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OVERVIEW OF GLUCOSE
METABOLISM
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REGULATION OF GLUCOSE
METABOLISM

® The liver, pancreas, and other endocrine glands are all
involved in controlling the blood glucose
concentrations.

® During a brief fast, glucose is supplied to the ECF
(Extracellular fluid) from the liver through
glycogenolysis. When the fasting period is longer than
1 day, glucose is synthesized from other sources
through gluconeogenesis.

LI EN N PATHWAYS IN GLUCOSE METABOLISM

Glycolysis Metabolism of glucose molecule to pyruvate or lactate for production of energy
Gluconeogenesis Formation of glucose-6-phosphate from noncarbohydrate sources

Glycogenolysis Breakdown of glycogen to glucose for use as energy

Glycogenesis Conversion of glucose to glycogen for storage

Lipogenesis Conversion of carbohydrates to fatty acids

Lipolysis Decompesition of fat Dr. Rama IBRAHIM 3
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Regulation of glucose transport by insulin

(a) (b)
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Type 1 JoVl ool 150 S Sl clMJI . 1

) It accounts for approximately 15% of all diabetic
patients.

) It can occur at any age but is most common in the
young, with a peak incidence between 9 and 14 years
of age.

J There is an absolute lack of insulin (due to
autoimmune destruction of insulin producing B- cells).

 Islet cell antibodies in serum predicts future
development of diabetes.

J There may be an environmental precipitating factor
such as a viral infection.
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:Type 2 Nl bwodll (0 S | sl .2

) It accounts for approximately 85% of all diabetic
patients and can occur at any age.

- It is most common between 40 and 80 years, but is
now being reported in adolescent and even pediatric
populations.

) There is resistance of peripheral tissues to the
actions of insulin, so that the insulin level may be
normal or even high.

] Obesity is the most commonly associated clinical
feature.

Dr. Rama IBRAHIM 10



' Table 31.1 Type 1versus Type 2 diabetes mellitus

Main features
Epidemiology
Frequency in norther Europe
Predominance

Clinical characteristics
AGE

Weight

Onget

Ketosls

Endagenous insulin
HLA associations

slet cel antibodies
Pathophysiology
Aetiolagy

(Genetic associations
Environmental factars

Type1

002-04%

N. EUropean
Caucasians

<30 years
Low/marmal
Rapid
Commen
Low/absent
s

Vs

Autaimmune destruction of pancreatic islet cell
Polygenic
Viruses and toxins implicated

Type 2

|-3%
Worldwide
Lowest in rural arezs of developing countries

240 years

Increased

Slow

Undler stress

Present but insufficient
No

No

Impaired insulin secretion and insulin resistance
Strong
Oloesity, physical inactivity
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PERCENTAGE OF COMPLICATIONS IN
DIABETIC PATIENTS AS COMPARED
TO NORMAL

@ Approximately 60% of diabetic patients die
of vascular disease and 35% of coronary
heart disease.

@ Blindness is 25 times and chronic renal
failure 17 times more common in diabetic
patients.

@ There is increasing evidence that tight
glycaemic control delays the onset of these
complications.

Dr. Rama IBRAHIM 16




SUMMARY (1)

2 Glucose is the carbohydrate currency of the body, all
other carbohydrates being converted to glucose after
digestion and absorption.

2 Insulin controls blood glucose by promoting the
storage of metabolic fuels.

2 Diabetes mellitus is characterized by
hyperglycaemia, absolute or relative insulin lack and
late complications.

2 Type 1 diabetes mellitus is caused by a complete lack
of insulin and is most common in the young.

0 Type 2 diabetes mellitus accounts for 85% of all
diabetics and can occur at any age.

2 Late complications of diabetes mellitus are a result
of micro- and macroangiopathies.
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Table 221 Criteria for the diagnosis of diabetes mellitus
Fasting blood glucose

Non-diabetic Impaired fasting
glycaemia
<6.0 60-69

Oral glucose tolerance test

Fasting
Impaired glucose tolerance <70
Diabetes =70

Diabetes

=/0

2-hour
7B-110

=11.1

Glucose concentrations (mmol/L) in venous plasma.
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Oral glucose tolerance test
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Plasma glucose
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normal and diabetic subjects.
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REFERENCE VALUES

CATEGORIES OF FASTING
[ RSl PLASMA GLUCOSE

MNormal fasting glucose FPG 70-99 mg/dL
(3.9-5.5 mmol/L)

Impaired fasting glucose FPG 100-125 mg/dL
(5.6-6.9 mmol/L)

Provisional diabetes diagnosis FPG =126 mg/dL
(=7.0 mmol/l)3

CATEGORIES OF ORAL GLUCOSE

Rt et TOLERANCE

Normal glucose Two-hour PG <140 mg/dL
tolerance (=7.8 mmol/L)

Impaired glucose Two-hour PG 140-199 mg/dL
tolerance (7.8-11.1 mmol/l)

Provisional diabetes Two-hour PG = 200 mg/dL

diagnosis (=11.1 mmol/L)3
Dr. Rama IBRAHIM 25
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Impaired glucose tolerance (IGT) and impaired fasting

| glycaemia (IFG)

CATEGORIES OF FASTING
PLASMA GLUCOSE

Mormal fasting glucose FPG 70-99 mg/dL
(3.9-5.5 mmol/L) oo IFG 9 IGT 1 O
‘ Impaired fasting glucose FPG 100-125 mg/dL ‘ Cl.lo_wg.a.o.” o]l
(5.6-6.9 mmol/L) 59 < ¥ ]
Provisional diabetes diagnosis FPG =126 mg/dL o Jas ;su.”9 ol
S L MMU
CATEGORIES OF ORAL GLUCOSE l.g.;| VI, s,saudl
TABLE 14-7
TOLERANCE U sJl i
Normal glucose Two-hour PG <140 mg/dL slJL wloyl s
tolerance (=7.8 mmol/L) hS.)S-N"‘-"
Impaired glucose Two-hour PG 140-199 mgf"dLI
tolerance (7.8-11.1 mmol/1)
Provisional diabetes Two-hour PG = 200 mg/dL
diagnosis (=11.1 mmol/L)?
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Red blood cell
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Healthy red blood cells have some glucose A high A1C means that unhealthy amounts of
stuck to them. glucose are stuck to the cells. 27
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Table 32.2 Pros and cons of using measurement of glycated haemoglobin (HbA,. )
to diagnose diabetes mellitus

Pros Cons
Patient does not have to fast HbA, . has comparatively poor sensitivity in the diagnosis of
HbA, . is more closely associated with diabetes
chronic complications of diabetes than HbA, . not as closely associated with cardiovascular disease as
fasting glucose post-prandial glucose measurements, e.q. 2-hour glucose
Pre-analytic stability of HoA,. superior to HBA, . is unreliable in conditions where red cell turnover is
glucose increased e.q. chronic anaemia, haemolysi,
Using the same marker to diagnose and haemoglobinopathies
mionitor more 'seamiless’ Standardization of HbA,. measurement is not as good as glucose
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Self monitoring a.iliJl a.sl,0Jl

Self-monitoring with a point-of-care glucose monitor.

Blood glucose testing device.
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SUMMARY (2)

@ The diagnosis of diabetes mellitus is made on the
basis of blood glucose concentrations.

® Fasting blood glucose remains the diagnostic test of
choice at present.

® Glycated haemoglobin is widely used to monitor
glycaemic control.

® Recently, glycated haemoglobin has been advocated
as an alternative to fasting glucose

@ for the diagnosis of diabetes; this is controversial.
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TREATMENT OF KETOACIDOSIS
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A treatment regimen for diabetic ketoacidosis.

Diagnosis of DKA

Establish good venous
access

Start documentation by

fluid balance charts

Rehydration

for 2 hours

for 4 hours

1.5L 0.9% Saline/hour

0.5L 0.9% Saline/hour

0.25L 0.9% Salina/hour

IV Soluble insulin
by infusion pump
& uhour adjusting
dose by glucose
mamnitoring

Potassium

If = 3 mmaolL
give 40 mmolhour
in IV Saline

If 3-5 mimalL
give 20 mmolhour

If = 5 mmaolL
do not give
potassium

Dr. Rama IBRAHIM

[H*] = 100 nmol/L

Consider IV Ma HCO
(as 1.26% Na HCOg)

Glucose < 15 mmoel/L
Stant 53 Dextrose infusion
Continue insulin
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SUMMARY (3)

® Diabetic ketoacidosis arises from a number of
metabolic derangements caused by insulin lack.

@ Treatment is by intravenous fluids, insulin and
potassium.

® Only in the most severe cases of DKA, sodium
bicarbonate should be used.

@ Close clinical and biochemical monitoring are
required to tailor the management protocol to the
individual patient.

® Other, much less common, severe metabolic
disturbances of carbohydrate metabolism are
hyperosmolar non-ketotic coma and lactic acidosis.
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The clinical effects of hypoglycaemia.

Glucose

<1.0 mmeol/L

Dr. Rama IBRAHIM
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The differential diagnosis

of hypoglycaemia in the

presence of high

insulin levels.

Dr. Rama IBRAHIM

Clinlcal question

Is there
documented

Lab/clinlcal
Investigation

Glucose

hypoglycaemia |

’,‘u‘es

Is this due to
high insulin
concentrations

Insulin

I-

Is the hyper-
insulinaemia
endogenous

"'NCI

See Fig. 34.3

C-peptide

l Yes

Has it been
stimulated by
sulphonylurea

¥ No

Exogenous
insulin
administration

Sulphonylurea
screen (uring)

¥ o

Insulinoma

Diagnostic
imaging

likely
$

Could patient
have multiple
endocrine
neoplasia

e.g. calcium/
PTH Prolactin
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The differential diagnosis

Clinlcal questlon

|5 there

documented ?

hypoglycaemia

Lab/clinical
Investigation

Glucose

¥ es

s the insulin
appropriately
suppressed

Insulin

l‘r‘e 5

"'ND

See Fig. 34.2

Explained by

patient's ?

drugs

of hypoglycaemia in the

absence of high insulin

levels.
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¥ No

Drug history
measure
salicylate,
paracetamol and
alcohol

Advanced renal
or hepatic
disease,

ar sepsis

U&E,
LFTs, CRP

‘.’ND

Deficient or
absent
hormones

¥ No

Cortisol or
stimulated IGF1/
GH TFTs

Insulin

surrogate ?

present

IGF 1 and IGF 2

¥ No

Consider inborn
error of
metabolism

Organic acids
Amino acids
Ketones/free
fatty acids
Agylcarnitines
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1.

Fasting hypoglycaemia

b)

d)

Insulinoma. These insulin-producing B-cell tumours of the
pancreas may be isolated or part of the wider multiple
endocrine neoplasia (MEN) syndrome.

Malignancy. Hypoglycaemia may be found with any
advanced malignancy. Some tumours, e.g. retroperitoneal
sarcomas, cause hypoglycaemia by producing insulin-like
growth factors (IGF).

Hepatic and renal disease. Both the liver and kidneys are
capable of gluconeogenesis. Hypoglycaemia may be
produced in advanced hepatic or renal impairment.

Addison’s disease. Glucocorticoids antagonize the actions
of insulin, so hypoglycaemia is occasionally a feature of
adrenal insufficiency.

Sepsis. Severe sepsis may be associated with
hypoglycaemia; the mechanism is unclear.
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2. Reactive hypoglycaemia

a) Insulin-induced. Inappropriate or excessive insulin could
produce hypoglycaemia.

It is possible to distinguish between exogenous insulin
(administered by the patient or someone else) and
endogenous insulin by measuring the C-peptide (which is
produced by the islet cells along with insulin).

b) Drug-induced. Oral hypoglycaemics, e.g. sulphonylureas,
can produce hypoglycaemia.

¢) Alcohol. Hypoglycaemia is not uncommon in alcoholic
patients. Mechanisms include inhibition of
gluconeogenesis, malnutrition and liver disease.

d) ‘Dumping syndrome’. Accelerated gastric emptying
following gastric resection may result in the rapid
absorption of large amounts of glucose with a resultant
surge of insulin release.
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Insulin and C-peptide.

Measurement of C-peptide
along with insulin can
differentiate between
hypoglycaemia due, for
example, to an insulinoma
(high C-peptide) and that due
to exogenous insulin (low C
peptide).

Dr. Rama IBRAHIM
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