Clinical aspects of type 2 diabetes

Soria Moria
26 August 2009

Henning Beck-Nielsen
Professor, MD, DMSc
Odense University Hospital/
University of Southern Denmark




Extrapopulation models for prevalence of diabetes in
Number of patients Denmark

700,000

Simple extrapopulation

600,000

Freeze of incidence and | IDE
500,000 mortality rates at 2008 level Mg estimate

400,000

300,000 .

200,000 e Reduction of
incidence rate of 5 %
100,000 per year from 2008

0
1995 2000 2005 2010 2015 2020 2025 2030

Ultimo year

Anders Green




Aetiological forms of T2D

80% of multigenetic and multifactorial origin:
» /0% obese
* 10% normal weight

5% of specific genetic origin:
* Monogenetic (MODY)
» Mitochondrial diabetes (MIDD)

15% of late onset autoimmune diabetes
(LADA)




Obesity-induced diabetes mellitus

Overeating + leisure lifestyle + genetic predisposition
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> Hleetoiiine] @ sy » Subcutaneous obesity

* Big insulin resistant fat cells (hypertrophia) « Small relative insulin sensitive fat cells (hyperplasia)

* BMI around 30 kg/m? « BMI > 40 kg/m?

* Increased plasma FFA « Unchanged plasma FFA

» Decreased plasma Adiponectin - Unchanged plasma Adiponectin
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Maturity onset diabetes
of the young (MODY)

Monogenic form of diabetes
Autosomal dominant mode of

Inheritance

Diabetes appears at a low age

Impaired insulin secretion is a major
phenotypic trait

Different subtypes due to mutations in
different genes




Known MODY subtypes

Mutated
gene

HNF-4o

Glukokinase

HNF-1a

IPF-1

HNF-1B

NeuroD

Severity of diabetes

Severe (insulin deficiency, frequent
complications)

Mild (defect glucose sensing)
Severe (insulin deficiency, frequent
complications)

? (insulin deficiency)

Severe (insulin deficiency, kidney abnormalities)

Severe (insulin deficiency)




The A3243G Mutation may cause the
Syndroms

« Maternally Inherited Diabetes and Deafness
(MIDD)

« Other symptoms observed:
— Opthalmoplegia
— Occipital infarcts

— Basal-ganglia calcification
— Hypertrophic cardiomyopathy

« Inter-individual differences in time of debut, the
severity and the combination of symptoms are
observed




Putative type 2 diabetes susceptibility variants

PPARG: peroxisome proliferator-activated
receptor-y

KCNJ11: inwardly rectifying potassium channel
PPARGC1A: PPAR-y coactivator-1a

HNF4A: hepatocyte nuclear factor-4u
CAPN10: calpain-10

PTPN1: protein tyrosine phosphatase 1B
ACDC: adiponectin

IL6 and IL6R: interleukin-6 and its receptor
SLC2A2: glucose transporter 2

LTA: lymphotoxin-a

LIPC: hepatic lipase

ENPP1/PC1:plasma cell glycoprotein-1
PYY: prepropeptide YY




New gene variants (2007)

» TCFL2
» SLC30A8




ction
ADA

LADA definition

» Anti-GAD positive subjects
* Onset after 35 years of age
* No initial ketoacidosis

H. Beck-Nielsen et al, in preparation




The four musketeers and their
contribution to T2D
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Dose-response effect of insulin in T2D

Obese controls
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Glucose homeostasis
"The Sink Model”

Normal subjects T2D subjects

R, = Rate of glucose appearance

R, = Rate of glucose disappearance




Effect of Fasting Plasma Glucose
Acute Insulin Response

Relative acute insulin response (% increase)
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Can correction of the
patophysiological defects

normalise plasma glucose?




Effect of a High-Protein, Low
Carbohydrate Diet on Blood Glucose
Control in People With Type 2 Diabetes

Mary C. Gannon and Frank Q. Nuttall

Diabetes 2004;53:2375




Composition of diets of T2D patients

Control LoBAG
Energy (kcal) 2,825 2,825
Protein (g) 106 (15%) 210 (30%)
Carbohydrate (g) 388 (55%) 142 (20%)
Monosaccharides | 64 31

(9)
Disaccharides 50 16

Fat (g) 94 (30%) 158 (50%)

Monounsaturated | 29 62
(9)
Polyunsaturated |24 35

)
Saturated (g) 33 {0)

Cholesterol (mg)
Dietary fiber (g) 24 36

MC Gannon Diabetes 2004;53:2375




Effect of Diet on Plasma Glucose

A: Mean plasma glucose
concentration before ( A)
and after (o) 5 weeks on the
control diet. Side graph: Net
and total 24-h integrated
glucose area response. Area
response was not
significantly different. B:
Mean plasma glucose
R ey concentration before (A) and
2 4 & B II:I'__:IIE___II: 16 18 20 22 24 after (.) 5weeks On the
LoBAG diet. Side graph: Net
and total 24-h integrated
glucose area response. *Both
the net and the total area
responses were significantly
lower after the LOBAG diet (P

< 0.05).
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Etfect'of Diet on Serum Insulin
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A: Mean serum insulin concentration
before (A ) and after (o ) 5 weeks on
the control diet. Side graph: Net and
total 24-h integrated insulin area
response. Area response was not
significantly different. B: Mean
serum insulin concentration before
(A ) and after (+) 5 weeks on the
LoBAG diet. Side graph: Net and
total 24-h integrated insulin area
response. *Both the net and the total
area responses were significantly
lower after the LOBAG diet (P <
0.05).

MC Gannon Diabetes 2004,53:2375




The combined effect of Insulin Aspart,
Metformin and Rosiglitazone in the Treatment
of Type 2 Diabetes Mellitus Patients.

A Randomized Control Group Controlled Study

Mikael Kjzer Poulsen, Jan Erik Henriksen and
Henning Beck-Nielsen

Department of Endocrinology
Odense University Hospital
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At randomization

17 patients were block randomized with 8 and 9 patients in the
control and intervention group respectively.

The control group (8 patients):
continue their usual antidiabetic insulin treatment

The intervention group (9 patients):

Tabl. Glucophage (Metformin) 1 gram x 2
(at breakfast and at dinner).

Tabl. Avandia (Rosiglitazone) 8 mg x 1, (at breakfast).

Insulin NovoRapid just before every main meal
(at breakfast, lunch and dinner).




Profiles after 6 months of treatment

Mean blood glucose conc.
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HbA1c (mean)
(Normale range: 4.3-6.3%)

11,0 -
10,5 -
10,0
9,5 -

9,0 \// —&— Intervention

8,5 -

8,0
715 N \
7,0 e

6,5

6,0 T T 1
Inclusion 2 months 4 months 6 months

—«&— Control

B
~~
3
o
<
o
L

Time / months




Conclusion

Hyperglycaemia in T2D subjects can be
normalised, but it often requires a
combination therapy of all four
patophysiological components.

The long term effect of this correction of
dysmetabolism into "normo-metabolism” is

awaited.




Can normalisation of blood glucose values
prevent cardiovascular disease?




UKPDS - optimal glucose control reduces
the risk of complications!

Complications Any improvement of
TG ¢ MEETOVESE control is beneficial !




ACCORD: Treatment effects on
glucose control
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ACCORD Study Group. N Engl J Med. 2008;358:2545-59.




ACCORD: Treatment effect on
primary outcome
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ACCORD: Treatment effect on
all-cause mortality
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ACCORD

Table 3. Adverse Events : Hypoglycemia

Intensive Therapy Standard Therapy
Variable (N=5128) (N=5123) P Value7

Adverse events
Hypoglycemia — no. (%)
Requiring medical assistance

Requiring any assistance




UKPDS - 25 years follow up

Table 2. Aggregate Outcomes for Patients during Follow-up.*

Risk Ratio for
Intensive-Therapy
Aggregate Outcome Patients with Clinical Outcome Absolute Risk P Valueii  Regimen (95% ClI)

Intensive Conventional Intensive Conventional
Therapy Therapy Therapy Therapy

no. of patients

Insulin, SU

Stroke . . 0.91 (0.73-1.13)
Peripheral vascular disease . . 0.82 (0.56-1.19)

Microvascular disease 0.76 (0.64-0.89)

Metformin

Stroke 34 42 6.0 6.8 0.35 0.80 (0.50-1.27)
Peripheral vascular disease 13 21 23 3.4 0.19 0.63 (0.32-1.27)
Microvascular disease 66 78 12.4 134 0.31 0.84 (0.60-1.17)

* Shown are the numbers of patients who were followed for up to 30 years, including up to 10 years of post-trial monitoring, with aggregate
clinical outcomes after assignment in the interventional phase of the United Kingdom Prospective Diabetes Study to the sulfonylurea—insu-
lin group or the metformin group or to the corresponding conventional-therapy group.

T The absolute risk is the number of events per 1000 patient-years.

1 P values were calculated with the use of the log-rank test.




UKPDS - 25 years follow up

N Engl ) Med 2008;359:1577-89.
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UKPDS - 25 years follow up
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Figure 4 (facing page). Kaplan—Meier Curves for Four
Prespecified Aggregate Clinical Outcomes.




ADA, AACE and IDF glycemic
goals

Biochemical index ADA12Z AACE? IDF*4
{Europe)

HbA, . (%) <7 <B.5 <B.5
mg/dl mmolff mgldl mmolf mgfdl mmol/l

Fastingfpreprandial 90-130 50-7.2 <110 <60 <110 <@&0

plasma glucose

Postprandial
plasma glucose <180 <700 <140 =78 =140

Bedtime plasma
glucose 110-150 6£.0-8.3 NA NA NA NA

VAmencan Diahetes Associaton, Dipbates Caro 2004 2T1515-535

2 Aamencan Dighates Associaion, Diasetes Care 2002, 26:535-549

3 American Assaciation of Clinical Endocrinclagists. Endocnine Pract 2002, 8 (Suppl. 114082,
' Evropean Drabetes Policy Group, Disbef Mod 1999 16:7T16=T320




Type 2 Diabetes
Treatment Priorities

Glucose control as near to
normal as reasonably possible

Insulin resistance, Hyperinsulinaemia,
Obesity, Glucose intolerance,
Dyslipidaemia, Hypertension,

Pro-coagulant state, Atherosclerosis




How Successful Is Today’s Treatment of Type 2
Diabetes?

Factor Result
A Diet poor
A Lifestyle poor

A Insulin resistance

A Hyperglycemia modest

A Triglycerides fair

A Cholesterol very good
A Hypertension very good

A Microalbuminuria Very good




Treating Pathophysiology of Type 2 Diabetes

GLP-1 Receptor
Agonists, Pramlintide

Insulin Resistance TZDs, Metfermin
ateatosis

Disturbed Energy Balance

R

Excess Release FFA & Cytokines

Decreased Adiponectin Rt

Incretin Deficiency GLP-1 receptor agonists,
DPP-4 Inhibitors




Algorithm for the metabolic management of
type 2 diabetes

At diagnosis [ Lifestyle + Metformin Lifestyle + Metformin
+ +
L ifestul Basal insulin Intensive insulin
LICSLYLE

+ Li '

Lifestyle + Metformin
+

Sulfonylurea®

STEP 1 STEP 2

Metformin

Tier 2: | Less well-validated therapies

Lifestyle + Metformin Lifestyle + Metformin
+
+ - .
i | Pioglitazone Pioglitazone
Mo hypoglycacmia +

Oedema/CHE Sulfonylurea®
Bome loss

v

Lifestyle + Metformin
& Lifestyle + Metformin
GLP-1 agonist® *

No hypoglycaemia Basal insulin
Weight loss

Mauseafvomiting




