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Abstract

Sitagliptin attenuates left ventricular (LV) dysfunction and may improve oxygen uptake in animals. The effects of sitagliptin
on oxygen uptake (VO,) and exercise hemodynamics have been unclear in patients with type 2 diabetes mellitus (T2DM)
and coronary artery disease (CAD). Thirty patients with T2DM and CAD were randomized into a sitagliptin (50 mg/day) or
voglibose (0.6 mg/day) group. Patients underwent maximal cardiopulmonary exercise testing. VO, and hemodynamics were
evaluated at rest, anaerobic threshold and peak exercise. Resting LV diastolic function (E’, peak early diastolic mitral annu-
lar velocity) and geometry were evaluated by echocardiography, and endothelial function by reactive hyperemia peripheral
arterial tonometry. A total of 24 patients (69 + 9 years) completed 6 months of intervention. Peak VO, in the sitagliptin and
voglibose groups (25.3+7.3 vs. 24.0+7.4,22.7+4.8 vs. 22.1 +£5.2 ml/kg/min) was slightly decreased after 6 months (time
effect p=0.051; group X time effect p=0.49). No effects were observed on LV ejection fraction, E’, or reactive hyperemia
index in either group. Heart rate during exercise was unaffected in both groups. Systolic blood pressure was unchanged by
sitagliptin at rest and during exercise, but slightly lowered by voglibose at anaerobic threshold and peak exercise. In patients
with T2DM and CAD, sitagliptin had little effect on resting LV and arterial function, exercise capacity, or exercise hemo-
dynamics. Further studies need to be conducted with more patients as the number of the patients in this study was limited.
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Introduction

Type 2 diabetes mellitus (T2DM) increases cardiovascular
(CV) stiffening and impairs left ventricular (LV) function,
resulting in increased risks for CV comorbidities, such as
coronary artery disease (CAD) and heart failure, with or
without preserved ejection fraction [1]. Arterial stiffening
is associated with aging [2], and this stiffening may cause
exaggerated blood pressure elevation and become particu-
larly problematic during exercise, especially in older indi-
viduals, resulting in exercise intolerance [3]. Thus, older
patients with T2DM and CAD could have exacerbated arte-
rial and LV dysfunction during exercise, which may contrib-
ute to reduced exercise capacity.
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Sitagliptin is one of the dipeptidyl peptidase-4 inhibitors
(DPP4i) and inhibits the degradation of glucose-dependent
insulinotropic peptide (GIP) and glucagon-like peptide-1
(GLP-1) [4]. Sitagliptin improves glycemic control and may
exhibit favorable effects on CV function. For example, it
was reported that DPP4 inhibition by sitagliptin reversed LV
systolic dysfunction and attenuated LV diastolic stiffening in
rats [5]. In addition, sitagliptin improved LV systolic func-
tion at peak stress in patients with coronary ischemia [6].

It is unclear whether LV and arterial dysfunction can be
reversed by sitagliptin in patients with T2DM and CAD. It
is also unclear whether possible improvements in LV and
arterial function leads to increased exercise capacity. The
objective of this study was to assess CV function, exercise
hemodynamics, and exercise capacity before and after 6
months of sitagliptin in patients with T2DM and CAD. We
hypothesized that advanced arterial and LV dysfunction are
reversed by sitagliptin, resulting in improved exercise capac-
ity in patients with T2DM and CAD.
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Materials and methods
Patient population

This was a sub-study from a prospective 6-month trial
comparing the effects of sitagliptin or voglibose on coro-
nary flow reserve in patients T2DM and CAD [7]. Thirty
patients with CAD and T2DM who had not achieved
their glycemic control target [hemoglobin Alc (HbAlc)
between 6.1% and 8.9% without glucose lowering drugs
or HbAlc between 6.5 and 8.9% with the use of glucose
lowering drugs] were enrolled [7]. Patients were excluded
from the study if they had type 1 diabetes mellitus, impor-
tant coronary ischemia, acute myocardial infarction or
unstable angina, prior coronary artery bypass graft sur-
gery, artificial heart valves, severe valvular heart dis-
ease, atrial flutter/fibrillation, implanted pacemaker, or
renal failure (estimate glomerular filtration rate <30 ml/
min/1.73 m?). Patients were also excluded from the study
if they were using DPP4i, alpha-glucosidase inhibitors,
insulin, glynides, or GLP-1 receptor analogs. Baseline
data including coronary flow reserve by cardiac magnetic
resonance imaging from this patient population have been
published [7]. This study now reports the effects of the 6
months of sitagliptin or voglibose on exercise hemody-
namics and capacity.

Study protocol

Patients were stratified into additional treatment with
either sitagliptin (50 mg/day) or voglibose (0.6 mg/day)
for 6 months, so that HbAlc levels and patient ages were
not different at baseline [7]. Patients received either 50 mg
of sitagliptin, once a day, or 0.2 mg of voglibose, 3 times
daily, for the first 3 months. The study medications were
initiated within 4 weeks after randomization. If the glyce-
mic control was inadequate, the dose of sitagliptin (up to
100 mg once daily) or voglibose (up to 0.3 mg three times
daily) was increased according to the physician’s discre-
tion. No other antidiabetic drugs were added during the
6-month study period. Patients were asked not to change
their physical activity level during the study. This study
was registered with the University Hospital Medical Infor-
mation Network-Clinical Trials Registry (https://www.
umin.ac.jp/ctr/, UMIN-CTR number: UMIN000012562).
The Ethics Committee of Mie University Hospital
approved the study protocol (No. 2632) in accordance with
the Declaration of Helsinki. Written informed consent was
obtained from all patients, and the protocol was approved
by the Human Studies Subcommittee of Mie University
Graduate School of Medicine.
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Echocardiographic assessment

Standard two-dimensional Doppler echocardiography (Vivid
7, GE Ultrasound, Horten, Norway; Artida, Toshiba Medi-
cal Systems) was performed before and after the program
[7]. LV volumes and LV ejection fraction were assessed.
Peak early transmitral filling velocity (E) and peak early
diastolic mitral annular velocity (E’) of the lateral wall side
were measured [8]. The E/E’ ratio was used to estimate LV
end-diastolic pressure [9].

Cardiopulmonary exercise testing

A maximal symptom-limited exercise testing was performed
using a cycle ergometer (StrengthErgo240, Mitsubishi Elec-
tric Engineering Company, Ltd.) with a ramp protocol with
increments of 1 W per 6 s until exhaustion. The stress system
was the ML-9000 (Fukuda Denshi Co. Ltd.). Heart rate was
monitored, and blood pressure was measured every minute
by an automatic-cuff blood pressure manometer. The expired
breath-by-breath gas analysis was conducted (CPEX-1, Inter
Reha Co. Ltd.). Minute ventilation, oxygen uptake (VO,),
and carbon dioxide production (VCO,) were measured. Gas
data were converted into time-series data every 3 s, and an
8-point moving average of data was applied to calculate
heart rate and measured gas parameters. The peak respira-
tory exchange ratio (RER) was defined as peakVCO, divided
by peakVO, to evaluate patients’ effort. All patients were
vigorously encouraged to exercise until exhaustion with a
target peak RER >1.20 [10].

Assessment of peakVO,, anaerobic threshold,
and peak oxygen pulse

PeakVO, was defined by as the average value of VO, dur-
ing the last 30 s before termination of exercise. Anaerobic
threshold was determined by the V-slope method from the
slopes of the VCO, vs. VO, plot [11]. Peak oxygen pulse (O,
pulse) was defined as peakVO, divided by maximal heart
rate, and was used as a surrogate for stroke volume [12]. As
the ratio of end-systolic blood pressure to stroke volume,
known as effective arterial elastance, has been shown to be
a measure of arterial vascular load [13], the ratio of peak
systolic blood pressure (SBP) to peak O, pulse (peak SBP/
peak O, pulse) was used as a surrogate for arterial load at
peak exercise.

Noninvasive assessment of arterial function
Endothelial function was non-invasively assessed in the fast-

ing state by a peripheral arterial tonometry (PAT) device
(Endo-PAT2000, Itamar Medical) [7, 14]. PAT probes were
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placed on the tip of each index finger. A blood pressure arm
cuff was placed on the right arm, and the left arm served
as a control. The cuff was inflated to 200 mmHg or 60 mm
Hg above the SBP for 5 min and deflated to induce reac-
tive hyperemia. Obtained PAT data were digitally analyzed
(Endo-PA2000 software). The reactive hyperemia PAT index
(RH-PAT index) reflects endothelial vasodilator function
[14].

Blood tests and biomarkers

Blood samples were collected before and after the program
to measure HbAlc, blood glucose, complete blood counts,
and plasma brain natriuretic peptide.

End points

The primary endpoint was the change in peakVO, at 24
weeks compared to baseline between 2 groups, and the sec-
ondary endpoints included changes in resting LV function,
endothelial function, and exercise hemodynamics.

Sample size estimation

This study was a sub-study from a prospective 6-month trial
comparing the effects of sitagliptin or voglibose on coro-
nary flow reserve in patients with T2DM and CAD [7]. The
sample size was estimated based on previous data regarding
the effects of GLP-1 receptor agonist and an a-glucosidase
inhibitor on myocardial blood flow. Fifteen patients per
group were enrolled, as recently reported [7].

Statistical analysis

Statistical analyses were performed using SPSS 24.0. Data
were expressed as mean + SD in tables and mean + SE in
figures. Continuous data were compared by unpaired ¢-test
or nonparametric Mann—Whitney rank sum test. Categorical
data were assessed by chi-squared test. A two-way repeated
measures ANOVA was used to evaluate main (group; time)
and interaction effects (group X time). Post-hoc analysis was
used for pre-post comparisons where either a main or inter-
action effect was significant. A p value less than 0.05 was
considered significant.

Results
Patient characteristics
Twenty-four patients (18 men; 69 +9 years) out of 30

completed the 6-month intervention (Fig. 1). Two patients
dropped out because of poor compliance. Four other patients

were excluded due to no repeat exercise testing, an atrioven-
tricular block during repeat exercise test, or proximal atrial
fibrillation. There were no differences in patient character-
istics, medications, laboratory data, or comorbidities except
for a history of previous myocardial infarction (Table 1).
No differences were observed in heart rate, SBP, VO, or
O, pulse at rest and at peak exercise before the intervention
(p=0.11).

Anthropometric and biochemical variables

Body mass index, hemoglobin, and HbAlc were similar in
the two groups at baseline (Table 1). The 6-month interven-
tion significantly decreased HbAlc in the sitagliptin group
(6.5+£0.4 vs. 6.3+0.3%, p=0.02), but not in the voglib-
ose group (p=0.23). Body weight was slightly increased in
the sitagliptin group, but decreased in the voglibose group,
resulting in a group X time interaction effect p value of 0.04.

Echocardiographic variables

No differences were observed in baseline LV ejection frac-
tion, E wave velocity, E’ or E/E’ between the two groups
(Table 1). E’ was unaffected by the interventions with sit-
agliptin (8.1 +2.1 t07.9 +2.4 cm/s) and voglibose (8.2 +2.8
vs. 8.5+3.3 cm/s), suggesting no improvement in LV early
diastolic function (Table 2). LV ejection and E/E’ ratio were
unchanged after the intervention.

Arterial function

The 6-month intervention had no impacts on RH-PAT index
measured by Endo-PAT in both groups [7] (Table 2). Arte-
rial load at peak exercise assessed by the ratio of peak SBP
to peak O, pulse was unchanged in both groups (Table 3).

Exercise capacity and exercise hemodynamics

The average peak RER values in both groups before inter-
vention were greater than 1.20. As shown in Fig. 2a and
b, peakVO, was slightly decreased after the intervention in
both groups (group effect p=0.051). The change in peak
VO, in the sitagliptin group was not different from that in
the voglibose group (— 1.2 +2.6 vs. — 0.6 + 1.8 ml/kg/min,
p=0.49). SBP significantly decreased in the voglibose group
at anaerobic threshold and at peak exercise (206 +27 vs.
194 +32 mmHg, p=0.01), but not in the sitagliptin group
(p=0.32) (Table 3).
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Randomization
30 randomized

Sitagliptin group

Voglibose group

(50 mg/day) Baseline -------1 (0.6 mg/day)
15 allocated 15 allocated
1 discontinued program P L) 1 discontinued program
1 poor compliance 1 poor compliance
A 4 A 4
0 lost to follow-up Foll 0 lost to follow-up
3 sitagliptin 50 mg/day oflowup ______| 4 voglibose 0.6 mg/day
11 sitagliptin up to 100 mg/day (3 months) 10 voglibose up to 0.9 mg/day
2 excluded 2 excluded
1 PAF e— —»| 1 AV block during CPX
1 with no repeat CPX 1 with no repeat CPX
A A
Sitagliptin group [ End-point Voglibose group
12 analyzed analysis 12 analyzed
(6 months)

Fig.1 Study protocol

Discussion

We demonstrated in T2DM patients with CAD that 6 months
of treatment with sitagliptin failed to improve LV diastolic
function, arterial function and exercise capacity. In addi-
tion, sitagliptin had no effects on exercise hemodynamics
estimated noninvasively.

Effects of 6 months of sitagliptin on LV early
diastolic function

DPP4i have been reported to exhibit CV pleiotropic effects
in animal models [15]. Dos Santos et al. reported in rats with
LV ablation-induced HF rats that DPP-4 inhibition by sitag-
liptin improved LV systolic dysfunction and attenuated LV
diastolic stiffening [16]. This improvement in LV stiffness was
confirmed by a lower apoptosis rate and smaller interstitial col-
lagen deposition in remodeled myocardium away from the scar
tissue [16]. Gomes et al. found that sitagliptin improved hemo-
dynamics by lowering heart rate and increasing stroke volume
[17]. Several mechanisms including stimulatory effects on the
myocardial cGMP- protein kinase G pathway [18] or myocar-
dial stromal cell-derived actions on angiogenesis [5] have been
reported to be associated with improvements in LV function
in animals. In patients with T2DM and CAD, we observed no
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changes in E’ or E/e’ after 6 months of sitagliptin. The present
results, which indicate no improvement in LV diastolic func-
tion after sitagliptin, are consistent with the previous finding
in T2DM patients treated with 6 months of sitagliptin [19].
As a line of research proposed that DPP4 was an adipokine
produced in obesity and diabetes leading to CV damage [20,
21], any advantage of gliptin treatment would be the prevent-
ing the development of CV disease with little actions on the
already established CV damage.

In contrast to these results, a small study reported that a
year of sitagliptin increased E’ in patients with uncontrolled
T2DM, suggesting an improvement in LV early diastolic func-
tion [22]. In this study, the baseline HbA1c was substantially
higher (9.3 +1.7%) and the reduction in HbAlc was greater
than those in our study [23]. Although the precise mechanisms
are unclear, differences in baseline glycemic control, duration
of sitagliptin use, or improvement in diabetic control may be
related to the discrepant results of the effects of sitagliptin on
LV diastolic function.
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Table 1 Patient characteristics

Voglibose Sitagliptin p value
Number 12 12
Female gender, n (%) 4 (33) 2 (17) 0.35
Age, years 68+10 70+9 0.55
Body mass index, kg/m?>  23.8+3.9 23.5+2.7 0.81
SBP, mmHg 137 (132, 150) 130 (116, 151) 0.52
DBP, mmHg 74+9 71+13 0.54
Heart rate, bpm 69+9 67+13 0.75
Comorbidities (%)
Hypertension 10 (83) 11 (92) 0.54
Dyslipidemia 12 (100) 12 (100) -
Diabetes mellitus 12 (100) 12(100) -
Previous coronary inter- 8 (67) 11(92) 0.13
vention
Previous myocardial 6 (50) 11 (92) 0.03
infarction
Medication, n (%)
ARB/ACE-inhibitors 10 (83) 10 (83) 1.00
Calcium channel block- 7 (58) 542) 0.41
ers
Beta-blockers 6 (50) 7(58) 0.68
Statins 12 (100) 12 (100) -
Hypoglycemic agents 2(17) 1(8) 0.54
Laboratory data
Hemoglobin, g/dl 13.6+14 135+£1.2 0.89
Glucose, mg/dl 122+12 118+11 0.41
HbAlc, % 6.4(6.2,7.1) 64(6.2,67) 0.86
eGFR, 60 ml/ 76 +£20 69+12 0.29
min/1.73m>
BNP, pg/ml 12 (7, 54) 24 (12, 58) 0.30
LogBNP, pg/ml 1.24+0.49 1.42+0.47 0.39
Echocardiography
Ejection fraction, % 67+7 64+6 0.28
E, cm/s 63 (49, 77) 69 (50, 77) 0.84
E’, cm/s 82+2.8 8.1+2.1 0.88
E/E’ ratio 6.9(5.9,109) 8.4(6.5,10.8) 0.75

SBP indicates systolic blood pressure, DBP diastolic blood pressure,
ARB angiotensin II receptor antagonists, ACE angiotensin-converting
enzyme, HbAlc glycated hemoglobin Alc, eGFR estimated glomeru-
lar filtration rate, BNP brain natriuretic peptide, E peak early mitral
inflow velocity, E” peak early mitral annular velocity, E/E’ ratio the
ratio of peak early mitral filling velocity-to-peak early mitral annular
velocity

Effects of 6 months of sitagliptin on exercise
capacity, arterial function, and exercise
hemodynamics

Impairments in CV function occur along with healthy sed-
entary aging, resulting in a decline in peakVO, [24]. A
further decline in peakVO, could be observed in patients
with old myocardial infraction or heart failure [25].

Conversely, physical exercise, which improves LV and
arterial function [26, 27], may reverse the age-associated
decline in peakVO,. When caloric restriction was com-
bined with exercise training, the improvement in exer-
cise capacity appeared to be greater [28]. In the present
study, we asked our patients not to increase their physical
activity level as our focus was on the effects of sitagliptin
itself on CV function and exercise capacity. PeakVO, was
slightly decreased in both groups in the present study. As
we observed no changes in cardiac function or arterial
function, the decrease in peakVO, could be explained by
a time-associated decline in exercise capacity. Longer anti-
diabetic therapy with exercise training and caloric restric-
tion may have been necessary to improve CV function and
exercise capacity in our patients.

In a small study of patients with coronary stenosis, Read
et al. reported that a single dose of 100 mg sitagliptin had no
effects on LV global function at rest [6]. After administra-
tion of 100 mg sitagliptin, LV systolic function at ischemic
segments improved during stress with no evidence of post-
ischemic LV stunning [6]. Chang et al. also found that sitag-
liptin pretreatment attenuated myocardial injury by reducing
apoptosis and oxidative damage [29]. In contrast to these
studies, we observed no increase in peak O, pulse, a sur-
rogate for peak stroke volume, with no change in peak heart
rate after the intervention. These findings suggest that LV
global function during exercise was unaffected by sitagliptin
at peak exercise. We excluded patients with ischemia by use
of stress cardiac magnetic resonance imaging. The results
may have differed if we enrolled T2DM patients with signifi-
cant coronary ischemia. Recently, favorable effect of other
DPP4i such as teneligliptin on CV function were reported in
T2DM [30]. As this DPP4i is in a new class of antidiabetic
medication but structurally different, the effect on the CV
system may not be uniform.

Effects of 6 months of voglibose on exercise
hemodynamics and exercise capacity

A population-based cohort study exhibited a strong associa-
tion between incident hypertension and increased visceral
rat, especially retroperitoneal fat [31]. These authors specu-
lated that local retroperitoneal fat surrounding the kidneys
might be associated with blood pressure elevation over time.
Alpha glucosidase inhibitors were reported to lower resting
SBP, probably by the modification of lifestyle and visceral
fat reduction [32, 33]. We observed a significant reduction
in SBP during exercise only in the voglibose group. As body
weight was slightly decreased in patients on voglibose after
the intervention, we speculate that lifestyle modification
along with a possible reduction in local visceral fat might
result in favorable antihypertensive effects.
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Table 2 Laboratqry and Voglibose Sitagliptin Group effect p Time effect p Interac-
echocardiographic data before tion effect
and after the program P
SBP, mmHg
Baseline 139+11 132+£20 0.16 0.83 0.54
6 months 140+ 13 132+15
Body weight, kg
Baseline 62.4+13.1 62.4+10.2 0.83 0.93 0.04
6 months 61.4+13.3 63.5+9.8
Hemoglobin, g/dl
Baseline 13.6+14 135+1.2 0.94 0.47 0.85
6 months 13.7+1.7 13.6+1.3
HbAlc, %
Baseline 6.6+0.5 6.5+04 0.54 0.01 0.33
6 months 6.5+0.4 6.3+£0.3*%
BNP, pg/ml
Baseline 34.3+49.1 48.5+69.7 0.71 0.82 0.32
6 months 37.6+60.6 43.3+73.9
RH-PAT index
Baseline 2.0+0.6 1.9+0.5 1.00 0.99 1.00
6 months 1.9+0.6 20+0.8
LV ejection fraction, %
Baseline 67+7 64+6 0.43 0.36 0.28
6 months 67+6 66+5
E’, cm/s
Baseline 8.2+28 8.1+2.1 0.73 0.84 0.60
6 months 8.5+3.3 79+24
E/E’ ratio
Baseline 8.9+44 8.8+3.3 0.83 0.70 0.83
6 months 8.8+3.0 8.4+3.1

* p < 0.05 vs. baseline

SBP indicates systolic blood pressure, BNP brain natriuretic peptide, RH-PAT reactive hyperthermia-
peripheral arterial tonometry, LV left ventricular, E’ peak early mitral annular velocity, E/E’ ratio the ratio
of peak early mitral filling velocity-to-peak early mitral annular velocity

Study limitations

There are a few limitations. First, the number of diabetic
patients who were enrolled and completed repeat maximal
cardiopulmonary testing after the 6 months of intervention
was small, and peakVO, tended to decline in both groups.
However, power analysis showed that the sample size in
the present study in the sitagliptin group (n =12, difference
— 1.24; SD, 2.57) was sufficient to detect a true difference in
the mean change of peakVO, of — 2.28 or 2.28 with a prob-
ability of type II error at less than 20% (power 0.8). Thus,
we could be sure that sitagliptin had no favorable effects on
exercise capacity in our patients. However, our observation
needs to be tested in a larger population with different base-
line glycemic control. Second, we did not measure cardiac
output during exercise and no invasive assessment was per-
formed to evaluate LV systolic and diastolic function. Thus,
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we were not completely sure how the 6-month intervention
affect cardiac output and arteriovenous oxygen difference in
our patients. While, we assessed LV global function during
exercise testing by using peak O, pulse as a surrogate for
peak stroke volume. The assessment of LV function was
difficult and complicated, especially at peak exercise.

Conclusions

In patients with T2DM and CAD, six months of sitagliptin
failed to improve LV diastolic function, arterial function and
exercise capacity. In addition, sitagliptin had no effects on
exercise hemodynamics such as blood pressure, heart rate, or
stroke volume estimated noninvasively. Although voglibose
exhibited no effects on LV function or exercise capacity, it
did lower BP, especially during exercise.
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Table 3 Patient characteristics

. . Voglibose Sitagliptin Group effect p Time effect p Interaction effect p
during exercise test before and
after the program Peak work load, watt

Baseline 95+30 111+43 0.35 0.77 0.91
6 months 95+38 110+44

VO, at AT, ml/kg/min
Baseline 154+2.1 15.1+2.7 0.75 0.28 0.22
6 months 15.0+2.0 153+2.1

PeakVO,, ml/kg/min
Baseline 22.7+4.8 253+7.3 0.38 0.051 0.49
6 months 22.1+£5.2 24.0+7.4

Resting HR, bpm
Baseline 69+9 67+13 0.82 0.44 0.55
6 months 69+8 69+12

HR at AT, bpm
Baseline 103+15 99+17 0.95 0.45 0.32
6 months 100+12 99+13

Peak HR, bpm
Baseline 141+19 141+22 1.00 0.13 0.95
6 months 138 +23 138 +26

Resting SBP, mmHg
Baseline 148 +19 135+18 0.37 0.43 0.15
6 months 139+20 137+26

SBP at AT, ml/kg/min
Baseline 184 +£22 167 +28 0.92 <0.01 <0.03
6 months 166 +20% 165 +31

Peak SBP, mmHg
Baseline 206+27 197 +32 0.97 0.25 0.02
6 months 194 £32% 202 +32

Peak O, pulse, ml/ beat
Baseline 10.1+£3.2 112428 0.36 0.33 0.65
6 months 9.8+29 11.0+3.1

Peak SBP/O, pulse, mmHg-beat/ml
Baseline 21.4+43 18.8+2.8 0.43 0.79 0.11
6 months 20.8+4.5 19.8+6.7

VE/VCO, slope
Baseline 28.3+£3.4.9 28.7+2.7 0.95 0.07 0.14
6 months 30.1+6.0 289+2.7

* p < 0.05 vs. baseline

VO, indicates oxygen uptake, AT anaerobic threshold, HR heart rate, O, pulse, oxygen pulse defined as
VO, divided by heart rate, VE minute ventilation, VCO, carbon dioxide production
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Fig.2 Changes in peak VO, A B
during the program )
ml/kg/min Peak VO, ml/kg/min APeakVO,
30 10 1
251 O p=0.49
1
5 -
20 A
== -
Group effect p=0.38
10 Time effect p=0.051
b Interaction effect p=0.49
N I
-5
5 - ® Voglibose
O Sitmqlinti )
Sitagliptin Voglibose Sitagliptin
0 -10 -
Pre Post
Acknowledgements This study was supported by the Waksman Foun- 5. Shigeta T, Aoyama M, Bando YK, Monji A, Mitsui T, Takatsu

dation of Japan.

Compliance with ethical standards

Conflict of interest Masaaki Ito received departmental research grant
support > 1,000,000 yen from Bristol-Myers Squibb K.K., MSD K.K.,
Shionogi & Co., Ltd., Otsuka Pharma Inc. and Takeda Pharmaceutical
Company Limited in 2017. Masaaki Ito received lecture fees > 500,000
yen from Daiichi Sankyo Company Limited, Bayer Holding Ltd. and
Takeda Pharmaceutical Company Limited in 2017. Kaoru Dohi re-
ceived lecture fees>500,000 yen from Otsuka Pharma Inc. in 2017.
The other authors have no conflict of interest.

References

1. Palmieri V, Bella JN, Arnett DK, Liu JE, Oberman A, Schuck
MY, Kitzman DW, Hopkins PN, Morgan D, Rao DC, Devereux
RB (2001) Effect of type 2 diabetes mellitus on left ventricular
geometry and systolic function in hypertensive subjects: Hyper-
tension Genetic Epidemiology Network (HyperGEN) study. Cir-
culation 103:102-107

2. Lakatta EG, Wang M, Najjar SS (2009) Arterial aging and sub-
clinical arterial disease are fundamentally intertwined at mac-
roscopic and molecular levels. Med Clin North Am 93:583-604

3. Thanassoulis G, Lyass A, Benjamin EJ, Larson MG, Vita JA,
Levy D, Hamburg NM, Widlansky ME, O’Donnell CJ, Mitch-
ell GF, Vasan RS (2012) Relations of exercise blood pressure
response to cardiovascular risk factors and vascular function in
the Framingham Heart Study. Circulation 125:2836-2843

4. Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg
J, Josse R, Kaufman KD, Koglin J, Korn S, Lachin JM, McGuire
DK, Pencina MJ, Standl E, Stein PP, Suryawanshi S, Van de
Werf F, Peterson ED, Holman RR, TECOS Study Group (2015)
Effect of sitagliptin on cardiovascular outcomes in type 2 dia-
betes. N Engl J Med 373:232-242

@ Springer

10.

11.

12.

13.

14.

M, Cheng XW, Okumura T, Hirashiki A, Nagata K, Murohara
T (2012) Dipeptidyl peptidase-4 modulates left ventricular dys-
function in chronic heart failure via angiogenesis-dependent and
-independent actions. Circulation 126:1838-1851

Read PA, Khan FZ, Heck PM, Hoole SP, Dutka DP (2010)
DPP-4 inhibition by sitagliptin improves the myocardial
response to dobutamine stress and mitigates stunning in a pilot
study of patients with coronary artery disease. Circ Cardiovasc
Imaging 3:195-201

Moriwaki K, Takeuchi T, Fujimoto N, Sawai T, Sato Y, Kumagai
N, Masuda J, Nakamori S, Ishida M, Yamada N, Nakamura M,
Sakuma H, Ito M, Dohi K (2018) The effect of sitagliptin on
coronary flow reserve assessed by magnetic resonance imaging
in type 2 diabetic patients with coronary artery disease. Circ J
82:2119-2127

Sohn DW, Chai IH, Lee DJ, Kim HC, Kim HS, Oh BH, Lee MM,
Park YB, Choi YS, Seo JD, Lee YW (1997) Assessment of mitral
annulus velocity by Doppler tissue imaging in the evaluation of
left ventricular diastolic function. J Am Coll Cardiol 30:474—480
Kim YJ, Sohn DW (2000) Mitral annulus velocity in the estima-
tion of left ventricular filling pressure: prospective study in 200
patients. ] Am Soc Echocardiogr 13:980-985

Nakanishi M, Takaki H, Kumasaka R, Arakawa T, Noguchi T,
Sugimachi M, Goto Y (2014) Targeting of high peak respiratory
exchange ratio is safe and enhances the prognostic power of peak
oxygen uptake for heart failure patients. Circ J 78:2268-2275
Beaver WL, Wasserman K (1985) Whipp BJ (1986) A new
method for detecting anaerobic threshold by gas exchange. J Appl
Physiol 60:2020-2027

Murata M, Adachi H, Oshima S, Kurabayashi M (2017) Influence
of stroke volume and exercise tolerance on peak oxygen pulse in
patients with and without beta-adrenergic receptor blockers in
patients with heart disease. J Cardiol 69:176-181

Kelly RP, Ting CT, Yang TM, Liu CP, Maughan WL, Chang MS,
Kass DA (1992) Effective arterial elastance as index of arterial
vascular load in humans. Circulation 86:513-521

Hamburg NM, Keyes MJ, Larson MG, Vasan RS, Schnabel
R, Pryde MM, Mitchell GF, Sheffy J, Vita JA, Benjamin EJ
(2008) Cross-sectional relations of digital vascular function to



Heart and Vessels (2020) 35:605-613

613

16.

17.

18.

20.

21.

22.

23.

24.

cardiovascular risk factors in the Framingham heart study. Circu-
lation 117:2467-2474

. Balakumar P, Dhanaraj SA (2013) Cardiovascular pleiotropic

actions of DPP-4 inhibitors: a step at the cutting edge in under-
standing their additional therapeutic potentials. Cell Signal
25:1799-1803

dos Santos L, Salles TA, Arruda-Junior DF, Campos LC, Pereira
AC, Barreto AL, Antonio EL, Mansur AJ, Tucci PJ, Krieger JE,
Girardi AC (2013) Circulating dipeptidyl peptidase IV activity
correlates with cardiac dysfunction in human and experimental
heart failure. Circ Heart Fail 6:1029-1038

Gomez N, Touihri K, Matheeussen V, Mendes Da Costa A,
Mahmoudabady M, Mathieu M, Baerts L, Peace A, Lybaert P,
Scharpé S, De Meester I, Bartunek J, Vanderheyden M, Mc Entee
K (2012) Dipeptidyl peptidase IV inhibition improves cardiore-
nal function in overpacing-induced heart failure. Eur J Heart Fail
14:14-21

Hamdani N, Hervent AS, Vandekerckhove L, Matheeussen V,
Demolder M, Baerts L, De Meester I, Linke WA, Paulus WJ, De
Keulenaer GW (2014) Left ventricular diastolic dysfunction and
myocardial stiffness in diabetic mice is attenuated by inhibition
of dipeptidyl peptidase 4. Cardiovasc Res 104:423-431

. Oe H, Nakamura K, Kihara H, Shimada K, Fukuda S, Takagi

T, Miyoshi T, Hirata K, Yoshikawa J, Ito H, FESC, for Effect
of a DPP-4 inhibitor on left ventricular diastolic dysfunction in
patients with type 2 diabetes, and diabetic cardiomyopathy (3D)
study investigators (2015) Comparison of effects of sitagliptin and
voglibose on left ventricular diastolic dysfunction in patients with
type 2 diabetes: results of the 3D trial. Cardiovasc Diabetol 14:83
Lamers D, Famulla S, Wronkowitz N, Hartwig S, Lehr S, Ouw-
ens DM, Lamers D, Famulla S, Wronkowitz N, Hartwig S, Lehr
S, Ouwens DM, Eckardt K, Kaufman JM, Ryden M, Miiller S,
Hanisch FG, Ruige J, Arner P, Sell H, Eckel J et al (2011) Dipep-
tidyl peptidase 4 is a novel adipokine potentially linking obesity
to the metabolic syndrome. Diabetes 60:1917-1925

Romacho T, Vallejo S, Villalobos LA, Wronkowitz N, Indra-
kusuma I, Sell H, Eckel J, Sanchez-Ferrer CF, Peir6 C (2016)
Soluble dipeptidyl peptidase-4 induces microvascular endothelial
dysfunction through proteinase-activated receptor-2 and throm-
boxane A2 release. ] Hypertens 34:869-876

Leung M, Leung DY, Wong VW (2016) Effects of dipeptidyl
peptidase-4 inhibitors on cardiac and endothelial function in
type 2 diabetes mellitus: A pilot study. Diabetes Vasc Dis Res
13:236-243

Leung M, Wong VW, Hudson M, Leung DY (2016) Impact of
improved glycemic control on cardiac function in type 2 diabetes
mellitus. Circ Cardiovasc Imaging 9:¢003643

Fujimoto N, Hastings JL, Bhella PS, Shibata S, Gandhi NK, Car-
rick-Ranson G, Palmer D, Levine BD (2012) Effect of ageing on

25.

26.

217.

28.

29.

30.

31.

32.

33.

left ventricular compliance and distensibility in healthy sedentary
humans. J Physiol 590:1871-1880

Borlaug BA, Paulus WJ (2011) Heart failure with preserved ejec-
tion fraction: pathophysiology, diagnosis, and treatment. Eur
Heart J 32:670-679

Fujimoto N, Prasad A, Hastings JL, Arbab-Zadeh A, Bhella PS,
Shibata S, Palmer D, Levine BD (2010) Cardiovascular effects
of 1 year of progressive and vigorous exercise training in previ-
ously sedentary individuals older than 65 years of age. Circulation
122:1797-1805

Stewart KJ (2002) Exercise training and the cardiovascular con-
sequences of type 2 diabetes and hypertension: plausible mecha-
nisms for improving cardiovascular health. JAMA 288:1622-1631
Larson-Meyer DE, Redman L, Heilbronn LK, Martin CK, Ravus-
sin E (2010) Caloric restriction with or without exercise: the fit-
ness versus fatness debate. Med Sci Sports Exerc 42:152—-159
Chang G, Zhang P, Ye L, Lu K, Wang Y, Duan Q, Zheng A, Qin
S, Zhang D (2013) Protective effects of sitagliptin on myocardial
injury and cardiac function in an ischemia/reperfusion rat model.
Eur J Pharmacol 718:105-113

Hashikata T, Yamaoka-Tojo M, Kakizaki R, Nemoto T, Fujiyoshi
K, Namba S, Kitasato L, Hashimoto T, Ishii S, Kameda R, Shi-
mohama T, Tojo T, Ako J (2016) Teneligliptin improves left ven-
tricular diastolic function and endothelial function in patients with
diabetes. Heart Vessels 31:1303-1310

Chandra A, Neeland 1J, Berry JD, Ayers CR, Rohatgi A, Das SR,
Khera A, McGuire DK, de Lemos JA, Turer AT (2014) The rela-
tionship of body mass and fat distribution with incident hyperten-
sion: observations from the Dallas Heart Study. J Am Coll Cardiol
64:997-1002

Fujitaka K, Otani H, Jo F, Jo H, Nomura E, Iwasaki M, Nishi-
kawa M, Iwasaka T (2011) Comparison of metabolic profile and
adiponectin level with pioglitazone versus voglibose in patients
with type-2 diabetes mellitus associated with metabolic syndrome.
Endocr J 58:425-432

Wagner H, Degerblad M, Thorell A, Nygren J, Stahle A, Kuhl J,
Brismar TB, Ohrvik J, Efendic S, Bavenholm PN (2006) Com-
bined treatment with exercise training and acarbose improves
metabolic control and cardiovascular risk factor profile in subjects
with mild type 2 diabetes. Diabetes Care 29:1471-1477

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Effects of sitagliptin on exercise capacity and hemodynamics in patients with type 2 diabetes mellitus and coronary artery disease
	Abstract
	Introduction
	Materials and methods
	Patient population
	Study protocol
	Echocardiographic assessment
	Cardiopulmonary exercise testing
	Assessment of peakVO2, anaerobic threshold, and peak oxygen pulse
	Noninvasive assessment of arterial function
	Blood tests and biomarkers
	End points
	Sample size estimation
	Statistical analysis

	Results
	Patient characteristics

	Anthropometric and biochemical variables
	Echocardiographic variables
	Arterial function
	Exercise capacity and exercise hemodynamics

	Discussion
	Effects of 6 months of sitagliptin on LV early diastolic function
	Effects of 6 months of sitagliptin on exercise capacity, arterial function, and exercise hemodynamics
	Effects of 6 months of voglibose on exercise hemodynamics and exercise capacity
	Study limitations

	Conclusions
	Acknowledgements 
	References




