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Abstract


Although the main etiopathogenic mechanism of Type 1 Diabetes Mellitus is autoimmunity, over the past decade it has been shown that Insulin Resistance also plays a key role in the pathogenesis and in the development of micro- and macrovascular complications , defininig a condition termed as “double diabetes”. Double diabetes has increased with the raised trend of obesity and it could explain the increased risk of cardiovascular complications in Type 1 Diabetes Mellitus subjects compared to the general population, even in condition of good glycaemic control. There are some tools that allow to use clinical parameters to quantify Insulin Resistance but especially the beneficial effect of complications
prevention measures. Recently it has been shown that the management of the metabolic syndrome components can also be effective in reducing the cardiovascular risk in patients with Type 1 Diabetes since the pediatric age.
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Abbreviations:T1DM: Type 1 Diabetes Mellitus; IR: Insulin Resistance; CV: Cardiovascular; MS: Metabolic Syndrome; HOMA-IR: Homeostasis Model Assessment of Insulin Resistance; QUICKI: Quantitative Insulin Sensitivity Check Index; HbA1c: Glycosylated Hemoglobin; LDL: LowDensity Lypoprotein; BMI: Body Mass Index







Introduction

Type 1 Diabetes Mellitus (T1DM) is an autoimmune disorder characterized by beta-cells destruction and absolute insulin deficiency. Pathogenesis of T1DM is different from that of type
2 diabetes mellitus, where both insulin resistance (IR) and reduced secretion of insulin by the beta-cells play a synergistic role [1]. Although the main etiopathogenic mechanism of T1DM is autoimmunity, over the past decade it has been shown that IR also plays a key role in the pathogenesis [2-4] and in the development of micro- and macrovascular complications [5,6]. In fact, recent insight from the Diabetes Control and Complications Trial (DCCT) showed that IR predisposes to micro- and macrovascular complications, suggesting the concept of ‘‘double diabetes’’ [7]. The term “double diabetes” was first used in 1991 to describe a combination of T1DM with clinical features of Type 2 Diabetes Mellitus (T2DM) and exacerbation of IR, that is, the inability of a known quantity of insulin (exogenous or endogenous) to increase glucose uptake [8]. IR is driven by central adiposity and subsequent cytokine-mediated systemic inflammatory response as well as elevated circulating free fatty acids, determing a condition known as metabolic syndrome (MS) and all comorbidities associated with it [5].

 

Discussion

It is well known that patients with T1DM are at particularly high risk of cardiovascular disease already, so there has been concern that this increase in body weight may only add to this likelihood, with intensively treated patients being placed at especial risk [7].


The prevalence of double diabetes has increased with the raised trend of obesity and it could explain the increased risk of cardiovascular complications in T1DM subjects compared to the general population, even in condition of good glycaemic control [9-12]. Normal body weight in T1DM patients is a deep-rooted concept in scientific literature, but recently it was observed an increased prevalence of overweight and obesity in these subjects just as in the general population, which has recently been esteemed equal to 22.1% [13,14].


On the other hand it was suggested that excess weight gain in children could be an ‘‘accelerating factor’’ [4] for development of T1DM in the Pittsburgh cohort [14] and in another study from Finland [15]. The mechanisms involved in the development of IR in normal- or low-weight T1DM patients are different: portal and systemic hypoinsulinization with alteration of the axes related to growth hormone, glucagon, and leptin cause metabolic and hormonal changes perpetuating glucotoxicity and leading to increased IR [16]. Poor glycaemic control in type 1 diabetics is associated with hepatic IR, while whole-body glucose utilization was reported to be lower even in those who were well controlled [17,18].


Moreover, insulin sensitivity decreases physiologically during the later pubertal stages, in order to increase the substrates availability. In fact, during puberty a selective IR, that is restricted to peripheral glucose metabolism, leads to compensatory hyperinsulinemia and it amplificates protein anabolism, fat utilization as alternative fuel and lean muscle preservation during growth [19,20]. Therefore, in adolescent patients with T1DM insulin dose requirements increase by up to 30%. IR may also be related to sedentary lifestyle, family history of type 2 diabetes and weight gain associated with intensive insulin therapy [21].


Several studies have shown that IR may predict the risk of microalbuminuria, retinopathy, and neuropathy [22]. Although the role of IR in the development of complications in T1DM1 is known, how to quantify it objectively remains unclear. The gold standard test for measuring insulin sensitivity is representd by euglycaemic-hyperinsulinemic clamp, but it is invasive, expensive and mainly used in research settings [23], whereas HOMA-IR (Homeostasis Model Assessment of Insulin Resistance) or QUICKI (Quantitative Insulin Sensitivity Check Index) cannot be used in patients on insulin treatment [24] and the calculation of daily insulin requirements is not accurate depending on multiple factors [24,25]. This difficulty led to the creation of two validated clinical scores, developed using mathematical models: the Insulin-Sensitivity Score (ISS) for children and adolescents with diabetes, validated with the clamp [26] and the estimated Glucose Disposal Rate (eGDR) [24], with a high correlation with the clamp. The weakness of the first score is that the study population consisted of both children with T1DM and children with T2DM. The second one is a model whose values are inversely correlated to the degree of IR, with adult patients diagnosed with MS having lower eGDR values than those with no MS criteria [5,24,27-29]. Values of eGDR values were lower also in obese children with T1DM older than 11 years: this may therefore be considered a marker of IR also in children. Insulin dose was higher in diabetic patients with overweight or obesity, especially in IU/m2/day [25].


Kilpatrick et al. [5] found similar results: the eGDR at baseline strongly predicted the development of retinopathy, nephropathy, and cardiovascular disease (both micro- and macrovascular complications) whereas insulin dose and International Diabetes Federation (IDF)-defined MS were poor predictors [5].These findings are consistent with those from the Pittsburgh Epidemiology of Diabetes Complications Study: low eGDR (and therefore high IR) seems to be associated with an increased risk of nephropathy [30], peripheral vascular disease [31], and coronary artery disease [32].


A recent study involving 17,050 individuals from Swedish National Diabetes Register, found that there is a strong association between eGDR and all-cause mortality, as well as cardiovascular mortality, in individuals with T1DM. All these findings may guide preventive measures by improving risk assessment in individuals with T1DM [33]. There has been a growing interest in exploring the role of adjunctive therapy in T1DM with the aim of improving insulin sensitivity and glycemic control, limiting the insulin dose and weight gain and the long-term possibility of CV risk reduction. On this topic, a meta-analysis by Liu et al. [34] included eight trials of metformin versus placebo: the use of metformin was associated with a reduction in weight, total daily insulin dose and total and Low-Density Lypoprotein (LDL) cholesterol, without an increased risk of hypoglycemia or ketoacidosis [34,35].


At the same time, the REMOVAL Study, the largest multicenter, double-blind, placebo-controlled trial, has assessed similar results in terms of reduction in body weight and LDL cholesterol without an increased risk of hypoglycemia or ketoacidosis [36]. Interestingly , none of the studies demonstrated a sustained reduction in HbA1c as if to confirm that glycemic control is often independent of mechanisms of IR. Little is studied about effective interventions for weight management in this population [37]. Dietary intervention, increased physical exercise, adjustment of insulin doses, adding other diabetes medications that positively impact body weight could improve insulin sensitivity [37].


As a target of vascular complications, other metabolically active and richly vascularized districts have also been studied. Recently components of MS and IR have been associated with lower trabecular bone quality in adults with T1DM when compared to age-, sex- and body mass index (BMI) -matched adults without diabetes and this finding seems to motivate the increase of fractures in young adults with T1DM [38]. This negative effects of T1DM on bone geometry, quality, and bone markers probably start in childhood, as demonstrated by Franceschi et al. [39]. In addition to the vascular alteration which could explain these findings, some studies have found an association between Vitamin D insufficiency in individuals with T1DM and risk for insulin resistance, even after adjustment for BMI [40].


Conclusion

The most important epidemiological trials have shown the importance of metabolic control for the prevention of microangiopathic complications. Recent studies have demonstrated the relevance of weight and all other MS components management in CV risk prevention in T1DM patients since the pediatric age.
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