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Abbreviations 

ACCES: “ACute and Chronic Effects of Saxagliptin” 

ANOVA: one-way analysis of variance 

AUC glucose: area under curve glucose 

BMI: body mass index 

CGM: continuous subcutaneous glucose monitoring 

CRP: C reactive protein 

CV%: coefficient of variation of glucose  

DPP-4i: dipeptidyl peptidase-4 inhibitor  

FFA: free fatty acids 

FPG: fasting plasma glucose value  

GIP: glucose dependent insulinotropic peptide 

GLP-1: glucagon-Like Peptide 1  

IGT: impaired glucose tolerance  

IL6: interleukin 6 

T2D: type 2 diabetes  

OGTT: oral glucose tolerance test  

SD: standard deviation 
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Abstract  

Background and aims 

Dipeptidyl-peptidase inhibitors might be useful in type 2 diabetes prevention. ACCES (ACute 

and Chronic Effects of Saxagliptin) was a randomized, placebo-controlled, double-blind, 

controlled phase 2, pilot study aiming to examine in obese patients with impaired glucose 

tolerance (IGT) the acute effects and the effects after 12 weeks of treatment by saxagliptin on 

glucose levels at fasting and postprandially after a standard breakfast, and on glucose tolerance.  

Methods and results  

We included 24 obese patients with IGT. Patients were randomized to receive saxagliptin 5mg 

or placebo in the morning. The treatment was taken on Visit 1 before breakfast, then continued 

for 12 weeks. Biochemical measurements were performed before, one, two and three hours 

after a standard breakfast including 75g of carbohydrates, during Visit 1 and Visit 2 (12 weeks). 

Glucose variability (GV) was evaluated at Visit 1 from 24-h continuous glucose monitoring 

including the breakfast. A second OGTT was performed at Visit 3 (3-5 days after Visit 2). 

Compared with placebo-treated patients, saxagliptin-treated patients had lower 1h and 2h post-

meal plasma glucose levels at Visit 1 and similar changes at Visit 2 (p<0.01 to p<0.004), with 

lower GV indexes after breakfast at Visit 1. At Visit 3, all patients but one in saxagliptin group 

and only 4 patients in placebo group turned to normal glucose tolerance. Lower glucose 

response to breakfast at Visit 1 was predictive of recovery of glucose tolerance. 

Conclusion  

Saxagliptin has metabolically beneficial effects in glucose-intolerant obese patients by 

significantly lowering postprandial blood glucose levels. 

Clinical Trial Registration number: NCT01521312: 

https://clinicaltrials.gov/ct2/show/NCT01521312 
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Introduction  

In obese patients glucose regulation is often altered. Prediabetes is a metabolic disorder 

characterized by insulin resistance, reduction of insulin secretion and a reduction of incretin 

effect, which increases the risk of incident type 2 diabetes (T2D) [1,2]. Impaired glucose 

tolerance (IGT) is a prediabetic state whose progression results from the deterioration of beta-

cell function and aggravation of insulin resistance. IGT is associated with increased 

cardiovascular risk and might have harmful effects on other organs including the kidney [3-6]. 

The growing prevalence of T2D makes the prevention of the disease a major public health issue. 

IGT is an attractive stage for intervention, allowing the possibility of slowing down or 

preventing progression to T2D. Various intervention trials have shown the efficacy of lifestyle 

programs and pharmacological agents to prevent or delay the progression from IGT to T2D 

[7,8].  

Standardized meals have been suggested as a more physiological way than oral glucose 

tolerance test (OGTT) to diagnose glycemic disorders [9,10]. In recent years, techniques have 

been developed for continuous subcutaneous glucose monitoring (CGM). These tools make it 

possible to evaluate interstitial glucose levels throughout the day and to precisely analyze 

postprandial glucose excursions. Using CGM data, we recently showed in obese patients that 

glucose response to a standard breakfast including 75g carbohydrates shows strong similarities 

with the response to 75g OGTT (Rezki et al. submitted). In addition, CGMS allows to analyze 

more accurately daily glucose variability. The acute effects of glycemic control on glucose 

variability have never been studied specifically in IGT patients. 

Dipeptidyl peptidase-4 inhibitors (DDP-4is) improve blood glucose regulation by increasing 

the active levels of incretins, glucagon-like peptide 1 (GLP-1) and glucose dependent 

insulinotropic peptide (GIP). By preventing the deactivation of GLP-1 and GIP, they increase 

insulin release and decrease glucagon levels [11]. These drugs may reduce beta cell apoptosis 
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and preserve beta cell function [12], and might thus prevent the progression from prediabetes 

to T2D. Furthermore, these drugs were shown to offer a good safety profile.  

The ACCES (ACute and Chronic Effects of Saxagliptin) Glucose pilot study aimed to explore 

in obese patients with IGT the effects of saxagliptin versus placebo on glycemic status with the 

objectives to determine: (i) the acute effects of saxagliptin on plasma glucose levels after a 

standardized breakfast and evaluate the interaction with indexes of glucose variability; (ii) the 

effects of a 12-week treatment with saxagliptin on plasma glucose levels before and after a 

standardized breakfast and on HbA1c; (iii) the effects of a 12-week treatment with saxagliptin 

on the results of OGTT and IGT status; and (iv) the acute and 12-week treatment effects of 

saxagliptin on inflammatory parameters. 

 

Methods  

Study design  

ACCES is a randomized, placebo-controlled, double-blind, controlled phase 2, pilot study, 

conducted at Jean Verdier University Hospital (Bondy, France). The study was approved both 

by the local ethics committee (Comité de Protection des Personnes, Reference Number: 

JLD/AP-protocole 27-2011), by the French National Agency for Drug Security (Agence 

Nationale de Sécurité du Médicament, Number: A110912-14) and was registered as a clinical 

trial (Number EudraCT: NCT01521312). There were two parts in the study: (i) the acute and 

chronic effects of saxagliptin vs placebo on glucose tolerance (ACCES-Glucose study) which 

are described in the current article; (ii) the acute and chronic effects of saxagliptin vs placebo 

on micro and macrovascular parameters (ACCES-Vasc study), which will be reported in 

another article.  
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Study population 

The inclusion criteria were the following: patients with IGT according to an OGTT performed 

less than 3 weeks before the inclusion, age between 18 and 70 years, body mass index (BMI) 

ranging from 30 to 40 kg/m2. The major exclusion criteria were the following: known diabetes 

(defined as fasting plasma glucose (FPG) ≥7 mmol/L or 2-h post-glucose ≥11.1 mmol/L) [13], 

uncontrolled hypertension, dyslipidemia (total cholesterol > 6.5 mmol/l or triglycerides > 2.3 

mmol/l), renal failure (glomerular filtration rate < 60 ml/min), hepatic failure (prothrombin time 

< 70%), chronic respiratory disease, anemia (hemoglobin level < 10 g/dl), cardiac failure (from 

grade 2 of the NYHA classification), lower limb arterial disease, cardiac arrhythmia, anti-

hypertensive or current lipid-lowering treatment initiated after the diagnosis of glucose 

intolerance, patients who have previously experienced a severe hypersensitivity reaction to a 

DPP-4i. Smoking was defined as present if patient continued to smoke or had stopped less than 

3 years ago. 

The methods used were non-invasive. All patients gave us their agreement and signed the 

informed consent according to the European directives. 

The anticipated effect size (∆/σ) for our study was estimated at 1.1, the power level was 80% 

and the probability level was set at 0.05. The estimated minimum sample size for a two-tailed 

hypothesis was calculated at 12 persons per group. 

 

Screening and global procedure  

Patients were screened during their routine checkup for obesity in our department. The OGTT 

was performed within one to three weeks before inclusion with 75g of glucose after a 12-hour 

fasting. IGT was defined as 2h post-OGTT glucose value ≥7.8 mmol/L and <11.1mmol/L, with 

FPG <7 mmol/L [13]. During the pre-inclusion period, participants received dietary advices. A 

CGM device was placed on the day prior to Visit 1 and removed after breakfast. Patients were 
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randomly assigned to a treatment with saxagliptin 5 mg in the morning or placebo for 12 weeks. 

At Visit 1, treatment by saxagliptin or placebo was taken after the fasting blood sampling, 30 

minutes before eating the standardized breakfast (supplementary Figure 1). For the rest of the 

study, treatment was taken immediately before breakfast. Participants were contacted every 

month during the 12-weeks experimental treatment by phone for any side effects. Patients were 

advised not to modify their daily physical activity during the study period. Patients came for a 

second visit after 12 weeks of treatment and then stopped treatment. The study ended after Visit 

3, which occurred 3 to 5 days after Visit 2. During Visit 3, the participants had an OGTT 

(supplementary Figure 1). 

 

Procedures during visit 1 and visit 2 

Standard breakfast test 

A standard breakfast prepared at hospital and consisting of unsweetened coffee or tea (200 ml), 

200 ml of orange juice and 60 g of white bread with 30 g of jam was offered to the patient who 

was asked to eat it in 10 minutes. This meal of 400 kcal contained 75g of carbohydrates. The 

breakfast test was performed at study Visits 1 and 2. 

 

Biochemical measurements  

Participants remained at rest in the supine position throughout the morning tests. Measurements 

were performed at fasting and 1, 2 and 3 hours after the standard breakfast.  

Plasma glucose was measured by the glucose oxidase method (colourimetry, Kone Optima, 

Thermolab System, Paris La Défense, France), serum insulin by luminescent immunological 

assay (Diagnostic Products Corporation, Los Angeles, CA, USA) and HbA1c by agarose 

electrophoresis (HYRYS, HYDRASYS, Sebia, Evry, France). The HbA1c level was 

standardized according to the Diabetes Control and Complications Trial. Fructosamine, total 
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cholesterol, HDL-cholesterol and triglycerides were measured by enzymatic colourimetry 

(Hitachi 912, Roche Diagnostics, Meylan, France), and LDL cholesterol was calculated by 

Friedwald formula. Free fatty acids (FFA) were measured with enzymatic colorimetry (Wako 

Chemicals, GmBH). Serum samples were centrifuged at - 4 °C and stored at - 80 °C. These 

samples were used for an enzyme-linked immunosorbent assay (R&D Laboratory Systems, 

Minneapolis, Minnesota) to measure interleukin 6 (IL6), leptin, adiponectin and C reactive 

protein (CRP) according to the manufacturer's instructions.  

For all women of childbearing age, a pregnancy blood test was performed at Visit 1 and 2, and 

also urinary pregnancy tests at the hospital every month and at any time during the study in case 

of late menstruation. 

 

Glucose variability indexes 

The CGM system “Medtronic ipro2®” was used to analyse glucose variability at study Visit 1. 

Interstitial glucose was measured by glucose oxidase method. Interstitial glucose readings were 

validated with three to four capillary glucose measurements a day, following the manufacturer’s 

guidelines. Glucose data were collected every 5 minutes. The 24h data including the standard 

breakfast was analyzed by the Easy GV software, a spreadsheet that calculates various indexes 

of glucose variability: mean glucose value, standard deviation (SD glucose), coefficient of 

variation (CV% = (SD-glucose / Mean glucose) *100), continuous overall net glycemic action 

(CONGA) and mean amplitude of glycemic excursions (MAGE) [14]. During 3 hours after 

breakfast, mean glucose, the area under the curve of glucose (AUC glucose), SD glucose and 

CV% were calculated using CGM data. 

 

Statistical analyses 
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Variables were expressed as mean ± SD or as percentages. Comparisons between groups at 

baseline were performed for continuous variables by analysis of variance or the Mann–Whitney 

test as appropriate and by Chi-square test for categorical variables. Quantitative variables were 

analyzed by different mixed models of ANOVA for longitudinal data including factor treatment 

(saxagliptin and placebo) and factor time with 2 levels when comparing changes between visits 

(i.e. V1 and V2) or four levels when analyzing the test meal response (0, 60,120 and 180 min 

after breakfast). Interaction between the 2 factors was used to test possible effect of treatment 

on time-dependent changes in studied parameters. Normalizing transformations were made if 

necessary. All tests were two-sided at 5% significance level. Statistical analyses were 

performed with SAS version 9.4. 

 

Results 

Patients' characteristics  

From September 2012 to September 2014, we included 24 obese patients with IGT, 12 in 

saxagliptin group and 12 in placebo group. We had to stop the study tests for one patient at 

Visit 2 due to an atypical chest pain. The baseline characteristics are summarized in Table 1. 

Overall, mean BMI was 36.8±4.9 kg/m2, one third of the patients had hypertension, 8.3% were 

smokers and 8.3% had obstructive sleep apnea syndrome. The two groups (placebo vs 

saxagliptin) did not show any significant difference for age, BMI, gender and blood pressure 

levels.  

 

Anthropometric changes and side effects 

During the study, body weight decreased between Visit 1 and 2 (p=0.007), from 107.5±18.5 kg 

to 106.1±20.2 kg in the saxagliptin group and from 97.2±14.5 to 93.5±16.6 kg in the placebo 

group (no significant treatment effect, p=0.153, nor time*treatment interaction, p=0.171). Waist 
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circumference decreased during the study (p=0.026), from 114±13 cm to 109±13 cm in 

saxagliptin group and from 108±9 to 102±11 cm in placebo group (no significant treatment 

effect, p=0.165, nor time*treatment interaction, p=0.07). Changes in body weight and waist 

circumference did not differ significantly between the two groups. No adverse effect occurred 

in any patient during the trial. 

 

Effect of saxagliptin treatment on metabolic parameters at fasting  

At fasting, there was no significant difference between the two groups at Visit 1 or Visit 2, for 

any of the metabolic parameters including FPG, HbA1c, fructosamine, lipid parameters; for 

hormone levels including leptin and adiponectin; and for renal function (Table 2). 

 

Effect of saxagliptin treatment on metabolic parameters after the standard breakfast  

At Visit 1 (acute effect), plasma glucose levels after breakfast differed significantly between 

the two treatment groups. Glucose response was lower in saxagliptin group (p<0.02) with a 

significant interaction time*treatment effect (p=0.0003) (fig 1A). At Visit 2 (chronic effect), 

the same effect was observed with a significantly lower glycemic increase after breakfast in 

saxagliptin group (p<0.01) and a significant interaction time*treatment effect (p=0.009) (fig 

1B). At Visit 1 and 2, plasma insulin increased after breakfast until 2 hours and decreased at 3 

hours with no difference between treatment groups (fig 1 C and D).  

Triglycerides decreased at Visit 1 postprandially without treatment effect at any visit (Fig 1 E 

and F). During both visits, FFA levels decreased markedly 2 hours after breakfast (time effect, 

p<0.0001) without treatment effect (fig 1 G and H).  
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Acute saxagliptin effect on glucose variability indexes 

None of the indexes of 24h glucose variability differed between saxagliptin and placebo groups 

(Table 3). No hypoglycemic episode occurred during 24h recordings.  

The 3h period after breakfast analysis showed that SD glucose and CV% were reduced 

significantly after the first saxagliptin tablet (p=0.003 and 0.006, respectively) (Table 3). 

 

Effect of saxagliptin treatment on glycemic status  

During the OGTT performed before inclusion, FPG at fasting and 120 minutes was very similar 

in the two groups. OGTT was again performed at Visit 3 in 10 saxagliptin-treated patients and 

9 placebo-treated patients. Compared to OGTT results at baseline, OGTT at Visit 3 showed a 

decrease in plasma glucose at 120 minutes in both groups, which was greater for the saxagliptin-

treated group (saxagliptin: -3.45 ± 1.40 mmol vs placebo: -1.58 ± 0.59 mmol/l, p<0.008) (figure 

2). Nine of the 10 patients treated by saxagliptin were no longer glucose intolerant and 5 out of 

the 9 placebo-treated patients still had IGT (p<0.01). 

When comparing 3h CGM data after the standard breakfast during Visit 1 in the patients who 

recovered a normal glucose tolerance and those who did not, whatever they were treated by 

saxagliptin or placebo, mean glucose, glucose peak, SD glucose and AUC glucose were 

significantly lower in the former (p<0.05 for all indexes) (Table 4).  

 

Effect of saxagliptin treatment on inflammatory parameters measured at fasting and after 

the standard breakfast 

IL-6 and CRP levels did not change significantly after breakfast at any visit, and there was no 

treatment effect on IL-6 and CRP levels (figure 1 I to L).  
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Discussion  

Several epidemiological studies have shown that high post-challenge (2-h post-OGTT) or post-

prandial glucose values, independent of FPG, are associated with greater cardiovascular risk 

[3,4,15,16]. Various mechanisms may be involved, particularly post-prandial activation of 

oxidative stress and impairment of endothelial function [17].  

Several prospective randomized studies have demonstrated that dietary and physical activity 

programs can reduce the incidence of T2D by 30-60% over 3-6 years in individuals with 

prediabetes [for review, 8 and 18]. However, lifestyle interventions require significant resources 

from the community [19], and adherence to lifestyle interventions is often poor despite 

extensive support [8]. Pharmacological interventions with glucose-lowering agents including 

metformin, acarbose or glitazones have shown a 25 to 60% reduction in the incidence of 

diabetes over 2.5 to 6 years [8]. Patients could be more compliant to drug therapy even if this 

option is less effective than lifestyle changes. Ultimately pharmacological intervention 

combined with diet and exercise counseling may be a realistic option for actually reducing T2D 

incidence [18]. 

In the current randomized study, we examined the effects of saxagliptin compared to placebo 

on glucose and other metabolic parameters, oxidative stress and inflammatory parameters in 

obese patients newly diagnosed with IGT. By the first day of saxagliptin treatment, plasma 

glucose levels were significantly reduced after the standard breakfast and the same changes 

were confirmed after 12 weeks of treatment with a conversion to normal glucose tolerance in 

90% of the patients, while body weight decreased similarly as in the control group. FPG was 

not changed by saxagliptin treatment. Insulin response to breakfast was not modified, 

suggesting an improvement in insulin secretion. Lipid parameters and inflammatory parameters 

were also unchanged. 
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The incretin pathway is attenuated in T2D and in prediabetes [2]. Mechanism of the progression 

from prediabetes to diabetes state may be related to the lack of incretin secretion in the intestine 

[20]. Therefore, DPP-4is can effectively improve GLP-1 levels. In patients with T2D, DPP-4is 

reduce FPG by 1.1 mmol/l in means and reduce more 2h postprandial glucose value by 2.7 

mmol/l on average, with an average HbA1c decrease by approximately 0.8% [21]. Meanwhile, 

body weight remains stable or modestly decreased and the risk of hypoglycemia is not enhanced 

[21]. Early intervention with incretin drugs might prevent the progression of prediabetic into 

diabetic state. Among prediabetic subjects, due to the predominant effect of incretin therapies 

on postprandial glucose levels, the major benefit is expected in subjects with IGT. In a 24-week, 

randomized controlled trial conducted in 25 Chinese obese subjects with newly diagnosed pre-

diabetes, saxagliptin 5 mg resulted in a significant decrease in fasting and 2h postprandial 

plasma glucose and HbA1c values compared with the control group, with a reduction of insulin 

resistance [22]. Twelve weeks of sitagliptin treatment was recently shown to improve glucose 

tolerance and lipid profile in overweight individuals with prediabetes [23]. Similarly, after an 

acute coronary syndrome, sitagliptin was tested in patients with IGT or T2D detected by OGTT. 

In the sitagliptin-treated patients, beta-cell function was improved and significantly more 

patients improved post-load glucose metabolism compared with the placebo group [24]. 

Likewise, liraglutide 3.0 mg a day was compared to placebo as an adjunct to a reduced-calorie 

diet and increased physical activity in individuals with obesity and prediabetes and was shown 

to reduce significantly the risk of incident T2D together with a greater weight loss [25].  

Our current results showed that saxagliptin was able to reduce postprandial glucose levels 

without affecting FPG levels, which were normal at baseline. This effect occurred by the first 

day of treatment and remained with the same magnitude after 12 weeks of treatment. In 

addition, the second OGTT performed while the patients had stopped treatment three to five 

days before showed an improvement of 2h-glucose and even a normalization of glucose 
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tolerance in 90% of the saxagliptin-treated patients. Looking at CGM data after the first tablet 

of experimental treatment, glucose peak, mean glucose, SD glucose and AUC glucose during 

the 3 hours after the standard breakfast were lower in the patients who recovered a normal 

OGTT at Visit 3. These results suggest that the effect of saxagliptin may be appreciated as soon 

as the first tablet is given, as the improvement of glucose after the standard breakfast is 

predictive for the improvement of glucose tolerance after 12 weeks of treatment. 

The effect of DPP-4is on weight loss is usually modest as compared to a significant decrease 

commonly occurring with GLP-1 receptor agonists [26]. In our study, body weight and waist 

circumference decreased similarly in saxagliptin and placebo treated patients as the result of 

dietary advice given before study entry in both groups. Improvement of glucose profile may 

not be attributed to such changes.  

Standardized meals have been suggested as a more physiological way than OGTT to diagnose 

glycemic disorders [9,10]. We recently showed in obese patients that glucose response to a 

standard breakfast including 75g carbohydrates shares strong similarities with the response to 

75g OGTT. In particular, the magnitude of the response evaluated by 2h AUC-glucose, glucose 

peak and glucose value 60 min after OGGT or standard breakfast were similar. Additionally 

this breakfast offers good diagnostic performances for the detection of IGT or T2D (Rezki et 

al. submitted). We used in the present study the same standard breakfast. It was well accepted 

by our patients and easy to provide, since it contained the usual components of the French 

breakfast. The present study further supports the role of this standard breakfast as an interesting 

tool to explore glucose metabolism in real life.  

Greater glucose variability generates a growing interest as an additional target for the overall 

management of glucose control [27]. We previously reported that glucose variability is 

increased by prediabetic stages, albeit modestly, in subjects with normal or slightly elevated 

HbA1c levels [28]. Glucose variability was here simply explored after the breakfast and showed 
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an improvement after the first saxagliptin tablet. An improvement of glucose variability was 

also reported after eight weeks of treatment by sitagliptin or vildagliptin [29].  

Recent cardiovascular outcomes trials performed in large populations of patients with T2D and 

high cardiovascular risk provided evidence for cardiovascular safety except in the Saxagliptin 

and Cardiovascular Outcomes in Patients with Type 2 Diabetes Mellitus (SAVOR-TIMI 53) 

study where the risk of hospitalization for heart failure was increased with saxagliptin mostly 

in patients with heart failure history or elevated plasma N-terminal pro-B-type natriuretic 

peptide levels without clear explanation for that [30]. Our patients were free of any 

cardiovascular disease. The saxagliptin treatment was well tolerated and no hypoglycemia event 

occurred during the trial. CGM after the first tablet did not detect any hypoglycemia. 

Saxagliptin had no significant effect on lipid profile and inflammatory parameters at fasting or 

postprandially, neither in acute condition nor after long-term treatment. In the same line, the 

effect of saxagliptin on adipose tissue inflammation was tested in overweight or obese people 

without diabetes and reported to be relatively modest, with many inflammatory markers 

unchanged [31]. Thus, saxagliptin appears to be safe in patients with IGT and might therefore 

be used to prevent T2D in this population.  

Our study has some strengths. We evaluated glucose changes both in acute and long-term 

conditions, using both a standard breakfast close to real life and OGTT, in an homogenous 

population of obese patients with IGT. The study also has some limitations. The sample size 

was relatively modest, 24 patients, and thus the study did not have the power to detect any 

smaller effects among treatment groups. The study duration was only 12 weeks. Further studies 

in large cohorts, testing the effect of saxagliptin and other DPP-4is in delaying or preventing 

the progression from prediabetes to T2D are necessary. 
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Conclusion  

Saxagliptin has a metabolically beneficial effect in obese glucose-intolerant patients by 

significantly lowering postprandial plasma glucose levels without affecting body weight. 

Saxagliptin improved glycemic status of patients with IGT after 12 weeks of treatment and 

turned it to normal glucose tolerance status in the majority of patients. The benefit of saxagliptin 

may be seen after taking the first tablet, as the improvement of glucose after the standard 

breakfast is predictive for the recovery of a normal glucose tolerance after 12 weeks of 

treatment. This study may add to the armamentarium of agents that may be used for the 

management of prediabetes.  
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Legends of figures 

 

Figure 1: Effect of saxagliptin treatment on metabolic parameters and inflammatory 

parameters after standard breakfast 

Data are mean ± SD  

A) Plasma glucose at fasting and after breakfast during Visit 1: between groups, p<0.02; time 

effect, p<0.0001; time*treatment interaction, p=0.0003; and during Visit 2: between 

groups, p<0.01; time effect, p<0.0001; time*treatment interaction, p=0.009. 

B) Insulin at fasting and after breakfast during Visit 1: between groups, p=0.74; time 

effect, p<0.0001; time*treatment interaction, p=0.30); and during Visit 2: between 

groups, p=0.72; time effect, p<0.0001; time*treatment interaction, p=0.36. 

C) Triglycerides at fasting and after breakfast during Visit 1: between groups, p=0.71; 

time effect, p<0.02; time*treatment interaction, p=0.15; and during Visit 2: between 

groups, p=0.70; time effect, p=0.32; time*treatment interaction, p=0.78. 

D) Free fatty acids (FFA) at fasting and after breakfast during Visit 1: between groups, 

p=0.16; time effect, p<0.0001; time*treatment interaction, p=0.30; and during Visit 2: 

between groups, p=0.50; time effect, p<0.0001; time*treatment interaction, p=0.81. 

E) Interleukin 6 (IL 6) at fasting and after breakfast during Visit 1: between groups, 

p=0.20; time effect, p=0.27; time*treatment interaction, p=0.39; and during Visit 2: 

between groups, p=0.19; time effect, p=0.99; time*treatment interaction, p=0.70. 

F) CRP us at fasting and after breakfast during Visit 1: between groups, p=0.89; time 

effect, p<0.004; time*treatment interaction, p=0.12; and during Visit 2: between 

groups, p=0.71; time effect, p<0.002; time*treatment interaction, p=0.47 
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Figure 2: Results of oral glucose tolerance test before inclusion and at the end of study 

(Visit 3) 

Data are mean ± SD  

A) Plasma glucose response to OGTT before inclusion: between groups, p=0.88 

B) Plasma glucose response to OGTT after 12 weeks of saxagliptin or placebo: between 

groups, p<0.05 

 

 

Supplementary Figure 1: ACCES glucose, study protocol 

OGTT: oral glucose tolerance test. IGT: impaired glucose tolerance 
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Table 1: Patients’ characteristics at inclusion 

 

 

Placebo 

(n=12) 

Saxagliptin 

(n=12) 

Total  

(n=24) 

Age (years) 49.8 ± 14.6 40.0 ± 10.7 44.9 ± 13.5 

Female gender (%) 9 (75) 10 (83.3) 19 (79.2) 

Body mass index (kg/m²) 36.2± 5.6 37.4 ± 4.1 36.8 ± 4.9 

Weight (kg) 97.2 ± 14.5 107.5 ± 18.5 102.3 ± 17.1 

Height (cm) 163.9 ± 6.5 169.0 ± 10.0 166.5 ± 8.6 

Waist circumference (cm) 108.1 ± 9.1 114.3 ± 13.4 111.2 ± 11.7 

Systolic Blood Pressure (mmHg) 125.6 ± 14.6 120.6 ± 11.0 123.1 ± 12.9 

Diastolic Blood Pressure (mmHg) 75.3 ± 9.3 74.0 ± 7.1 74.6 ± 8.1 

Hypertension  (%) 3 (25) 5 (41.7) 8 (33.3) 

Dyslipidemia (%)  1 (8.3) 0 (0) 1 (4.2) 

Smokers (%) 2 (16.7) 0 (0) 2 (8.3) 

Obstructive sleep apnea syndrome (%) 1 (8.3) 1 (8.3) 2 (8.3) 

Data are n (%) or mean ± SD 

 



Table 2: Metabolic and hormonal parameters at fast during Visit 1 and Visit 2, 

saxagliptin vs placebo 

 

 Visit 1 

Comparison  

at baseline 

Visit 2 

Treatment 

effect* 

 Placebo Saxagliptin p value Placebo Saxagliptin p value 

HbA1c (%) 5.63 ± 0.38 5.70 ± 0.52 0.709 5.65 ± 0.41 5.73 ± 0.41 0.690 

HbA1c (mmol/mol) 38±2.6 39±3.5 0.709 38±2.7 39±2.8 0.690 

Fructosamine 

(μmol/L) 

222 ± 21 221 ± 23 0.892 225 ± 18 222 ± 22 0.728 

Total cholesterol 

(mmol/L) 

4.99 ± 0.64 4.91 ± 0.71 0.772 4.91 ± 0.74 5.01 ± 0.99 0.818 

HDL-c (mmol/L) 1.30 ± 0.26 1.24 ± 0.26 0.589 1.39 ± 0.24 1.34 ± 0.28 0.724 

LDL-c (mmol/L) 3.15 ± 0.54 3.07 ± 0.62 0.731 2.94 ± 0.75 2.59 ± 0.79 0.345 

Leptin (ng/ml) 36.7 ± 27.4 49.5 ± 18.1 0.208 36.0 ± 25.2 48.2 ± 18.5 0.208 

Adiponectin (µg/ml) 4.2 ± 2.3 4.3 ± 2.1 0.906 5.0 ± 2.5 4.8 ± 2.2 0.821 

Plasma creatinine 

(µmol/L) 

73.1 ± 10.5 68.9 ± 13.5 0.439 69.6 ± 10.8 65.4 ± 13.1 0.499 

Creatinine 

clearance* (ml/min) 

89.8 ± 16.0 103.8 ± 28.9 0.190 95.8 ± 17.2 108.2 ± 20.7 0.203 

 

Data are mean ± SD. HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density 

lipoprotein cholesterol. * Modification of diet in renal disease formula 

No significant differences for any parameter were found at fasting at Visit 1 and Visit 2, or 

between the 2 visits (all p > 0.05). 

 



Table 3: Acute saxagliptin effect on 24h glucose variability indexes and glucose 

variability during 3 hours after breakfast during Visit 1 

 

 

Placebo 

(n=11) 

Saxagliptin 

(n=12) P 

 

 

24-hour CGM data 

Mean glucose (mmol/L) 5.5±0.5 5.8±0.9 0.355 

SD glucose (mmol/L) 0.8±0.3 1.0±0.4 0.336 

CV% 14.5±4.0 16.2±5.6 0.546 

 CONGA 4.9±0.5 5.3±0.7 0.122 

 MAGE 2.1±0.8 2.3±1.1 0.646 

3-hour CGM data 

Mean glucose (mmol/L) 7.4±1.7 6.7±1.3 0.223 

SD glucose (mmol/L) 0.9±0.2 0.5±0.2 0.003 

CV% 12.1±3.5 7.4±3.3 0.006 

AUC glucose 1275±300 112±210 0.313 

Peak glucose 8.8±1.8 7.7±1.6 0.147 

 

Data are mean ± standard deviation (SD)  

 AUC: area under the curve; CGM: continuous glucose monitoring; CV%: coefficient of 

variation of glucose (CV% = (SD-glucose / Mean-glucose) *100); CONGA: continuous 

overall net glycemic action; MAGE: mean amplitude of glycemic excursions. 

 

 



Table 4: Glucose variability during the 3 hours following standardized breakfast at Visit 

1 by having recovered normal glucose tolerance or having still impaired glucose 

tolerance at the end of the study 

 

 

Patients who recovered a 

normal glucose tolerance 

at Visit 3 (n=13) 

Patients who had still 

impaired glucose 

tolerance at Visit 3 (n=6) 

P 

Mean glucose (mmol/L) 6.8±1.2 8.5±1.8 0.042 

SD glucose (mmol/L) 0.6±0.3 0.9±0.1 0.025 

CV% 8.4±4.4 11.6±.2.6 0.131 

AUC glucose 1166±208 1452±307 0.032 

Glucose peak 7.9±1.6 9.9±1.6 0.030 

 

Data are mean ± standard deviation (SD)  

AUC: area under the curve; CV%: coefficient of variation of glucose (CV% = (SD-glucose / 

Mean-glucose) *100).  

 




