-Cell Dysfunction

Several mechanisms have been implicated in promoting B-cell
dysfunction in type 2 diabetes, including:

e Excess free fatty acids that compromise B cell function and attenuate
insulin release (“lipotoxicity”)

e impact of chronic hyperglycemia (“glucotoxicity”)

e An abnormal “incretin effect,” leading to reduced secretion of GIP
and GLP-1, hormones that promote insulin release
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Pathophysiology of Type 2 DM

Genetic Obesity
predisposition Lifestyle factors

N
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Primary [3-cell
failure (rare)
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Genetic susceptibility

e Concordance in identical twins 50%
» Susceptibility gene on HLA region
in chromosome 6

Environmental factors

« Viral infections

« Experimental induction with chemicals

» Geographic and seasonal variations
« ? Bovine milk proteins

Genetic factors Constitutional factors
» Concordance in identical twins 80%/|| « Obesity
« Both parents diabetic 50% risk « Hypertension
to the child ¢ Low physical activity
Decreased insulin secretion Insulin resistance
e 2Amylin e Receptor and post-

receptor defects

* ?Glucose toxicity of islets - R
» Impaired glucose utilisation

» ? Lipotoxicity

Autoimmune factors

Increased hepatic glucose synthesis

« |slet cell antibodies

* Insulitis

e CD8+ T lymphocyte-mediated
selective destruction of -cells

v

TYPE 1 DM

A, PATHOGENESIS OF TYPE 1 DIABETES MELLITUS

h "

Hyperglycaemia

v

" TYPE 2 DM

B, PATHOGENESIS OF TYPE 2 DIABETES MELLITUS
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Pathophysiological basis of common signs and symptoms due to uncontrolled
hyperglycaemia in diabetes mellitus

(INSULIN DEFICIENCY )

'

Hyperglycaemia - Fatigue I
Glycosuria = Vulvitis, balanitis I

Hunger, polyphagia k / \

Increased catabolism Decreased anabolism

Weight loss lf' l
Wasting l« T Lipolysis (in adipose tissue) Osmotic diuresis =i | Polyuria, polydipsia I
B Tachycardia I

T Free fatty acids (in plasma) Dehydration and loss
and oxidation (in liver) of electrolytes .
l l N Hypotension I
( KETOACIDOSIS ) (DIABETIC COMA )




* Diabetic Macrovascular Disease-

> hallmark of diabetic macrovascular disease is accelerated

atherosclerosis involving the aorta and large- and medium-sized
arteries

» Myocardial infarction
»Gangrene of the lower extremities
»Hyaline arteriolosclerosis



renal hyaline arteriolosclerosis




e Diabetic Nephropathy-

Three lesions are encountered:
(1) glomerular lesions

(2) renal vascular lesions

(3) pyelonephritis, including necrotizing papillitis



e Glomerular lesion-

» Capillary Basement Membrane

ot A




Diffuse and nodular diabetic glomerulosclerosis (PAS
stain).




* nodular lesions are frequently accompanied by prominent
accumulations of hyaline material in capillary loops (“fibrin caps”) or
adherent to Bowman capsules (“capsular drops”).



Nephrosclerosis
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Diabetic Ocular Complications-

Histologically,
* Non proliferative (non-proliferative)

e proliferative retinopathy



Microvascular leakage

Degeneration and loss of pericytes
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Plasma leakage

!

Retinal edema

l

Hard exudate
(Circinate pattern)

microaneurysm

Y

Intraretinal hemorrhage
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Microvascular occlusion

Endothelial cell damage and proliferation

Capillary basement membrane thickening

Decreased capillary blood flow
and perfusion

Increased plasma viscosity

Deformation of RBC
Increased platelets stickiness

v

Retinal hypoxia
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* ii) Friability of neo vascularization results in vitreous haemorrhages.

* iii) Pr(I)Iiferation of astrocytes and fibrous tissue around the new blood
vessels.

* iv) Fibrovascular and gliotic tissue contracts to cause retinal detachment
and blindness.



Diabetic Neuropathy-

* duration of the disease; up to 50% of diabetics overall have peripheral
neuropathy

oActivation of PKC and polyol pathway
oAccumulation of fructose and sorbitol in nerve

oNonenzymatic glycosylation of structural nerve protein
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Acute metabolic complications:

* diabetic ketoacidosis
* hyperosmolar nonketotic coma
* hypoglycaemia



1.Diabetic ketoacidosis (DKA), complication of type 1 DM.

Lack of insulin

!

Lypolysis

!

Free fatty acid in plasma

!

FFA+acetyl co enzyme A--—2liver 2 Ketone body



Diabetic Ketoacidosis

Insufficient or

Increased
Muscle cell Q@ glucagon

@ Fat cell /0 ch
o7 Arr£no ~ . \

id Fatty
QP ag} > Glycerol acid _

Other
substrates

Glycogenolysis
Gluconeogenesis
Ketogenesis

Increased ketone
and glucose
production

Blood
vessel

Increased ketone and
glucose in bloodstream

MANAGEMENT OF DKA

Monitor Airway, Breathing and Circulation

ASHISH SINGH
MEDICOWESOME

Administer Intravenous Fluids

2-3 Lof 0.9% NS over 1-3 hours

Step down to 0.45% NS at 250-500 mL/hr

when blood glucose
level = 250 mg/dL

N

Add 5% Glucose to 0.45% NS at 150-250 mL/hr
—

Check serum K'level
1

\

<3.5mEq/L 3.5to 5mEq/L

l |

+
Give K at 40-80 mEq/hr GiveK' at 10 mEg/hr

Dy =

Administer Short-Acting/
Regular Insulin

0.1 units/kgi.v. bolus

0.1 units/kg/hr iv. infusion

when blood glucose
150 - 250 mg/dL

0.05-0.1 units/kg/hr i.v. infusion

When patient
starts to eat

2-4 hr overlap in insulin infusion
and long-acting insulin injection




2.Hyperosmolar hyperglycaemic nonketotic coma (HHS)-
High Blood sugar
High plasma osmolality
Hyperglyce[nic diuresis
Dehydrartion

CNS complication



Table I. Comparison of HHS and DKA

HHS DKA
Hyperglycemia +++ + to +++
Ketosis/Acidosis -+ ++ to +++
Dehydration +++ + to +++
; +++
Osmolality (> 330 mosm/Kg) +to +++
Electrolyte P 2 by o

Deficits




Joint British
Diabetes Societies
for inpatient care

Hyperosmolar Hyperglycaemic State (HHS) care pathway in adults

JBDS-IP

Table 1: Escalate to ICU/outreach if
any of the following is present:

Figure 1: Managing osmolality changes during treatment of HHS

Measure/Calculate*

4 Action |
Osmolality

Check fluid status

Check sodium

' | Consider switching to 0.45% * Osmolality >350 mOsm/kg
saline at same rate * Sodium >160 mmol/L

* Venous/arterial pH <7.1

Osmolality decreasing Negative fluid balance Increase rate of infusion of  Hypokalaemia (<3.5 mmol/L) or

too slowly > ) and no signs of fluid overload 0.9% saline hyperkalaemia (26 mmol/L) on admission

<3 mOsm/kg/hour * Glasgow Coma Scale (GCS) <12 or

abnormal AVPU (Alert, Voice, Pain,

Osmolality increasing Adequate fluids balance

v v

Increasing

Osmolality decreasing
at appropriate level
(3-8 mOsm/kg/hour)

Unresponsive) scale

Oxygen saturation <92% on air (assuming
normal baseline respiratory function)
Systolic blood pressure <90 mmHg
Pulse >100 or <60 beats per minute
Urine output <0.5 ml/kg/hour

Serum creatinine >200 pumol/L and/or
Acute kidney injury

* Hypothermia

Figure 2: Managing glucose changes during treatment of HHS * Macrovascular event such as myocardial
infarction or stroke

Other serious co-morbidity

Continue same rate of fluids

Consider reducing infusion .
rate of IV fluids and/or .
insulin rate (if already .
commenced) .

Osmolality decreasing
too quickly
>8 mOsm/kg/hour

*Calculated osmolality (mOsm/kg) = (2xNa*) + Glucose + Urea

Blood glucose (mmol/L) Action °

Check fluid status ‘

Table 2: Potassium replacement
guidelines

Negative fluid balance
and no signs of fluid overload

Blood glucose falling slowly
<5 mmol/L per hour

Increase rate of infusion of 0.9% saline

. | Commence Fixed Rate Insulin Infusion Potassium level in b . I
Adequate fluids balance ]_’ (FRIIT) 0.05 units/kg/hour OR Cireen bogie Otafss'um reg acement
i i i in infusion solution
Ideal fall of blood glucose rate S e - increase rate to 0.1 units/kg/hour (if (mmol/L)
up to 5 mmol/L per hour already commenced) Senior review
[convert to variable rate intravenous 26.0 ICU/oiitresdh
insulin infusion (VRIII) or sc insulin once -
HHS has resolved] 5.5-5.9 Nil
3.5-5.5 40 mmol/L
Check the rate of change in osmolality - - -
Blood glucose falling rapidly > and consider reducing the rate of fluid Senior review. Ads |t:jon§
>5 mmol/L per hour replacement and/or IV insulin infusion <3.5 pOt:SS;LI’Am 1> reﬂu}l\re (via
central line in hig
rate
dependency unit).

If the parameters in Figures 1 and 2 above are not met, seek specialist input early to tailor the management according to the individual’s needs

@JBDSIP October 2022




3. Hypoglycaemia- o mesees o

1. Drugs
Insulin or insulin secretagogue
Alcohol
Others (Table 2)
2. Critical illnesses
Hepatic, renal, or cardiac failure
Sepsis (including malaria)
Inanition
3. Hormone deficiency
Cortisol
Glucagon and epinephrine (in insulin-deficient diabetes mellitus)
4. Nonislet cell tumor

Seemingly well individual
5. Endogenous hyperinsulinism
Insulinoma
Functional B-cell disorders (nesidioblastosis)
Noninsulinoma pancreatogenous hypoglycemia
Post gastric bypass hypoglycemia
Insulin autoimmune hypoglycemia
Antibody to insulin
Antibody to insulin receptor
Insulin secretagogue
Other
6. Accidental, surreptitious, or malicious hypoglycemia



LATE SYSTEMIC COMPLICATIONS-

1. Atherosclerosis-

* hyperlipidaemia,

* reduced HDL levels,

* nonenzymatic glycosylation,

* increased platelet adhesiveness,
* obesity

* hypertension



2.Diabetic microangiopathy

3. Diabetic nephropathy

4. Diabetic neuropathy

5. Diabetic retinopathy

6. Infections-

»impaired leucocyte functions
» reduced cellular immunity

» poor blood supply
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