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Abstract
Background: Studies of dipeptidyl peptidase inhibitors (DPP4is) report heterogeneous effects on cardiovascular targets in type 2 diabetes. Little is known
about the cardiovascular effects of DPP4is in patients with impaired glucose tolerance (IGT) in particular during the post-prandial state.

Methods: In this randomized, placebo-controlled, double-blind, single-center pilot study, we included obese individuals with IGT. Participants were randomized
to receive for 12 weeks either saxagliptin 5mg a day or placebo. They were explored non-invasively before and after a standardized breakfast for biological
markers; microcirculatory blood �ow at baseline and after transcutaneous administration of acetylcholine (Peri�ux System 5000® PERIMED); post-occlusive
digital reactive hyperhemia (Endopat2000®); pulse wave velocity, augmentation index, central pulse pressure and subendocardial viability ratio
(Sphygmocor®); cardiac hemodynamic parameters and cardiovascular autonomic nervous system activity (Task force monitor®).

Results: We investigated 24 individuals (mean body mass index 36.8±4.8 kg/m2, hypertension 33.3%). The results of all the investigations were similar after
breakfast in the two groups at Visit 1 (acute post-prandial effects, after the �rst tablet) and Visit 2 (long-term post-prandial effects), and at fasting at Visit 1
and 2 (long-term effects, after 12 weeks of treatment). Only at Visit 2 the decrease in cardiac vagal activity occurring after breakfast was more sustained in the
saxagliptin group than in the placebo group (interaction between treatment and time effect: p=0.016).

Conclusion: In obese patients with IGT, among the large set of cardiovascular parameters we measured in the fasting and post-prandial state, the unique
change induced by saxagliptin consisted in a more marked post-prandial depression of vagal activity.

Clinical Trial Registration number: NCT01521312

Background
Patients with type 2 diabetes are still at high cardiovascular risk despite marked improvement in care management (1). Residual risk is partly attributed to
glycaemic variability, especially due to spikes of glucose exposure after meals (2). Indeed, several cardiovascular changes occur during post-prandial phase
(3). Likewise, people with impaired glucose tolerance (IGT) have a higher cardiovascular risk than those with fasting hyperglycaemia, another prediabetic state
(4).

Some pharmacological glucose-lowering therapies such as sodium/glucose cotransporter 2 inhibitors and glucagon-like peptide 1 (GLP-1) receptor agonists
have recently shown that they could reduce cardiovascular burden in patients with type 2 diabetes (5). Di-peptidyl peptidase 4 inhibitors (DPP4is) provide
protection for the incretin hormones GLP-1 and gastric inhibitory polypeptide from enzymatic degradation by DPP-4 and improve meal-stimulated insulin
secretion by pancreatic beta cells (6-9). This class had shown some potential bene�cial cardiovascular effects at fasting when the current study was designed
(10,11). These bene�cial effects were then con�rmed in many studies, including anti-in�ammatory effects (12), improvement of endothelial function (6,12-14),
no abnormalities indicative of cardiac injury (15) and possibly some anti-hypertensive effects (6, 16,17). Here, we designed this study to investigate whether
saxagliptin, a DPP4i, had bene�cial cardiovascular effects not only at fasting but also post-prandially. For this, we investigated endothelial function,
microcirculation, arterial stiffness, cardiac contractile function and autonomic nervous system activity before and after a standardized breakfast.

Our results are important because since we began the study, although randomized controlled studies have shown that several DPP4is including saxagliptin
were safe and neutral in type 2 diabetes patients at high cardiovascular risk (12,18), saxagliptin treatment was associated with an increased rate of
hospitalizations for acute heart failure (18,19). This increase was not observed with other DPP4is (12), and whether this was a class effect is still debated
(12,15,20). Therefore, the impact of saxagliptin on heart failure remains controversial (20) and our study could provide some clues regarding the potential
mechanisms involved.

Methods
Study design

The “ACute and Chronic Effects of Saxagliptin” (ACCES) study 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) and the French National Agency for Drug Security (Agence Nationale de Sécurité du Médicament, Number: A110912-14)
and was registered as a clinical trial (NumberEudraCT: NCT01521312).

There were two parts in this study. The �rst one explored acute and long-term effects of saxagliptin vs placebo on glucose tolerance (ACCES-Glucose study),
the results of which will be reported elsewhere. The second part explored the effects of saxagliptin vs placebo on vascular parameters (ACCES-Vasc study)
which are shown in the present article.

Study population

The inclusion criteria were the following: patients with healthcare insurance, diagnosed with IGT according to an oral glucose tolerance test (OGTT) performed
less than 3 weeks before the inclusion, age between 18 years and 70 years, body mass index ranging from 30 to 40 kg/m². Exclusion criteria were the
following: pregnancy or absence of contraception in women of childbearing age, breastfeeding women, known diabetes (de�ned as fasting plasma glucose
(FPG) ≥ 7 mmol/L or 2 hours after OGTT ≥ 11.1 mmol/L) (21), uncontrolled hypertension (de�ned as blood pressure (BP) ≥ 160/110 mmHg), dyslipidemia
(de�ned as serum total cholesterol > 6.5 mmol/l, or triglycerides > 2.3 mmol/l), renal failure (creatinine clearance < 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 classi�cation), lower limb arterial
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disease (intermittent claudication, absence of lower limb peripheral pulses or ankle brachial pressure index < 0.8), cardiac arrhythmia, anti-hypertensive or
current lipid-lowering treatment initiated after the diagnosis of IGT, hypersensitivity to saxagliptin or any excipients (lactose monohydrate, microcrystalline
cellulose (E460i), croscarmellose sodium (E468), magnesium stearate), and patients who had previously experienced a severe hypersensitivity reaction to a
DPP4i. Smoking was possible and de�ned as present if patient continued to smoke or had stopped for < 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.

All participants were admitted for routine checkup for obesity to the research department of Endocrinology Diabetology and Nutrition. They were free of any
acute disease at the time of screening for hyperglycemia. The OGTT was performed within one to three weeks before inclusion in all subjects with 75 g of
carbohydrates after night’s fasting of 12 hours. IGT was de�ned as 2-hour post-OGTT plasma glucose value ≥ 7.8 mmol/L and < 11.1mmol/L, with a FPG
value < 7 mmol/L (21). Participants received dietary advices during the pre-inclusion period.

Study protocol

From September 2012 to September 2014, we included 24 subjects. The investigations were non-invasive and performed twice: �rst at inclusion (Visit 1) and
second, 12 weeks after inclusion (Visit 2). Also, women of childbearing age had a plasma blood pregnancy test the day before investigations to rule out any
current pregnancy. Subjects were randomized to treatment with saxagliptin or placebo for 12 weeks, and treatment attribution was double blinded.

Smokers were asked not to smoke before and during the visits. At Visit 1, saxagliptin or placebo treatment was taken after the fasting blood sampling, 30
minutes before eating the standardized breakfast. Thus, the measurements at fasting during visit 1 were performed in both groups before taking the
experimental treatment. During the rest of the study the experimental treatment was taken immediately before breakfast.

At Visit 1 and 2, the measurements were conducted at an ambient temperature of 22 °C to 24°C in a room where noise and light were kept to a minimum.
Participants remained at rest in the supine position throughout the tests. All cardiovascular tests were non-invasive and were performed at fasting and 60 and
120 minutes after breakfast.

Participants were contacted for follow-up by telephone to note any side effect. Visit 2 followed the same study protocol as Visit 1. Patients were advised not to
change their daily physical activity during the study period. Urinary pregnancy tests were performed at the hospital every month and at any time during the
study in case of late menstruation. Visit 3 (three to �ve days after Visit 2) included measurements of glucose levels before and 2 hours after OGTT and HbA1c.
The participation in the study stopped after that visit (Figure 1).

Procedures during Visit 1 and Visit 2

- Standardized breakfast

As previously reported (22) this standardized breakfast contained 75 g of carbohydrates. It consisted of unsweetened coffee or tea (200 ml), 200 ml of orange
juice and 60 g of white bread with 30 g of jam and was offered to the patient who was asked to eat it in 10 minutes.

- Biological measurements

The biological assessments were performed at fasting and after the standardized breakfast (Figure 1). Plasma glucose was assessed by the oxidase method
(colourimetry, Kone Optima, Thermolab System, Paris La Défense, France) at fasting and one, two and three hours after the breakfast, and HbA1c was
measured (agarose electrophoresis; HYRYS, HYDRASYS, Sebia, Evry, France). Serum samples were centrifuged at − 4 °C and stored at − 80 °C. These samples
were used for an enzyme-linked immunosorbent assay to measure nitrotyrosin (Cell Biolabs, San Diego, CA, USA), E-selectin (R&D Systems, Abingdon, UK) and
vascular cell adhesion molecule-1 (VCAM-1; R&D Systems, Abingdon, UK) according to the manufacturer's instructions. Laser immunonephelometry (BN100;
Dade-Behring) was used to measure the UAER from urine specimens.

- Microcirculatory cutaneous blood �ow measurement

Cutaneous blood �ow (CBF, expressed as perfusion units) was measured at baseline for 6 min and during 1 min of paced breathing (6 breaths/min) on the
forearm, using laser Doppler �owmetry (Peri�ux System 5000®, PERIMED, Sweden). CBF changes during the 1 min of paced breathing (expressed as %)
re�ect microvascular autonomic activity, with CBF decreasing during inhalation due to sympathetic nervous system activation. The percentage decrease in the
signal wavelet from the zenith to nadir was calculated, and the mean decrease during the three last breaths was used as the index of microvascular
sympathetic activity as previously described (22,23).

Changes in CBF after transcutaneous administration of acetylcholine (Ach: Miochol-E®, 20mg of Ach chloride/vial; CHAUVIN®, topical application of 4 mg)
through iontophoresis were also measured to explore endothelial function. Ach chloride was diluted in 1 mL of sterile water, after which 200 µL of this solution
was placed into a special chamber of a sponge that was used for skin application. After Ach administration, we measured (i) maximal CBF, (ii) delay from Ach
administration to maximal CBF (peak delay) and (iii) CBF incremental area under the curve 10 min after Ach administration, which is considered an index of
microvascular endothelial function (22).

- Arterial endothelial function
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Arterial endothelial function was assessed in one of the digital arteries by recording �nger arterial pulsatile volume changes for 15 min using the
Endopat2000® system (Itamar Medical®, Israel), which uses plethysmographic biosensors. Reactive hyperhemia was measured after occluding brachial
artery blood �ow for 5 min. The reactive hyperhemia index (RHI) represents the post-to-pre occlusion signal ratio on the occluded side normalized to the
control side (24).

- Arterial stiffness and central BP

Pulse wave velocity (PWV) was assessed in the supine position (25). BP was measured just before PWV measurements with an Omron 750 IT BP device.
Brie�y, PWV was measured as the arterial distance divided by the transit time from the carotid to the femoral artery. The arterial distance was assessed from
surface measurements subtracting the sternal notch femoral distance to the carotid-sternal notch distance. Transit time was automatically calculated from
the foot of carotid and femoral pulses measured successively by applanation tonometry using R-wave of an ECG as a timing reference (Sphygmocor®, Atcor
Medical, Australia). Only measurements with a beat-to-beat transit time standard deviation below 5% were considered of good quality and used in the study.
Using the same device, we also measured (i) central BP to calculate pulse pressure (systolic BP (SBP) – diastolic BP); and (ii) augmentation index (AIx).

- Cardiac function and hemodynamic parameters

Using applanation tonometry on the radial artery (Sphygmocor®, Atcor Medical, Australia), myocardial perfusion was estimated by calculating the
subendocardial viability ratio (Buckberg index: diastolic time index/tension–time index) (26,27).

We measured with trans-thoracic bio-impedance cardiography (Task Force Monitor®, CNSystems Medizintechnik, Austria) the following hemodynamic
parameters: stroke volume, cardiac output, total peripheral resistance index, left ventricular ejection time, left ventricular work index and thoracic �uid content
(28,29).

- Cardiovascular autonomic nervous system activity

Finger arterial BP and heart rate (HR) were recorded continuously in the supine position for 6 min at a paced breathing rate of 12 breaths/min using photo-
plethysmographic sensors and synchronous 6-lead ECG recordings (Task force monitor®, CNSystems Medizintechnik, Austria). Cardiac autonomic nervous
system activity was assessed using spectral analysis of HR and SBP variations (30,31). The opposite brachial artery was used to calibrate digital arterial BP
measurements. Cardiac autonomic activity was expressed as normalized spectral HR variability: (i) normalized spectral index [i.e., the percentage of the high-
frequency band (HF: 0.15–0.40 Hz/total spectrum) of HR variations (HFnu-RRI: vagal function); (ii) the ratio between low frequency (LF: 0.03–0.15 Hz/total
spectrum) and HF bands of HR variations (LF/HF-RRI: sympatho–vagal balance) and (iii) LF band of the SBP spectrum (LF-SBP: 0.075–0.15 Hz; vascular
sympathetic activity).

Statistical analyses

Variables were expressed as mean ± SD or as percentages. Comparisons between groups were performed for continuous variables by analysis of variance or
the Mann–Whitney test as appropriate and by Chi-square test for comparisons of 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 three levels when analyzing the test meal response (0, 60 and 120 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% signi�cance level. Statistical analyses were performed with SAS version 9.4.

Results
Patients' characteristics

A total of 24 patients with IGT were included (Figure 2). We had to stop the investigations for one patient at Visit 2 because he complained of an atypical
chest pain (we used his data only for Visit 1). The baseline characteristics are summarized in Table 1. Overall, patients had a mean body mass index of
36.8±4.8 kg/m2, one third had hypertension, 4.2% had dyslipidemia, 8.3% a metabolic syndrome, and 8.3 % had smoking habits. There was no signi�cant
difference for any clinical characteristic between saxagliptin and placebo groups.

Glycemic parameters at Visit 1 and 2

Table 2 shows that, at Visit 1 and 2, glucose values increased after breakfast in the placebo and saxagliptin groups (time effect: p<0.0001), with a lower
increase in the saxagliptin group (p<0.02 for Visit 1, p<0.01 for Visit 2) and an interaction time*treatment effect at Visit 1 and Visit 2 (p=0.0003 and p=0.009,
respectively). Three-month exposition to saxagliptin compared to placebo did not reduce FPG and HbA1c (Table 3).

Body weight at Visit 1 and 2

Patients had a slight loss in body weight between Visit 1 and 2 (time effect p=0.007), with no signi�cant difference between treatment with placebo or
saxagliptin (treatment effect: p=0.153) and no time*treatment interaction (p=0.171) (Table 3). Indeed, in the saxagliptin and placebo groups body weight was
respectively 107.5±18.5 and 97.2±14.5 kg at Visit 1, and 106.1±20.2 and 93.5±16.6 kg at Visit 2.

Endothelial and oxidative stress markers after standardized breakfast at Visit 1 and 2
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VCAM-1 decreased after breakfast at Visit 1 (time effect: p<0.0001) and at Visit 2 (time effect: p<0.0001), with no difference between placebo and saxagliptin
groups. The same trends were found for E-selectin levels. Nitrotyrosin levels did not change post-prandially and did not differ at Visit 1 and 2 between placebo
and saxagliptin groups (Table 2). The levels of these markers did not differ between Visit 1 and Visit 2 in the saxagliptin and placebo groups (Table 3).

Microcirculatory cutaneous blood �ow parameters at Visit 1 and 2

Mean CBF at baseline (Visit 1 and Visit 2) and during paced breathing (Visit 1) increased after breakfast (time effect: p<0.01 at both visits), without any
difference by experimental treatment. Microcirculatory endothelial function also changed after breakfast at Visit 1 and 2, with an increase of maximal CBF
(time effect: p<0.0001 at both visits) and of CBF incremental area under the curve after Ach administration (time effect: p<0.0001 at both visits). These
observations were similar in the saxagliptin and placebo groups (no treatment effect) (Table 4).

CBF at baseline, during paced breathing and after Ach did not differ at fasting between Visit 1 and Visit 2 in the saxagliptin and placebo groups (Table 3). 

Endothelial function at Visit 1 and 2

Figure 3 (panel A and B) shows that endothelial function in small arteries (RHI) did not change after breakfast at Visit 1 and 2, whatever the subjects were in
the placebo or the saxagliptin group.

RHI was similar at fasting during Visit 1 and Visit 2 in the saxagliptin and placebo groups (Table 3). 

Arterial stiffness and central pulse pressure at Visit 1 and 2

Figure 3 (panel C to F) shows that PWV and central pulse pressure did not change after breakfast at Visit 1 and 2, whatever the subjects were in the placebo or
saxagliptin group. At Visit 2, aortic AIx changed after breakfast (time effect: p=0.005) without signi�cant difference between groups (Figure 3 G and H).

There was no long-term effect of saxagliptin and placebo on arterial stiffness at fasting (Table 3).

Cardiac function and hemodynamic parameters at Visit 1 and 2

After breakfast, Buckberg index (Visit 1 and Visit 2), stroke volume (Visit 1) and left ventricular ejection time (Visit 1) decreased, whereas thoracic �uid content
increased (Visit 1 and Visit 2). These changes after breakfast were similar in both groups (no treatment effect) (Table 5).

These parameters did not change between Visit 1 and Visit 2 (Table 3).

Cardiovascular autonomic nervous system activity at Visit 1 and 2

At Visit 1 and 2, HR increased after breakfast (time effect: p<0.0001 and 0.022, respectively) with no signi�cant time*treatment interaction. HFnu-RRI (vagal
activity) was globally higher before and after breakfast in the saxagliptin group than in the placebo group (treatment effect: p<0.004 at Visit 1 and p<0.05 at
Visit 2). HFnu-RRI decreased in both groups after breakfast (time effect: p<0.0001 and <0.005, respectively at Visit 1 and 2). At Visit 2, the decrease of HFnu-
RRI after breakfast was more sustained in the saxagliptin group than in the placebo group (interaction treatment*time effect p=0.016). At Visit 1, LF/HF-RRI
(sympatho–vagal balance) was lower before and after breakfast in the saxagliptin group than in the placebo group (treatment effect: p=0.047), with an
increase in both groups after breakfast (time effect: p=0.022). LF-SBP (vascular sympathetic activity) was similar in both groups at Visit 1 and 2. LF-SBP
changed after breakfast at Visit 1 (time effect: p=0.042) (Figure 4).

Values at fasting at Visit 1 (before saxagliptin was given) and Visit 2 were higher for HFnu-RRI (p=0.01) and lower for LF/HF-RRI (p=0.031) in the saxagliptin
group than in the placebo group without time*treatment interaction which means that these indexes did not change differently during long-term treatment
(Table 3).

Discussion
In the present study, we have globally shown that, in individuals with IGT, saxagliptin as compared to placebo did not change any of the numerous
hemodynamic and cardiac parameters we measured at fasting and after a standardized breakfast after three months of treatment. This was found despite a
decrease of plasma glucose values after breakfast in the saxagliptin group which was signi�cant by the �rst day of treatment and remained signi�cant after
three months of treatment. We only observed that the post-prandial decrease of vagal activity was more sustained in the saxagliptin group than in the placebo
one. Altogether, our results show mostly neutral cardiovascular effect of this DPP4i at fasting and post-prandially.

To our knowledge, we were the �rst to investigate the effect of DPP4is on cardiac autonomic nervous system. Vagal depression and sympathetic
predominance are common in obese patients and particularly in those with IGT (32-34) and may contribute to impair glucose metabolism and to hypertension
(35,36). Lifestyle changes including enhanced physical activity and weight loss were shown in the Diabetes Prevention Program to improve indexes of
autonomic function in IGT individuals (37). In the current study we did not observe any change in parasympathetic and sympathetic activity between groups
at fasting, but a more sustained post-prandial decrease in cardiac vagal activity after 12 weeks of treatment with saxagliptin than with placebo. Due to hazard
and despite randomization, participants in the saxagliptin group had a higher vagal activity and a lower sympatho-vagal balance at inclusion than those in the
placebo group and this difference hold the same after 12 weeks of treatment. This difference between groups need to interpret the results cautiously. Agents
of DPP4i class increase moderately circulating GLP1 (8,9) and insulin levels, which in turn might lower vagal activity and increase sympathetic activity (3,38-
40). The depression of vagal activity in the saxagliptin group was unexpected since weight loss and lower post-prandial glucose levels might have contributed
to improve vagal activity. Insulin response to the standard breakfast did not change after saxagliptin treatment (data not shown). Therefore such vagal
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depression might result from slight increase in GLP1 levels. Nevertheless such a trend towards a more marked post-prandial vagal depression in saxagliptin-
treated patients did not translate into changes of heart rate, blood pressure, artery stiffening, microcirculation �ow or cardiac output responses to the standard
meal.

We here found no detrimental effect of saxagliptin on myocardial function in our patients with IGT, when the Saxagliptin and Cardiovascular Outcomes in
Patients with Type 2 Diabetes Mellitus study had found an increased risk of hospitalization for heart failure in patients who were at high cardiovascular risk
(18,19). We used trans-thoracic bio-impedance cardiography to measure hemodynamic parameters including stroke volume, cardiac output, left ventricular
ejection time, left ventricular work index and thoracic �uid content. The validity of this method against several reference methods and its clinical utility were
reported in heart failure patients (29). Neither at fasting nor post-prandially our data showed any signi�cant difference for these parameters between
saxagliptin and placebo treatment. Our reassuring data in people with an intermediate cardiovascular risk are in agreement with numerous preclinical studies
(15). Furthermore, DPP4is have shown bene�cial effects on different models of heart failure (41-44) and also in other studies which included patients with
type 2 diabetes (13,45). The risk of heart failure could be associated with saxagliptin per se and not all DPP4is (12,15). Our results do not stand for this, in line
with a pooled analysis of twenty phase 2 and 3 studies with saxagliptin which concluded that the drug use was neutral regarding heart failure (46).

DPP4is have been described to be neutral or bene�cial on endothelial function (for review, 6). For example, preclinical studies showed that saxagliptin
improved nitric oxide bioavailability in obese Zucker (47) and spontaneously hypertensive rats (17). In people with type 2 diabetes, treatment with DPP4i was
associated with an improvement of �ow-mediated dilatation (13) but this was not the case in other studies (15,48). Both at fasting and post-prandially we
studied endothelial function by two different methods, at microvascular level using Ach-induced vasodilatation and at small artery level by measuring reactive
hyperhemia, and we measured VCAM-1 and E-selectin as endothelial markers. Endothelial function was shown to impair after glucose or fat load in relation
with oxidative stress both in healthy individuals and in patients with type 2 diabetes (49). Such changes did not occur in our patients as we previously reported
in patients with type 2 diabetes (22). The discrepancy with other studies might be due to the nature of the standardized breakfast we used, rich in
carbohydrates similar to common French breakfast and including orange juice which may exert anti-oxidant effects (50,51). Moreover the data did not �nd
any effect of saxagliptin on endothelial function or oxidative stress. Our neutral results in patients with IGT are concordant with those of BEGAMI study who
investigated RHI in patients diagnosed with IGT or diabetes after an acute coronary syndrome (52).

Two studies had explored changes of PWV in patients with type 2 diabetes on sitagliptin treatment vs placebo (53) and on anagliptin vs glimepiride (54). In
the �rst study, the changes in PWV after two years of treatment were similar in both groups (53). In the second one, PWV increased less during treatment with
anagliptin than with glimepiride (54). Another study showed that alogliptin induces vascular relaxation (55). Our results are very consistent in favor of a
neutrality of saxagliptin on a set of markers of arterial stiffness (PWV, AIx, central pulse pressures) measured at fasting and post-prandially in patients with
IGT.

We report for the �rst time the effects of a DPP4i on microcirculation in individuals with IGT. As DPP4 enzyme is expressed both in the microvasculature and
in the macrovascular bed (56), we could have expected saxagliptin-induced microcirculatory changes. This was not the case, neither at fasting nor during the
post-prandial phase. On the contrary, linagliptin was recently reported to improve microvascular function in the fasting state in patients with type 2 diabetes,
independently of glucose lowering (14).

This pilot study has strengths and limitations. The number of patients was relatively low but a large set of cardiovascular targets was explored both at fasting
and in the post-prandial state after a standardized breakfast. Because we assessed this large number of endpoints, we may not exclude that the more
sustained post-prandial vagal depression after breakfast in the saxagliptin group can be due to an in�ated alpha error. The study was also strengthened by its
randomized, placebo-controlled, double-blinded design. Furthermore, since several investigations explored the same vascular function (for example, PWV, AIx,
central pulse pressures for arterial stiffness; RHI, CBF after Ach, biological markers for endothelial function), the highly consistent results allow more reliable
conclusions. Finally, our patients with IGT had no characterized cardiovascular abnormalities, which might account for the lack of improvement of
cardiovascular function in the saxagliptin group.

Our detailed data about post-prandial cardiovascular changes are very rare. In patients with IGT, these changes appear to be highly reproducible when the
same breakfast was given a second time 12 weeks later, as they were similar at Visit 1 and Visit 2 both in the saxagliptin and the placebo group. During the
post-prandial phase, several signi�cant changes occur:

- sympathetic activation and decrease in vagal activity as previously reported after oral glucose or a high carbohydrate meal, which probably results from
insulin response while the role of GLP1 increase may not be excluded (3,40,57,58);

- increase in CBF and in Ach-induced cutaneous vasodilatation as we recently observed in healthy individuals after the same standardized breakfast
(unpublished) and in patients with type 2 diabetes (22), which are likely to result from endogenous insulin response to the meal;

- HR increase without signi�cant changes in blood pressure, which probably results from sympathetic activation and vagal depression (3,40);

- no change in arterial stiffness like in another study (59) whereas arterial stiffness was reported to decrease after a mixed meal in healthy individuals possibly
due to meal-related increases in insulin or visceral vasodilation (60);

- decrease of subendocardial viability ratio (Buckberg index) which suggests a post-prandial reduction of myocardial perfusion similar to a previously reported
post-prandial decrease in myocardial blood �ow as evidenced by contrast echocardiography in type 2 diabetic patients (61). This decrease of myocardial
blood �ow is suggestive of microvascular myocardial impairment which might contribute to the reduction of left ventricle contractility as indicated in the
current study by the decrease of stroke volume and the increase in thoracic �uid content.
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Conclusion
Our neutral cardiovascular results for saxagliptin in IGT patients �t well with the overall neutral cardiovascular effects observed for DPP4is in recent
cardiovascular outcome trials carried out in patients with type 2 diabetes. Our data about myocardial function are also reassuring regarding a potential risk of
heart failure observed in patients with type 2 diabetes treated with saxagliptin. Finally, we report very informative data about meal-induced cardiovascular
changes in patients with IGT whose understanding requires further investigations.
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Tables
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 (75.0) 10 (83.3) 19 (79.2)

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

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 mean ± SD or n (%)

Table 2: Biological measurements at fasting and after breakfast during Visit 1 and Visit 2
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  Visit 1 p values (Visit 1) Visit 2 p values (Visit 2)

Placebo Saxagliptin Treatment
effect

Time
effect

Interaction Placebo Saxagliptin Treatment
effect

Time
effect

Interact

Metabolism                    

Plasma glucose
(mmol/l)

T 0 5.5 ±
0.7

5.5 ± 0.8 <0.02 <0.001 p=0.0003 5.6 ±
0.8

5.8 ± 0.7 p<0.01 p<0.001 p=0.009

T 60 8.5 ±
1.3

6.9 ± 0.9       9.4 ±
1.4

8.0 ± 1.8      

T
120

7.4 ±
1.0

6.2 ± 1.0       8.0 ±
0.3

6.6 ± 1.3      

T180 5.7 ±
0.6

6.0 ± 1.6       6.4 ±
1.0

6.4 ± 1.2      

HbA1c (%) T 0 5.6 ±
0.3

5.7 ± 0.5 0.709     5.6 ±
0.4

5.7 ± 0.4 0.690    

HbA1c 
(mmol/mol)               

T 0 38±2.6 39±3.5 0.709     38±2.7 39±2.8 0.690    

Endothelial markers                    

VCAM-1 (ng/ml) T 0 594 ±
158

621 ± 90 0.489 0.0001 0.445 578 ±
142

609 ± 103 0.431 0.0001 0.576

T
120

516 ±
137

574 ± 78       513 ±
113

560 ± 74      

E Selectin (ng/ml) T 0 36 ± 15 40 ± 20 0.503 0.052 0.315 36 ± 15 40 ± 20 0.531 0.058 0.703

T
120

35 ± 11 39 ± 20       36 ± 14 38 ± 20      

UAER (mg/24h) T 0 6 ± 3 18 ± 26 0.164     5 ± 4 18 ± 19 0.116    

Marker of oxidative stress                    

Nitrotyrosin
(nmol/L)

 T 0 91 ± 37 87 ± 30 0.207 0.322 0.156 128 ±
58

95 ± 37 0.692 0.680 0.140

  T
120

120 ±
69

82 ± 25       107 ±
47

126 ± 100      

 Data are mean±SD.

T0: Fasting; T60 and T120: 60 and 120 min after breakfast; VCAM-1: Vascular cell adhesion molecule-1; UAER: urinary albumin excretion rate

Time effect: repeated measures ANOVA from T0 to T120. Visit 1: placebo or saxagliptin was given before breakfast (acute effect); Visit 2: placebo or
saxagliptin had been given for 3 months (long-term effect).

Table 3: Comparisons of metabolic, endothelial and oxidative stress markers and cardiovascular parameters between Visit 1 and Visit 2 at fasting (long-term
effects of saxagliptin on measurements performed at fasting). The table shows p values.
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  Treatment effect Time effect Interaction

Body weight 0.153 0.007 0.171

Metabolic markers

Plasma glucose 0.522 0.076 0.722

HbA1c 0.746 0.778 0.872

Endothelial markers      

Vascular Cellular Adhesion Molecule-1 0.522 0.076 0.722

E selectin 0.661 0.893 0.481

Urinary albumin excretion rate 0.590 0.623 0.391

Marker of oxidative stress

Nitrotyrosin 0.749 0.778 0.872

Microcirculatory cutaneous blood �ow measurement

CBF at baseline 0.255 0.401 0.062

CBF during paced breathing 0.931 0.06 0.376

Maximum CBF after Ach 0.282 0.969 0.952

Time to peak CBF after Ach 0.364 0.947 0.222

Incremental AUC CBF after Ach 0.262 0.887 0.855

Digital endothelial function

Reactive Hyperhemia index 0.784 0.630 0.015

Arterial stiffness and central pulse pressure

Pulse wave velocity 0.680 0.199 0.779

Central pulse pressure 0.993 0.274 0.634

Augmentation index 0.825 0.093 0.059

Cardiac function and hemodynamic parameters

Heart rate 0.670 0.907 0.624

Buckberg index 0.912 0.088 0.126

Stroke volume 0.387 0.682 0.427

Cardiac output 0.218 0.466 0.800

Total peripheral resistance 0.061 0.914 0.876

Left ventricular ejection time 0.574 0.704 0.833

Left ventricular work index 0.777 0.712 0.576

Thoracic �uid content 0.614 0.437 0.882

Cardiovascular autonomic nervous activity

HFnu-RRI 0.010 0.509 0.712

LF/HF-RRI 0.031 0.523 0.541

LF-SBP 0.770 0.164 0.126

Ach: acetylcholine; AUC: incremental area under the curve 3 min after Ach administration; CBF: cutaneous blood �ow; HFnu-RRI: vagal function; LF/HF-RRI:
sympatho–

vagal balance; LF-SBP: vascular sympathetic activity

Table 4: Microcirculatory cutaneous blood �ow measurement at fasting and after breakfast during Visit 1 and Visit 2
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    Visit 1

 

P Visit 2

 

P

Placebo Saxagliptin Treatment
effect

Time
effect

Interaction Placebo Saxagliptin Treatment
effect

Time
Effect

In

At baseline CBF (PU) T 0 5.9 ±
3.1

4.7 ± 2.0 0.639 0.0009 0.603 4.1 ±
1.0

8.8 ± 9.3 0.555 0.005 0

T
60

11.0 ±
5.3

9.0 ± 7.9       12.8 ±
10.1

13.0 ± 13.8      

T
120

9.9 ±
4.7

10.6 ± 9.8       10.4 ±
6.0

11.0 ± 6.7      

During paced
breathing

CBF (%
change)

T 0 16.2 ±
5.7

14.7 ± 5.5 0.646 0.0004 0.437 18.4 ±
4.8

19.9 ± 6.7 0.393 0.405 0

T
60

18.7 ±
6.4

19.3 ± 4.5       17.7 ±
4.7

19.8 ± 5.0      

T
120

20.3 ±
5.6

18.7 ± 4.7       17.3 ±
4.8

18.0 ± 3.7      

After Ach
administration

Max CBF
(PU)

T 0 36.5 ±
28.3

44.4 ± 15.5 0.273 0.0001 0.508 37.9 ±
23.2

44.7 ± 25.9 0.637 0.0001 0

T
60

67.5 ±
36.1

88.2 ± 35.2       89.8 ±
45.3

73.7 ± 28.7      

T
120

76.3 ±
36.5

83.4 ± 30.0       94.4 ±
44.2

77.3 ± 28.9      

Time to
peak (sec)

T 0 137.0 ±
195.0

109.4 ±
38.9

0.455 0.620 0.364 97.7 ±
50.1

104.7 ±
28.6

0.784 0.217 0

T
60

93.2 ±
27.5

124.8 ±
32.3

      117.6 ±
38.3

113.1 ±
42.6

     

T
120

175.1 ±
190.6

109.5 ±
29.7

      118.2 ±
43.1

106.3 ±
45.5

     

Incremental
AUC of CBF
(PU/sec)

T 0 5176 ±
3734

8733 ±
5296

0.650 0.0001 0.859 15224
± 7915

7122 ±
5892

0.459 0.0001 0

T
60

13762
± 8414

16557 ±
8784

      23432±
21723

16585 ±
7326

     

T
120

16305
±
10864

17743 ±
9443

      23371
±
19030

6102 ±
6805

     

Data are mean ± SD.

Ach: acetycholine; AUC: incremental area under the curve during 3 min after Ach administration; CBF: cutaneous blood �ow; PU: perfusion units; T0: Fasting,
T60 and T120: 60 and 120 min after breakfast.

Time effect: repeated measures ANOVA from T0 to T120.

Visit 1: placebo or saxagliptin were given before breakfast (acute effect); Visit 2: placebo or saxagliptin had been given for 3 months (long-term effect).

 Table 5: Cardiac function and hemodynamic parameters at fasting and after breakfast during Visit 1 and Visit 2
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  Visit 1

 

P Visit 2

 

P

Placebo Saxagliptin Treatment
effect

Time
effect

Interaction Placebo Saxagliptin Treatment
effect

Time
Effect

Interaction

Buckberg index
(%)

T 0 155.5 ±
26.8

163.3 ±
18.3

0.816 0.004 0.485 156.4 ±
29.5

152.3 ±
24.0

0.767 0.047 0.774

T
60

152.5 ±
29.5

151.0 ±
18.8

      151.0 ±
24.2

146.2 ±
23.0

     

T
120

146.8 ±
24.7

149.0 ±
18.3

      146.3 ±
24.9

142.8 ±
15.1

     

Stroke volume
(ml)

T 0 64 ± 19 77 ± 14 0.087 0.009 0.620 69 ± 25 74± 16 0.487 0.065 0.905

T
60

61 ± 14 71 ±11       65 ± 18 71 ± 15      

T
120

60 ± 13 70 ± 10       67 ± 16 71 ± 14      

Cardiac output
(l/min)

T 0 4.5 ± 1.3 5.5 ± 1.1 0.103 0.147 0.197 4.7 ±
1.5

5.3 ± 1.0 0.351 0.127 0.461

T
60

4.5 ± 1.2 5.1 ± 0.8       4.6 ±
1.2

5.1 ± 1.1      

T
120

4.5 ± 1.2 5.3 ± 0.7       4.9± 1.3 5.3 ± 0.9      

Total peripheral
resistance
(dyne*s*m²/cm^5)

T 0 3164±558 2643±540 0.179 0.368 0.204 3160 ±
690

2724 ± 653 0.431 0.862 0.375

T
60

3206±731 2908±432       3063 ±
886

2908 ± 675      

T
120

3048±683 2915±598       2960 ±
928

2871 ± 736      

Left ventricular
ejection time (ms)

T 0 302±24 300±20 0.969 0.001 0.368 305±22 298±21 0.771 0.062 0.356

T
60

296±20 300±17       300±16 297±18      

T
120

291±20 291±19       298±18 294±24      

Left ventricular
work index
(mmHg*l/min/m²)

T 0 2.7±0.8 2.9±0.7 0.561 0.642 0.852 2.9±0.8 2.8±0.4 0.605 0.035 0.754

T
60

2.7±0.6 2.8±0.4       2.7±0.5 2.7±0.6      

T
120

2.7±0.6 2.9±0.4       3.0±0.5 2.8±0.5      

Thoracic �uid
content (1/kOhm)

T 0 24±3 23±4 0.369 0.001 0.151 24±3 23±4 0.558 0.000 0.517

T
60

25±4 23±3       26±4 24±4      

T
120

26±4 24±4       26±4 25±4      

Data are mean ± SD. T0: Fasting, T60 and T120: 60 min and 120 after breakfast.

Time effect: repeated measures ANOVA from T0 to T120. Visit 1: placebo or saxagliptin were given before breakfast (acute effect); Visit 2: placebo or
saxagliptin had been given for 3 months (long-term effect).

Figures
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Figure 1

Study protocol D: day; IGT: impaired glucose tolerance; OGTT: oral glucose tolerance test

Figure 2
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Flow chart of the study

Figure 3

Arterial endothelial function, pulse wave velocity and central pulse pressure before and after breakfast at Visit 1 and 2 Visit 1: placebo or saxagliptin were
given before breakfast (acute effect); Visit 2: placebo or saxagliptin had been given for 3 months (long-term effect) T0: at fast; T60 and T120: 60 and 120 min
after breakfast, respectively. A) Reactive Hyperhemia Index at fasting and after breakfast (Visit 1) (between subjects, p=0.06, time effect p=0.16, interaction
time*treatment p<0.01) B) Reactive Hyperhemia Index at fasting and after breakfast (Visit 2) (between subjects, p=0.79, time effect p=0.71, interaction
time*treatment p=0.25) C) Pulse Wave Velocity at fasting and after breakfast (Visit 1) (between subjects, p=0.36, time effect p=0.23, interaction
time*treatment p=0.74) D) Pulse Wave Velocity at fasting and after breakfast (Visit 2) (between subjects, p=0.84, time effect p=0.11, interaction
time*treatment p=0.34) E) Central Pulse Pressure at fasting and after breakfast (Visit 1) (between subjects, p=0.33, time effect p=0.20, interaction
time*treatment p=0.11) F) Central Pulse Pressure at fasting and after breakfast (Visit 2) (between subjects, p=0.47, time effect p=0.70, interaction
time*treatment p=0.18) G) Aortic Augmentation Index at fasting and after breakfast (Visit 1) (between subjects, p=0.81, time effect p=0.53, interaction
time*treatment p=0.06) H) Aortic Augmentation Index at fasting and after breakfast (Visit 2) (between subjects, p=0.56, time effect p<0.005, interaction
time*treatment p=0.93)
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Figure 4

Cardiovascular autonomic nervous activity at fasting and after breakfast during Visit 1 and Visit 2 HR: Heart rate; HFnu-RRI: cardiac vagal function; LF/HF-RRI:
cardiac sympatho–vagal balance; LF-SBP: vascular sympathetic activity Visit 1: placebo or saxagliptin were given before breakfast (acute effect); Visit 2:
placebo or saxagliptin had been given for 3 months (long-term effect)  A) Heart rate at fasting and after breakfast (Visit 1) (between subjects, p=0.780, time
effect p<0.0001, time*treatment interaction p=0.401) B) Heart rate at fasting and after breakfast (Visit 2) (between subjects, p=0.794, time effect p=0.022,
time*treatment interaction p=0.748) C) Vagal activity at fasting and after breakfast (Visit 1) (between subjects, p<0.004, time effect p<0.0001, time*treatment
interaction p=0.464) D) Vagal activity at fasting and after breakfast (Visit 2) (between subjects, p=0.047, time effect p<0.005, time*treatment interaction
p=0.016) E) Sympatho-vagal balance at fasting and after breakfast (Visit 1) (between subjects, p=0.047, time effect p=0.022, time*treatment interaction
p=0.365) F) Sympatho-vagal balance at fasting and after breakfast (Visit 2) (between subjects, p=0.097, time effect p=0.326, time*treatment interaction
p=0.055) G) Vascular sympathetic activity at fasting and after breakfast (Visit 1) (between subjects, p=0.960, time effect p=0.042, time*treatment interaction
p=0.828) H) Vascular sympathetic activity at fasting and after breakfast (Visit 2) (between subjects, p=0.998, time effect p=0.231, time*treatment interaction
p=0.232)


