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Glucose variability and diabetes complications: risk factor or biomarker? Can we disentangle the "Gordian Knot"?
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Variability in glucose homoeostasis » is a better description than « glycaemic variability » as it encompasses two categories of dysglycaemic disorders: i) the short-term daily glucose fluctuations and ii) long-term weekly, monthly or quarterly changes in either HbA1c, fasting or postprandial plasma glucose. Presently, the relationship between the "variability in glucose homoeostasis" and diabetes complications has never been fully clarified because studies are either observational or limited to retrospective analysis of trials not primarily designed to address this issue. Despite the absence of definitive evidence from randomized controlled trials (RCTs), it is most likely that acute and long-term glucose homoeostasis "cycling", akin to weight and blood pressure "cycling" in obese and hypertensive individuals, are additional risk factors for diabetes complications in the presence of sustained ambient hyperglycaemia. As hypoglycaemic events are strongly associated with short-and long-term glucose variability, two relevant messages can be formulated. Firstly, due consideration should be given to avoid within-day glucose fluctuations in excess of 36% (coefficient of variation) at least for minimizing the inconvenience and dangers associated with hypoglycaemia. Secondly, it seems appropriate to consider that variability in glucose homoeostasis is not only associated with cardiovascular events but is also a causative risk factor via hypoglycaemic episodes as intermediary step. Untangling the" Gordian Knot", to provide confirmation about the impact of variability in glucose homoeostasis and diabetes complications remains a daunting prospect.

Introduction

It has been well acknowledged over several decades that diseases and/or risk factors such as obesity, hypertension, dyslipidaemias and diabetes are associated with and/or contribute to an increased risk of adverse cardiovascular complications [START_REF] Kannel | Factors of risk in the development of coronary heart disease-six year follow-up experience: The Framingham Study[END_REF][START_REF] Stamler | Diabetes, other risk factors, and 12-yr cardiovascular mortality for men screened in the Multiple Risk Factor Interventional Trial[END_REF][START_REF] Mahmood | The Framingham heart study and the epidemiology of cardiovascular diseases: a historical perspective[END_REF][START_REF] Gaede | Multifactorial intervention and cardiovascular disease in patients with type 2 diabetes[END_REF][START_REF] Gaede | Effect of a multifactorial intervention on mortality in type 2 diabetes[END_REF]. The deleterious impact of such clinical conditions is proportional to their magnitude and duration and partly reversible during periods of weight loss [START_REF] Brown | Effects on cardiovascular risk factor of weight losses limited to 5-10%[END_REF][START_REF] Wing | Long-term effects of a lifestyle intervention on weight and cardiovascular risk factors in individuals with type 2 diabetes mellitus: four-year results of the Look AHEAD trial[END_REF][START_REF] Estruch | for the PREDIMED Study Investigators. Primary prevention of cardiovascular disease with a Mediterranean diet[END_REF], control of blood pressure [START_REF] Rosendorff | Treatment of hypertension in patients with coronary heart disease. A scientific statement from the American Heart Association, American College of Cardiology and American Society of Hypertension[END_REF][START_REF] Adler | Association of systolic blood pressure with macrovascular and microvascular complications of type 2 diabetes (UKPDS 36): prospective observational study[END_REF], dyslipidaemia [START_REF] Grundy | AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/APhA/ASPC/NLA/PCNA. Guidelines on the management of blood cholesterol. A report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines[END_REF][START_REF] Mach | ESC/EAS Guidelines for the management of dyslipidemias : lipid modification to reduce cardiovascular risk. The Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS)[END_REF] and glucose homoeostasis, respectively [START_REF] Stratton | Association of glycaemia with macrovascular and microvascular complications of type 2 diabetes (UKPDS 35): prospective observational study[END_REF][START_REF] Holman | 10-year follow-up of intensive glucose control in type 2 diabetes[END_REF][START_REF]The Diabetes Control and Complications Trial (DCCT) Epidemiology of Diabetes Interventions and Complications (EDIC) Study Research Group. Intensive diabetes treatment and cardiovascular outcomes in type 1 diabetes. The DCCT/EDIC Study 30 year follow-up[END_REF][START_REF] Monnier | Glucocentric risk factors for macrovascular complications in diabetes : glucose "legacy" and "variability"-what we see, know and try to comprehend[END_REF]. There is increasing evidence that persons who experience fluctuations in body weight ("weight cycling") [START_REF] Jeffery | Does weight cycling present a health risk?[END_REF][START_REF] Field | Weight cycling, weight gain, and risk of hypertension in women[END_REF][START_REF] Kakinami | Weight cycling is associated with adverse cardiometabolic markers in a cross-sectional representative US sample[END_REF][START_REF] Mehta | Impact of weight cycling on risk of morbidity and mortality[END_REF][START_REF] Oh | Body-weight fluctuations and incident diabetes mellitus, cardiovascular disease, and mortality: A 16-year prospective cohort study[END_REF][START_REF] Nam | Body weight variability and the risk of cardiovascular outcomes and mortality in patients with type 2 diabetes: A Nationwide Cohort Study[END_REF] or blood pressure [START_REF] Gosmanova | Association of systolic blood pressure variability with mortality, coronary heart disease, stroke, and renal disease[END_REF][START_REF] Basson | Visit-to-visit variability of blood pressure is associated with hospitalization and mortality in an unselected adult population[END_REF][START_REF] Stevens | Blood pressure variability and cardiovascular disease: systematic review and meta-analysis[END_REF][START_REF] Mehlum | Blood pressure variability and risk of cardiovascular events and death in patients with hypertension and different baseline risks[END_REF][START_REF] Nuyujukian | Blood pressure variability and risk of heart failure in ACCORD and the VADT[END_REF] suffer from a greater risk of cardiovascular diseases than individuals with elevated but stable body weight and blood pressure. Similar observations have been made in persons with an increasing number suggesting that glucose variability is a risk factor or an accelerator for the development and progression of micro-and macrovascular complications [START_REF] Monnier | Activation of oxidative stress by acute glucose fluctuations compared with sustained chronic hyperglycemia in patients with type 2 diabetes[END_REF][START_REF] Brownlee | Glycemic variability: A hemoglobin A1c-independent risk factor for diabetes complications[END_REF][START_REF] Monnier | The glycemic triumvirate and diabetic complications: Is the whole greater than the sum of its component parts?[END_REF][START_REF] Gorst | Long-term glycemic variability and risk of adverse outcomes: a systematic review and meta-analysis[END_REF][START_REF] Hirakawa | Impact of visitto-visit glycemic variability on the risks of macrovascular and microvascular events and all-cause mortality in type 2 diabetes: The ADVANCE trial[END_REF][START_REF] Scheng | Prognostic significance of long-term HbA1c variability for all-cause mortality in the ACCORD Trial[END_REF][START_REF] Segar | Association of long-term change and variability in glycemia with risk of incident heart failure among patients with type 2 diabetes: A secondary analysis of the ACCORD Trial[END_REF][START_REF] Fan | Visit-to-visit hemoglobin A1c variability is associated with the risk of lower-extremity amputation in patients with type 2 diabetes[END_REF][START_REF] Ceriello | Glycaemic variability in diabetes: clinical and therapeutic implications[END_REF]. Consequently, the question is whether two individuals with a similar HbA1c levels over prolonged periods will have identical risk for developing diabetes complications if one of the persons exhibits increased glucose variability. In addition, two other points deserve to be discussed. Fluctuations in glucose homoeostasis either long-term (HbA1c "cycling") or short-term (within or between-day glucose variability) [START_REF] Monnier | The application of simple metrics in the assessment of glycaemic variability[END_REF] can reflect poor appropriateness of or compliance to medical care (nutritional and/or pharmacological). Secondly, there is intensive debate between experts who consider that glycaemic variability is an independent risk factor of diabetes complications [START_REF] Jr | Glycemic variability is higher in type 1 diabetes patients with microvascular complications irrespective of glycemic control[END_REF][START_REF] Kilpatrick | A1c variability and the risk of microvascular complications in type 1 diabetes[END_REF] and those who merely believe that it is a reflection of poor glycaemic control [START_REF] Zinman | Day-to-day fasting glycaemic variability in DEVOTE: association with severe hypoglycaemia and cardiovascular outcomes (DEVOTE 2)[END_REF][START_REF] Pieber | DEVOTE 3: temporal relationship between severe hypoglycaemia, cardiovascular outcomes and mortality[END_REF] or who even refute any association with diabetic complications [START_REF] Siegelaar | Glucose variability : does it matter ?[END_REF].

Current management priority is to reduce both the long and short-term glycaemic variability whilst avoiding hypoglycaemia [START_REF] Ceriello | Glycaemic variability in diabetes: clinical and therapeutic implications[END_REF]. It is being suggested that short-term glucose variability may be an accelerator for the harmful effects of sustained ambient hyperglycaemia [START_REF] Monnier | Activation of oxidative stress by acute glucose fluctuations compared with sustained chronic hyperglycemia in patients with type 2 diabetes[END_REF]. Therefore it is important to know beyond which degree of dysglycaemia it becomes mandatory to reduce either the long and/or short-term glucose variability [START_REF] Gorst | Long-term glycemic variability and risk of adverse outcomes: a systematic review and meta-analysis[END_REF][START_REF] Ceriello | Glucose variability and diabetic complications: Is it time to treat?[END_REF][START_REF] Danne | International consensus on use of continuous glucose monitoring[END_REF][START_REF] Monnier | Toward defining the threshold between low and high glucose variability in diabetes[END_REF][START_REF] Monnier | Respective contributions of glycemic variability and mean daily glucose as predictors of hypoglycemia in type 1 diabetes : Are they equivalent?[END_REF][START_REF] Forbes | Mean HbA1c, HbA1c variability and mortality in people with diabetes aged 70 years and older: a retrospective cohort study[END_REF]. As the risk of adverse events is not limited to cardiovascular complications but has to be extended to hypoglycaemic episodes [START_REF]International Hypoglycaemia Study Group. Hypoglycaemia, cardiovascular disease, and mortality in diabetes epidemiology, pathogenesis and management[END_REF][START_REF] Cryer | Glycemic goals in diabetes: trade-off between glycemic control and iatrogenic hypoglycemia[END_REF][START_REF] Frier | Hypoglycemia and cardiovascular risks[END_REF][START_REF] Connelly | Cardiovascular implications of hypoglycemia in diabetes mellitus[END_REF][START_REF] Zaccardi | Severe hypoglycaemia and absolute risk of cause-specific mortality in individuals with type 2 diabetes: a UK primary care observational study[END_REF], the glycaemic variability targets may differ according to whether the main concerns are the development of long term complications and/or repeated acute hypoglycaemic events .The objective of the present review is to attempt to disentangle the "Gordian Knots" that link all the aforementioned issues. A clearer understanding of the relative roles of the different components of dysglycaemia either chronic stable hyperglycaemia or long-and short-term "glucose cycling" as causative factors of adverse outcomes could help to better manage diabetes and prevent its complications.

What is observed?

In order to clearly establish a causal relationship between long or short-term glucose variability and the development or progression of adverse cardiovascular outcomes, it would be essential to conduct controlled randomized trials (CRTs). These studies would need to be long-term where the overall glycaemic control is comparable between the groups (average HbA1c, mean glucose levels), which otherwise would differ by either long-term (e.g. coefficient of variation for HbA1c, %CV HbA1c, calculated from quarterly determinations of HbA1c) or short-term (e.g. %CV for glucose, Mean Amplitude of Glycaemic Excursions, Mean Of Daily Differences) glucose variability. The UKPDS (United Kingdom Prospective Diabetes Study) [START_REF] Holman | 10-year follow-up of intensive glucose control in type 2 diabetes[END_REF], VADT (Veterans Affairs Diabetes Trial) [START_REF] Hayward | Follow-up of glycemic control and cardiovascular outcomes in type 2 diabetes[END_REF] and the DCCT/EDIC (The Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications) [START_REF]The Diabetes Control and Complications Trial (DCCT) Epidemiology of Diabetes Interventions and Complications (EDIC) Study Research Group. Intensive diabetes treatment and cardiovascular outcomes in type 1 diabetes. The DCCT/EDIC Study 30 year follow-up[END_REF] studies were long-term comparing intensive versus conventional treatment and not specifically designed for studying the impact of glucose fluctuations on "hard" outcomes such as fatal or non-fatal cardiovascular events. For the present time, all cardiovascular outcome trials (CVOT) were observational or based on retrospective analysis of interventional trials [START_REF] Monnier | Glucocentric risk factors for macrovascular complications in diabetes : glucose "legacy" and "variability"-what we see, know and try to comprehend[END_REF]. Consequently, our preliminary and introductory remarks will indicate that most studies cited below are at a relatively moderate grade of clinical meaningfulness to address the hypothesis that glucose variability is an independent risk factor for cardiovascular disease in the diabetic population despite their statistical significance [START_REF] Monnier | Statistical and clinical significances: Are they equivalent?[END_REF][START_REF] Monnier | Number-Needed-to-Treat (NNT): Is it a necessary marker?[END_REF][START_REF] Funck-Brentano | Indispensable but deceptive evidence-based medicine[END_REF].

1) Relationships between long-term glucose variability and adverse clinical outcomes

This description "long-term" glucose variability is an "umbrella" term, which usually refers to the assessment of visit-to-visit fluctuations of HbA1c at quarterly time intervals over prolonged periods of time. However, the assessment of the long-term variability can also be extended to spot blood glucose testing such fasting plasma glucose, postprandial glucose excursions or 7-point glycaemic profiles conducted on visits at weekly, monthly or quarterly intervals [START_REF] Ceriello | Glycaemic variability in diabetes: clinical and therapeutic implications[END_REF][START_REF] Monnier | The application of simple metrics in the assessment of glycaemic variability[END_REF][START_REF] Rodbard | Glucose variability: a review of clinical applications and research development[END_REF][START_REF] Kovatchev | Metrics for glycaemic control from HbA1c to continuous glucose monitoring[END_REF]. The variability has been further quantified by computing the temporal standard deviation of glucose (SD) or its derivative %CV (coefficient of variation = 100 x SD/mean glucose). As the SD is dependent on the magnitude of the data, the %CV is regarded a better metrics of variability as it expresses the sample variability relative to mean of the sample [START_REF] Zar | Measure of dispersion and variability (chapter 4) In: Biostatistical analysis[END_REF]. However the %CV is not independent of the mean because the mean appears as the unique component of the denominator of the fraction that defines the %CV. Therefore an other formula, first used for estimating the visit-to-visit variability in blood pressure [START_REF] Dolan | Blood pressure variability[END_REF][START_REF] Levitan | Relationships between metrics of visit-to-visit variability of blood pressure[END_REF][START_REF] Muntner | Visit-tovisit variability of blood pressure and coronary heart disease, stroke, heart failure and mortality[END_REF], has recently been proposed with the aim to theoretically eradicate the influence of the mean glucose on the %CV for glucose. This parameter is the Variability Independent of the Mean (VIM = 100 x [SD/mean β ], where β is the regression coefficient between the natural logarithm of SD (Log SD) and the natural logarithm of the mean (Log mean). This coefficient usually ranges from 0 to 1 according to whether there is no correlation (β = 0) or a positive correlation as an identity line (β = 1) when Log SD is plotted against Log mean. In these two extreme situations that are rarely encountered the value of the VIM is equal to either the %CV or the (SD x 100) when β values are of 1 or 0, respectively. Despite these remarks, in most studies the VIM does not provide any additional statistical information when compared with the %CV [START_REF] Levitan | Relationships between metrics of visit-to-visit variability of blood pressure[END_REF][START_REF] Echouffo-Tcheugui | Visit-to-visit glycemic variability and risks of cardiovascular events and all-cause mortality: The ALLHAT Study[END_REF][START_REF] Monnier | Comment on Echouffo-Tcheugui et al. Visit-to-visit glycemic variability and risks of cardiovascular events and all-cause mortality: The ALLHAT Study[END_REF] that has the main advantage to be easily understandable by healthcare practitioners [START_REF] Monnier | The application of simple metrics in the assessment of glycaemic variability[END_REF].

The pioneering studies

During the early years of this century, Kilpatrick et al first described an association between HbA1c variability and the development of diabetic retinopathy after having analyzed datasets of the DCCT [START_REF] Kilpatrick | A1c variability and the risk of microvascular complications in type 1 diabetes[END_REF]. The HbA1c variability however was closely related to the mean HbA1c of all patients (r = 0.55), which could simply reflect the well-known association between the total glucose exposure and the risk for developing microvascular complications. In addition, the same investigators [START_REF] Kilpatrick | The effect of glucose variability on the risk of microvascular complications in type 1 diabetes[END_REF] failed to find any association between the development of diabetic retinopathy and the quarterly 7-point glycaemic profiles recorded over 3 consecutive days. This controversy did not therefore help to clarify the relationship between diabetic microvascular complications and long-term glycaemic variability.

The 2015 meta-analysis

A few years later, Gorst et al [START_REF] Gorst | Long-term glycemic variability and risk of adverse outcomes: a systematic review and meta-analysis[END_REF] published a systematic review and meta-analysis involving 7 and 13 studies conducted in type 1 and type 2 diabetes, respectively. The authors found that a higher HbA1c variability was associated with an increased risk of cardiovascular events in both type 1 (risk ratio = 1.98 [CI95% = 1.39 -2.82] and type 2 diabetes (risk ratio = 1.27 [1.15 -1.40]). However, most studies included in this meta-analysis suffered from a lack of adjustment for potential confounders and poor definitions of HbA1c variability, thus rendering the results questionable.

Recent studies

Taking into account the limitations of the previous aforementioned studies, it is important to report the findings from several recent studies with the aim to decipher whether there exists or not an association between the long-term glycaemic variability and cardiovascular diseases in diabetes [START_REF] Scheng | Prognostic significance of long-term HbA1c variability for all-cause mortality in the ACCORD Trial[END_REF][START_REF] Forbes | Mean HbA1c, HbA1c variability and mortality in people with diabetes aged 70 years and older: a retrospective cohort study[END_REF][START_REF] Echouffo-Tcheugui | Visit-to-visit glycemic variability and risks of cardiovascular events and all-cause mortality: The ALLHAT Study[END_REF][START_REF] Crichley | Variability in glycated hemoglobin and risk of poor outcomes among people with type 2 diabetes in a large primary care cohort study[END_REF]. Even though these latest studies are essentially similar in design to the post hoc analysis of earlier trials, they have the advantage to have been conducted prospectively in highly selected and large populations with rigorous inclusion and exclusion criteria, over prolonged periods of follow-up. As reported below these studies can be stratified according to their perceived degree of relevance.

a) The least relevant studies -The post hoc analysis of the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) [START_REF] Echouffo-Tcheugui | Visit-to-visit glycemic variability and risks of cardiovascular events and all-cause mortality: The ALLHAT Study[END_REF] that was conducted over a median follow-up of 5 years in a large cohort of 4,892 individuals with and without diabetes tested the risk for developing cardiovascular events against the visit-to-visit variability of fasting blood glucose (FBG) when divided into quartiles with the lowest serving as reference. Glycaemic variability was derived from only three FBG measurements at 24-month intervals and further computed as 4 metrics: the SD, %CV, VIM and the ASG (Average Successive Variability). In the population considered as a whole, the participants in the highest quartile of glucose variability showed a significant increase in all-cause mortality when compared with those in the lowest quartile.

Surprisingly, these results were only significant in the people without diabetes for all-cause mortality, but not cardiovascular events. One can only wonder how glycaemic variability can be meaningfully computed from so few FBG measurements and why the potential interplay between mean FBG and its variability was never evoked and tested, thus limiting the relevance of the reported findings.

-Analysis of the datasets of 54,803 subjects with diabetes (≥ 70 years of age) included in The Health Improvement Network (THIN) study found that the overall mortality rate has a Jshaped distribution when plotted against mean HbA1c levels [START_REF] Forbes | Mean HbA1c, HbA1c variability and mortality in people with diabetes aged 70 years and older: a retrospective cohort study[END_REF]. There was also a positive increasing relationship with HbA1c variability. Unfortunately, the types of diabetes were not accurately defined, the HbA1c data were also not collected in a controlled time-specified way, and finally the causes of deaths was never indicated. It is therefore difficult to know whether the enhanced mortality risk with the increasing long-term glycaemic variability score was due to cardiovascular events or other diseases and to agree with the authors' conclusions that long-term glycaemic variability (assessed from HbA1c variability) is an important risk factor in understanding the mortality risk in older people with diabetes.

b) The most relevant studies

Three studies published during the last two years seem to indicate that reducing mean HbA1c and attenuating its variability at the same time is better than limiting therapeutic interventions to average HbA1c alone. The first of these studies was based on the analysis of the English Clinical Practice Research Datalink (CPRD) database involving 58,832 people with type 2 diabetes, tested for HbA1c variability during the period from 2006 to 2009 and further followed for clinical outcomes from 2010 to 2015. Having selected two groups of patients according to whether the average HbA1c was low (≤ 6.58) or high (> 7.91%) the risk of all-cause mortality increased progressively in both groups with worsening HbA1c variability [START_REF] Crichley | Variability in glycated hemoglobin and risk of poor outcomes among people with type 2 diabetes in a large primary care cohort study[END_REF]. When the patients were separated into 2 groups by low or high HbA1c variability (coefficient of variation ≤ 4.71% or high > 11.40%, respectively) the risk of all-cause mortality with worsening HbA1c became only significantly elevated when the mean HbA1c exceeded 8.88%. Such results suggest that focusing on both glycaemic stability and overall glycaemic control adds strength to the therapeutic strategy. However the results are limited due to the time lag of several years between the assessment of outcomes and the measurements of HbA1c metrics (mean and variability) during the run-in period of the study.

One of the post hoc analyses of the data provided by the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial [START_REF] Scheng | Prognostic significance of long-term HbA1c variability for all-cause mortality in the ACCORD Trial[END_REF] is of major interest when the 9,483 participants (4,728 and 4,755 in the standard and intensive therapy groups, respectively) were tested for HbA1c, HbA1c CV, VIM and ARV (Average Real Variability). The intensive and standard therapy groups were stratified into tertiles of mean HbA1c and the subgroups into tertiles of glycaemic variability (VIM). The cross tabulation analysis of mean HBA1c and long-term glycaemic variability (VIM of HBA1c)

showed that the incident all-cause mortality increased with worsening mean HbA1c and with increasing VIM of HbA1c (figure 1). In addition another secondary analysis of the ACCORD trial [START_REF] Segar | Association of long-term change and variability in glycemia with risk of incident heart failure among patients with type 2 diabetes: A secondary analysis of the ACCORD Trial[END_REF] showed a significant graded association between the long-term variability in mean HbA1c and the risk of heart failure such that participants in the highest quintile of HbA1c variability had approximately a two-fold higher risk of heart failure when compared with those in the lowest quintile (event rate = 6.2 vs 3.2%, respectively). Representing real-world evidence the LEAD (Louisiana Experiment Assessing Diabetes outcomes) cohort study involving 30,039 persons with type 2 diabetes over a mean follow-up period of 5.64 years demonstrated that the visit-to-visit HbA1c variability was an independent indicator of lower-extremity amputation. Multivariate adjusted Hazard Ratios for such adverse events increased from 1 to 1.88 across quartiles of HbA1c, CV (P trend = 0.012) [START_REF] Fan | Visit-to-visit hemoglobin A1c variability is associated with the risk of lower-extremity amputation in patients with type 2 diabetes[END_REF].

Bringing all this data together, it seems that the long-term glycaemic variability (HbA1c) is strongly associated with the risk of adverse clinical outcomes in persons with diabetes. However, the debate continues as no one can confirm that this metrics of dysglycaemia is a causative factor for either cardiovascular events or all-cause mortality rather a simple marker of unsatisfactory adherence to lifestyle measures and/or pharmacologic treatments [START_REF] Ceriello | Overall quality of care predicts the variability of key risk factors for complications in type 2 diabetes: an observational longitudinal retrospective study[END_REF][START_REF] Edelman | Type 2 diabetes in the real world: the elusive nature of glycemic control[END_REF].

2) Relationship between short-term glycaemic variability and cardiovascular outcomes

Short-term glycaemic variability is defined as rapid within or between-day upward and downward fluctuations of glucose concentrations [START_REF] Monnier | The application of simple metrics in the assessment of glycaemic variability[END_REF]. In the 1970s several parameters such as the Mean Amplitude of Glycaemic Excursions (MAGE) [START_REF] Service | Mean amplitude of glycemic excursions, a measure of diabetic instability[END_REF] and the Mean Of Daily Differences (MODD) [START_REF] Molnar | Day-to-day variations of continuously monitored glycaemia: a further measure of diabetic instability[END_REF] were proposed to represent within and between-day glycaemic variability, respectively. At this time these parameters were mainly calculated from the self-monitoring of blood glucose because continuous glucose monitoring (CGM) was only available using intravenous blood sampling over limited periods of time in hospital settings specialized in the investigation of glucose homoeostasis [START_REF] Service | Measurement of glucose control[END_REF]. However, in the early years of the present century with the advent of subcutaneous glucose sensors CGM became available on an ambulatory basis and conducted over periods of several days up to two weeks with limited inconvenience. In parallel, there has been a profusion of new metrics [START_REF] Monnier | The application of simple metrics in the assessment of glycaemic variability[END_REF][START_REF] Danne | International consensus on use of continuous glucose monitoring[END_REF][START_REF] Rodbard | Glucose variability: a review of clinical applications and research development[END_REF][START_REF] Kovatchev | Metrics for glycaemic control from HbA1c to continuous glucose monitoring[END_REF][START_REF] Battelino | Clinical targets for continuous glucose monitoring data interpretation: recommendations from the International Consensus on time in range[END_REF][START_REF] Monnier | Application of medium-term metrics for assessing glucose homoeostasis: Usefulness, strengths and weaknesses[END_REF], which unfortunately has created a greater degree of confusion [START_REF] Monnier | Glucose variability : Do we have to revisit the profusion of definitions to avoid confusion?[END_REF] and lack of understanding by both healthcare professionals and patients. Therefore simple metrics should be recommended for the assessment of short-term glycaemic variability [START_REF] Monnier | The application of simple metrics in the assessment of glycaemic variability[END_REF] as adopted at the International Conference on the Use of Continuous Glucose Monitoring [START_REF] Danne | International consensus on use of continuous glucose monitoring[END_REF]. The coefficient of variation for glucose was accepted as the most appropriate index for assessing the within-day glycaemic variability, with a cutoff threshold value of 36% to separate stable from labile glycaemic control [START_REF] Monnier | Toward defining the threshold between low and high glucose variability in diabetes[END_REF]. There is at present no evidence that short-term glycaemic variability is an independent risk factor for cardiovascular complications in diabetes [START_REF] Ceriello | Glycaemic variability in diabetes: clinical and therapeutic implications[END_REF]. However, absence of evidence is not synonymous with evidence of absence because a number of laboratory and clinical studies suggest that short-term glycaemic variability could play a role in the development of adverse clinical outcomes.

a) Lessons from observational studies

As the oxidative stress and proinflammatory or prothrombotic cytokines are key players in diabetes complications [START_REF] Brownlee | Biochemistry and molecular cell biology of diabetic complications[END_REF][START_REF] Brownlee | The pathobiology of diabetic complications: a unifying mechanism[END_REF] our seminal observation published in 2006 [START_REF] Monnier | Activation of oxidative stress by acute glucose fluctuations compared with sustained chronic hyperglycemia in patients with type 2 diabetes[END_REF] represents a good start by demonstrating that the activation of oxidative stress, assessed from the urinary excretion rate of the free 8-isoprostaglandin F2α (8-isoPGF2α) is strongly and positively correlated with glycaemic instability as assessed by the MAGE (r = 0.86, P < 0.001) in a limited group of poorly controlled people with type 2 diabetes (mean HbA1c ± SD = 9.67 ± 1.30%) treated with oral antidiabetic agents alone . In addition, oscillating glucose concentrations in healthy subjects and non-insulin treated persons with type 2diabetes were seen to be more deleterious to vascular endothelial function than sustained hyperglycaemia [START_REF] Ceriello | Oscillating glucose is more deleterious to endothelial function and oxidative stress than mean glucose in normal and type 2 diabetic patients[END_REF]. The relationship between the urinary excretion rate of 8-isoPGF2α and MAGE was not however evident in relatively well controlled type 1 diabetes (mean HbA1c ± SD = 8.10 ± 0.90%) [START_REF] Wentholt | Glucose fluctuations and activation of oxidative stress in patients with type 1 diabetes[END_REF]. Two main explanatory factors can be proposed to explain these divergent results that raise several questions. Firstly, the discrepancies can be due to the differences observed in HbA1c levels [START_REF] Monnier | Activation of oxidative stress by acute glucose fluctuations compared with sustained chronic hyperglycemia in patients with type 2 diabetes[END_REF][START_REF] Wentholt | Glucose fluctuations and activation of oxidative stress in patients with type 1 diabetes[END_REF]. Should this explanation be true, it implies that those exposed to chronic glucose exposure are more prone to suffer from adverse inflammatory and metabolic effects than those exposed to short-term glucose variability. A second more plausible explanation is based on the intrinsic inhibitory effect of exogenous insulin on inflammation, thrombosis and oxidative stress [START_REF] Dandona | Insulin as an anti-inflammatory and antiatherogenic modulator[END_REF][START_REF] Wong | C-reactive protein levels following acute myocardial infarction: effect of insulin infusion and tight glycemic control[END_REF][START_REF] Monnier | Regulation of oxidative stress by glycaemic control : evidence for an independent inhibitory effect of insulin therapy[END_REF]. In insulin-requiring type 2 diabetes and type 1 diabetes we have observed that the urinary excretion rate of 8 isoPGF2α was within the normal range observed in healthy non-diabetic controls [START_REF] Monnier | Regulation of oxidative stress by glycaemic control : evidence for an independent inhibitory effect of insulin therapy[END_REF]. In support to this latter hypothesis, a drastic reduction in the urinary excretion rate or 8-isoPGF2α was observed when persons with type 2 diabetes treated with oral hypoglycaemic agents were converted to insulin treatments [START_REF] Monnier | Regulation of oxidative stress by glycaemic control : evidence for an independent inhibitory effect of insulin therapy[END_REF].

b) Lessons from interventional studies

A limited number of trials were conducted during the last past years and none led to convincing results. The FLAT-SUGAR trial [START_REF] Investigators | Glucose variability in a 26-week randomized comparison of mealtime treatment with rapid-acting insulin versus GLP-1 agonist in participants with type 2 diabetes at high cardiovascular risk[END_REF] was designed to test whether a glucagon like peptide 1 receptor agonist-based regimen (exenatide, twice daily) added to basal insulin treatment in type 2 diabetes can reduce the short-term glycaemic variability and subsequently improve markers of cardiometabolic risk. In this study the exenatide arm was compared with participants treated only with a basal-bolus insulin regimen. No improvements occurred with the basal-bolus insulin regimen after 26 weeks of follow-up. The small reduction in short-term glycaemic variability seen in the exenatide group was not associated with any improvement in plasma levels of IL-6, CRP and changes in urinary excretion rates of 8-isoPGF2α. As both arms in the FLAT-SUGAR trial were treated with insulin, the negative findings concerning these metrics are not surprising [START_REF] Monnier | Comment on the FLAT-SUGAR Trial Investigators. Glucose variability in a 26-week randomized comparison of mealtime treatment with rapid-acting insulin versus GLP-1 agonist in participants with type 2 diabetes at high cardiovascular risk[END_REF], thus providing additional support for the existence of an inhibitory action of insulin on inflammation, thrombosis and activation of oxidative stress [START_REF] Dandona | Insulin as an anti-inflammatory and antiatherogenic modulator[END_REF][START_REF] Wong | C-reactive protein levels following acute myocardial infarction: effect of insulin infusion and tight glycemic control[END_REF][START_REF] Monnier | Regulation of oxidative stress by glycaemic control : evidence for an independent inhibitory effect of insulin therapy[END_REF]. The HEART2D study [START_REF] Raz | Effects of prandial versus fasting glycemia on cardiovascular outcomes in type 2 diabetes: The HEART2D trial[END_REF] also failed to find any difference in terms of cardiovascular outcomes when persons with type 2 diabetes were assigned to either a conventional basal insulin strategy or an insulin regimen aimed at reducing postprandial glucose excursions, i.e. the short-term glycaemic variability with three daily injections of rapid acting insulin analogues before meals. Consequently, it appears that future randomized controlled intervention trials aimed at testing the impact of short-term glycaemic variability on cardiovascular outcomes should therefore avoid the use of insulin preparations in either or both groups in order to escape to any misinterpretation in data analysis at end-point of the study [START_REF] Monnier | Comment on the FLAT-SUGAR Trial Investigators. Glucose variability in a 26-week randomized comparison of mealtime treatment with rapid-acting insulin versus GLP-1 agonist in participants with type 2 diabetes at high cardiovascular risk[END_REF]. c) Lessons from studies in critically ill patients Hyperglycaemia has been reported to be associated with increased mortality in critically ill patients [START_REF] Krinsley | Association between hyperglycemia and increased mortality in a heterogeneous population of critically ill patients[END_REF] whereas targeting euglycaemia [START_REF] Rady | Influence of individual characteristics on outcome of glycemic control in intensive care unit patients with or without diabetes mellitus[END_REF] and glycaemic variability [START_REF] Krinsley | Glycemic variability: a strong independent predictor of mortality in critically ill patients[END_REF] appears to improve the prognosis. In a large population of individuals with (n = 942) and without diabetes (n = 3142) admitted to intensive care units for severe clinical conditions, mortality steadily increased with worsening mean glucose levels during their stay in hospital [START_REF] Krinsley | Glycemic variability and mortality in critically ill patients : The impact of diabetes[END_REF]. This relationship was only observed in individuals who were free of any glycaemic disorder prior to their hospital admission. However, when they were stratified by quartiles of mean glucose concentrations, there was a significant positive association between increments in glycaemic variability and mortality [START_REF] Krinsley | Glycemic variability and mortality in critically ill patients : The impact of diabetes[END_REF]. Surprisingly, a similar association was not observed in those with diabetes [START_REF] Krinsley | Glycemic variability and mortality in critically ill patients : The impact of diabetes[END_REF]. Consequently, such observational studies fail to define the optimal blood glucose targets needed to be achieved for the general populations hospitalized in intensive care units or even in high risk people with diabetes [START_REF] Krinsley | The long and winding road toward personalized glycemic control in the critically ill[END_REF]. The use of CGM in intensive care can however contribute to a safer glycaemic profile [START_REF] Preiser | Glucose control in the ICU : a continuing story[END_REF], by minimizing the risk of hypoglycaemia through reducing glycaemic variability whilst benefitting from improved glycaemic control.

3) Relationship between the short-term variability and hypoglycaemia

The ACCORD study has established that attempting to achieve a too stringent glycaemic control in terms of mean HbA1c in type 2 diabetes results in increased frequency of hypoglycaemia [START_REF]The Action to Control Cardiovascular Risk in Diabetes Study Group. Effect of intensive glucose lowering in type 2 diabetes[END_REF].

Several years before, the DCCT Research group reported that the risk of severe hypoglycaemia in type 1 diabetes increased continuously with lower HbA1c values [START_REF] Diabetes | The effect of intensive treatment of diabetes on the development and progression of long-term complications in insulin -dependent diabetes mellitus[END_REF]. A few years later, with the emergence of the CGM technology, it rapidly appeared that excessive intra-day glucose fluctuations were associated with a higher risk of hypoglycaemia in those with diabetes and more specifically when the average HbA1c levels were near normal [START_REF] Murata | A probabilistic model for predicting hypoglycemia in type 2 diabetes mellitus. The diabetes outcomes in veterans study (DOVES)[END_REF][START_REF] Monnier | The contribution of glucose variability in asymptomatic hypoglycemia in persons with type 2 diabetes[END_REF]. More recently, we used the CART (classification and regression tree) methodology to decipher whether short-term glycaemic variability is more significant than the mean daily glucose concentration in predicting the risk of unequivocal hypoglycaemia (glucose value < 3 mmol/L, i.e. 54 mg/dL) [START_REF] Monnier | Respective contributions of glycemic variability and mean daily glucose as predictors of hypoglycemia in type 1 diabetes : Are they equivalent?[END_REF]. This analysis showed that short-term glycaemic variability when assessed as %CV and the mean daily glucose concentrations were not equivalent contributors to hypoglycaemia. The positive relationship between the time spent below 3 mmol/L and the %CV was more statistically significant than the inverse relationship observed when plotted against the mean daily glucose concentration [START_REF] Monnier | Respective contributions of glycemic variability and mean daily glucose as predictors of hypoglycemia in type 1 diabetes : Are they equivalent?[END_REF] (figures 2a and 2b). Similar findings were observed soon afterwards by Ahmadi et al [START_REF] Ahmadi | The association between HbA1c and time in hypoglycemia during CGM and self-monitoring of blood glucose in people with type 1 diabetes and multiple daily insulin injections: a randomized clinical trial (GOLD-4)[END_REF]. In addition, when the daily glucose value was < 7.8 mmol/L (140 mg/dL), a %CV below 34% is required for minimizing the risk of hypoglycaemia, very close to the cut-off value of 36% that separates stable from labile diabetes [START_REF] Monnier | Toward defining the threshold between low and high glucose variability in diabetes[END_REF]. These observations indicate that persons with diabetes should therefore aim to reach a balance between chronic ambient hyperglycaemia and glycaemic fluctuations in order to reduce both the long-term risk of developing diabetic complications and the acute risk of hypoglycaemia, respectively. Recent studies have demonstrated that parallel reductions in HbA1c, short-term glycaemic variability and frequency of hypoglycaemia can be simply obtained in CGM users with diabetes regardless of the modality of insulin delivery method [START_REF] Lind | Continuous glucose monitoring vs conventional therapy for glycemic control in adults with type 1 diabetes treated with multiple daily insulin injections: the GOLD randomized clinical trial[END_REF][START_REF] Beck | Effect of continuous glucose monitoring on glycemic control in adults with type 1 diabetes using insulin injections: The DIAMOND randomized clinical trial[END_REF][START_REF] Oupal | Comparison of different treatment modalities for type 1 diabetes, including sensor-augmented insulin regimens, in 52 weeks of follow-up: a COMISAIR study[END_REF][START_REF] Laffel | Effects of continuous glucose monitoring on glycemic control in adolescent and young adults with type 1 diabetes. A randomized clinical trial[END_REF][START_REF] Pratley | for the Wireless Innovation for Seniors with Diabetes Mellitus (WISDM) Study Group. Effects of continuous glucose monitoring on hypoglycemia in older adults with type 1 diabetes[END_REF][START_REF] Oupal | Glycemic outcomes in adults with T1D are impacted more by continuous glucose monitoring than by insulin delivery method: 3 years of follow-up from the COMISAIR Study[END_REF]. The DIAMOND study [START_REF] Beck | Effect of continuous glucose monitoring on glycemic control in adults with type 1 diabetes using insulin injections: The DIAMOND randomized clinical trial[END_REF] found that amongst participants with type 1 diabetes on multiple daily injections of insulin, CGM users achieved a significant improvement in HbA1c levels from 8.6 to 7.0 %, %CV from 42% to 38% (P < 0.001) and reduced risk of hypoglycaemia irrespective of the selected alert threshold: 70 (P < 0.002), 60 (P = 0.02) or 50 mg/dL (P = 0.001). Therefore, considering these studies as a whole, there is increasing evidence that the two objectives of limiting the risk of hypoglycaemic episodes by reducing short-term glycaemic variability and diminishing the mean glucose exposure to minimize the risk of long-term complications are not antinomic but complementary. In addition, this type of remark raises the question as to what extent does frequent hypoglycaemic episodes per se contribute to adverse clinical outcomes. It is well documented that severe hypoglycaemic episodes are associated with the risk of both acute cardiovascular events and chronic diabetes complications [START_REF] Zoungas | Severe hypoglycemia and risks of vascular events and death[END_REF][103][START_REF] Bedenis | Association between severe hypoglycemia, adverse macrovascular events, and inflammation in the Edinburg Type 2 Diabetes Study[END_REF][START_REF] Goto | Association between severe hypoglycemia and cardiovascular disease in patients with type 2 diabetes[END_REF][START_REF] Lee | The association of severe hypoglycemia with incident cardiovascular events and mortality in adults with type 2 diabetes[END_REF][START_REF] Yun | Severe hypoglycemia and the risk of cardiovascular disease and mortality in type 2 diabetes: a nationwide populationbased cohort study[END_REF]. This relationship exists via their potential to promote cardiovascular events due to remains limited to surrogate outcomes [START_REF] Connelly | Cardiovascular implications of hypoglycemia in diabetes mellitus[END_REF] such as the induction of pro-arrythmogenic cardiac disorders, endothelial dysfunction [START_REF] Nordin | The case for hypoglycaemia as a proarrythmic event: basis and clinical evidence[END_REF][START_REF] Stahn | Relationship between hypoglycemic episodes and ventricular arrythmias in patients with type 2 diabetes and cardiovascular diseases: silent hypoglycemia and silent arrhythmias[END_REF][START_REF] Pistrosch | Risk of risk factors for hypoglycemia and associated arrhythmias in patients with type 2 diabetes and cardiovascular disease: a cohort study under real-world conditions[END_REF] and enhance d production of prothrombotic, proinflammatory or platelet proaggregant mediators or markers [START_REF] Monnier | Plasma βthromboglobulin response to insulin-induced hypoglycemia in type 1 diabetic patients[END_REF][START_REF] Kahal | Platelet function following induced hypoglycaemia in type 2 diabetes[END_REF]. Consequently, it has never been clearly established that hypoglycaemia directly contributes to "hard" adverse outcomes and thus it is possible that hypoglycaemic episodes just could be markers of vulnerability to such events [START_REF] Zaccardi | Severe hypoglycaemia and absolute risk of cause-specific mortality in individuals with type 2 diabetes: a UK primary care observational study[END_REF][START_REF] Zoungas | Severe hypoglycemia and risks of vascular events and death[END_REF]. Should we therefore not consider that hypoglycaemic episodes be intermediary links in the catenary chain from short-term variability to adverse clinical outcomes, it seems that there is supportive evidence for the first step (from shortterm glucose variability to hypoglycaemia) and a lower evidence for the second step (from hypoglycaemia to adverse outcomes).

4) Relationship between the short-term glycaemic variability and postprandial glucose excursions.

Short-term glycaemic variability does not only consist of downward glucose fluctuations and hypoglycaemia, but is also the result from upward postprandial excursions. Therefore one of the remaining questions is to quantify the contribution of postprandial glucose increments to the overall glycaemic variability. In attempting to answer this question we have used the data from OPTIMAL trial involving 30 persons with type 2 diabetes [START_REF] Guerci | Continuous glucose profiles with vildagliptin versus sitagliptin in add-on to metformin. Results from the randomized Optima study[END_REF]. This study was designed to compare the effects of the two DPP-4 inhibitors, sitagliptin and vildagliptin, added to ongoing treatment with metformin, measuring several markers of glycaemic control after a period of 8 weeks. The post-hoc analysis of the changes from baseline showed that the δMAGE and δAUCpp (AUCpp = postprandial increments area above premeal glucose values) were strongly and positively correlated (R 2 = 0.48, P < 0.0001, n = 30) (figure 3) [START_REF] Monnier | Mild dysglycemia in type 2 diabetes : to be neglected or not?[END_REF]. As δAUCPP and δMAGE were plotted as explanatory (X) and dependent variables (Y), respectively, it can be calculated that in this regression situation 48%, i.e. approximately half of the overall short-term glycaemic variability is attributable to the amplitude of postprandial glucose excursions. Consequently, the upward and downward fluctuations around the mean daily glucose value contribute equally to the short-term glycaemic variability. A number of studies have demonstrated that treatments aimed at reducing postprandial glucose excursions with either shortacting GLP-1 Receptor Agonists (GLP-1 RAs) [START_REF] Investigators | Glucose variability in a 26-week randomized comparison of mealtime treatment with rapid-acting insulin versus GLP-1 agonist in participants with type 2 diabetes at high cardiovascular risk[END_REF][START_REF] Raz | Effects of prandial versus fasting glycemia on cardiovascular outcomes in type 2 diabetes: The HEART2D trial[END_REF][START_REF] Owens | Differential effects of GLP1 receptor agonists on component of dysglycemia in individuals with type 2 diabetes mellitus[END_REF][START_REF] Diamant | for the 4B Study Group. Glucagon-like peptide 1 receptor agonist or bolus insulin with optimized basal insulin in type 2 diabetes[END_REF][START_REF] Meier | Contrasting effects of lixisenatide and liraglutide on postprandial glycemic control, gastric emptying, and safety parameters in patients with type 2 diabetes on optimized insulin glargine with or without metformin: a randomized, open-label trial[END_REF] or insulin analogs [START_REF] Home | for the UK Insulin Aspart Study Group. Improved glycemic control with insulin aspart: a multicenter randomized double-blind cross over trial in type 1 diabetes[END_REF][START_REF] Owens | The continuing quest for better subcutaneously administered prandial insulins: a review of recent developments and potential clinical implications[END_REF] reduce the overall glycaemic variability. In contrast, the short-term glucose variability remains essentially unchanged when implementing basal insulin regimens alone in type 2 diabetes, which only exert an overall downward translation of the 24-h glycaemic profiles without influencing the magnitude of postprandial glycaemic excursions [START_REF] Riddle | on behalf of the Insulin Glargine 4002 Study Investigators. The treat-to-target trial. Randomized addition of glargine or human NPH insulin to oral therapy of type 2 diabetic patients[END_REF][START_REF] Yki-Järvinen | Insulin glargine or NPH combined with metformin in type 2 diabetes: the LANMET study[END_REF]. Therefore reducing postprandial excursions appears to be one of the main recommendations to improve overall glycaemic variability and thereby reduce the activation of oxidative stress during postprandial periods [START_REF] Ceriello | Role of hyperglycemia in nitrotyrosine postprandial generation[END_REF].

Attempting to untangle the "Gordian knot"

During the past few years, as highlighted in this review, an increasing number of publications have suggested or demonstrated the existence of a close interrelationship between glucose variability and diabetes complications. However, the relationships between these two variables were regarded more as being associated rather than linked by a cause and -effect relationship. This is mainly due to the reliance on retrospective analyses of clinical studies that were not specifically designed for deciphering whether long or short-term variability play an independent role in the development or progression of diabetes complications. Consequently, we still await specifically designed randomized interventional controlled trials where the effect of low-glycaemic variability would be tested against high-glycaemic variability, with everything else being equal, on the risk of diabetes related vascular complications. This would require an equivalent control of the ambient hyperglycaemia in both groups, extended over a prolonged period of several years with primary and secondary end-points selected among "hard" outcomes such as cardiovascular events and all-cause mortality. In addition, the designers of such trials should not forget the known benefit of some antidiabetic drugs such as the GLP-1 RAs [START_REF] Marso | Semaglutide and cardiovascular outcomes in patients with type 2 diabetes[END_REF][START_REF] Marso | Liraglutide and cardiovascular outcomes in type 2 diabetes[END_REF][START_REF] Gerstein | Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): a double-blind randomised placebo-controlled trial[END_REF][START_REF] Hernandez | Albiglutide and cardiovascular outcomes in patients with type 2 diabetes and cardiovascular disease (Harmony Outcomes): a double-blind randomised placebocontrolled trial[END_REF][START_REF] Cefalu | Cardiovascular outcomes trials in type 2 diabetes: where do we go from here? Reflections from a Diabetes Care editor's expert forum[END_REF] or SGLT2 inhibitors [START_REF] Zinman | Empagliflozin, cardiovascular outcomes and mortality in type 2 diabetes[END_REF][START_REF] Lupca | Use of SGLT2 inhibitors in type 2 diabetes: weighing the risks and benefits[END_REF][START_REF] Zelniker | SGLT2 inhibitors for primary and secondary prevention of cardiovascular and renal outcomes in type 2 diabetes: a system atic review and meta-analysis of cardiovascular outcome trials[END_REF] on cardiovascular diseases and insulin's antithrombotic, anti-inflammatory or antioxidant effects [START_REF] Dandona | Insulin as an anti-inflammatory and antiatherogenic modulator[END_REF][START_REF] Wong | C-reactive protein levels following acute myocardial infarction: effect of insulin infusion and tight glycemic control[END_REF][START_REF] Monnier | Regulation of oxidative stress by glycaemic control : evidence for an independent inhibitory effect of insulin therapy[END_REF]. The use of these agents in such trials should therefore be avoided or randomly distributed in equivalent proportions in the two comparator groups [START_REF] Krinsley | Glycemic variability and mortality in critically ill patients : The impact of diabetes[END_REF]. When considering all these major difficulties, it seems almost impossible to conduct such a trial in a large number of participants who in addition should wear a CGM device over the entire period of follow-up. Consequently, the Gordian knot is far from being untangled. At present we are therefore only able to formulate a limited number of recommendations relating to classify the impact of glycaemic variability according to a decreasing graded scale of evidence. In an attempt to clarify the debate as far as possible, we have identified two categories of effects for the long-term, short-term variability and its composite risk factor, hypoglycaemia, that is: (i) limited to cardiometabolic markers and (ii) those extended to "hard" clinical outcomes. Reference to "medium/low supportive evidence" should be attributed to the first category because the results were obtained from observational studies. For the second category, the word "associations" should be employed because prospective interventional trials are lacking. However, several studies included in this latter category can be regarded as providing highly supportive evidence based on retrospective analysis of data collected over prolonged follow-up periods in well-conducted trials or observational studies. Considering all these remarks, the interrelationships are summarized in figures 4a and 4b, whilst accepting that this representation is subject to further discussion in the future. a) Evidence for cause and -effects of glycaemic variability on cardiometabolic markers with a medium/low grade of evidence are represented in figure 4a. Both the short-term glycaemic variability and hypoglycaemia appear to activate the production of cardiometabolic mediators or markers. By contrast, there is no similar evidence to suggest that the long-term glycaemic variability has a stimulatory effect on such productions, but absence of evidence is not synonymous of evidence of absence. b) Associations assessed on the basis of "hard" outcomes (figure 4b). There is strongly supportive evidence that long-term glycaemic variability and hypoglycaemia are associated with "hard" clinical outcomes, but no answer can be given to the question as to whether these two glycaemic disorders are independent risk factors or simple markers of adverse outcomes. For the short-term glycaemic variability, the absence of evidence is simply due to the lack of interventional study aimed at testing its impact on "hard" clinical outcomes. c) Currently there is medium/low supportive evidence that hypoglycaemia is associated with both short and long-term variability. The hypothesis of hypoglycaemia as an intermediary link in a catenary model from either short or long-term glucose variability to "hard" outcomes remains speculative. In addition there is no evidence available concerning the existence of likely interplay between short and long-term variability.

Finally, it is noteworthy that the role of the different components of glycaemic variability in the development of diabetic complications has been more carefully investigated during the last past few years than during the preceding decades, even though many aspects are still unclear. Targets have been clearly defined for short-term variability at %CV < 36% [START_REF] Danne | International consensus on use of continuous glucose monitoring[END_REF][START_REF] Monnier | Toward defining the threshold between low and high glucose variability in diabetes[END_REF] and hypoglycaemia with a plasma glucose threshold of 70 mg/dL for any hypoglycaemic episode and 54 mg/dL for clinically significant hypoglycaemia [START_REF] Battelino | Clinical targets for continuous glucose monitoring data interpretation: recommendations from the International Consensus on time in range[END_REF]. Unfortunately such recommendations are missing for the long-term glycaemic variability (figure 5). This failure is probably due to the fact that the basis and the time interval for its computation were never precisely defined between visit-to-visit changes in HbA1c, plasma glucose or multiple point glycaemic profiles [START_REF] Gorst | Long-term glycemic variability and risk of adverse outcomes: a systematic review and meta-analysis[END_REF].

In conclusion addressing the questions raised in the introduction of this review, all persons with diabetes should maintain the short-term glycaemic variability ideally below a %CV of 36 % [START_REF] Monnier | Toward defining the threshold between low and high glucose variability in diabetes[END_REF][START_REF] Monnier | Respective contributions of glycemic variability and mean daily glucose as predictors of hypoglycemia in type 1 diabetes : Are they equivalent?[END_REF] irrespective of the level of overall glucose exposure. This recommendation has a special relevance to persons experiencing frequent/severe hypoglycaemia or to those in whom a tight glycaemic control has to be achieved in terms of HbA1c.

In addition we are presently unable to give a respond as to whether HbA1c "cycling" is a nonacquired disorder or a consequence of an intermittent poor compliance to lifestyle changes and/or therapeutic measures [START_REF] Ceriello | Overall quality of care predicts the variability of key risk factors for complications in type 2 diabetes: an observational longitudinal retrospective study[END_REF].

Legends of figures

Figure 1: Incidence of all-cause mortality as a function of increasing visit-to-visit HbA1c variability (tertiles of VIM, variability independent of Mean) in the lower, medium and upper tertiles of mean HbA1c. Data computed from persons with type 2 diabetes who were allocated to the intensivelytreated group of the ACCORD trial (adapted from reference 33) Figure 2: Relationship between the time spent below 54 mg/dL versus the mean daily glucose concentration (figure 2a) and the coefficient of variation for glucose (figure 2b) (from reference 46) Figure 3: Relationship between changes in postprandial glucose increments (δAUCpp) and changes in short-term glycaemic variability (δMAGE) from baseline to end-point after a 8-week period of treatment with gliptins in 30 patients with type 2 diabetes included in the OPTIMA study (from reference 114) Figure 4: Interrelationships between metrics of glycaemic variability (short, long-term variability and hypoglycaemia) and cardiometabolic markers/mediators (figure 4a) or "hard" clinical outcomes (figure 4b). In figures 4a et 4b the interrelationships are defined as causal effects and associations, respectively. Solid thick and thin arrows indicate high supportive and medium/low interrelationships (effects of associations), respectively. Dotted arrows indicate the absence of interrelationship or lack of studies. Targets for hypoglycaemia should be completed by recommendations concerning the percentages of time spent below range (TBR): < 4% and < 1% when the thresholds are set at 70 and 54 mg/dL, respectively. Recommendations have never been formulated for the long-term glycaemic variability because the consensus is missing on its assessment: quaterly visit-to-visit changes in HbA1c, spot fasting plasma glucose at regular time intervals, monthly or quarterly multiple-point glycaemic profiles. 
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 5 Figure 5: Targets for metrics of glycaemic variability (short, long-term variability and hypoglycaemia).Targets for hypoglycaemia should be completed by recommendations concerning the percentages of time spent below range (TBR): < 4% and < 1% when the thresholds are set at 70 and 54 mg/dL, respectively. Recommendations have never been formulated for the long-term glycaemic variability because the consensus is missing on its assessment: quaterly visit-to-visit changes in HbA1c, spot fasting plasma glucose at regular time intervals, monthly or quarterly multiple-point glycaemic profiles.
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