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The Patient Perspective



Inspiration for theme : 1st study: CRP in healthy and T2DM 2005-2010

Explored the C-reactive 
protein levels in three ethnic 
groups in healthy and type 2 

DM –with the premise the 
DM would be a equaliser……

However—the differences 
persisted in DM subjects….



The Endothelium is activated in Diabetes 
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Formed by non-enzymatic 
glycation of proteins and lipids

*Dicarbonyls (Methylglyoxal) 
is a precursor

Receptors 
*Soluble RAGE

*esRAGE
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Box and whisker plots showing the hs-CRP in the three ethnic groups

The hsCRP is highest in the Indians when 
compared to Chinese and Malays p<0.001
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Oxidative Stress

dROMs: derivatives of ROS 
metabolites

TAC: Total anti-oxidant capacity

Oxidative Index=dROMS-TAC

OXY Adsorbent Test
Diacron, Italy

Ox-LDL Assay
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Vascular Reactivity
Vascular Stiffness

Vascular Thickness

Retinal AV index
RHI-EndoPAT
Sphygmocor

Carotid Artery 
Ultrasound

Radial Artery-MDI

Summary of Biomarkers 
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Stiff and Thicker 

AGE Reader



The Arteries become Stiff and Thicker

DiabetesPre-diabetes High Risk Diabetes with complicationsHealthy

“Loss of endothelium-
dependent dilation in 

the systemic arteries occurs in the 
preclinical phase of vascular disease and 

is associated with interaction of the 
same risk factors known to predispose to 
atherosclerosis and its complications in 

later life”

Caballero, A. E. et al. Microvascular and macro-vascular reactivity is reduced in subjects at risk for type 2 diabetes. Diabetes. 48, 1856–1862 (1999). 
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Physiological Methods

Capillaries
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Vitamin D is 
responsible for all 
steps in prevention 
of endothelial 
activation and 
arterial stiffness

Epidemiologically ….there was enough data to suggest a link in a cross sectional 
manner

Although a improvement was seen it only reached borderline significance
 ..P=0.07..
The trend was similar in other global studies…

Vitamin D and endothelium



Radial
Artery

1.2-2.6 mm

Physiological Methods

This study is sponsored by National Health Innovation Centre (NHIC) I2D, I2P and I2I 



Healthy 
Volunteers

Diabetes Volunteers with 
high CVD Risks
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Fig. Risk Scoring 
System

High Low Area under 
curve

95% confidence 
interval

A FHS10 (Lipids) ≥20% <20%
0.811

0.710–0.912

B FHS10 (BMI) ≥20% <20%
0.856

0.777–0.935

C FHS30 
(Lipids)-Full 
CVD

≥40% <40%
0.934

0.885–0.982

D FHS30 (BMI)-
Full CVD

≥40% <40%
0.937

0.891–0.984

Correlations with Framingham Risk Scores

Correlations with Diabetes and cardiovascular risk factors
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Biological factors in plasma from diabetes mellitus
patients enhance hyperglycaemia and pulsatile
shear stress-induced endothelial cell apoptosis†

X. F. Liu,a J. Q. Yu,b R. Dalan,cde A. Q. Liua and K. Q. Luo*a

People suffering from Diabetes Mellitus (DM) are prone to an array of vascular complications leading to

end organ damage. The hallmark of these vascular complications is endothelium dysfunction, which is

caused by endothelial cell (EC) apoptosis. Although the endothelial cell (EC) dysfunction induced by

hyperglycaemia and fluid shear stress has been studied, the effects of biological factors in the blood of

DM patients on EC integrity have not been reported in the in vitro models that mimic the physiological

pulsatile nature of the vascular system. This study reports the development of a hemodynamic lab-on-a-

chip system to investigate this issue. The pulsatile flow was applied to a monolayer of endothelial cells

expressing a fluorescence resonance energy transfer (FRET)-based biosensor that changes colour from

green to blue in response to caspase-3 activation during apoptosis. Plasma samples from healthy

volunteers and DM patients were compared to identify biological factors that are critical to endothelial

disruption. Three types of microchannels were designed to simulate the blood vessels under healthy and

partially blocked pathological conditions. The results showed that EC apoptosis rates increased with

increasing glucose concentration and levels of shear stress. The rates of apoptosis further increased by a

factor of 1.4–2.3 for hyperglycaemic plasma under all dynamic conditions. Under static conditions,

little difference was detected in the rate of EC apoptosis between experiments using plasma from DM

patients and glucose medium, suggesting that the effects of hyperglycaemia and biological factors on the

induction of EC apoptosis are all shear flow-dependent. A proteomics study was then conducted to identify

biological factors, demonstrating that the levels of eight proteins, including haptoglobin and clusterin, were

significantly down-regulated, while six proteins, including apolipoprotein C-III, were significantly up-

regulated in the plasma of DM patients compared to healthy volunteers. This hemodynamic lab-on-a-chip

system can serve as a high throughput platform to assess the risk of vascular complications of DM patients

and to determine the effects of therapeutics or other interventions on EC apoptosis.

Insight, innovation, integration
Hyperglycemia is not the only factor that induces vascular complications of diabetes. Blood components in the plasma are also regulators that increase the risk
of diabetic complications. Here, with the aid of a hemodynamic system combining the application of plasma samples from humans with diabetes, we
demonstrate that the functions of blood components are all shear stress-dependent. Investigations further focus on plasma proteins, revealing that the effect of
haptoglobin, high-density lipoproteins such as clusterin, and low-density lipoproteins such as apolipoprotein C-III are crucial to endothelial cell apoptosis, of
which the results under hemodynamic conditions are positively correlated with clinical studies of diabetes. These results will facilitate the discovery of factors
that can regulate the effect of plasma proteins under hemodynamic conditions.

Introduction
The prevalence of diabetes mellitus (DM) has increased throughout
the world. Vascular complications are the main causes of signifi-
cant morbidity and mortality in DM. Many studies have suggested
that an abnormally high blood glucose concentration (hyper-
glycaemia) is the primary cause of the development and progres-
sion of the complications of DM originating from endothelial
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Haptoglobin , Genotypes and Endothelium

Further proteomics :
Haptoglobin was protective 

against EC apoptosis

Integr. Biol. This journal is©The Royal Society of Chemistry 2014

Fig. 3 Merged images of HUVEC-C3 cells with FRET effects under different glucose concentrations and different microchannel designs using medium
with 10% FBS and defined glucose concentrations.

Fig. 4 Merged images of HUVEC-C3 cells with FRET effects in different microchannel designs using medium with 10% plasma from healthy volunteers
or DM patients at defined glucose concentrations.
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NMRC Transition Award 2014-2017
Relationship	of	haptoglobin	phenotype	to	
vascular	changes	and	response	to	Vitamin	E	
supplementation	in	patients	with	Diabetes	
Mellitus	type	2:	The	EVAS	trial.	Amount	
$825,000	+	20%	indirect	cost

We conducted a stratified RCT to see if vitamin E
(an antioxidant) has a preferential effect on Vascular Function  
In patients with Diabetes and haptoglobin 2-2 genotype

Haptoglobin , Genotypes and Endothelium

This study is sponsored by National Medical Research centre Transition Award 



In Vitro Methods

This study is sponsored by National Medical Research centre NIG grant to Ass Prof Hou HW



MACCE
Cardiovascular Mortality

Heart Failure

SGLT2-inhibitors and Cardiovascular Outcomes 



Effects of Dapagliflozin and Metformin on Vascular Function in Newly-Diagnosed Treatment-
Naïve Type 2 Diabetes – A Randomized Controlled Trial 

The DMVascular Study

Design
12-week, randomised, controlled, open label trial 

150 newly-diagnosed T2DM patients will be randomised to either of three allocation:

i.Metformin 500mg (Glucophage XR) up to twice daily
ii.Dapagliflozin 10mg (Forxiga) once daily 

iii.Dapagliflozin 5mg/Metformin 500mg Combo (Xigduo) once daily

Sponsored by National Medical Research Council Clinician Scientist Award 



Thank You
Department of Endocrinology:
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