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	Project Title 

	Insulin Resistance: The New Frontier for Cardiovascular Disease Prevention 


	Objective 

	We determined, supported by a JDRF Innovative grant, that insulin does not work as well as expected (insulin resistance, IR) in youth with type 1 diabetes (T1D). We believe IR is important in T1D, by contributing to excess cardiovascular death. Interestingly, T1D youth lack the clinical features of IR usually observed in type 2 diabetes (T2D), despite both being IR. Thus, we suspect IR occurs in T1D for different reasons, possibly related to glucose control. The goals of this proposal are to:1. Understand where IR occurs in T1D youth, compared to T2D youth, obese and normal youth without diabetes. We will perform:a. State of the art measurement of IR in liver, muscle and fat (insulin clamp)b. Painless magnetic resonance imaging (MRI) to measure muscle glucose transportc. Continuous glucose monitoring to assess blood sugar patterns d. Sophisticated assessment of blood fats2. Understand if liver and muscle fat, glucose (glycogen) and energy production are abnormal in T1D and T2D youth, and whether they cause IR. MRI can detect the amount of fat, glycogen, and energy production by mitochondria (ATP). Our initial findings suggest increased muscle and liver fat in T2D children but normal muscle fat in T1D children. Our animal studies show abnormal mitochondria in T1D. Therefore we will perform: a. MRI of the liver, abdomen and muscle to measure fat, glycogen and mitochondrial function. 3: Determine heart function at rest and with exercise, along with testing of blood vessel and kidney function in T1D and T2D youth and determine if they are related to IR.Our research suggests poor blood vessel function in T1D and T2D youth and abnormal urine proteins. We also detected heart muscle thickening in T2D, and abnormal heart muscle contraction in children with T1D, even as early as 2-3 years after diabetes diagnosis. Therefore we will perform:a. Arm blood vessel ultrasound and vessel stiffness techniquesb. Heart ultrasound (echocardiogram) with specialized techniques before and after bicycle exercise c. Urine markers of kidney dysfunction 4: Assess the effects of improving blood sugars on IR, heart, blood vessel and kidney function in T1D youth.We will use 3 months of intensive blood sugar lowering with continuous glucose monitoring and repeat:a. State of the art measurement of insulin action in liver, muscle and fat (insulin clamp)b. Arm blood vessel and echocardiogram measures with specialized techniques before and after bicycle exercise c. Urine markers of kidney dysfunctionOverall, we hope to understand how to prevent cardiovascular disease, the leading killer in T1D. To do so, we will determine why T1D youth are unexpectedly IR, why heart, blood vessel and kidney dysfunction develops in T1D children, and whether lowering glucose will improve these defects. We will also refine innovative techniques to study IR in T1D youth, as one of a very few institutions equipped to perform such critical specialized research. 

	Relevance to Type I Diabetes 

	Cardiovascular disease (CVD) significantly shortens lifespan in Type 1 diabetes (T1D) despite our best treatments. Common causes of CVD (cholesterol, blood pressure, smoking) do not explain this high CVD rate. Therefore, the NIH called for a focus on CVD prevention in diabetes, and CVD is a JDRF Research Emphasis area. In obesity and type 2 diabetes (T2D), CVD closely relates to how well insulin works in the body (insulin resistance, IR). Importantly, we lack information about IR in T1D youth. Supported by a JDRF innovative grant, we measured IR in youth with the gold-standard technique, available at only a few specialized pediatric research centers, to begin to answer this question. We learned that T1D youth were unexpectedly as IR as obese youth, despite normal body weights. Surprisingly, our studies also suggest that T1D youth lack many of the findings typically present with IR (high triglycerides, low HDL, high muscle fat). Therefore, we believe IR occurs in T1D and T2D for different reasons, and thus they present with unique features. While our T1D animal model had abnormal muscle mitochondria, it is unknown whether other typical components of IR (excess liver and abdominal fat, abnormal muscle and liver glucose storage [glycogen], and abnormal mitochondrial energy production) occur in T1D youth. Learning which components of IR are present in TID youth and why, will help design therapies to improve IR. Our initial data also suggest blood vessel and heart muscle dysfunction in T1D youth. Early IR may greatly increase CVD risk. Therefore, we need to identify why IR is happening in T1D youth, and how CVD is related. Determining whether improving glucose control improves these defects will help determine how to prevent CVD, the leading killer in T1D. We are also currently developing a sensitive marker of kidney dysfunction that could be used in T1D to detect early kidney disease, and allow early intervention, also a JDRF emphasis area. In addition, abnormal lipid profiles, detected by more sensitive assays than currently used clinically, predict coronary calcium deposits in T1D adults and thus could also provide an early biomarker of CVD in T1D. Funding of this study would also help to improve the pediatric research methods and collaborative potential at a large pediatric T1D center and support a talented new pediatric endocrinologist, all committed to improving the length and quality of life for T1D children. Inclusion of T2D children, who share some but not all components of diabetes as T1D, will help determine the features unique to T1D. Shared abnormalities may respond to established T2D therapies, while areas unique to T1D will require innovative therapies. Our protocol also addresses several other JDRF research priority areas, including inflammation, metabolic stress and new applications of continuous glucose monitoring, making this proposal highly relevant to T1D research and to the JDRF mission. 
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