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Pathophysiology of type 2 diabetes
a complex disease

Oxidative 
stress
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Subgroup Population According to 
Natural course of type 2 diabetes

Prediabetes Early 
diabetes

DM with chronic 
complication

- First degree relative
- Metabolic syndrome
- IFG
- IGT

- Obese
- Lean

- Macro comp: 
CVD, Stroke

-Micro comp:
nephropathy
retinopathy

Medication prescribed for T2D 
patients

Prediabetes T2DM DM with chronic 
complication

- Life style
- Metformin
- α Glucosidase inh
- TZD
- DPP4 inhibitor

- Statin for Lipid
- ASA for antiplatelet
- ACEI and ARB for 
HTN, nephropathy
retinopathy

- Sulfonylurea
- Metformin
- α Glucosidase inh
- TZD
- DPP4 inhibitor
- Insulin

Studies of Our Interest

Prediabetes T2DM DM with chronic 
complication

- Life style
- Metformin
- α Glucosidase inh
- TZD
- DPP4 inhibitor

- Statin for Lipid
- ASA for antiplatelet
- ACEI and ARB for 
HTN, nephropathy
retinopathy

- Sulfonylurea
- Metformin
- α Glucosidase inh
- TZD
- DPP4 inhibitor
- Insulin
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Current Studies of T2DM 
Ramathibodi Hospital, Mahidol University

• Pathophysiology of T2DM in Thai.

• Genetic susceptibility of type 2 diabetes.

• Clinical predictor and pharmacogenetic
study of drug response and ADR.

Pathophysiology of type 2 
diabetes in Thais

• Rationale:
– Previous studies from Asia especially Japan 

showed that insulin secretion defect is the 
main defect of T2DM in Asians.

– How about Thai?

Insulin secretion defect is the main pathogenesis 
of nonobese T2DM meanwhile both insulin 

sensitivity and insulin secretion defects play 
important role for obese T2DM
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Genetic susceptibility of T2DM

• Subjects: ~300 T2DM vs ~ 400 normal 
control by OGTT criteria

• Methods: genotyping at Research center, 
Ramathibodi Hosp.
– Candidate genes association study

select genes of interest
– Whole genome association analysis

perform whole genome genetic markers scan

gene5

Hypothesis

T2DM

Mitochondrial 
genes Obesity

gene2 gene3 gene4gene1

Environmental 
factors

High fat diet

Low physical 
activity

Insulin secretion Insulin sensitivity

Previous reported genes 
relating to T2DM
• By candidate gene approaches
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Genes which have been studied 
in our institute and results

PPARGC1B

PIK3R1

PDK1

Mitrochondrial
haplogroup B

PHF15

HNF4A

NS

NS

NS

0.017

0.005

0.67

Relate to 
DM insulin 

sensitivity
insulin 

secretion

NS

NS

NS

NA

NS

0.007

NSBMI p<0.01
Waist, p=0.03

P = 0.008 with 
adiponectin

NS

NSNS

NS

NS

NS

Relate to 
clinical feature

NA

0.019

NS

Relate to intermediate 
phenotypes

gene5

Hypothesis

T2DM

Mitochondrial 
genes Obesity

gene2 gene3 gene4B haplogroup

Environmental 
factors

High fat diet

Low physical 
activity

Insulin secretion Insulin sensitivity

B haplogroup PPARGC1BHNF4A PIK3R1

Previous reported genes 
relating to T2DM
By whole genome scan approach ( n=32554)

Our strategies of pooled DNA 
microarray SNP genotyping study
• Genotyping one marker at a time, of large 

numbers of samples by pooling equal 
amount of DNA.

Affymetrix GeneChip 10K microarray

50 50 50

Normal control Obese DM Lean DM

N= 200 N= 150 N= 150
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We demonstrated the most difference 
in allele frequency* is SNP_A_1518521

P <0.018.16Chi square value (RASav)

0.20Δ Allele frequency between control 
and lean DM

P <0.00112.97Chi square value (RASav)

0.24Δ Allele frequency between control 
and Obese DM

0.33Lean DM
0.29Obese DM
0.53Normal

Estimated allele freq

Pharmacogenetic study

Endothelial 
dysfunction

Statin, 
TZD

MicroalbuminuriaRAAS blockade

HypertensionAnti hypertensive 
drugs

HyperglycemiaAntidiabetic
agents

DyslipidemiaStatin

HypofibrinolysisAntiplatelet

InflammationTZD, Statin

Atherosclerosis, cardiovascular disease

INSULIN
RESISTANCE

↓ Atherosclerosis, cardiovascular disease ↓ Death

Multimodality 
Rx

Drug prescribed in T2DM

Adapted from Kobayashi M. Diabetes Obes Metab 1999; 1 (Suppl 1):S32–S40.

Sulfonylureas
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Glibenclamide
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Insulin
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Adipose tissue

Liver

Pancreas

Muscle

Gut

IG

Carbohydrate

Stomach α-glucosidase inhibitors
Acarbose
Voglibose

Primary sites of action of oral 
anti-diabetic agents

Thiazolidinedione
Rosiglitazone
Pioglitazone

Biguanides
Metformin

Pharmacogenetic study of drug 
response and ADR.
1. Effect of Insulin Resistance on Platelet 

Aggregation in Type 2 Diabetic Patients 
with Stable Cardiovascular Disease 
Treated with Aspirin.

Rationale …
There have been emerging evidences 
that aspirin nonresponder subjects 
have higher chance of cardiovascular 
events.

The frequency of ASA response according to 
cutoff criteria of both AA and ADP mediated 

platelet aggregation analysis (Gum’s definition)
6, 6%

25, 26%

66, 68%

ASA resistance ASA semi-responder ASA sensitive

Resistance

Semi-responder

Sensitive
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Subjects with presence of D allele in VNTR 
of GPIBA had a poor response to aspirin.
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Absence of D allele Presence of D allele

1.07 + 0.04
1.20 + 0.05

P<0.05

Multivariate regression analysis included 
HbA1C, thromboxane B2 levels and presence 
of D allele in VNTR polymorphisms of GP1BA

0.001-0.23

0.04-0.12

95% CI of β

P=0.04

Sig.*

Presence of D allele in 
VNTR polymorphism of 

GPIBA

Thromboxane B2

Parameters

0.11

0.08

Standardized 
coefficient (β)

* R 2 = 0.19

Only presence of D allele and thromboxane 2 levels 
were significant independent predictor of 

platelet aggregation function induced by AA.

Pharmacogenetic study of drug 
response and ADR.

2. Study of the frequency and associated 
factors of thiazolidinedione induced fluid 
retention in type 2 diabetes patients.

Rationale …

Frequencies of thiazolidinediones on 
weight change, fluid retention

10
(7.58%)

1
(0.76%)

3
(2.27%)

10
(7.58%)

118
(89.3%)

Total
(N= 132)

4

( 5.20%)

1*

(1.30%)

2

(2.60%)

4

(5.20%)

70 

(90.90%)

Rosiglitazone 

(N=77)

(10.90%)(1.80%)(10.90%)( 87.30%)(N =55 )

6-16*48Pioglitazone

(>5 kg )(3.1-5kg)(1.8 – 3kg)(<1.8 kg)
Peripheral

Edema
SevereModerateMildNiL

Fluid retention

( body weight rising > 0.05 kg/day)
*3 of 21 experienced both edema and weight gain.

Multivariate analysis showed 
previous CVD is the only 
independently risk factor  

associated with fluid retention 
after TZD prescription.

0.012 *7.6860.812.039CAD

P-valueOR (95%CI)SECoefficientFactor

Ongoing Studies ….
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Disease Population
N=500

Matched Control Population
N=500

1 22~3,000,000 common SNPs across genome
• Representing every gene

P value

1 22

Informatics to ID gene(s) mapped to associated SNP

Regions of 
association

Chromosomal Location

Whole Genome Associations
Whole Genome Associations

• Pharmacogenomic study of Aspirin 
responsiveness in Thais.

• Genome wide association study using 
500K microarrays on pooled DNA 
approaches.

Differential gene expression profiles comparing 
subcutaneous and visceral fat from morbid obese 

subjects with and without diabetes
Biomarkers to Predict T2DM

• Finding of serum biomarkers to predict 
T2DM
– Select candidate protein from expression 

study
– Test hypothesis in a prospective cohort of 300 

healthy subjects underwent 75 gm OGTT and 
FU for 4 years.
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Our facility

ABI 16-capillary automated sequencing 3130 

Taqman real time PCR

Our facility
Affymetrix Microarray platform

Manpower
• 2 fulltime clinical research nurses

– Conduct all clinical study not only DM
• 2 fulltime technicians

– Master degree

• 2 fulltime biostatisticians cover all biomedical 
science study in Ramathibodi hospital

• None of bioinformatic technicians
• Computer scientists cover all the hospital 

database stuff

What we need ……..

• Funding agency who appreciated in basic 
science knowledge

• More biostatisticians
• Bioinformatic computer scientist
• Powerful and efficient database system
• PhD scientists 
• More collaboration from other institutes

Thank you for your attention


