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MANAGING HYPERGLYCEMIA IN TYPE 2 DIABETES

MELLITUS

Dr. Badar Bashir

Abstract: Diabetes mellitus is a clinical syndrome
characterized by hyperglycemia due to relative (In-
sulin resistance) or absolute deficiency of insulin.
Hyperglycemia can lead to various microvascular
or macrovascular complications. Good glycemic
control with HbA1C level 6.5% - 7% is advisable
to avoid the complications. This goal is achieved
through diet modification, exercise and pharmaco-
therapy which include oral hypoglycemic drugs, in-
cretin based therapy and insulin therapy. These ther-
apies are tailored to age, weight and renal function
of the patient.

Key words: Hyperglycemia, Insulin resistance, Hy-
poglycemia, Secretagogues.

Definition

A clinical Syndrome characterized by
hyperglycemia due to relative or absolute
deficiency of insulin.  Epidemiology 415
million people worldwide. (IDF2015) One
in Eleven of total population (9.09%).
318 million people have impaired glucose
tolerance. Expected to reach 642 million in
2040. 85-90% cases are Type 2. Type 1 is
relatively more common in countries near
polar regions. Globally 5 million deaths in
2015 due to Diabetes associated problems.
One death every 6 seconds. Diabetes
accounts for 8% of all legal blindness and
is the leading cause of end-stage renal

disease in the U.S. Patients with diabetes
are twice as likely as non-diabetic patients to
develop cardiovascular disease Health care
expenditure attributed to DM was estimated
to be USD 670 billion in America.(More than
military expenditure)

Pathophysiology of T2DM

PATHOPHYSIOLOGY OF

Impaired
Incretin Action
Insulin
Resistance

Beta Cell
Dysfunction

Prediabetes
And T2DM

Criteria for the diagnosis of diabetes mellitus
Classic symptoms of diabetes -polyuria,
polydipsia, unexplained weight loss + casual
PG > 200 mg/dl, Casual = any time of day
irrespective of time since last meal. FPG >
126 mg/dl. (Fasting is defined as no caloric
intake for at least 8 h) OR. 2-h PG >200 mg/
dl during an OGTT. HbA1-c > 6.5 % ADA,
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MANAGING HYPERGLYCEMIA IN TYPE 2 DIABETES MELLITUS 2

DEVELOPMENT AND PROGRESSION OF
TYPE 2 DIABETES AND RELATED

THE INCRETIN EFFECT IS
DIMINISHED IN SUBJECTS WITH
TYPE 2 DIABETES

Control Subjects Subjects With Type 2 Diabetes
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Impaired Glucose Tolerance ' Frank Diabetes

“Conceptual representation.
Reprinted from Primary Care, 26(4), Ramlo-Halsted BA, Edelman SV, The natural history of type 2 diabetes.
Implications for cinical practice, 771-789, © 1999, with permission from Elsevier.

®—® Oralglucose load ®—® Intravenous (IV) glucose infusion

Adapted with permission from Nauck M et al 2 Copyright ©

PROGRESSION TO TYPE 2

DIABETES AACE, and IDF Guidelines:

Treatment Goals for HbA1c, FPG, and PPG
Carits Tl e ADA: The general goal of <7% appears
e reasonable for many adults with diabetes.
stringent HbA1c goals may be
appropriate for other patients especially

those with a history of hypoglycemia.

Hyperinsulinemia

Compensated insulin resistance Les s
Normal glucose tolerance

Impaired glucose tolerance
Acquired

*Glucotoxicity
* 1 FFA levels
Type 2 diabetes *Other
1 Insulin resistance
1 Hepatic glucose output
4 Insulin secretion

Genetics B-cell "failure"

FFA = free fatty acid.

ADA! AACE/ACE? IDF*
Parameter Goal Goal Goal
FPG, mg/dL  70-130 <110 <100
(mmol/L) (3.9-7.2) (<6.1) (<5.5)
PPG, mg/dL <180 <140 <140
(mmol/L) (<10) (<7.8) (<7.8)
HbA:, % <7° <6.5 <6.5

AACE: Achieving an HbA1c of 6.5% is
recommended as the primary goal, but this
goal must be customized for the individual
patient, with consideration of numerous
factors, especially hypoglycemia.

1. ADA. Diabetes Care. 2010;33(suppl

1):511-S61.
2. AACE Diabetes Mellitus Clinical Practice

Guidelines Task Force. Endocr Pract.
2007;13(suppl 1):3-68.
3. Rodbard HW et al.
2009;15(6):540-559.
4. International Diabetes Federation. www.
idf.org/webdata/docs/Guideline_PMG.
pdf. Accessed September 2, 2010.

Endocr Pract.
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Goals of Treatment

Type 2 Diabetes is a Global Cardio-metabolic

Risk (CMR)
The ticking clock

ADA Targets for Glycemic

Control and Recommended Action Levels

Biochemical Index Goal Action Suggestad
FPG (preprandial), mg/dL 80-120 >140
Bedtime glucose, mg/dL 100 - 140 >160

HbA, %

<7 >8

Diabetes: Complications
Macrovascular

Stroke

Heart disease and
hypertension
2-4 X increased risk

Peripheral
vascular disease

Foot problems

“Ticking Clock” Hypothesis

For The “clock starts ticking”

Microvascular .
ot At onset of hyperglycemia
complications ypergl
Macrovascular
complications

Before the diagnosis of
hyperglycemia

Microvascular

Diabetic eye disease
(retinopathy and cataracts)

. Renal disease

Erectile Dysfunction

UKPDS: WORSE HBA1c CONTROL AND
INCREASED DIABETES-RELATED

EVERY 1%
increase in HbA,

UKPDS=United Kingdom Prospective Diabetes Study.

COMPLICATIONS

INCREASED RISK

Relative Risk
N (P<0.0001)

Diabetes-
related
deaths

Myocardial
infarctions

Microvascular 7
complications
Amputations or
deaths from
peripheral vascular
disorders

w
®

10 years. These

‘data should not be used to infer specific micr
Station IM ot al. UKPDS 36. 5MJ 2000.321(7258) 405-412.

men aged 50-54 years at diagnosis and with mean duration of diabetes of
o e

e Diet and Exercise
*Oral hypoglycaemic therapy
¢ Incretin Based Therapy

¢ Insulin Therapy

A. Diet Dietary treatment should aim at:
ensuring weight control providing nutritional
requirements allowing good glycaemic
control with blood glucose levels as close to
normal as possible correcting any associated
blood lipid abnormalities

Dietary fat should provide 25-35% of total
intake of calories but saturated fat intake
should not exceed 10% of total energy.
Cholesterol ~ consumption  should  be
restricted and limited to 300 mg or less daily.

Protein intake can range between 10-15%
total energy (0.8-1 g/kg of desirable body
weight). Requirements increase for children
and during pregnancy. Protein should be
derived from both animal and vegetable
sources.

Carbohydrates provide 50-60% of total
caloric content of the diet. Carbohydrates
should be complex and high in fibre.

Excessive salt intake is to be avoided. It
should be particularly restricted in people with
hypertension and those with nephropathy.

Exercise

Physical activity promotes weight reduction
and improves insulin sensitivity, thus lowering
blood glucose levels Together with dietary
treatment, a programme of regular physical
activity and exercise should be considered
for each person. Such a programme must be
tailored to the individual's health status and
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fitness. People should, however, be educated
about the potential risk of hypoglycaemia and
how to avoid it. B. Oral Anti-Diabetic Agents

i. Biguanides
ii. Insulin Secretagogues — Sulphonylureas
iii. Insulin Secretagogues - Non-

sulphonylureas
iv. a-glucosidase inhibitors
v. Thiazolidinediones (TZDs)
vi. DPP4 Inhibitors

PHARMACOTHERAPY TAILORED FOR THE
MuLTIPLE DEFECTS OF TYPE 2 DIABETES

Physiologic

DPP4. Dipeptidyl Peptidase 4

SITES OF ACTION OF CURRENTLY
AVAILABLE THERAPEUTIC OPTIONS

PANCREAS ADIPOSE  muscLE
LIVER TISSUE
O
@ ¢
'\ ) )\
-8,

GLUCOSE P Sulfonylureas: Glyburide, Gliclazide, Glimepiride PERIPHERAL
Metformin Non-SU Secretagogues: Repaglinide, Nateglinide GLUCOSE UPTAKE
Thiazolidinediones Incretin Based Therapies azolidinedi

pr- Thiazolidinediones
Incretin Based Therapies Metiormin
INTESTINE KIDNEYS

smmc{@

GASTRIC EMPTYING
Incretin Based Therapies

‘GLUCOSE ABSORPTION
Alpha-glucosidase inhibitors

Glucose Reabsorption
SGLT2 inhibitors

SGLT2 inhibitors

C- Incretin Based Therapy. Peptide hormones
secreted by enteroendocrine cells in the Gl
tract modulate pancreatic islet secretions
as part of the “enteroinsular axis”. Other
effects on nutrient homeostasis. Two major
incretins that affect glucose metabolism.

GLP-1: glucagon-like peptide 1
GIP:  glucose-dependent  insulinotropic
peptide (gastric inhibitory polypeptide)

GLP-1 Effects in Humans

Understanding the Natural Role of Incretins

GLP-1 secreted upon the
ingestion of food

Promotes satiety and
reduces appetite

Alpha cells:
{ Postprandial
glucagon secrfion
\
'

==

""" Liver:
1 Glucagon reduces hepatic

Beta cells:
glucose output

Enhances glucose-dependent
insulin secretion
Decreased apoptosis Stomach:
Beta cell regeneration Helps regulate gastric
emptying

GLP-1 levels are decreased in DM 2
. J Clin Invest. 1998;101:515-520 Ahrén. Diabetes Care. 2003;26:2860.
D e Ay 12 Farilla. Endocrinology. 2002;143:4397.
abetes. 1998,47:159-169

GLP-1 SECRETION AND

METABOLISM
Mixed Meal
GLP-1(9-36)
Intestinal g
GLP-1 Inactive
Release
GLP-1(7-36) Rapid Inactivation
Active - (>80% of pool)
Plasma
GLP-IMACLioHS o
enal
Clearance

DPP-1V = didpeptidylpeptidase-1V

General Guidelines for Use of Oral Anti-
Diabetic Agent in Diabetes

In elderly non-obese patients, short acting
insulin  secretagogues can be started
but long acting Sulphonylureas are to be
avoided. Renal function should be monitored.
Oral anti-diabetic agents are usually not
the first line therapy in diabetes diagnosed
during stress, such as infections. Targets
for control are applicable for all age groups.
However, in patients with co-morbidities,
targets are individualized. When indicated,
start with a minimal dose of oral anti-diabetic
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5

agent, while reemphasizing diet and physical
activity. An appropriate duration of time
between increments should be given to allow
achievement of steady state blood glucose
control. D. Insulin Therapy

Short-term use:

e Acute illness, surgery, stress and
emergencies

* Insulin may be used as initial therapy in
type 2 diabetes

* In marked hyperglycaemia

e Severe metabolic decompensation
(diabetic  ketoacidosis, hyperosmolar
nonketotic coma, lactic acidosis, severe
hypertriglyceridaemia)

Long-term use:

e |f targets have not been reached after
optimal dose of combination therapy or
basal insulin regimen, consider change to
multi-dose insulin therapy. When initiating
this,insulin  secretagogues should be
stopped and insulin sensitisers e.g.
Metformin or TZDs, can be continued.

Insulin regimens

e Once-daily injection of a long acting
preparation ( basal insulin) may be
effectively used in some patients.

e Twice-daily mixtures of regular- and
intermediate-acting insulin is a commonly
used regimen.

® In some cases, a mixture of short- and
intermediate-acting insulin may be given
in the morning. Further doses of short-
acting insulin are given before lunch and
the evening meal and an evening dose
of intermediate-acting insulin is given at
bedtime.

e Other regimens based on the same
principles may be used.

e A regimen of multiple injections of short-

acting insulin before the main meals,
with an appropriate dose of a long-acting
insulin given at bedtime, may be used,
particularly when strict glycaemic control
is mandatory.

OVERVIEW OF INSULIN AND ACTION

Soluble Human Insulin: Adrapid, Humulin S Long Acting Basal Analogues: Glargine (Lantus), Detemir (Levemir)

Onset:
Peak:

Onset:
Peak:

Onset:

Duration: 35 hours.

Peak: 48 hours
Duration: 1416 hours

30 mins.

Onset: ~ 2 hours
' 2-4 hours g Peak: None f
Duration: 68 hours H Duration: 1824 hours i
H

IEREEEEELIEEE] IERRRETTEIITE]

Mok Seeabow H
Duation:  See above 3
Mixtard 30, M3 refers to % of 3
soluble insuln ie. 30% Soluble
70% lsophane

0-15 mins
1-2 hours.

Rapid Acting Insulin Analogue: Novorapid Aspart, Pre-mixed Human Soluble/lsophane: Mixtard 30, Humulin M3 etc
Humalog Lispro, Apidra Onsat: See above
LEI3Z T3

Insulin adtiviy

h LEE]

Intermediate Human Isophane Insulin’s: Insulatard, Humulin | Pro-mixed Analogues isophane: Novo Mix 30, Humalog Mix50, Mix25

Onset: See above
H ak  Seeabove H
Duration:  See above
Novo Mix 30, Humalog Mixso/
Mix25 refers to % of rapid
acting analogue insulin

] LEE] LI

IDF Treatment Algorithm for People with Type 2 Diabetes

B Any diabetes-related endpoint
W Microvascular disease
B Myocardial infarction

.-
Lifestyle measures ?\U) Smahoast
Federsion

Then, at each step, if not to target (generally HbA, <7.0%)

Consider first line

Sulfonylurea

M
a- Glucosidase inhibitor

Consider second line
Ty PR —
Sull urea 1 no 'm DPP-4 inhibitor or
Thiazalidinedione

Consider third line

Consider fourth line

. = usual approach
. = alternative approach

THE LEGACY EFFECT AND BENEFITS OF
EARLY INTENSIVE CONTROL

UKPDS 10-year Post-trial Follow-up
Intensive vs
Conventional Treatment!* 10-year Post-trial Follow-up?
(Noninterventional)
1977-1991 1997 —————————————— 2007
Randomisation (20 years) (30 years)
Trial End

The legacy effect - a reduction in complications persists 10 years after i

*P<.05 it
UKPDS = United Kingdom Prospective Diabetes Study.
1. UKPDS Study Group.
3. Chal

v tment.

Lancet. 1998;352(9131):837-853. 2. Holman RR, et al. N Engl | Med. 2008;359(15):1577-1589.
Cooper ME. N Engl Med.
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Tf)e Negative Irr_\pact of Treatment Failure in Type 2 EARLIER AND APPROPRIATE INTERVENTION MAY
Diabetes Is Avoidable IMPROVE PATIENTS’ CHANCES OF REACHING GOAL
26.5 to 35.1 months elapsed before a new or additional treatment was started. OAD +
Published Conceptual Approach multle dally
Dietand OAD 0AD 0AD OAD + insulin
0 Treatment to near- exercise ip-titrati inati basal insulin  injections
: normoglycaemia could
avoid this burden.
9.0
g ©
3!,: 85 3
£ 2
T 8o L é
25 Avoidable Glycaemic Burden
’ Unavoidable Burden N=7208 -6 Duration of Diabetes
7.0 Conventional stepwise Earlier and more a
ggressive
Time Since Treatment Initiation (months) = treatment approach i Imerv;nﬂon approach

8rown 18, et al. Diabetes Care. 2004;27(7):1535-1540.
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