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Dyslipidemia in Type 1 Diabetes: A Masked Danger
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Type 1 diabetic patients show lipid disorders which are likely to play a role in their increased cardiovascular risk. Quantitative abnormalities of lipoproteins are noted in type 1 diabetes (T1D) with poor glycemic control. In T1D with optimal glycemic control, triglycerides and LDL-cholesterol are normal or slightly decreased when HDL-cholesterol is normal or slightly increased. T1D patients, even in good glycemic control, show several qualitative and functional abnormalities of lipoproteins, which are potentially atherogenic.

An association between these abnormalities and cardiovascular risk has been reported in recent studies. Although the mechanisms responsible for T1D dyslipidemia are not all clarified, the subcutaneous route of insulin administration, responsible for peripheral hyperinsulinemia, is likely to be an important factor.

Premature cardiovascular disease is one of the most frequent causes of death in type 1 diabetes (T1D), occurring 2 to 11 times more often than in the non-diabetic population [START_REF] Rawshani | Excess mortality and cardiovascular disease in young adults with type 1 diabetes in relation to age at onset: a nationwide, register-based cohort study[END_REF][START_REF] Bjornstad | Macrovascular disease and risk factors in youth with type 1 diabetes: time to be more attentive to treatment?[END_REF].

Even T1D patients with good glycemic control and no additional cardiovascular (CV) risk factors have a significantly increased risk of CV events [START_REF] Rawshani | Range of Risk Factor Levels: Control, Mortality, and Cardiovascular Outcomes in Type 1 Diabetes Mellitus[END_REF], suggesting that factors other than chronic hyperglycemia and usual CV risk factors are involved. Among those factors, lipid abnormalities may play a role, and the qualitative and functional abnormalities of lipoproteins, which are observed even in well-controlled T1D patients, are of particular interest. Since 2009, date of the latest review article on lipid disorders in T1D (4), many new data have been published allowing further insight into the pathophysiology of dyslipidaemia in T1D patients. In the present updated review article, after a brief overview of the role of insulin in lipoprotein metabolism, we will discuss the quantitative, qualitative and functional abnormalities of lipoproteins in T1D and how they may be associated with CV disease.

I) Brief overview of the role of insulin in lipoprotein metabolism (Figure 1)

Insulin plays an important role in the regulation of lipid metabolism. The main sites of action of insulin on lipoprotein metabolism are shown in Figure 1. Insulin has an antilipolytic effect by inhibiting the hormone-sensitive lipase, in adipose tissue. As a consequence insulin reduces the secretion of free fatty acids (FFA) from adipose tissue.

Postprandially, the enterocytes produce large lipoproteins, the chylomicrons, whose main apolipoprotein is the apoB48. In the circulation, the lipoprotein lipase (LPL) hydrolyses the triglycerides within the chylomicrons leading to the formation of smaller particles, the chylomicron-remnants, which are taken up by the liver via the LDL receptor or the LDL receptor-related protein (LRP). Insulin significantly influences postprandial lipid metabolism by reducing chylomicron production, by increasing the LPL activity, which accelerates chylomicron catabolism, and by increasing the expression of the LDL-receptor and the LRP leading to enhance the chylomicron-remnant catabolism (Figure 1).

The liver produces the Very Low Density Lipoproteins (VLDL) whose main apolipoprotein is the apoB100. In plasma, VLDLs are hydrolysed by the LPL leading to the formation of Intermediate Density Lipoproteins (IDL), which are further hydrolysed through additional lipolysis involving hepatic lipase and converted to Low Density Lipoproteins (LDL). Insulin inhibits the hepatic production of VLDL. The inhibition of VLDL production by insulin is due to booth its antilipolytic effect that reduces the circulating FFAs, which are substrates for VLDL and to a direct inhibitory effect in hepatocytes via different ways including microsomal triglycerides transfer protein (MTP) inhibition [START_REF] Malmström | Effects of insulin and acipimox on VLDL1 and VLDL2 apolipoprotein B production in normal subjects[END_REF]. In addition, insulin, which is a potent activator of LPL, promotes VLDL catabolism [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF].

The LDLs are taken up into cells via its binding to the LDL-receptor on the plasma membrane of hepatic or other tissues. Proprotein convertase subtilisin/kexin type 9 (PCSK9) plays a key role in regulating LDL-receptor activity by binding the LDL-receptor/LDL complex and directing the receptor away from recycling back to the surface and into the lysosomal catabolic pathway. Insulin increases LDL-receptor expression and activity and, thus promotes LDL catabolism (4).

HDLs are synthesized by both the liver and the intestine as nascent HDLs containing only apolipoproteins (mainly apoA-I). Nascent HDLs acquire cholesterol from peripheral tissues, including macrophages within artery walls, through the membrane-associated ATPbinding cassette protein 1 (ABCA1) transporter and through the ATP-binding cassette G1 (ABCG1) transporter. Within the HDL particle, free cholesterol is esterified by lecithincholesterol acyltransferase (LCAT). HDLs exchange lipids with VLDLs in a process involving cholesteryl ester transfer protein (CETP), whereby cholesteryl esters are transferred from HDLs to VLDLs and, reciprocally, triglycerides are transferred from VLDLs to HDLs. During this process, HDLs become enriched in triglycerides which are catabolized by hepatic lipase, thus forming smaller HDL particles that can be cleared by the liver via the scavenger receptor B1 (SR-B1). Endothelial lipase is a phospholipase that modulates HDL catabolism. Several studies have shown that its activity is mainly promoted by inflammatory cytokines. Insulin does not seem to exert any significant direct effects on LCAT, Hepatic Lipase or CETP activity [START_REF] Riemens | Influence of insulin sensitivity and the TaqIB cholesteryl ester transfer protein gene polymorphism on plasma lecithin:cholesterol acyltransferase and lipid transfer protein activities and their response to hyperinsulinemia in non-diabetic men[END_REF].

II) Quantitative lipid abnormalities in type 1 diabetes

A. Type 1 diabetes with poor or suboptimal glycemic control

1) Diabetic ketoacidosis

Quantitative lipid abnormalities are observed in T1D patients with diabetic ketoacidosis as a result of insulin deficiency. Ketoacidosis is transitory and usually rare in patients with T1D, but is worth mentioning because it reveals the spectacular effect of total insulin deficiency on lipids.

As a direct consequence of reduced LPL activity secondary to insulin deficiency, the catabolism of triglyceride-rich lipoproteins (chylomicrons, VLDLs) is reduced, leading to hypertriglyceridemia [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF]. Because of the significant reduction of triglyceride-rich lipoprotein catabolism, mean LDL-cholesterol level is reduced during diabetic ketoacidosis. HDLcholesterol level is low during diabetic ketoacidosis as a consequence of hypertriglyceridemia (via triglyceride enrichment of HDL through CETP that enhances its catabolism). All these lipid abnormalities resolve rapidly after adequate insulin therapy (4).

2) Poor or suboptimal glycemic control (except ketoacidosis) (Figure 2)

Several epidemiological studies have shown quantitative lipid disorders such as hypertriglyceridemia, elevated LDL-cholesterol and non-HDL cholesterol levels [START_REF] Schwab | Spectrum and prevalence of atherogenic risk factors in 27,358 children, adolescents, and young adults with type 1 diabetes: cross-sectional data from the German diabetes documentation and quality management system (DPV)[END_REF][START_REF] Marcovecchio | Prevalence of abnormal lipid profiles and the relationship with the development of microalbuminuria in adolescents with type 1 diabetes[END_REF][START_REF] Group | Lipid and lipoprotein levels in patients with IDDM diabetes control and complication. Trial experience. The DCCT Research Group[END_REF][START_REF] Guy | Lipid and lipoprotein profiles in youth with and without type 1 diabetes: the SEARCH for Diabetes in Youth casecontrol study[END_REF].

These abnormal plasma lipid levels are mostly due to poor glycemic control as shown in several studies [START_REF] Marcovecchio | Prevalence of abnormal lipid profiles and the relationship with the development of microalbuminuria in adolescents with type 1 diabetes[END_REF][START_REF] Group | Lipid and lipoprotein levels in patients with IDDM diabetes control and complication. Trial experience. The DCCT Research Group[END_REF][START_REF] Guy | Lipid and lipoprotein profiles in youth with and without type 1 diabetes: the SEARCH for Diabetes in Youth casecontrol study[END_REF]. Indeed, in a prospective study including 895 patients with T1D, HbA1c was independently associated with LDL-cholesterol, non-HDL cholesterol and triglycerides [START_REF] Marcovecchio | Prevalence of abnormal lipid profiles and the relationship with the development of microalbuminuria in adolescents with type 1 diabetes[END_REF]. In the CACTI study, each 1% increase of HbA1c was associated with increase in LDL-cholesterol, non-HDL-cholesterol and triglycerides of 0.103 mmol/l, 0.129 mmol/l and 0.052 mmol/l respectively [START_REF] Maahs | Association of glycaemia with lipids in adults with type 1 diabetes: modification by dyslipidaemia medication[END_REF]. This indicates that hyperglycemia is an important factor responsible of lipid quantitative abnormalities in T1D. Data from the literature indicate that quantitative lipid abnormalities are observed in T1D patients when HbA1c is above 7.5%. In addition, some quantitative lipid abnormalities observed in some T1D patients (such as hypertriglyceridemia) are likely to be related to the subgroup of T1D patients with associated metabolic syndrome (see below).

Hypertriglyceridemia, observed in T1D patients in poor or suboptimal glycemic control, is related to increased VLDL production secondary to relative insulin deficiency (4).

In addition, postprandial hyperlipidemia is observed in these patients. A decreased clearance of postprandial Sf 100-400 lipoproteins (chylomicrons + VLDL) was observed in a radioisotope kinetic study carried out in T1D patients with poor glycemic control [START_REF] Georgopoulos | Abnormal clearance of postprandial Sf 100-400 plasma lipoproteins in insulin-dependent diabetes mellitus[END_REF]. In another study of T1D patients with elevated HbA1c, longer clearance of remnant particles, featured by an increase in plasma apoB48 at 6 hours (+45%) and 8 hours (+ 69%) after a sequential meal challenge, was reported [START_REF] Mangat | Increased risk of cardiovascular disease in Type 1 diabetes: arterial exposure to remnant lipoproteins leads to enhanced deposition of cholesterol and binding to glycated extracellular matrix proteoglycans[END_REF]. In older teenagers with T1D, triglycerides, after a fat-rich meal, were higher in individuals whose HbA1c was above 9.5% than those with HbA1c less than 8.7% [START_REF] Van Waarde | Postprandial chylomicron clearance rate in late teenagers with diabetes mellitus type 1[END_REF]. If several data indicate a link between hyperglycemia and postprandial lipids (including chylomicron and VLDL), the direct effect of hyperglycemia on chylomicron metabolism is not totally clarified. Glucose has been shown to enhance chylomicron production in healthy men [START_REF] Xiao | Novel Role of Enteral Monosaccharides in Intestinal Lipoprotein Production in Healthy Humans[END_REF] but no modification of chylomicron metabolism has been shown in T1D patients after short-term deterioration of glycemic control [START_REF] Lewis | Postprandial triglyceride response in Type 1 (insulin-dependent) diabetes mellitus is not altered by short-term deterioration in glycaemic control or level of postprandial insulin replacement[END_REF].

Several studies have shown that T1D patients with poor or suboptimal glycemic control have higher LDL-cholesterol levels than non-diabetic individuals or T1D patients with optimal glycemic control [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF][START_REF] Guy | Lipid and lipoprotein profiles in youth with and without type 1 diabetes: the SEARCH for Diabetes in Youth casecontrol study[END_REF]. In this situation of poor or suboptimal glycemic control, the catabolism of VLDL and IDL is not significantly decreased and the increased LDL-cholesterol level is due to increased transfer from VLDL to IDL and increased transfer from IDL to LDL secondary to the increased VLDL production (see above) (Figure 2).

B. Type 1 diabetes with optimal glycemic control (Figure 3 )

In well-controlled T1D, the lipid profile is totally different than in poorly controlled T1D. Plasma triglycerides are normal or slightly decreased [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF]. In a study, comparing wellcontrolled T1D patients to healthy controls, plasma triglycerides were 49% lower in diabetic men and 31% lower in diabetic women [START_REF] Hughes | Lipoprotein composition in patients with type 1 diabetes mellitus: Impact of lipases and adipokines[END_REF]. The decrease in plasma triglycerides could be due to peripheral hyperinsulinemia, as a consequence of the subcutaneous route of insulin delivery, leading to increase the down regulation of VLDL production and to enhance VLDL catabolism by overactivation of LPL (4) (Figure 3). In addition, the increased plasma adiponectin level observed in patients with T1D (18) might also be involved because adiponectin has been shown to accelerate the catabolism of triglyceride-rich lipoproteins by increasing LPL activity in adipose tissue [START_REF] Ng | Adipocytokines and VLDL metabolism: independent regulatory effects of adiponectin, insulin resistance, and fat compartments on VLDL apolipoprotein B-100 kinetics?[END_REF].

In T1D patients in optimal glycemic control, plasma LDL-cholesterol is normal or slightly decreased (4). This is the consequence of the reduced VLDL production caused by the peripheral hyperinsulinemia (see above) and of the increased catabolism of LDLs demonstrated in T1D patients [START_REF] Feitosa | Lipoprotein metabolism in patients with type 1 diabetes under intensive insulin treatment[END_REF]. It is hypothesized that increased LDL catabolism could be due to increased expression of LDL-receptors as a consequence of peripheral hyperinsulinemia. This is suggested by data showing a trend toward a decrease in LDL catabolism when subcutaneous insulin infusion is replaced by intraperitoneal insulin infusion in T1D patients [START_REF] Duvillard | Comparison of apolipoprotein B100 metabolism between continuous subcutaneous and intraperitoneal insulin therapy in type 1 diabetes[END_REF]. PCSK9 plasma levels are increased in T1D patients and significantly correlated with HbA1c [START_REF] Levenson | PCSK9 Is Increased in Youth With Type 1 Diabetes[END_REF][START_REF] Bojanin | Association between proprotein convertase subtilisin/kexin 9 (PCSK9) and lipoprotein subclasses in children with type 1 diabetes mellitus: Effects of glycemic control[END_REF]. The reasons for this increase of PCSK9 level are still unknown. In patients with good glycemic control, plasma PCSK9 levels do not seem to be associated with LDL-cholesterol [START_REF] Laugier-Robiolle | Glycaemic control influences the relationship between plasma PCSK9 and LDL cholesterol in type 1 diabetes[END_REF] but are negatively associated with the proportion of small, dense LDL particles [START_REF] Bojanin | Association between proprotein convertase subtilisin/kexin 9 (PCSK9) and lipoprotein subclasses in children with type 1 diabetes mellitus: Effects of glycemic control[END_REF].

Plasma HDL-cholesterol levels are normal or elevated in well-controlled T1D patients [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF]. Some studies indicate that the increase in HDL-cholesterol levels in patients with T1D is more pronounced in men than in women [START_REF] Walden | Sex differences in the effect of diabetes mellitus on lipoprotein triglyceride and cholesterol concentrations[END_REF][START_REF] Maahs | Lipoprotein subfraction cholesterol distribution is proatherogenic in women with type 1 diabetes and insulin resistance[END_REF]. This increase in plasma HDL-cholesterol could be the consequence of the elevated LPL/Hepatic Lipase ratio that is observed in patients with well-controlled T1D (4). Again, the increased LPL activity observed in these patients is likely due to peripheral hyperinsulinemia resulting from subcutaneous insulin administration. Hughes et al. reported that the mass of light HDL particles (corresponding to HDL2b subfraction) was augmented in T1D patients and that the augmented plasma adiponectin level observed in well-controlled T1D played a dominant role in this increase [START_REF] Hughes | Lipoprotein composition in patients with type 1 diabetes mellitus: Impact of lipases and adipokines[END_REF]. In addition, it has been shown in T1D patients that both plasma adiponectin and LPL activity were positively associated with HDL-cholesterol [START_REF] Calderon | Elevated Lipoprotein Lipase Activity Does Not Account for the Association Between Adiponectin and HDL in Type 1 Diabetes[END_REF]. Adiponectin has been shown to be an independent factor associated with reduced HDL-apoA-I catabolism [START_REF] Vergès | Adiponectin is an important determinant of apoA-I catabolism[END_REF], suggesting that adiponectin could play a role in the augmented HDL-cholesterol level in T1D. However, this increased HDL-cholesterol level cannot be considered as "atheroprotective" because, as we will see below, the HDL particles found in patients with T1D have significant damaging qualitative and functional abnormalities.

C. Type 1 diabetes with the metabolic syndrome

In addition, some patients with T1D may have insulin resistance, in situation of abdominal obesity and/or family history of type 2 diabetes. Such patients have higher plasma triglycerides and increased VLDL-, IDL-and LDL-cholesterol (29) Using the hyperinsulinemic clamp, it has been shown, in T1D patients, that lower glucose infusion (indicating more insulin resistance) was associated with lower levels of HDL-cholesterol and higher levels of triglycerides [START_REF] Maahs | Association of insulin sensitivity to lipids across the lifespan in people with Type 1 diabetes[END_REF]. These T1D patients with an associated metabolic syndrome show an increased CV risk compared to other T1D patients [START_REF] Orchard | Insulin resistance-related factors, but not glycemia, predict coronary artery disease in type 1 diabetes: 10-year follow-up data from the Pittsburgh Epidemiology of Diabetes Complications Study[END_REF][START_REF] Thorn | Metabolic syndrome as a risk factor for cardiovascular disease, mortality, and progression of diabetic nephropathy in type 1 diabetes[END_REF] and increased plasma triglycerides and low HDL-cholestenol levels have been shown to be independent factors of CV risk in several cohorts of T1D patients [START_REF] Orchard | Insulin resistance-related factors, but not glycemia, predict coronary artery disease in type 1 diabetes: 10-year follow-up data from the Pittsburgh Epidemiology of Diabetes Complications Study[END_REF][START_REF] Thorn | Metabolic syndrome as a risk factor for cardiovascular disease, mortality, and progression of diabetic nephropathy in type 1 diabetes[END_REF][START_REF]Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) Research Group. Risk Factors for Cardiovascular Disease in Type 1 Diabetes[END_REF].

These data indicate that insulin resistance may be an additional factor that could induce quantitative lipid abnormalities in some T1D patients with a background of insulin resistance. In the present article, we will consider only the typical situation of T1D without insulin resistance.

III) Qualitative lipid abnormalities in type 1 diabetes

Patients with T1D, even in good glycemic control show qualitative abnormalities of lipoproteins (Figure 3). These qualitative abnormalities are not totally reversed by optimal glycemic control and are potentially atherogenic.

A. VLDLs

An increased content of cholesterol within VLDLs is observed in T1D patients who show increased VLDL cholesterol esters/triglyceride ratio [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF]. Cholesterol enrichment has also been observed in 2-hour postprandial VLDLs in well-controlled T1D patients [START_REF] Caixàs | Effects of a short-acting insulin analog (Insulin Lispro) versus regular insulin on lipid metabolism in insulin-dependent diabetes mellitus[END_REF]. This VLDL cholesterol enrichment could be due to increased cholesteryl ester transfer between lipoproteins (4). In T1D, peripheral hyperinsulinemia secondary to the subcutaneous route of insulin administration could be responsible for increased CETP activity. Indeed, peripheral hyperinsulinemia has been shown to be responsible for increased LPL activity in patients with T1D (4), and it has been reported that LPL, in presence of VLDL, enhances CETP activity [START_REF] Sammett | Mechanisms of enhancement of cholesteryl ester transfer protein activity by lipolysis[END_REF]. Moreover, it has been shown that increased LPL and CETP activity in T1D patients returned to normal levels following intraperitoneal administration of insulin with an implantable insulin pump that mimics the physiologic portal route or after pancreatic graft [START_REF] Bagdade | Intraperitoneal insulin therapy corrects abnormalities in cholesteryl ester transfer and lipoprotein lipase activities in insulin-dependent diabetes mellitus[END_REF][START_REF] Bagdade | Differing effects of pancreas-kidney transplantation with systemic versus portal venous drainage on cholesteryl ester transfer in IDDM subjects[END_REF].

In well-controlled T1D, changes in VLDL subfraction distribution are observed with reduced concentration of large or intermediate size VLDLs and increased concentration of small size VLDLs [START_REF] Patti | Abnormal distribution of VLDL subfractions in type 1 (insulin-dependent) diabetic patients: could plasma lipase activities play a role?[END_REF][START_REF] Brugnara | Improving Assessment of Lipoprotein Profile in Type 1 Diabetes by 1H NMR Spectroscopy[END_REF]. This could be the consequence of peripheral hyperinsulinemia reducing plasma FFA levels and activating LPL activity and, hence, VLDL catabolism.

In addition, in patients with T1D, we observe an increase in the free cholesterol/lecithin ratio at the periphery of the VLDL particle that may reduce its fluidity and stability (4).

All these qualitative abnormalities of VLDL are also found in T1D patients with good glycemic control [START_REF] Patti | Abnormal distribution of VLDL subfractions in type 1 (insulin-dependent) diabetic patients: could plasma lipase activities play a role?[END_REF] and are not reversed after optimisation of blood glucose control (4), indicating that they are not linked to hyperglycemia.

B. LDLs

LDLs from T1D patients are often enriched in triglycerides leading to increased number of small dense triglyceride-rich LDL particles [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF][START_REF] Guy | Lipid and lipoprotein profiles in youth with and without type 1 diabetes: the SEARCH for Diabetes in Youth casecontrol study[END_REF]. Although the concentration of small, dense LDL particles has been found to be lower in patients with good glycemic control than those with poor glycemic control [START_REF] Zhang | Associations between intensive diabetes therapy and NMR-determined lipoprotein subclass profiles in type 1 diabetes[END_REF], and the optimization of glycemic control reduces the proportion of these particles (4), well-controlled T1D patients still have a higher proportion [START_REF] Guy | Lipid and lipoprotein profiles in youth with and without type 1 diabetes: the SEARCH for Diabetes in Youth casecontrol study[END_REF]. The reduction of LDL particle volume was confirmed in T1D patients by Hughes et al., and no correlation was established with HbA1c [START_REF] Hughes | Lipoprotein composition in patients with type 1 diabetes mellitus: Impact of lipases and adipokines[END_REF]. Small, dense LDL particles are associated with increased CV risk [START_REF] Austin | Atherogenic lipoprotein phenotype. A proposed genetic marker for coronary heart disease risk[END_REF], and their increase in T1D patients is likely to be detrimental. Indeed, these particles are atherogenic via several ways such as increased oxidation, preferential uptake by macrophages leading to the formation of foam cells and reduction of endothelium-dependent vasodilation.

Similar to what is observed in VLDLs, the free cholesterol/lecithin ratio within the peripheral layer of LDL particles is increased, potentially reducing LDL fluidity and stability (4).

In addition, hyperglycemia promotes LDL oxidation, an effect which has been demonstrated in T1D patients with poor metabolic control [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF][START_REF] Lyons | Glycosylation of low density lipoprotein in patients with type 1 (insulin-dependent) diabetes: correlations with other parameters of glycaemic control[END_REF]. Oxidized LDLs, whose level is increased in T1D patients (mostly not well controlled), are potentially atherogenic because they are preferentially taken up by macrophages, leading to the formation of foam cells, because they promote the secretion of adhesion molecules (such as intercellular adhesion Molecule 1 [ICAM1]) by endothelial cells and of pro-inflammatory cytokines, such as TNFα or IL1 by macrophages which amplify the inflammatory atherosclerotic process.

In children with T1D, plasma levels of oxidized LDL are independently associated with reduced vasodilatory endothelial function [START_REF] Järvisalo | Determinants of arterial nitrate-mediated dilatation in children: role of oxidized low-density lipoprotein, endothelial function, and carotid intima-media thickness[END_REF]. Oxidized LDLs trigger the development of antibodies, leading to the formation of oxidized LDL immune complexes [START_REF] Virella | Atherogenesis and the humoral immune response to modified lipoproteins[END_REF]. Higher levels of oxidized LDL antibodies are observed in individuals with T1D and more significantly in those with poor glycemic control [START_REF] Festa | Autoantibodies to oxidised low density lipoproteins in IDDM are inversely related to metabolic control and microvascular complications[END_REF][START_REF] Kara | The effects of metabolic control on oxidized low-density lipoprotein antibodies in children and adolescents with type 1 diabetes mellitus[END_REF]. Several data indicate that oxidized LDL immune complexes are potentially atherogenic, and their plasma levels have been associated with increased CV risk (discussed below).

During hyperglycemia, glycation of apoB occurs within LDL leading to the formation of immunogenic Advanced Glycation End-product (AGE)-LDL. AGE-LDL antibodies then form and circulate in immune complexes, which have been shown to be associated with increased atherosclerosis (discussed below). Glycation of apoB100 reduces the binding of LDL to its receptor (4). Furthermore, AGE-LDLs are preferentially taken up by macrophages through the scavenger receptor, leading to the formation of foam cells in the artery walls.

C. HDLs

T1D patients show triglyceride enrichment of HDL (4) which seems more pronounced in patients with poor glycemic control [START_REF] Medina-Bravo | Glycemic control and high-density lipoprotein characteristics in adolescents with type 1 diabetes[END_REF]. This alteration is attributed to increased cholesteryl ester transfer between lipoproteins (4). Increased free cholesterol/lecithin ratio and sphingomyelin/lecithin ratio, markers of surface rigidity, are also observed in HDLs from T1D patients (4). These alterations are not totally reversed with optimal glycemic control. In context of chronic hyperglycemia, glycation of apoA-I occurs in HDL which may impair its functional capacities as it has been shown that glycation reduces apoA-I's affinity for phospholipids [START_REF] Brown | Apolipoprotein A-I glycation by glucose and reactive aldehydes alters phospholipid affinity but not cholesterol export from lipidladen macrophages[END_REF].

Another inflammatory protein, serum amyloid-A, is increased in the HDL of T1D patients [START_REF] Mceneny | A Cross-Sectional Study Demonstrating Increased Serum Amyloid A Related Inflammation in High-Density Lipoproteins from Subjects with Type 1 Diabetes Mellitus and How this Association Was Augmented by Poor Glycaemic Control[END_REF][START_REF] Heliövaara | Improved glycaemia in type 1 diabetes results in decreased levels of soluble adhesion molecules with no change in serum adiponectin or most acute phase proteins[END_REF]. The increase in serum amyloid-A in HDL potentially encourages HDL dysfunction, thus impairing the anti-inflammatory and anti-oxidative properties of HDL.

It has been reported, in T1D patients, increased apoA-I oxidation at specific methionine residues that could reduce the atheroprotective capacities of HDL [START_REF] Brock | Increased methionine sulfoxide content of apoA-I in type 1 diabetes[END_REF].

A lipidomic study of HDL has shown a decrease in ceramides in both HDL2 and HDL3 and in sphingosine-1-phosphate (S1P) mostly in HDL3 [START_REF] Denimal | Significant abnormalities of the HDL phosphosphingolipidome in type 1 diabetes despite normal HDL cholesterol concentration[END_REF]. Because S1P is important for the binding of HDL to the endothelial cell and the promotion of nitric oxide (NO) synthesis by the endothelium, the decrease in S1P in HDLs may impair its capacity to induce

endothelium-dependant vasodilation (see below).

A recent proteomic study performed in young T1D patients showed altered composition of HDL proteins with a significant enrichment of protease inhibitors and serine protease inhibitors [START_REF] Gourgari | Proteomic alterations of HDL in youth with type 1 diabetes and their associations with glycemic control: a case-control study[END_REF]. The reasons for these proteomic alterations of HDL and their consequences on HDL function and CV risk remain unknown.

D. Lp(a)

Lipoprotein(a) (Lp(a)) is a LDL-like particle consisting of the apolipoprotein(a) bound to the apoB100 of the LDL lipoprotein, which has been shown to be associated with increased CV risk. Data on Lp(a) in T1D are controversial. Lp(a) have been reported to be increased in some studies but not in others [START_REF] Qi | Lipoprotein(a) and cardiovascular disease in diabetic patients[END_REF]. A positive correlation between HbA1c and Lp(a) level has been shown in some studies but not others [START_REF] Qi | Lipoprotein(a) and cardiovascular disease in diabetic patients[END_REF][START_REF] Purnell | Levels of lipoprotein(a), apolipoprotein B, and lipoprotein cholesterol distribution in IDDM. Results from follow-up in the Diabetes Control and Complications Trial[END_REF]. Because Lp(a) levels are highly genetically determined, a study has compared Lp(a) level and apo(a) size (an important determinant of Lp(a) level) betweenT1D patients with poor glycemic control and their first-degree relatives and did not find any differences between the two groups. These data indicate that the metabolic status is not likely to have a major influence on Lp(a) levels in T1D. The data concerning a possible association between Lp(a) level and CV disease are scarce and controversial: one prospective study showed that a Lp(a) level above 30 mg/dl was an independent predictor of CV disease [START_REF] Kollerits | Lipoprotein(a) as a predictor of cardiovascular disease in a prospectively followed cohort of patients with type 1 diabetes[END_REF] when no association between Lp(a) and CV events was found in another one [START_REF] Maser | Lipoprotein(a) concentration shows little relationship to IDDM complications in the Pittsburgh Epidemiology of Diabetes Complications Study cohort[END_REF].

E. Cholesteryl Ester Transfer Protein (CETP)

In most studies, increased cholesteryl ester transfers between lipoproteins or augmented CETP activity has been found in normolipidemic patients with T1D [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF][START_REF] Lassenius | Patients with type 1 diabetes show signs of vascular dysfunction in response to multiple high-fat meals[END_REF]. In other studies, increased CETP activity was restricted to patients who smoked or who had microalbuminuria (4). More precisely, the major acceptors for cholesteryl esters are lipoproteins containing apoB and apoE (LpB:E), apoC and apoE (LpC:E) and apoB and apoE (LpB:E) [START_REF] Bagdade | CETP-mediated cholesteryl ester enrichment of apoB subclasses in type 1 diabetes[END_REF]. Augmented CETP activity may explain the increase in the esterified cholesterol/triglycerides ratio in VLDLs and its decrease in HDLs. Hyperglycemia is probably not responsible for increased CETP activity since cholesteryl ester transfer was reported in well-controlled T1D patients [START_REF] Bagdade | Intraperitoneal insulin therapy corrects abnormalities in cholesteryl ester transfer and lipoprotein lipase activities in insulin-dependent diabetes mellitus[END_REF]. The factor most likely to be responsible for increased CETP activity is peripheral hyperinsulinemia secondary to the subcutaneous route of insulin administration (see above). Moreover, it has been shown that LPL and CETP activities were normalized when insulin was administrated intraperitoneally with implantable insulin pumps, mimicking the physiologic portal route, or after pancreatic graft [START_REF] Bagdade | Intraperitoneal insulin therapy corrects abnormalities in cholesteryl ester transfer and lipoprotein lipase activities in insulin-dependent diabetes mellitus[END_REF][START_REF] Bagdade | Differing effects of pancreas-kidney transplantation with systemic versus portal venous drainage on cholesteryl ester transfer in IDDM subjects[END_REF]. Another T1D study has shown that glycation of apolipoprotein C1, which is a physiological inhibitor of CETP, reduced its activity to inhibit CETP [START_REF] Bouillet | Glycation of apolipoprotein C1 impairs its CETP inhibitory property: pathophysiological relevance in patients with type 1 and type 2 diabetes[END_REF].

IV) Functional abnormalities of lipoproteins in type 1 diabetes

Lipoprotein samples taken from patients with T1D have revealed significant functional abnormalities which are likely to promote atherogenesis and CV disease.

The VLDLs from normolipidemic patients with well-controlled T1D promote significantly more cholesteryl ester synthesis in the macrophages than do VLDLs from control subjects, indicating that VLDLs from T1D patients increase lipid loading of macrophages ( 4). This functional abnormality is associated with the increase in VLDL free cholesterol. This is mostly the functionality of HDL that has been studied because of its important atheroprotective qualities: it promotes the reverse cholesterol pathway and has antioxidative, anti-inflammatory and vasorelaxant properties which all are cardioprotective [START_REF] Link | HDL cholesterol: physiology, pathophysiology, and management[END_REF].

However, in T1D patients with normal or even increased levels of HDL-cholesterol, the incidence of CV disease is considerable. This paradox may be partly explained by the functional abnormalities of HDL particles.

Several studies have shown that the cholesterol efflux capacity of HDL was significantly reduced in T1D patients independently of glucose control [START_REF] Manjunatha | Functional and proteomic alterations of plasma high density lipoproteins in type 1 diabetes mellitus[END_REF][START_REF] Heier | Reduced HDL function in children and young adults with type 1 diabetes[END_REF][START_REF] Gourgari | Low cholesterol efflux capacity and abnormal lipoprotein particles in youth with type 1 diabetes: a case control study[END_REF]. This is even observed in young T1D patients who have had diabetes for a short time, indicating that the functional changes occur early in the course of the disease. In addition, it has been shown that advanced glycated albumin isolated from poorly controlled T1D patients reduces apoA-I and HDL2 mediated cholesterol efflux and that this effect could be attributable to the reduction in the expression of ABCA1 [START_REF] Machado-Lima | Advanced glycated albumin isolated from poorly controlled type 1 diabetes mellitus patients alters macrophage gene expression impairing ABCA-1-mediated reverse cholesterol transport[END_REF].

HDL has anti-oxidative properties by removing lipid peroxides from oxidized LDL and from cell membranes. A decrease of the antioxidant capacity of HDL particles has been reported in patients with T1D [START_REF] Manjunatha | Functional and proteomic alterations of plasma high density lipoproteins in type 1 diabetes mellitus[END_REF][START_REF] Sampaio | Impaired antioxidant action of high density lipoprotein in patients with type 1 diabetes with normoalbuminuria and microalbuminuria[END_REF]. Although the reduction of the anti-oxidative capacity of HDL was more pronounced in T1D patients with poor glycemic control, it was still significant in patients with good glycemic control compared to controls [START_REF] Manjunatha | Functional and proteomic alterations of plasma high density lipoproteins in type 1 diabetes mellitus[END_REF]. Several studies in patients with T1D have reported a significant reduction in the activity of paraoxonase (PON1), an important anti-oxidative enzyme associated with HDL, which was not associated with variations in gene promoters or coding region [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF][START_REF] Kordonouri | Modulation by blood glucose levels of activity and concentration of paraoxonase in young patients with type 1 diabetes mellitus[END_REF][START_REF] Fekih | Can paraoxonase 1 polymorphisms (L55 M and Q192 R) protect children with type 1 diabetes against lipid abnormalities?[END_REF]. The in vitro glycation of PON1 was found to reduce its activity significantly [START_REF] Mastorikou | Glycation of paraoxonase-1 inhibits its activity and impairs the ability of high-density lipoprotein to metabolize membrane lipid hydroperoxides[END_REF]. Furthermore, studies using rabbit aorta rings have shown that HDLs from patients with T1D are no longer able to prevent the endothelium-dependent vasoconstriction induced by oxidized LDL, whereas HDL from control subjects can [START_REF] Perségol | HDL particles from type 1 diabetic patients are unable to reverse the inhibitory effect of oxidised LDL on endotheliumdependent vasorelaxation[END_REF], indicating that the vasorelaxant effect of HDL is lost in patients with T1D. This could be due to the decrease in S1P in HDL observed in T1D patients [START_REF] Denimal | Significant abnormalities of the HDL phosphosphingolipidome in type 1 diabetes despite normal HDL cholesterol concentration[END_REF] since S1P after binding to a specific receptor on the endothelium, promotes the production of NO, which is responsible for endotheliumdependent vasodilation. Some in vitro data indicate that the decrease in S1P in HDL is responsible for reduced activation of endothelium NO production by HDL [START_REF] Denimal | Impairment of the Ability of HDL From Patients With Metabolic Syndrome but Without Diabetes Mellitus to Activate eNOS: Correction by S1P Enrichment[END_REF]. In addition, it has been shown that apoM/S1P complexes in HDL2 were unable to inhibit the TNFαinduced expression of VCAM1 (72).

V) Subcutaneous insulin therapy versus intraperitoneal insulin therapy

Subcutaneous route of insulin therapy leads to peripheral hyperinsulinemia, which is the price to control hepatic glucose metabolism and, thus, to normalize glycemia. This peripheral hyperinsulinemia is likely to modify lipoprotein metabolism (as discussed above).

After a switch from the usual subcutaneous insulin delivery to intraperitoneal insulin therapy which try to mimic the physiologic route of insulin delivery, an increase in plasma triglycerides was observed in one study but not in three others, total cholesterol and apoB were unchanged and HDL-cholesterol was decreased or stable [START_REF] Vergès | Lipid disorders in type 1 diabetes[END_REF]. In vivo kinetic studies did not find significant changes in VLDL-apoB, LDL-apoB or HDL-A-I metabolism in T1D patients after subcutaneous insulin infusion was replaced by intraperitoneal insulin infusion [START_REF] Duvillard | No change in apolipoprotein AI metabolism when subcutaneous insulin infusion is replaced by intraperitoneal insulin infusion in type 1 diabetic patients[END_REF][START_REF] Duvillard | Comparison of apolipoprotein B100 metabolism between continuous subcutaneous and intraperitoneal insulin therapy in type 1 diabetes[END_REF]. Thus, data from the literature show some discrepancies that may be due to confounding factors such as the degree of glycemic control and peripheral insulin levels during subcutaneous insulin therapy. Otherwise, if the venous vessels draining the visceral peritoneum empty into the portal vein, those draining the parietal peritoneum empty into the systemic veins rather than the hepatic portal vein [START_REF] Lukas | The route of absorption of intraperitoneally administered compounds[END_REF]. It seems likely that all of the insulin administered intraperitoneally is not delivered into the portal vein, and that the physiologic route of insulin delivery is not entirely restored with intraperitoneal insulin. This could explain why the lipid disorders observed in T1D patients with subcutaneous insulin therapy do not totally resolve with intraperitoneal insulin therapy.

VI) Link between lipid disorders and cardiovascular disease: evidence and remaining questions

As far as lipid quantitative values are concerned, the associations between plasma lipid levels and CV risk are similar in patients with T1D and in the general population. LDLcholesterol was an independent predictive factor for major CV events in many studies, including the DCCT/EDDIC trial [START_REF]Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) Research Group. Risk Factors for Cardiovascular Disease in Type 1 Diabetes[END_REF] and the Swedish National Diabetes Register (3). Low HDL-cholesterol was also associated with CV risk in the Pittsburgh Epidemiology of Diabetes Complications study [START_REF] Orchard | Insulin resistance-related factors, but not glycemia, predict coronary artery disease in type 1 diabetes: 10-year follow-up data from the Pittsburgh Epidemiology of Diabetes Complications Study[END_REF] and the Australian National Diabetes Audit [START_REF] Pease | Burden of cardiovascular risk factors and disease among patients with type 1 diabetes: results of the Australian National Diabetes Audit (ANDA)[END_REF]. Plasma triglyceride levels were an independent factor for major CV events in the DCCT/EDDIC trial [START_REF]Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) Research Group. Risk Factors for Cardiovascular Disease in Type 1 Diabetes[END_REF]. Other plasma lipid estimates, such as apoB or the apoB/apoA-I ratio, were significant predictors CV events in the FinnDiane study [START_REF] Tolonen | Different lipid variables predict incident coronary artery disease in patients with type 1 diabetes with or without diabetic nephropathy: the FinnDiane study[END_REF] and the Swedish National Diabetes Register [START_REF] Cederholm | A new model for 5-year risk of cardiovascular disease in Type 1 diabetes; from the Swedish National Diabetes Register (NDR)[END_REF].

Several studies have indicated that qualitative and functional abnormalities may be directly involved in the development of atherosclerosis in patients with T1D. In a subgroup of 455 patients from the DCCT/EDIC, patients with values of oxidized LDL immune complexes in the upper quartile were 5.13 times more likely to have intima media thickness (IMT) progression than those in the lowest quartile [START_REF] Hunt | Oxidized LDL and AGE-LDL in circulating immune complexes strongly predict progression of carotid artery IMT in type 1 diabetes[END_REF]. The same study also found that patients in the upper quartile of AGE-LDL immune complex values were 3.50 times more likely to have IMT progression than those in the lowest quartile [START_REF] Hunt | Oxidized LDL and AGE-LDL in circulating immune complexes strongly predict progression of carotid artery IMT in type 1 diabetes[END_REF]. The associations between oxidized LDL immune complexes and AGE-LDL immune complexes, on the one hand, and IMT progression, on the other hand, were independent of glycemic control, plasma lipids, and the other usual risk factors [START_REF] Hunt | Oxidized LDL and AGE-LDL in circulating immune complexes strongly predict progression of carotid artery IMT in type 1 diabetes[END_REF]. More recently, it has been shown that higher oxidized LDL immune complexes were independently associated with increased risk of myocardial infarction and major CV events [START_REF] Lopes-Virella | Immune Complexes and the Risk of CVD in Type 1 Diabetes[END_REF]. In another study performed in a subgroup of patients from the DCCT/EDIC, a positive association between the concentration of small, dense LDL particles and internal carotid IMT (evidence class III level A in the 2019 ESC/EASD guidelines) was reported in men [START_REF] Basu | Data on carotid intimamedia thickness and lipoprotein subclasses in type 1 diabetes from the Diabetes Control and Complications Trial and the Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC)[END_REF].

ApoC-III could also be a factor involved in the increased CV risk in T1D patients.

ApoC-III, synthesized mainly in the liver and to a lesser extent in the intestine, is present in VLDL but also chylomicron and HDL. It reduces the catabolism of triglyceride-rich lipoproteins by inhibiting their direct uptake by the liver and the activity of LPL. ApoC-III is also suspected to increase hepatic VLDL production. Plasma apoC-III has been shown to be increased not only in badly controlled T1D patients [START_REF] Briones | Analysis of plasma lipids and apolipoproteins in insulin-dependent and noninsulin-dependent diabetics[END_REF] but also in well-controlled patients [START_REF] Joven | Concentrations of lipids and apolipoproteins in patients with clinically well-controlled insulin-dependent and non-insulindependent diabetes[END_REF]. In T1D patients from EDIC, total apoC-III and non-HDL apoC-III were associated with internal carotid IMT in cross-sectional analyses and, in prospective analyses, non-HDL apoC-III was independently associated with internal carotid IMT in men [START_REF] Basu | Apolipoprotein-defined lipoprotein subclasses, serum apolipoproteins, and carotid intima-media thickness in T1D[END_REF].

Recently, in the Coronary Artery Calcification in Type 1 Diabetes (CACTI) study, total apoC-III predicted future CV events in T1D patients and was shown to be a stronger predictor than triglycerides [START_REF] Kanter | Increased apolipoprotein C3 drives cardiovascular risk in type 1 diabetes[END_REF]. In a prospective study in a cohort of T1D patients from EDIC, with a follow-up of 15 years, total apoC-III and HDL apoC-III were independent factors for major atherosclerotic CV events and HDL apoC-III was an independent factor for any CV disease [START_REF] Basu | Serum apolipoproteins and apolipoprotein-defined lipoprotein subclasses: a hypothesis-generating prospective study of cardiovascular events in T1D[END_REF]. Interestingly, it has been shown that apoC-III enrichment in HDL impairs HDL-mediated cholesterol efflux capacity [START_REF] Luo | ApoCIII enrichment in HDL impairs HDLmediated cholesterol efflux capacity[END_REF]. However, data on apoC-III are lacking to draw firm conclusion. For instance, we still do not know whether the apoC-III repartition among the different lipoproteins is modified in T1D and how it could promote atherosclerosis.

The association between lipid disorders and other diabetic complications (nephropathy, retinopathy) are discussed in Box1.

VII) Research perspective for the future

It must be acknowledged that the data on the relationship between the qualitative or functional abnormalities of lipoproteins and CV risk in patients with T1D are scarce and this point urgently needs further research. The mechanisms behind the qualitative and functional abnormalities of lipoproteins are not entirely explained and need to be clarified. If a direct responsibility of some specific qualitative or functional abnormalities of lipoproteins in the increased CV risk is clearly demonstrated in T1D, additional research will be needed to set up therapeutic strategies targeting these abnormalities (see Outstanding Questions). macular edema and retinal hard exudate in the DCCT trial but no independent association between LDL-cholesterol and progression of diabetic retinopathy and the development of proliferative retinopathy was observed [START_REF] Miljanovic | A prospective study of serum lipids and risk of diabetic macular edema in type 1 diabetes[END_REF]. Triglycerides have been shown to be an independent factor of non-proliferative diabetic retinopathy in the FinnDiane study [START_REF] Tolonen | Associations and interactions between lipid profiles, retinopathy and nephropathy in patients with type 1 diabetes: the FinnDiane Study[END_REF] and of progression of retinopathy in a French prospective study [START_REF] Hadjadj | Serum triglycerides are a predictive factor for the development and the progression of renal and retinal complications in patients with type 1 diabetes[END_REF]. Decreased HDL-cholesterol was associated with the incidence of proliferative diabetic retinopathy independently of HbA1c or nephropathy in the Finndiane study [START_REF] Tolonen | Associations and interactions between lipid profiles, retinopathy and nephropathy in patients with type 1 diabetes: the FinnDiane Study[END_REF]. An independent association between plasma lipids and retinopathy is not found in all trials [START_REF] Chang | Dyslipidemia and diabetic retinopathy[END_REF]. For instance, in the Wisconsin epidemiological study, low HDL-cholesterol which was associated with the incidence or proliferative diabetic retinopathy, was not an independent factor after adjustment for confounding factors [START_REF] Klein | Serum Lipids and Proliferative Diabetic Retinopathy and Macular Edema in Persons With Long-term Type 1 Diabetes Mellitus: The Wisconsin Epidemiologic Study of Diabetic Retinopathy[END_REF].

Studies investigating the association between Lp(a) and retinopathy have shown conflicting results [START_REF] Chang | Dyslipidemia and diabetic retinopathy[END_REF].

Very few studies have examined the association between qualitative lipoprotein abnormalities and retinopathy in T1D. In a substudy from DCCT/EDIC, retinopathy was positively and independently associated with smaller VLDL, LDL and HDL sizes, assessed by nuclear magnetic resonance, in men [START_REF] Lyons | Diabetic Retinopathy and Serum Lipoprotein Subclasses in the DCCT/EDIC Cohort[END_REF]. In 409 patients from the DCCT/EPIC cohort, plasma apoC-III was an independent factor for the severity of retinopathy (99).
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Main lipid abnormalities in type 1 diabetes with optimal glycemic control. Triglycerides

  (Plasma level normal or frequently reduced; qualitative and kinetic abnormalities): reduced VLDL production, increased catabolism of both chylomicrons and VLDLs (increased LPL activity), VLDL qualitative abnormalities: increased cholesterol esters/triglyceride ratio, increased free cholesterol/lecithin ratio; LDL (Plasma level normal or reduced; qualitative and kinetic abnormalities): increased LDL catabolism, LDL qualitative abnormalities: increased number of small dense LDLs (TGrich) and oxidised LDLs, which are preferentially taken up by macrophages, increased free cholesterol/lecithin ratio, HDL (HDL-cholesterol normal or frequently increased, qualitative and kinetic abnormalities): reduced HDL catabolism, qualitative abnormalities of HDL: increased TG content, increased oxidation of HDL, reduced ceramides and S1P, dysfunctional HDLs, increased CETP activity (increased transfer of triglycerides from TG-rich lipoproteins to LDLs and HDLs).

Apo: apolipoprotein; FFA: free fatty acid; VLDL: very low-density lipoprotein; IDL: intermediate-density lipoprotein; LDL: low-density lipoprotein; HDL: high-density lipoprotein; HDLn: nascent HDL; TG: triglyceride; CE: cholesterol esters; FC: free cholesterol; LDL-R: LDL receptor; LRP: LDL receptor-related protein; ABCA1: ATPbinding cassette A1 transporter; ABCG1: ATP-binding cassette G1 transporter; SR-B1: scavenger receptor B1; HSL: hormone-sensitive lipase; LPL: lipoprotein lipase; HL: hepatic lipase; CETP: cholesteryl ester transfer protein; LCAT: lecithin-cholesterol acyl transferase; S1P: Sphingosine-1-Phosphate; ox.: oxidized; AGE-LDL: Advanced Glycation End product-LDL; abn.: abnormalities; Nl: Normal.

Box 1: Associations between lipid disorders and other complications (nephropathy, retinopathy)

A. Nephropathy

T1D patients with overt albuminuria show significant quantitative abnormalities such as increased triglycerides, LDL-cholesterol and plasma apoB and decreased HDLcholesterol levels (4). In the DCCT/EDIC cohort, macroalbuminuria was associated with elevated apoB-containing lipoproteins [START_REF] Jenkins | Apolipoprotein-defined lipoproteins and apolipoproteins: associations with abnormal albuminuria in type 1 diabetes in the diabetes control and complications trial/epidemiology of diabetes interventions and complications cohort[END_REF].

Some data suggest that patients with overt diabetic nephropathy have more pronounced qualitative abnormalities in their lipoproteins. Accordingly, T1D patients with macroalbuminuria have higher levels of oxidized LDL immune complexes than patients with microalbuminuria (89).

Moreover, serum lipids have been associated with the progression of nephropathy in T1D. In a prospective study with a 8-9 year follow-up, LDL-cholesterol was independently associated with nephropathy progression (4), and, in the FinnDiane study, plasma triglyceride level was an independent predictor of kidney disease [START_REF] Tolonen | Lipid abnormalities predict progression of renal disease in patients with type 1 diabetes[END_REF]. In a prospective study performed in 895 young patients with T1D, total cholesterol and non-HDL cholesterol were independently related to longitudinal changes in the albumin-to-creatinine ratio [START_REF] Marcovecchio | Prevalence of abnormal lipid profiles and the relationship with the development of microalbuminuria in adolescents with type 1 diabetes[END_REF]. In a 10year prospective study, low HDL-cholesterol predicted kidney failure [START_REF] Klein | The 10-year incidence of renal insufficiency in people with type 1 diabetes[END_REF]. In a group of 488 patients from the DCCT/EDIC trial followed for 14-20 years, higher levels of oxidized LDL and AGE-LDL in circulating immune complexes were associated with increased odds of developing abnormal albuminuria [START_REF] Lopes-Virella | High levels of oxidized LDL in circulating immune complexes are associated with increased odds of developing abnormal albuminuria in Type 1 diabetes[END_REF].

A. retinopathy

Some epidemiological studies have reported associations between plasma lipids and diabetic retinopathy [START_REF] Chang | Dyslipidemia and diabetic retinopathy[END_REF]. LDL-cholesterol was an independent predictor of the incidence of