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Introduction générale 
 

 

1. Contexte 

a) Variabilité glycémique du sujet diabétique insulinotraité et diabète instable 

Le diabète de type 1 est une pathologie se déclarant en général chez l’enfant ou l’adulte jeune, 

caractérisée par une hyperglycémie chronique secondaire à une destruction auto-immune des cellules β 

pancréatiques responsables de la sécrétion d’insuline. Le traitement de cette pathologie chronique est 

l’insulinothérapie sous-cutanée à vie, associée à l’éducation du patient à la gestion de l’insuline en 

fonction des glucides consommés et de l’activité physique. L’objectif du traitement est de restaurer un 

équilibre glycémique optimal en prévenant les accidents hypoglycémiques et hyperglycémiques. 

Chez le patient diabétique insulino-traité, il a été démontré que l’obtention d’un équilibre glycémique 

optimal permet de réduire l’apparition des complications micro et macro vasculaires (1,2). La qualité du 

contrôle glycémique est habituellement appréciée par la mesure de l’hémoglobine glyquée (HbA1c), 

reflet de la moyenne glycémique sur les 3 mois précédant le dosage. Cependant, bien que marqueur de 

référence, cette mesure ne fournit qu’une information sur le contrôle glycémique global sans prise en 

compte des fluctuations glycémiques quotidiennes et donc de la qualité de la stabilité glycémique.  

La variabilité glycémique se définit comme le degré de fluctuation entre les niveaux les plus élevés (pics) 

et les niveaux les plus bas (nadirs) de glycémie (3). Comme illustré sur la figure ci-dessous, deux patients 

ayant la même moyenne glycémique et la même HbA1c peuvent avoir une variabilité glycémique très 

différente. La variabilité glycémique est liée à la perte de l’homéostasie glycémique, en rapport avec la 

carence endogène de sécrétion insulinique. Il existe des facteurs intrinsèques d’instabilité glycémique : 

la durée du diabète, associée à un épuisement progressif de l’insulinosécrétion, la présence d’anticorps 

anti-insuline (cause auto-immune d’hypoglycémies), certaines endocrinopathies (syndrome de Cushing, 

acromégalie, hyperthyroïdie) et insuffisances endocriniennes (insuffisance surrénalienne), les 

pathologies digestives telles que la maladie cœliaque, la gastroparésie. Les facteurs extrinsèques 

d’instabilité glycémiques sont représentés par des choix thérapeutiques inadaptés, erreurs d’ajustement 
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de doses d’insuline, une technique d’injection de l’insuline inadéquate, des resucrages excessifs ou des 

troubles du comportement alimentaire (4).  

Lorsque la variabilité glycémique est extrême, elle expose le patient à des épisodes métaboliques 

fréquents et imprévisibles tels que la cétose et / ou des hypoglycémies sévères. Ceci définit le diabète 

instable (5), qui est associé à une morbidité et une mortalité importantes ainsi qu’à une qualité de vie 

médiocre (6,7). 

 

Figure. Pour une même moyenne glycémique, ces 3 patients présentent une variabilité glycémique très 

différente : elle est faible pour le patient 1, élevée pour le patient 2 et 3 du fait d’une plus grande 

amplitude de variation glycémique (patient 2) et d’une plus grande amplitude et plus grande fréquence 

d’oscillations glycémiques (patient 3). 

 

b) Analyse de la variabilité glycémique 

Le degré d’instabilité glycémique peut être analysé au sein d’une même journée (variabilité intra-

journalière) ou en comparant des journées successives (variabilité inter-journalière).  

Afin de quantifier la variabilité glycémique, des indicateurs spécifiques ont été testés. L’utilisation de ces 

indicateurs est facilitée par l’emploi des moyens modernes d’enregistrement de la glycémie, telle que la 

mesure continue du glucose interstitiel par holter glycémique (MCG), qui permet d’obtenir des 

informations détaillées sur les chiffres de glycémie. 
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Plusieurs dizaines d’indices permettant d’évaluer la variabilité glycémique ont été développés (8–10). Il 

n’existe pas à l’heure actuelle de consensus sur quel indice ou quel ensemble d’indices utiliser en 

routine, et chaque indice possède ses propres avantages et inconvénients. 

 

Parmi les indices de variabilité glycémique les plus cités/utilisés, on retrouve la déviation standard (ou 

écart type) (11), le coefficient de variation (8), le MAGE (Mean Amplitude Glycemic Excursion) (10,12). 

On peut également citer le CONGA (Continuous overlapping net glycemic action), le MODD (Mean Of 

Daily Differences), l’ADRR (Average Daily Difference Range), l’indice « M », le MIME (Mean indices of 

Meal Excursions), le LBGI (Low Blood Glucose Index), le HBGI (High Blood Glucose Index), le IQR 

(interquartile range), l’IGC (Index of Glycemic Control), différents calculs d’écart-types en fonction des 

segments temporels choisis, etc. Le débat concernant l’indice à utiliser en pratique clinique continue à 

être alimenté par l’apparition de nouveaux indices de variabilité glycémique comme le GVP (Glycemic 

Variability Percentage), publié en 2018 (13). 

 

La notion de variabilité glycémique a donc une importance croissante à l’heure actuelle dans 

l’évaluation de l’équilibre glycémique du patient diabétique de type 1.   

Le domaine d’application de l’analyse de la variabilité glycémique est large et il semble désormais 

nécessaire d’inclure les scores de variabilité glycémique, en pratique clinique pour évaluer et suivre la 

variabilité glycémique d’un patient et en recherche pour évaluer l’impact de nouvelles modalités 

thérapeutiques sur la variabilité glycémique. 

 

2. Variabilité glycémique chez les patients diabétiques de type 1 instables avant et après greffe d’îlots  

Le diabète instable nécessite une prise en charge spécifique et la greffe d'îlots apparaît comme une 

option thérapeutique pour les patients en échec d'un traitement médical intensif (14).  

L’amélioration de la variabilité glycémique n’est pas systématiquement décrite lors d’une greffe d’îlots 

chez des patients diabétiques instables. A l’heure actuelle, le succès d’une transplantation d’îlots 
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pancréatique est défini par l’utilisation de scores (β-score, Igls criteria) (15,16) prenant en compte des 

critères biologiques tels que l’hémoglobine glyquée, le taux de C-peptide, et des critères cliniques tels 

que la nécessité de traitement par insuline et la survenue d’épisodes hypoglycémiques sévères. Si la 

présence d’une importante variabilité glycémique est un des critères justifiant la réalisation d’une 

transplantation d’îlots chez le patient diabétique de type 1, celle-ci ne fait pas partie des critères 

permettant de juger du succès ou non de la transplantation. 

 

3. Objectif du travail 

Nous avons voulu analyser dans cette étude l’évolution de la variabilité glycémique chez des patients 

diabétiques de type 1 après transplantation d’îlots pancréatiques au cours de l’étude TRIMECO (National 

Clinical Trial n°01148680). 

L’étude TRIMECO visait, en essai contrôlé randomisé multicentrique, à comparer l’efficacité 

métabolique de la transplantation d’îlots pancréatiques allogéniques à l’insulinothérapie intensive pour 

le traitement du diabète de type 1. L’objectif principal était d’évaluer l’efficacité de la greffe d’îlots du 

point de vue métabolique à 6 mois comparativement à une stratégie insulinique intensive, pour deux 

catégories de patients étudiées en parallèle : patients présentant un diabète instable et patients 

diabétiques insuffisamment contrôlés et porteurs d’un greffon rénal (17).  

Nous avons donc analysé des scores de variabilité glycémique à partir des données de mesure continue 

du glucose chez des patients inclus dans l’étude TRIMECO. L’objectif était de décrire les scores de 

variabilité glycémique avant et après greffe et d’évaluer si des seuils pouvaient être définis pour chacun 

des indices de variabilité glycémique étudiés afin de diagnostiquer le succès de l’intervention.  
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Abbreviations 

CGM   Continuous glucose monitoring 

CV   Coefficient of variation 

GV   Glycemic variability 

GVP    Glycemic variability Percentage 

HbA1c   Glycated hemoglobin 

IT   Islet transplantation 

MAGE   Mean amplitude glycemic excursion 

ROC curve  Receiver operating characteristic curve 

SD   Standard deviation 

Se   Sensibility 

Spe   Specificity 

T1D   Type 1 diabetes 
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RESUME 

Objectifs : La présence d’une variabilité glycémique (VG) élevée est la principale indication de la 

transplantation d’îlots (TI) chez les patients diabétiques de type 1 (DT1) instables. Les critères 

actuellement utilisés pour évaluer la fonction du greffon ne prennent pas en compte l’amélioration de la 

VG. Notre étude visait à décrire l’évolution des indices de VG chez les patients DT1 ayant bénéficié d’une 

TI au cours de l’essai TRIMECO, et à évaluer si des seuils pouvaient être définis pour diagnostiquer le 

succès de greffe. 

Méthodes : Nous avons recueilli les données de 29 patients de l'essai TRIMECO (NCT01148680), essai 

clinique comparant l'efficacité métabolique de la TI à une insulinothérapie optimisée. Sur la base des 

données de mesure continue du glucose, nous avons analysé la moyenne glycémique et quatre indices 

de variabilité glycémique (écart type, coefficient de variation, MAGE et GVP) avant (M0) et six mois (M6) 

après TI. Afin de définir les seuils permettant de prédire le succès de greffe, nous avons établi une 

courbe ROC pour chacun des indices de VG 6 mois après la transplantation. 

Résultats : Chaque indice de variabilité glycémique a diminué significativement entre M0 et M6 : l’écart-

type est passé de 53,9 mg/dL [44,6 – 61,5] à 20,1 mg/dL [13,5 – 24,3] ; le coefficient de variation de 

35,2% [30,6 – 37,7] à 17,3% [12,0 – 20,5] ; le MAGE de 134,9 mg/dL [111,2 – 155,8] à 51,9 mg/dL [32,4 – 

62,4] ; le GVP de 35,3% [24,9 – 47,2] à 12,2% [6,2 – 18,8] (p ≤ 0,0001). Les seuils permettant le 

diagnostic de succès de greffe six mois après la greffe étaient un écart-type à 21,51 mg/dL (sensibilité Se 

86,67%, spécificité Spe 92,86%), un coefficient de variation à 16,03% (Se 86,67%, Spe 71,43%), un MAGE 

à 54,81 mg/dL (Se 73,33%, Spe 92,86%) et un GVP à 15,78% (Se 73,33%, Spe 100%). 

Conclusions : Cette étude met en évidence l’impact significatif de la TI sur la réduction de la variabilité 

glycémique des patients atteints de DT1 instable. Les seuils proposés permettent une évaluation facile 

du succès de la transplantation d’îlots en utilisant uniquement les données de mesure continue du 

glucose, et peuvent constituer un outil clinique pratique pour le suivi des patients greffés. 

 

Mots-clés : variabilité glycémique, greffe d'îlots, mesure continue du glucose, diabète instable 
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ABSTRACT  

Aims: High glycemic variability (GV) is the major indication for islet transplantation (IT) in patients with 

type 1 diabetes (T1D). The actual criteria used to assess graft function don’t consider GV improvement. 

Our study aimed to describe GV indices evolution in T1D patients who benefited from IT during the 

TRIMECO trial and to evaluate if thresholds might be defined to diagnose IT success. 

Methods: We collected data from 29 patients of the TRIMECO trial, a clinical trial (NCT01148680) 

comparing the metabolic efficacy of IT with intensive insulin therapy. Based on CGM data, we analysed 

mean glucose level and four GV indices (standard deviation, coefficient of variation, MAGE and GVP) 

before (M0) and 6 months (M6) after IT. The definition of thresholds to diagnose IT success was based 

on the establishment of ROC curves for each GV indice 6 months after transplantation.  

Results: Each GV indice decreased significantly between M0 and M6: SD 53.9 mg/dL [44.6 – 61.5] vs 20.1 

mg/dL [13.5 – 24.3]; CV 35.2% [30.6 – 37.7] vs 17.3% [12.0 – 20.5]; MAGE 134.9 mg/dl [111.2 – 155.8] vs 

51.9 mg/dL [32.4 – 62.4]; GVP 35.3% [24.9 – 47.2] vs 12.2% [6.2 – 18.8] (p ≤ 0.0001). Thresholds 

diagnosing IT success at 6 months post-transplant were a SD at 21.51 mg/dL (sensibility 86.67%, 

specificity 92.86%), a CV at 16.03% (sensibility 86.67%, specificity 71,43%), a MAGE at 54.81 mg/dL 

(sensibility 73.33%, specificity 92.86%) and a GVP at 15.78% (sensibility 73.33%, specificity 100%). 

Conclusions: This study confirms a positive impact of IT on GV. The proposed thresholds allow an easy 

evaluation of IT success using only CGM data and may be a clinical tool for the follow-up of transplanted 

patients. 

 

Keywords: glycemic variability, islet transplantation, continuous glucose monitoring, brittle diabetes 
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INTRODUCTION 

Glycemic variability (GV) is defined as the degree of fluctuation between the highest levels (peaks) and 

the lowest levels (nadirs) of blood glucose (18,19). GV is mainly due to the loss of endogenous insulin 

secretion. There are intrinsic factors (diabetes duration resulting in a progressive and complete 

depletion of insulin secretion) and extrinsic factors of glycemic instability (inappropriate therapeutic 

choices, errors in the management of insulin doses, excessive glucose intake in case of hypoglycemia, 

inadequate technique of insulin injection) (4). To date, numerous indices or composite indices have 

been proposed and validated to explore glycemic variability, each with its own advantages and 

disadvantages (4,8,10,19,20). GV can be analysed within the same day (intra-day variability) or 

comparing successive days (inter-day variability). GV analysis is today aided by the diffusion of 

continuous glucose monitoring (CGM) techniques that provides a wealth of information regarding 

patient glucose profile. Despite the lack of consensus on the type of score to be used routinely, the use 

of GV analysis in clinical practice can be now easily performed to assess, monitor and follow the GV of a 

patient with type 1 diabetes.  

Achievement of optimal glycemic control in patients with type 1 diabetes remains a challenge in most of 

patients (21). Some of them develop severe glycemic variability leading to brittle diabetes (5), exposing 

them to frequent and unpredictable metabolic episodes such as ketosis and/or severe hypoglycemia. 

Brittle diabetes is associated with significant morbidity and mortality and poor quality of life (6,7). Brittle 

diabetes requires a specific medical management and islet transplantation appears as a therapeutic 

option for patients in whom intensive medical therapy has failed (14). Islet transplantation is nowadays 

recognized to be an efficient therapy to restore a good glycemic control, reduce glycemic variability and 

prevent severe hypoglycemia in type 1 diabetic patients with severe glycemic variability (17,22). 

Glycemic variability improvement is not currently considered to diagnose IT success. Indeed, the 

evaluation of islet graft function and IT success is based on the β-score and, more recently introduced, 

on the Igls score: both are composed of clinical and biological data that do not consider the 

improvement of glycemic variability after islet transplantation (15,16). 
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The objective of our study was to describe the evolution of glycemic variability indices in type 1 diabetic 

patients who benefited from islet transplantation during the TRIMECO trial and to evaluate if thresholds 

might be defined for each glycemic variability indice to diagnose the success of islet transplantation. 

 

METHODS 

TRIMECO trial 

TRIMECO trial (NCT01148680) design has been previously described (17). Briefly, it is a randomized 

controlled trial, aiming at evaluating the metabolic efficacy of islet transplantation at 6 months 

compared to an intensive insulin therapy, in type 1 diabetic patients with severe hypoglycemic episodes 

or hypoglycemia unawareness or patients with a kidney graft and poor glycemic control (17). 50 patients 

were selected between May 2010 and May 2013 in 15 French centres, and 47 patients were assessed 

for the primary endpoint. 46 patients received islet transplantation because one patient in the insulin 

group died while on the islet transplantation waiting list (Figure 1). 

 

CGM data analysis 

For each patient included in the TRIMECO study, we analysed available CGM data before and 6 months 

after the first islets infusion. Among the 46 patients analysed for the primary endpoint in the TRIMECO 

study, we selected patients for whom one CGM before and one CGM 6 months after IT were available. 

CGM data were therefore collected for 29 patients: 3 patients had no CGM data available at any point, 

11 patients had no CGM data available before IT (no CGM at M0) and 3 patients had no CGM data 

available 6 months after IT (no CGM at M6) (Figure 1). Glycemic data were regularized by : 1) applying 

linear interpolation to ensure obtaining sampling interval of 5 minutes, 2) excluding days with missing 

data greater than 4.8h (20% of day time) from the analysis. Indeed, we observed that when CGM gaps 

were longer than 4.8h, linear interpolation did not well estimate missing data.  

Four GV indices were analysed: 
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• The standard deviation (SD) is expressed in mg/dL. It takes into account all glycemic oscillations 

(minor and major ones). A SD greater than 50% of mean glucose has been proposed as an indicator 

for excessive GV (11).  

• The coefficient of variation (CV) is calculated by dividing the SD of glucose by the mean glucose and 

is expressed as a percentage (SD/mean x 100) (8). Unlike most other indices of GV, it is an easy 

measure and it is described as one of the most reliable indices to evaluate the amplitude of the GV. 

A threshold of 36% has been proposed to discern stable from unstable diabetes (23).  

• The MAGE (Mean Amplitude Glycemic Excursion) aims to consider only major glycemic excursions, 

excluding minor ones (only glycemic variations that exceed one SD of the average blood glucose are 

included in the calculation). MAGE appears as an informative expression of the intra-day GV in 

insulin-treated diabetic patients and as a robust parameter to characterize brittle diabetes (10,12). 

MAGE greater than 65 mg/dL is used as a threshold to define high GV (24).  

• The GVP (Glycemic Variability Percentage) is a recent metric proposed by Peyser et al. (13) providing 

a measurement of GV over a given interval of time by analysing the length of the CGM temporal 

trace normalized to the duration under evaluation. GVP has the advantage to measure both the 

amplitude and frequency of glycemic oscillations. GVP classifies glycemic variability in four 

categories: minimal (GVP ≤ 20 %), low (GVP > 20 and ≤ 30 %), moderate (GVP > 30 and ≤ 50 %), and 

high GV (GVP > 50 %). 

 Noteworthy, to avoid a smoothing of the average profile (19), we calculated the CV for each 

consecutive day and then averaged the results obtained. For purposes of clarity and consistency, each 

indice of GV was calculated using the same method, by calculating the indice for each consecutive day 

and then averaging the results obtained. 

 

Statistical analysis 

Categorical variables are reported as count and percentage. Continuous variables are presented as the 

median value and interquartile range [25th and 75th percentile]. Comparisons of cross-sectional data 

were done using the Wilcoxon test. Otherwise the Mann-Whitney U test was used. A p-value <0.05 was 
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considered statistically significant. To define thresholds to predict the success of the islet 

transplantation, we established a receiver operating characteristic (ROC) curve for each GV indice 6 

months after transplantation. The established ROC curves were considered “usable” if the area under 

the curve (AUC) was above 70% and if the confidence interval did not include the value 50%. To 

establish the diagnostic performance of our indices, we chose the β-score as a success criterion. The β-

score is a composite score developed to assess the graft’s function. It assigns two points each for normal 

fasting glucose (≤ 100 mg/dL), HbA1c ≤ 6.1% (43 mmol/mol), stimulated or basal C-peptide (≥ 0.3 

nmol/L), and absence of insulin or oral hypoglycemic drug use. No point is given if fasting glucose is ≥ 

1.26 g/L, HbA1c is ≥ 6.9% (52 mmol/mol), stimulated C-peptide secretion is undetectable (<0.1 nmol/L), 

or daily insulin use is ≥ 0.25 U/kg. One point is given for intermediate values. Thus, the β-score can range 

from 0 (no graft function) to 8 (optimal graft function) and a β-score ≥ 6 defines a graft success (15). For 

our analyses, β-score was stratified into 3 categories: transplant’s failure [0-2], intermediate [3-5] or 

transplant success [6-8]. The best thresholds for the diagnosis of islet transplantation success were 

chosen thanks to the Youden index (Specificity + Sensitivity – 100): thresholds with the highest Youden 

index were selected. 

 

Data formatting and preparation were executed in MATLAB 2016b (Mathwork) and Excel 2016 

(Microsoft Office 365). Statistical analyses were performed using Stata® version 15 (Stata Corporation 

4905 Lakeway Drive College Station, TX 77845 USA). 

 

RESULTS 

All analyses were performed on 29 patients. Patients clinical and demographic baseline characteristics 

and transplant characteristics are shown in Table 1. The average number of days of data recording was 

7.2 days [± 12.2] at M0 and 6.7 days [± 11.3] at M6. Mean glucose level and glycemic variability indices 

(standard deviation, coefficient of variation, MAGE, GVP) were calculated and compared before IT and 6 

months after the first islet infusion. The evolution of GV indices is represented in Table 2 and Figure 2. 
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Mean glucose level decreased from 156.4 mg/dL [128.5 – 175.9] at M0 to 118.3 mg/dL [108.4 – 133.2] at 

M6 post-IT. Standard deviation dropped from 53.9 mg/dL [44.6 – 61.5] at M0 to 20.1 mg/dL [13.5 – 

24.3] at M6. Considering a standard deviation greater than 50% of mean glucose (threshold defining 

high glycemic variability for standard deviation), 3.4% of patients (n=1, 95% CI 0.1-17.8%) had a high 

glycemic variability at M0 versus 0% (n=0, 95% CI 0-11.9%) at M6 post-IT (Figure 3). Coefficient of 

variation (CV) decreased from 35.2% [30.6 – 37.7] at M0 to 17.3% [12.0 – 20.5] at M6 post-IT. 

Considering a CV ≥ 36% (threshold defining high glycemic variability for CV), 48.3% of patients (n=14, 

95% CI 29.4-67.5%) had a high GV at M0 versus 3.4% (n=1, 95% CI 0.1-17.8%) at M6 post-IT. MAGE 

decreased from 134.9 mg/dL [111.2 – 155.8] at M0 to 51.9 mg/dL [32.4 – 62.4] at M6 post-IT. 

Considering a MAGE > 65 mg/dL (threshold defining high glycemic variability for MAGE), 96.6 % of 

patients (n=28, 95% CI 82.2-99.9%) had a high glycemic variability at M0 versus 24.1% (n=7, 95% CI 10.3-

43.5%) at M6 post-IT. Finally, GVP also dropped from 35.3% [24.9 – 47.2] at M0 to 12.2% [6.2 – 18.8] at 

M6 post-IT. Considering a GVP > 50 % (threshold defining high glycemic variability for GVP), 24.1 % of 

patients (n=7, 95% CI 10.3-43.5%) had a high glycemic variability at M0 versus 0% (n=0, 95% CI 0-11.9%) 

at M6 post-IT. For each indice, glycemic variability improvement was significant between M0 and M6 

post-IT (p ≤ 0.0001).  

 

We then determined for each glycemic variability indice a threshold allowing the diagnosis of IT success. 

We established a ROC curve for each indice at 6 months post-transplant using the β-score as the 

referential success criterion. 15/29 patients (51.7%, 95% CI 32.5-70.6%) were thus considered 

successfully treated (β-score ≥ 6) 6 months after the first islet injection. ROC curves were considered 

usable at M6 for each GV indice (i.e. AUC > 70% and the confidence interval not including the value 50%, 

see Table 3). The best thresholds were selected using the Youden index. Threshold’s value for each 

indice and their diagnostic performance are summarized in Table 4. Each selected threshold means that 

if a patient has a GV value below the threshold he can be considered successfully treated by islet 

transplantation with the sensitivity and specificity described. Thus, at 6 months post-transplant, we here 

consider as successfully treated a patient who have a SD below 21.51 mg/dL (with a sensibility (Se) of 
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86.67% and a specificity (Spe) of 92.86%), a CV below 16.03% (Se 86.67%, Spe 71.43%), a MAGE below 

54.81 mg/dL (Se 73.33%, Spe 92.86%), a GVP below 15.78% (Se 73.33%, Spe 100%).  

 

DISCUSSION 

This study reports the analysis of glycemic variability indices in 29 patients with type 1 diabetes 

receiving islet transplantation during the TRIMECO study. We noticed a marked improvement of all 

glycemic variability indices studied between pre-transplant period and 6 months after first islets 

infusion. We propose in our study thresholds of GV indices, calculated from CGM data, to distinguish IT 

success from IT failure at 6 months.  

In our study, we identified that a mean glucose level at 123.1 mg/dL, a standard deviation at 21.51 

mg/dL, a coefficient of variation at 16.03%, a MAGE at 54.81 mg/dL, a GVP at 15.78% can be use as 

threshold to diagnose islet transplantation success. In comparison with the indices calculated in type 1 

diabetic patients after islet transplantation in several studies (25–29), the thresholds we propose seem 

consistent. In particular, in Brooks et al. (28), glycemic variability indices were calculated in patients 

after islet transplantation, after separating patients into 4 groups according to the estimated graft 

function (low, medium, good, excellent). In the 23 patients with excellent graft function, the mean 

glucose level was 134.89 mg/dL, the standard deviation was 35.18 mg/dL, the coefficient of variation 

was 26.08%. Few data are available for MAGE in transplanted diabetic patients, making difficult the 

comparison of our data with the literature.  

Regarding studies providing reference ranges for non-diabetic volunteers, Zhou et al. (30) analysed GCM 

data obtained from healthy non-diabetic adults, aiming to establish normal reference ranges for 

glycemic variability indices. The resulting ranges were for SD was [0 - 25.18 mg/dL] and for MAGE [0 - 

70.14] mg/dL. Similarly, for the purpose of describing reference ranges for glycemic variability indices, 

Hill et al. (31) studied CGM data from 70 non-diabetic patients. The standards obtained for the non-

diabetic subject were a range of [0 - 53.96] mg/dL for SD and a range of [0 - 50.35] mg/dL for MAGE. In a 

population of healthy volunteers and type 1 diabetic patient, MAGE values ranged from 25.18 to 42 
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mg/dL and from 76 to 175.7 mg/dL respectively (12,30–39). Gude et al. (38) studied glycemic variability 

indices in 583 Spanish adult volunteers. 70/583 (12%) had been diagnosed with diabetes before 

inclusion. Using CGM data, glycemic variability indices were calculated for diabetic and non-diabetic 

individuals. Thresholds to distinguish diabetic from non-diabetic subjects have been established. The 

defined threshold for SD was 23 mg/dL and 40 mg/dL for the MAGE. In conclusion, the thresholds we 

established in our study are relatively close from the reference ranges proposed above for non-diabetic 

patients reinforcing the idea that a glycemic variability score below the established proposed thresholds 

is supportive for a successful transplantation.  

 

Standard deviation and coefficient of variation have been proposed as the recommended measures of 

glycemic variability in the international consensus on the use of CGM data (40). However, it appears in 

our study that standard deviation is less discriminant than the coefficient of variation, MAGE or GVP to 

characterize brittle diabetes. Indeed, if we consider the standard deviation, only 3.4% of patients 

presented a high glycemic variability before transplantation (Table 2 and Figure 3), whereas the patients 

of the TRIMECO study were selected by the presence of a major clinical glycemic lability with occurrence 

of severe hypoglycemic episodes resulting in a poor quality of life. If we consider the other GV indices, 

this percentage was 48.3% for the CV, 96.6% for the MAGE, 24.1% for the GVP. 

 

The β-score is an effective composite score to characterize the graft function but it requires blood 

samples and biological assays. In the era of glucose sensors, connected blood glucose meters and 

continuous glucose monitoring, one should take advantage of the wealth of data available to 

characterize the results of new therapeutic modalities available for type 1 diabetes. The proposed 

thresholds allow an easy evaluation of IT success using only CGM data and may be a clinical tool for the 

follow-up of transplanted patients. 

 

Our study shows several weaknesses. Firstly, the number of analysed days of CGM was small (average of 

7.2 days pre-transplant, 6.7 days at 6 months and 6.2 days at 12 months post-transplant). This may have 
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reduced the reliability of our measurements. In addition, in view of the multitude of available glycemic 

variability indices, our choice of the indices to be analysed may bring to discussion. We decided not to 

multiply the number of glycemic parameters analysed, because these indices are highly inter-correlated 

and provide for some redundant information. In addition, some of these parameters are less suitable for 

an overall glycemic analysis such as LBGI that is more oriented towards evaluation of hypoglycaemia or 

MIME towards evaluation of per-meal variations. As described earlier, the analysis of standard deviation 

and coefficient of variation is recommended by recent consensus (40,41), the MAGE is known for many 

years as a robust index to characterize glycemic instability (12), and the GVP appeared to us as a recent 

interesting index because of its ability to take into account both the amplitude and the frequency of 

glycemic oscillations (13). However, the debate over which indicators have to be used to characterize 

glycemic variability continues to be fuelled by the development of new indices. Moreover, we evaluated 

in our study thresholds for each indice 6 months after islet transplantation which is a short-term 

evaluation and our findings have to be confirmed with a longer time of evaluation. 

 

CONCLUSIONS 

This study highlights the significant impact of pancreatic islet transplantation on the reduction of 

glycemic variability of patients with type 1 diabetes. IT allows a significant reduction of the proportion of 

patients with high glycemic variability. We here propose thresholds for standard deviation, coefficient of 

variation, MAGE and GVP, to distinguish "IT success" from "IT failure". These thresholds may be used as 

a rapid clinical tool in the follow-up of transplanted patients and allow a better exploitation of the 

wealth of information brought by the continuous glucose monitoring. 
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TABLES AND FIGURES  

Figure 1. Flowchart 
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Table 1. Patients clinical and demographic baseline characteristics and transplant characteristics. 

 Median [IQR] or n (%) 

Sexe   F 

           M 

16 (55.2) 

13 (44.8) 

Age (years) 51.0 [42.0 – 55.0] 

Weight (kg) 68.0 [60.9 – 74.0] 

Body mass index (kg/m²) 23.8 [22.7 – 25.6] 

Diabetes duration (years) 29.0 [24.0 – 37.0] 

Treatment        Insulin pump 

                           Multiple daily injections 

17 (58.6) 

12 (41.4) 

HbA1c (%) 

HbA1c (mmol/mol) 

8.2 [7.6 – 8.9] 

66 [60 – 74] 

Daily insulin dose (UI/kg/jour)  0.53 [0.42 – 0.66] 

Number of patients who experienced at least one severe 
hypoglycemic episode during the preceding year 

19 (65.5) 

Number of severe hypoglycemic episodes per patient during the 

preceding year 
2 [0 – 3] 

Type of transplantation 

Islet transplantation alone  

Islet transplantation after kidney graft  

 

23 (79.3) 

6 (20.7) 

Number of islets injections received in total  

1 

2 

3 

 

2 (6.9) 

10 (34.5) 

17 (58.6) 
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Table 2. Evolution of mean glucose level and glycemic variability indices and proportion of patients with 

high GV before and six months after islets transplantation. 

 

  Before transplantation 
6 months after 
transplantation 

Mean glucose level Value 
156.4 mg/dL 

[128.5 – 175.9] 
118.3 mg/dL 

[108.4 – 133.2] 

Standard deviation 

Value 
53.9 mg/dL 

[44.6 – 61.5] 
20.1 mg/dL 

[13.5 – 24.3] 

Patients with high GV * 
3.4 % [0.1-17.8] 

(1 patient) 
0 % [0-11.9] 
(0 patient) 

Coefficient of 
variation 

Value 
35.2 % 

[30.6 – 37.7] 
17.3 % 

[12.0 – 20.5] 

Patients with high GV * 
48.3 % [29.4-67.5] 

(14 patients) 
3.4 % [0.1-17.8] 

(1 patient) 

MAGE 

Value 
134.9 mg/dL 

[111.2 – 155.8] 
51.9 mg/dL 

[32.4 – 62.4] 

Patients with high GV * 
96.6 % [82.2-99.9] 

(28 patients) 
24.1 % [10.3-43.5] 

(7 patients) 

GVP 

Value 
35.3 % 

[24.9 – 47.2] 
12.2 % 

[6.2 – 18.8] 

Patients with high GV * 
24.1 % [10.3-43.5] 

(7 patients) 
0% [0-11.9] 
(0 patient) 

Values of GV indices are expressed with median and interquartile range. Proportion of patients with 

high GV are expressed in percentage, 95% confidence interval and number of patients concerned. 

* The threshold defining high glycemic variability are: a standard deviation greater than 50% of mean 

glucose, a coefficient of variation ≥ 36%, a MAGE > 65 mg/dL, a GVP > 50%. 
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Figure 2. Glycemic variability indices before (dark grey) and 6 months after (light grey) islet 

transplantation. 
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Figure 3. Percentage of patients with low or high glycemic variability, according to the threshold 

defining high glycemic variability before (M0) and 6 months after (M6) islet transplantation.  

 

Standard deviation Coefficient of variation 

  

MAGE GVP 
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Table 3. ROC curves established for each glycemic variability indice at 6 months post-transplant, with β-

score as the referential success criterion. 

 

Standard deviation Coefficient of variation 

  

MAGE GVP 

  

 

AUC = 88.6 % 

95% CI = 75.5 – 100 
% 

AUC = 81.9 % 

95% CI = 66.3 – 97.5 

% 

AUC = 86.7 % 

95% CI = 73.0 – 100 
% 

AUC = 88.6 % 

95% CI = 75.8 – 100 
% 
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Table 4. Selected thresholds for diagnosis of islet transplantation success at 6 months post-transplant 

and their diagnostic performance. 

 

GV indice Treshold Sensibility (%) Specificity (%) Youden Index 

SD 21.51 mg/dL 86.67 92.86 79.53 

CV 16.03 % 86.67 71.43 58.10 

MAGE 54.81 mg/dL 73.33 92.86 66.19 

GVP 15.78 % 73.33 100 73.33 

GV: glycemic variability; SD: standard deviation; CV: coefficient of variation; MAGE: mean amplitude 

glycemic excursion; GVP: glycemic variability percentage. 
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Annexes 
 

  

Annexe 1. Données à 12 mois post transplantation 

Nous avons également réalisé au cours de ce travail l’analyse des données de mesure continue du 

glucose à 12 mois post-greffe. Le nombre moyen de jours d’enregistrement des données était de 6.2 

jours [± 9.7]. L’évolution des indices de variabilité glycémique à 12 mois post-greffe est représentée (en 

plus de l’évolution à 6 mois pour faciliter la comparaison) dans l’Annexe 1.1, 1.2 et 1.3. Entre 6 et 12 

mois post-transplantation, le MAGE s'est amélioré significativement (p = 0,043). Pour les autres indices, 

on observe en revanche une augmentation minime mais statistiquement significative des scores de 

variabilité glycémique (p = 0,023 pour l’écart-type, p = 0,039 pour le coefficient de variation, p = 0,013 

pour le GVP). 

Les courbes ROC établies à 12 mois post-transplantation sont représentées dans l’Annexe 1.4. Toutes les 

courbes ROC à M12 étaient également utilisables (aire sous la courbe supérieure à 70% et intervalle de 

confiance n'incluant pas la valeur 50%). 

Les seuils sélectionnés pour distinguer « succès » et « échec » de la transplantation d’îlots à 12 mois 

post-greffe ainsi que leurs performances diagnostiques sont rapportés dans l’Annexe 1.5. 
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Annexe 1.1. Evolution of mean glucose level and glycemic variability indices and proportion of patients 

with high GV before, six months and twelve after islets transplantation. 

 

  
Before 

transplantation 
6 months after 
transplantation 

12 months after 
transplantation 

Mean glucose 
level 

Value 
156.4 mg/dL 

[128.5 – 175.9] 
118.3 mg/dL 

[108.4 – 133.2] 
121.1 mg/dL 

[108.3 – 132.4] 

Standard 
deviation 

Value 
53.9 mg/dL 

[44.6 – 61.5] 
20.1 mg/dL 

[13.5 – 24.3] 
21.1 mg/dL 

[17.2 – 32.5] 

Patients with high 
GV * 

3.4 % [0.1-17.8] 
(1 patient) 

0 % [0-11.9] 
(0 patient) 

0 % [0-11.9] 
(0 patient) 

Coefficient of 
variation 

Value 
35.2 % 

[30.6 – 37.7] 
17.3 % 

[12.0 – 20.5] 
19.0 % 

[13.7 – 25.9] 

Patients with high 
GV * 

48.3 % [29.4-67.5] 
(14 patients) 

3.4 % [0.1-17.8] 
(1 patient) 

10.3 % [2.2-27.4] 
(3 patients) 

MAGE 

Value 
134.9 mg/dL 

[111.2 – 155.8] 
51.9 mg/dL 

[32.4 – 62.4] 
49.7 mg/dL 

[39.9 – 88.4] 

Patients with high 
GV * 

96.6 % [82.2-99.9] 
(28 patients) 

24.1 % [10.3-43.5] 
(7 patients) 

48.3 % [29.4-67.5] 
(14 patients) 

GVP 

Value 
35.3 % 

[24.9 – 47.2] 
12.2 % 

[6.2 – 18.8] 
14.9 % 

[10.2 – 21.5] 

Patients with high 
GV * 

24.1 % [10.3-43.5] 
(7 patients) 

0% [0-11.9] 
(0 patient) 

6.9 % [0.8-22.8] 
(2 patients) 

Values of GV indices are expressed with median and interquartile range. Proportion of patients with high GV are 

expressed in percentage, 95% confidence interval and number of patients concerned. 

* The threshold defining high glycemic variability are: a standard deviation greater than 50% of mean glucose, a 

coefficient of variation ≥ 36%, a MAGE > 65 mg/dL, a GVP > 50%. 
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Annexe 1.2. Glycemic variability indices before (dark grey), 6 months after (light grey) and 12 months 

after (white) islet transplantation. 

 

  

  

 

A

. 
B. 

C

. 

D

. 
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Annexe 1.3. Percentage of patients with low or high glycemic variability, according to the threshold 

defining high glycemic variability before (M0), 6 months after (M6) and 12 months after (M12) islet 

transplantation. 

 

A. Standard deviation B. Coefficient of variation 

  

C. MAGE D. GVP 
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Annexe 1.4. ROC curves established for each glycemic variability indice at 12 months post-transplant, 

with β-score as the referential success criterion. 

 

Standard deviation Coefficient of variation 

  

MAGE GVP 

  

 
 
 
 
Annexe 1.5. Selected thresholds for description of islet transplantation’s success at 12 months post-

transplant and their diagnostic performance. 

 

GV indice Treshold Sensibility (%) Specificity (%) Youden Index 

SD 31.87 mg/dL 72.73 94.44 67.17 

CV 23.56 % 72.73 83.33 56.06 

MAGE 120.0 mg/dL 54.55 100 54.55 

GVP 27.42 % 54.55 100 54.55 

GV: glycemic variability; SD: standard deviation; CV: coefficient of variation; MAGE: mean amplitude glycemic 

excursion; GVP: glycemic variability percentage. 

 

 

AUC = 83.3 % 

95% CI = 65.0 – 100 % 
AUC = 76.3 % 

95% CI = 56.0 – 96.6 % 

AUC = 78.3 % 

95% CI = 57.8 – 98.7 % 
AUC = 78.8 % 

95% CI = 60.2 – 9.3 % 
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Annexe 2. Revue de la littérature : moyenne glycémique et scores de variabilité glycémique en 

populations de volontaires sains, patients diabétiques de type 1 tout venant et après transplantation 

d’îlots. 

 

Afin de comparer les données de variabilité glycémique obtenues dans notre étude et d’argumenter leur 

valeur, nous avons complété notre travail par une revue recensant les valeurs de moyenne glycémique 

et d’écart-type, coefficient de variation, MAGE et GVP dans la littérature. Ces valeurs ont été 

recherchées en populations de volontaires sains, de patients diabétiques de type 1, et diabétiques de 

type 1 après transplantation d’îlots. Les valeurs recensées sont regroupées dans le tableau ci-dessous. 

 

Annexe 2. Literature review:  mean glucose level and glycemic variability indices (standard deviation, 

coefficient of variation, MAGE) in populations of healthy volunteers, type 1 diabetic patients, type 1 

diabetic patients after islet transplantation. 

 

 n 

Mean 
glucose 

level 
(mg/dL) 

Standard 
deviation 
(mg/dL) 

Coefficient 
of variation 

(%) 

MAGE 
(mg/dL) 

STUDIES ON TYPE 1 DIABETIC PATIENTS 

Reddy et al. 2015 57 158 * 54,86 ** 34 ** 114,93 * 

Siegelaar et al. 2009 
1160 (DCCT 
population) 

210,61 * 74,20 * 35,23 136,69 * 

Benhamou et al. 
2014 

30 - - - 135 * 

Rodbard et al. 2011 64 
153,4 a 

174,1 b 

194,8 c 

59,6  a 

69,4  b 
78,4  c 

38,85 
39,86 
40,25 

143,7  a 

173,3  b 
194,7  c 

Service et al.  1970 
3 d 

6 e 

112 * 
185,5 * 

- 
- 

- 
- 

76 * 
162,5 * 

Crenier et al. 2016 49 164,10 74,5 * 45,4 * 175,7 * 

STUDIES ON HEALTHY VOLUNTEERS 

Service et al.  1970 3 80,33 * - - 42 * 

Hanefeld et al. 2010 16 100,72 * 13,85 * 13,75 25,9 * 

Gude et al. 2017 513 - 14 ** - 26 ** 

Crenier et al. 2016 35 94,87 11,1 * 11,7 * 27,6 * 

Zhou et al. 2011 434 104 ** 13,49 ** - 31,11 ** 

Juvenile diabetes 
research foundation 
continuous glucose 
monitoring study 

74 98 * 13,7 ** 14 ** 27,7 ** 
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group 2010 

Hill et al. 2011 70 97,12 * 25,18 * 25,93 25,18 * 

STUDIES ON TYPE 1 DIABETIC PATIENTS AFTER ISLET TRANSPLANTATION (IT) 

Vantyghem et al. 
2012 

33 
107,91 *f 

111,51 *g 

16,19 *f 
32,37 *g 

15,00 
29,03 

 

Kessler et al. 2002 
7 (IT after renal 

transplant) 
104,85 *    

Ryan et al. 2001 12    54 

Brooks et al. 2015 

Depending on the 
estimated function of 

the graft h: 
Low : 19 

Medium : 15 
Good : 17 

Excellent : 23 

 
** 

192,45 
172,66 
154,68 
134,89 

 
** 

79,14 
46,76 
39,57 
35,18 

 
 

41,12 
27,08 
25,58 
26,08 

 

Geiger et al. 2005 6 111,5 *   41 * 
 
* Average ** Median, based on the statistics available in the article 
The data in mmol/L were converted to mg/dL by the formula: (mmol/L)/0.0556 = mg/dL 
In italics: calculated from the mean glucose level, standard deviation and coefficient of variation values cited in the 

article. 
a  In a population of type 1 diabetic patients with good glycemic control 
b In a population of type 1 diabetic patients with moderate glycemic control 
c In a population of type 1 diabetic patients with poor blood glucose control 
d Patients with stable diabetes 
e Patients with unstable diabetes 
f 6 months after islet transplantation 
g 36 months after islet transplantation 
h Estimated function of the graft by measurement of the stimulated C peptide after tolerance test by taking a 

standardized mixed meal 
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Conclusion générale 
 
 
Cette étude met en évidence l’impact significatif de la transplantation d’îlots pancréatiques sur la 

réduction de la variabilité glycémique des patients atteints de diabète de type 1. Cette méthode de 

traitement permet également une réduction significative du pourcentage de patients présentant une 

variabilité glycémique élevée. Nous proposons ici des seuils pour l'écart type, le coefficient de variation, 

MAGE et GVP, afin de distinguer « succès » et « échec » de la transplantation d’îlots. Ces seuils peuvent 

être utilisés comme un outil clinique rapide dans le suivi des patients diabétiques de type 1 greffés et 

permettent une meilleure exploitation de la richesse des informations apportées par la surveillance 

continue du glucose. 
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