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Burden and risk factors for obesity and 
type 2 diabetes



Burden of obesity and type 2 diabetes 

• 60% of adult Australians overweight or obese 

• 22% of Australians > 25 years have prediabetes or type 2 

diabetes 

• 80% obese patients with type 2 diabetes develop 

cardiovascular disease 

• annual healthcare costs cca 9 billion

Walls, Obesity 2012
Chen, Nat Rev Endocrinol 2012 
Zimmet, Nature 2001  



Risk factors for obesity and type 2 diabetes

• multiple risk factors 

• shared with other chronic diseases (cardiovascular diseases, 

dementia, depression, cancer, ageing)

• long latency - amenable to prevention

The ideal preventative strategy/intervention: 

• prevents multiple risk factors and therefore diseases 

• impacts mechanisms of diseases

• lifestyle intervention (diet & exercise)

• synergistic with exercise
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My Research Focus

Identifying and providing evidence for interventions applicable for 

prevention of diabetes and related chronic diseases, that are…

– safe

– low cost 

– easily scalable 

– immediate public health impact 

– diets and supplements 

• cheaper 

• low side effect profile

• no need for regulatory approval

• good quality trials are often missing



Why carnosine ?



What is carnosine?

Be ta - A l a n i ne  L - H is t id ine

Red meat Whale meat Fish

Main dietary sources: 50 to 250 mg/dL 

CN1 – plasma
CN2 – gut



• naturally occurring dipeptide (beta-alanine L-histidine) in humans 

– cardiac & skeletal muscle, brain tissue

– first described in 1900

– first appeared around a decade ago - food supplements and skin creams

– advertised an elixir of youth

– yet little human research

• carnosine supplement:

– water soluble powder

– safe

– 0.5-3.5g necessary for biological effects

– low cost (1AUD$ per day)

What is carnosine?



Carnosine - Magic Bullet for Chronic Diseases?



Mechanism of Action of Carnosine

- ⬇︎ chronic low-grade inflammation
Yan, 2009; Tsai, 2010; Lee, 2005 

- ⬇︎ oxidative stress
Hipkiss, 2011;  Ma, 2012

- ⬇︎ advanced glycation (AGEs) 
Burcham, 2002;  Hipkiss, 2002

- chelating properties
Price, 2001;  Arnal, 2011

- ⬇︎ ischemia
Doborota, 2005;  Fujii, 2005 

- ⬇︎ sympathetic nervous system activity 
Nagai, 2012;  Horii, 2012



How could it all work?

Baye & de Courten, Amino Acids, 2016



Carnosine & signalling

Baye & de Courten, Amino Acids, 2016



Evidence from animal studies 



Carnosine, obesity and type 2 diabetes
(rodents)

Carnosine reduced

• weight

• insulin levels

• insulin resistance

• delayed development of diabetes 

• glucose levels in animals with diabetes

• inflammation and oxidative stress

Aldini G, 2011; Mong, 2011; Sauerhofer, 2007; Lee YT, 2005 



Carnosine and cardiovascular disease
(rodents)

Carnosine supplementation reduced 

• cholesterol and triglycerides in plasma and liver

• oxidation and glycation  of LDL (foam cell formation)

• atherosclerosis

• ischaemic effects 

Aldini, 2011; Brown, 2014; Barski, 2013; Mong, 2011; Rashid, 2007; Lee YT, 2005



Evidence from human studies 



 exercise capacity compared to placebo
• Hobson, 2012 (meta-analysis)

 high-intensity anaerobic performance
• Artioli, 2010

Mechanisms
•  muscle buffering capacity,  lactate

• Swietach, 2014  

• improvement in calcium handling and antioxidant capacity 

• Sale, 2013

• Dutka, 2004

Carnosine supplementation 

improves exercise performance 



Health benefits of carnosine supplementation in humans

Baye & de Courten, Amino Acids, 2016



Muscle carnosine content & glucose metabolism (cross-sectional study) 

de Courten, Ukropcova, PLoS ONE, 2015
Stegen, de Courten, PLoS ONE, 2015

n=9 lean n=9 obese n=9 IGT n=9 T2DM 
Muscle carnosine increases with 
worsening 

• obesity
• dyslipidemia
• glucose intolerance
• insulin resistance 



Carnosine & Diabetes

•  muscle carnosine content in drug-naïve patients 
with type 2 diabetes compared to healthy controls

• Srikanthan, 2012

•  muscle carnosine levels in patients with type 2 
diabetes (on glucose lowering therapy) compared to 
healthy controls

• Gualano, 2012



Carnosine supplementation & diabetes risk

RCT: 12-week intervention with 2g/day carnosine vs placebo

de Courten et al, Obesity, 2016

Pilot trial
Carnosine supplementation prevents
• decrease in insulin sensitivity 
• increase in insulin secretion
• no change in inflammation markers



Carnosine improves glucose and insulin levels during OGTT 

in patients with impaired glucose tolerance

de Courten et al, Obesity, 2016

* P<0.05



RCT in patients with prediabetes 

with carnosine compound

N=52, obese individuals with prediabetes

Intervention: 4 months
Liu et al, Plos One, 2015



Liu et al, Plos One, 2015



Carnosine effects body composition

44 patients with type 2 diabetes on therapy (Metfromin and Glibeclamide)

Mean age 43 years, duration of diabetes 4.5 years, HBA1c 6-6.5%

Intervention: 12 weeks, 1g Carnosine Houjeghani, Nutr Res, 2018



Carnosine improves glucose and lipid metabolism

Houjeghani, Nutr Res, 2018



Carnosine lowers advanced glycation end-

products

Houjeghani, Nutr Res, 2018



Carnosine lowers inflammation markers

Houjeghani, Nutr Res, 2018



Carnosine, vit B1 and α-lipoic acid improve obesity 

and glucose metabolism

N=82, obese sedentary patients with T2DM, mean age 57 years, baseline HbA1c 8.3%

Intervention: 8 week intervention, 6mg/kg body weight (cca 500mg/day)

Karkabounas, J Med Food, 2018



Carnosine improves HBA1c, lipid profile and renal function 

patients with type 1 diabetes and nephropathy

N=85, 9-18 year old patients with type 1 diabetes (> 5 years), HbA1c ≤ 8.5%

Intervention: Carnosine 500mg BD, all patients on ACE inhibitor captopril 25 mg daily 

Elbarbary, Pediatric Diabetes, 2017



Carnosine reduced HBA1c and Triglycerides 

HbA1c (n=283): MD (95%CI): -0.49% (-0.60, -0.38), p<0.001

Menon…de Courten, unpublished

Triglycerides (n=265): MD (95%CI): -0.42 mmol/L (-0.57;-0.27), p<0.001 



Carnosine reduces inflammation and oxidative stress

hsCRP (n=184): MD (95%CI): -0.41 mg/L (-0.62, -0.20), p<0.001

Menon… de Courten, unpublished

Malondialdehyde (Follow Up) (n=184): MD:-8.59 nmol/ml (-11.56,-5.62), p<0.001



• food supplement

• safe

• water soluble and easy to mix in foods

• anti-inflammatory, anti-oxidative, anti-AGE, chelating properties 
and effects on SNS

• all effects are important for many chronic diseases

• ?additive effect with exercise

• compelling evidence from animal studies (2000 animal studies)

• paucity of human data  

• need for well designed clinical trials if proven beneficial -
potential use for primary prevention many chronic diseases as 
well as add-on to standard therapy

Carnosine - Summary



Gaps in the evidence 

Different doses

Different populations
Lack of gold-standard 

methods

Mixed supplements 



Carnosine supplementation in overweight and 
obese individuals and patients with IGT and 

type 2 diabetes



Hypothesis

We hypothesise that carnosine supplementation in overweight and 
obese individuals (Study 1) and patients with IGT and T2DM (Study 
2) will improve:

• diabetes risk factors (Study 1) or glycaemic control (Study 2)

• cardiovascular risk factors 

• cognitive outcomes 

and this will be modulated by reduction in chronic low-grade 
inflammation, oxidative stress and circulating AGE levels. 



Participants & Methods

• participants:

• 84 overweight and obese individuals (Study 1)

• 52 adult patients with impaired glucose tolerance and T2DM (Study 2)

• design: double blind placebo randomised controlled trials

• intervention: 1g carnosine BD or matching placebo

• length of intervention: 14 weeks

• measurements: before and after intervention



• Study 1:

– Overweight and obese individuals 

– Age 18-60 years

• Study 2:

– Patients with IGT or T2DM (diet controlled and on 
Metformin only)

– Age 18-70 years

– Stable dose of metformin for least 3 months

• No significant change in weight in last 6 months

• No intention to loose weight during the course of the study

Inclusion criteria



• HbA1c level > 8% for patients with diabetes

• Morbid obesity (>40 kg/m2) - DEXA limitation

• Taking other glucose lowering medications than 
metformin including injectables

• Taking regular anti-inflammatory medications or 
supplements potentially effecting glucose metabolism

• current smoker or high alcohol/recreational drug use

Exclusion criteria



• Significant other chronic diseases and psychiatric 
disorders

• Presence of acute inflammation

• Pregnant or lactating

• Not speaking English (need to complete cognitive 
function tests - time)

Exclusion criteria



-inflammation in plasma and PBMC, oxidative stress, advanced glycation and lipidoxidation end products

-signalling muscle tissue

-microbiome

-DNA – ageing markers ie telomere length, telomerase

• insulin sensitivity 

• insulin secretory function 

• glucose tolerance

• ACR

• Lipids, lipidomics

• arterial stiffness

• blood pressure / cBP

• endothelial function

• HRV

• CANTAB+

• depression

• sleep

Outcomes

Obesity Diabetes CVD Cognition

• % body fat

• FFM

• IMAT

• Steatosis

• Diet

• Exercise
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Conclusions

Carnosine:

- cheap 

- low side effect profile

- ? additive effect with exercise

- no need for regulatory approval

- good quality RCTs needed to show IF there is health benefit

- IF it effects mechanisms which are applicable to several chronic 

diseases 



Interested to do PhD?

• What you will learn:

– Systematic review and meta-analysis

– Clinical trial methodology

– Gold standard methodologies for 
assessment of diabetes and cardiovascular 
risk factors

– Health economic analyses

– Average number publications in a PhD is 15

Email: Barbora.deCourten@monash.edu
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