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Abstract

Aims Recent studies indicated that sodium glucose cotransporter-2 inhibitors (SGLT2i) reduced heart failure hospitalization
in patients with type 2 diabetes mellitus (T2DM). However, whether SGTL2i can improve left ventricular (LV) systolic and di-
astolic function remained unclear. This study aimed to compare the change in echocardiographic parameters in T2DM patients
receiving SGLT2i with a different baseline LV ejection fraction (LVEF). The change in echocardiographic parameters was also
compared between T2DM patients treated with SGLT2i and those treated with dipeptidyl peptidase-4 inhibitor (DPP4i).
Methods and results This multicentre cohort study consecutively enrolled 665, 119, and 132 T2DM patients treated with
SGLT2i with a preserved (≥50%), moderately reduced (40–50%), and reduced baseline LVEF (<40%), respectively, with paired
baseline and post-treatment echocardiographic data available between 1 June 2016 and 31 May 2018. There were 212 pa-
tients treated with DPP4i with paired baseline and post-treatment echocardiographic data available at the same time. For
those patients treated with DPP4i, 45 patients had impaired baseline LVEF of <50%. Echocardiographic parameters, including
LVEF, LV end-diastolic volume, LV end-systolic volume (LVESV), and LV diastolic function, were analysed at baseline and after
treatment. After a median SGLT2i treatment period of 230 days, patients with reduced LVEF were associated with an improve-
ment in LVEF from 29.4 ± 7.4% to 42.2 ± 15.2% (P < 0.0001) and decrease in LVESV from 133.2 ± 49.2 to 117.4 ± 60.1 mL
(P = 0.0002). Patients with moderately reduced LVEF were associated with an improvement in LVEF from 44.8 ± 2.9% to
49.7 ± 12.4% (P < 0.0001) and decrease in LVESV from 90.7 ± 31.1 to 80.0 ± 36.2 mL (P = 0.0017). Patients with preserved
LVEF did not show an improvement in LVEF and LVESV after SGLT2i treatment. There were no significant changes of LV
end-diastolic volume, LV diastolic function, and LV wall thickness in three study groups after SGLT2i treatment. In contrast,
patients with impaired baseline LVEF (<50%) did not show any change in LVEF and LVESV after DPP4i treatment.
Conclusions Sodium glucose cotransporter-2 inhibitor was associated with an improvement in LV systolic function in patients
with T2DM with reduced and moderately reduced LVEF. In contrast, DPP4i treatment was not associated with any improve-
ment in LVEF among patients with impaired LVEF.
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Introduction

Type 2 diabetes mellitus (T2DM) increases the risk of heart fail-
ure, including reduced and preserved left ventricular ejection
fraction (LVEF), and cardiovascular events andmortality.1,2 So-
dium glucose cotransporter-2 inhibitors (SGLT2i) are a new
class of anti-hyperglycaemic agents that inhibit urinary glucose
reabsorption.3 Of note, SGTL2i reduced the blood sugar level
and blood pressure, body weight, and albumin level via an
insulin-independent mechanism in patients with T2DM. Fur-
thermore, three large randomized controlled trials with
EMPA-REG OUTCOME (empagliflozin), CANVAS Program
(canagliflozin), and DECLARE–TIMI 58 (dapagliflozin) all dem-
onstrated that three SGLT2i, compared with the current
standard-of-care diabetes management, significantly reduced
the risk of heart failure hospitalization in patients with T2DM
with/without established cardiovascular diseases.4–6 In con-
trast, several dipeptidyl peptidase-4 inhibitor (DPP4i) (e.g.
saxagliptin, alogliptin, vildagliptin, and linagliptin) increased
adverse heart failure events in patients with T2DM
with/without a history of heart failure when compared with
placebo.7–10 However, there was no objective evaluation of
the change in cardiac function in patients with T2DM treated
with SGLT2i or DPP4i in those pivotal trials, and it was unclear
whether the reduced risk of hospitalization due to heart failure
in patients with T2DM treated with SGLT2i resulted from the
reduction in body loading (e.g. reduction in body weight or salt
loading by SGLT2i treatment) or improvement in cardiac sys-
tolic or diastolic functionmediated by SGLT2i treatment objec-
tively. The underlying mechanism associated with a favourable
outcome of SGLT2i treatment on cardiac function is not well
known. The present study aimed to investigate the effect of
SGLT2i on LV systolic and diastolic function and heart chamber
size, as measured by two-dimensional (2D) echocardiography,
in patients with T2DM with a different baseline LVEF in the
real-world practice. The change in echocardiographic parame-
ters was compared between patients with T2DM treated with
SGLT2i and those treated with DPP4i.

Methods

Database

In the present study, all patients’ data were obtained from
the Chang Gung Memorial Hospital (CGMH) Medical System,
which comprised four tertiary care medical centres and three
major teaching hospitals with a total of 10 050 beds and ad-
mits approximately 280 000 patients annually in Taiwan.11

The advantage of the CGMH medical database is that each
patient’s detailed chart record, diagnosis, imaging, and labo-
ratory data are all available.12 The identification number
and personal information of each patient are encrypted and

de-identified using a consistent encrypting procedure; there-
fore, informed consent was waived for this study.

Study design

The study is a retrospective, multicentre, and observational
study. There were 42 561 patients with T2DM aged
≥18 years newly receiving SGLT2i or DPP4i from 1 June 2016
to 31May 2018. Among these, a total of 1433 and 236 patients
treated with SGLT2i and DPP4i have a paired data of baseline
and post-treatment 2D echocardiography available. The date
of baseline echocardiography was further restricted within
6 months before the drug index date, and the date of
post-treatment echocardiography was limited to 3–18months
after drug index date. Finally, a total of 916 and 212 consecu-
tive patients with T2DM receiving SGLT2i and DPP4i, respec-
tively, were enrolled in the analysis. The study protocol
complied with the Declaration of Helsinki and was approved
by the Institutional Review Board of the CGMH.

Conventional echocardiography

The patients underwent transthoracic 2D echocardiography
using a commercially available system (Vivid 9, General Elec-
tric Vingmed Ultrasound, Horten, Norway). Thickness of left
ventricular (LV) intraventricular septum and free wall, LV
end-diastolic volume (LVEDV), LV end-systolic volume
(LVESV), and LVEF were assessed from parasternal or apical
views using the standard M-mode or 2D Simpson method.
Transmitral E wave, filling velocity during atrial systole (A
wave), deceleration time, and e′ velocity were measured
using tissue Doppler echocardiography. The e′ velocity was
calculated from the average of the lateral and septal values.

Covariates

Baseline covariates referred to any claim record with the
abovementioned diagnoses or medication codes prior to the
index date. The ischaemic aetiology of patients with T2DM
was defined by one of the following criteria: (i) ≥75% luminal
diameter stenosis of the main epicardial coronary artery; (ii)
history of myocardial infarction or coronary revascularization;
and (iii) myocardial ischaemia or infarction documented by
myocardial perfusion imaging. A history of any prescription
drug was confined to medications used at least once within
3 months preceding the drug index date. Important labora-
tory data, including body weight, resting heart rate, systolic
and diastolic blood pressure, serum haemoglobin A1c level,
haemoglobin level, platelet count, estimated glomerular fil-
tration rate, alanine aminotransferase level, lipid profiles,
and uric acid level, were based on the measurements per-
formed within 6 months before the drug index date.
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Statistical analyses

Continuous variables were expressed as mean ± standard de-
viation or as median (range). Proportions were compared
using analysis of variance. The change in all echocardio-
graphic parameters before and after treatment was com-
pared using paired t-test. Predictive variables for outcome
were estimated using the multivariate Cox proportional haz-
ard regression models. Variables with interest in Table 1 were
selected to include in the multivariate model in Table 3. In all
tests, a P value <0.05 was considered statistically significant.
Statistical analysis was performed using SPSS version 22.0
(SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics of patients treated with
SGLT2i with a preserved (≥50%), moderately
reduced (40–50%), and reduced (<40%) baseline
LVEF

A total of 916 consecutive patients treated with SGLT2i with
paired baseline and post-treatment echocardiographic data
available between 1 June 2016 and 31 May 2018 were en-
rolled. Of these patients, 595 and 321 were using
empagliflozin and dapagliflozin, respectively. Moreover, 665,
119, and 132 patients treated with SGLT2i have preserved
(≥50%), moderately preserved (40–50%), and reduced
(<40%) baseline LVEF, respectively. Compared with patients
with preserved LVEF of ≥50%, patients with moderately re-
duced or reduced LVEF were younger, were less likely female,
and had a higher prevalence of ischaemic heart disease. Pa-
tients with moderately reduced or reduced LVEF had a higher
haemoglobin A1c level but a comparable estimated glomeru-
lar filtration rate compared with patients with preserved
LVEF. For baseline medication, patients with moderately re-
duced or reduced LVEF had a higher prescription of heart fail-
ure medications, such as beta-blocker, renin–angiotensin
system blocker, mineralocorticoid receptor antagonist, di-
uretics, nitrate, and digoxin, than patients with preserved
LVEF (Table 1).

Change in haemodynamics and
echocardiographic parameters in patients with
preserved (≥50%), moderately reduced (40–50%),
and reduced (<40%) baseline LVEF after SGLT2i
treatment

The changes in haemodynamics and echocardiographic pa-
rameter in the three study groups before and after treatment
are summarized in Table 2 and Figure 1. After a median

treatment period of 230 (25th–75th percentile, 161–316)
days, the reduced LVEF group was associated with an im-
provement in LVEF from 29.4 ± 7.4% to 42.2 ± 15.2%
(P < .0001) and decrease in LVESV from 133.2 ± 49.3 to
117.4 ± 60.1 mL (P = 0.0002) after SGLT2i treatment. After
a median treatment period of 243 (25th–75th percentile,
173–330) days, the moderately reduced LVEF group was as-
sociated with an improvement in LVEF from 44.8 ± 2.9% to
49.7 ± 12.4% (P < .0001) and decrease in LVESV from
90.7 ± 31.1 to 80.0 ± 36.2 mL (P = 0.0017). In contrast, the
preserved LVEF group did not show any change in LVEF and
LVESV after SGLT2i treatment. There were no significant
changes in other echocardiographic parameters, including
LVEDV, LV diastolic function, or LV wall thickness, in the three
study groups after SGLT2i treatment (Table 2). In the haemo-
dynamic change after SGLT2i treatment, both patients with
preserved and reduced baseline LVEF were associated with
a decrease in body weight (both P < 0.01). Of note, patients
with moderately reduced and reduced baseline LVEF were
both associated with a decrease in resting heart rate as well
as diastolic blood pressure (Table 2).

We further analysed our patients according to ischaemic
(n = 390) or non-ischaemic aetiology (n = 526). Generally,
the result of subgroup analysis persisted in both subgroups:
moderately reduced and reduced LVEF were both associated
with an improvement in LVEF and decrease in LVESV after
SGLT2i treatment. In contrast, the preserved LVEF group did
not show any change in LVEF and LVESV in either the ischae-
mic or non-ischaemic subgroup after SGLT2i treatment (Table
2).

We further compared the change in LVEF and LVESV in pa-
tients with impaired LVEF (<50%) according to different time
periods after SGLT2i treatment. Of 251 patients with im-
paired LVEF (<50%), 84, 79, 47, and 41 patients had paired
echocardiography data after 3–6, 6–9, 9–12, and
≥12 months of SGLT2i treatment. It is noted that the use of
SGLT2i was associated with improved LVEF and LVESV as
early as 3–6 months after treatment (Figure 2).

Baseline characteristics of patients with an
impaired baseline LVEF (<50%) treated with
DPP4i vs. SGLT2i

We further compared the change in echocardiographic pa-
rameters between patients with impaired LVEF (<50%)
treated with SGLT2i and those treated with DPP4i. Among
the 212 patients treated with DPP4i, 45 patients had im-
paired baseline LVEF <50%. Table 3 summarized the baseline
characteristics between the DPP4i and SGLT2i groups. Gener-
ally, there was no difference in the baseline co-morbidities,
heart failure and anti-diabetic medications, and baseline
echocardiographic parameters between the DPP4i and
SGLT2i groups.
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Change in haemodynamics and
echocardiographic parameters in patients with an
impaired baseline LVEF (<50%) treated with
DPP4i vs. SGLT2i

In the haemodynamic change after treatment, both DPP4i
and SGLT2i groups were associated with a decrease in body
weight (both P < 0.05). Of note, only the SGLT2i group had
a decrease in resting heart rate (P < 0.0001) as well as dia-
stolic blood pressure (P = 0.0001) (Table 4). Regarding the
change in echocardiographic parameters after treatment, pa-
tients with impaired baseline LVEF had an improvement in
LVEF from 36.7 ± 9.6% to 45.8 ± 14.4% (P < 0.0001) and de-
crease in LVESV from 113.3 ± 46.8 to 99.9 ± 53.6 mL
(P < 0.0001) after SGLT2i treatment. In contrast, patients
with impaired baseline LVEF did not show any change in LVEF
and LVESV after DPP4i treatment (Table 4 and Figure 3).
There were no significant changes in other echocardiographic
parameters including LVEDV, LV diastolic function, or LV wall
thickness in both DPP4i and SGLT2i groups.

Sensitivity analyses were performed using a 1:3 matching
of DPP4i (n = 39) to SGLT2i (n = 117) by baseline characteris-
tics presented in Table 3 to test if the results were still consis-
tent with the main analysis as shown in Table 4 and Figure 3.
Supporting Information, Table S1 shows the baseline charac-
teristics between the paired DPP4i and SGLT2i groups. There
was no difference in the baseline characteristics, laboratory
data, medications, and echocardiographic parameters be-
tween the paired DPP4i and SGLT2i groups after propensity
score matching. Consistent with the main analysis, use of
SGLT2i, rather than DPP4i, was associated with a decrease
in body weight, resting heart rate, and diastolic blood pres-
sure (Supporting Information, Table S2). In contrast to DPP4i
treatment, SGLT2i treatment was associated with improve-
ment in LVEF and reverse remodelling of LVESV (Supporting
Information, Table S2 and Figure S1).

Discussion

Main findings

To our best knowledge, this is the largest study to evaluate
the change in cardiac function using 2D echocardiography in
patients with T2DM after SGLT2i treatment in the
real-world daily practice. The main findings of this study are
as follows: (i) in a total of 665, 119, and 132 patients with
T2DM treated with SGLT2i with a baseline preserved
(≥50%), moderately reduced (40–50%), and reduced (<40%)
LVEF, a patient with a reduced or moderately reduced LVEF
was associated with a significant improvement in LVEF and
reverse remodelling of LVESV after SGLT2i treatment. In con-
trast, there were no significant changes in LVEF or reverseTa
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Table 3 Clinical and echocardiographic characteristics in type 2 diabetes mellitus patients treated with dipeptidyl peptidase-4 inhibitor
vs. sodium glucose cotransporter-2 inhibitor with a reduced left ventricular ejection fraction of <50%

DPP4i
Baseline LVEF <50% (n = 45)

SGLT2i
Baseline LVEF <50% (n = 251) P value

Age (years) 59.3 ± 10.7 61.7 ± 11.9 0.173
Female 9 (20.0) 44 (17.5) 0.705
Ischaemic heart aetiology 23 (51.1) 141 (56.2) 0.537
Hypertension 32 (71.1) 150 (59.7) 0.135
Dyslipidaemia 29 (64.4) 138 (55.0) 0.234
Cerebral vascular accidents 4 (8.9) 23 (9.6) 0.886
Chronic lung disease 8 (17.8) 18 (7.2) 0.083
Chronic liver disease 13 (28.9) 31 (12.4) 0.025
Chronic kidney disease 14 (31.1) 67 (26.7) 0.588
Peripheral artery disease 4 (8.9) 6 (2.4) <0.001
Gout 6 (13.3) 32 (12.8) 0.831
Malignancy 4 (8.9) 16 (6.4) 0.226

HbA1c (%) 8.8 ± 2.2 8.9 ± 1.9 0.722
Haemoglobin (g/dL) 13.3 ± 2.2 13.4 ± 2.3 0.898
Platelet count (1000/μL) 201.3 ± 60.9 217.9 ± 67.4 0.131
Estimated GFR (mL/min/m2) 75.6 ± 28.3 78.9 ± 30.9 0.483
ALT (U/L) 46.3 ± 89.8 53.1 ± 208.0 0.723
Triglycerides (mg/dL) 173.8 ± 107.7 203.4 ± 380.1 0.308
LDL (mg/dL) 90.8 ± 36.8 88.8 ± 34.3 0.731
HDL (mg/dL) 37.2 ± 9.4 38.6 ± 11.5 0.392
Uric acid (mg/dL) 7.3 ± 2.3 6.8 ± 2.4 0.262
Height (cm) 165.1 ± 7.0 164.5 ± 8.4 0.797
Weight (kg) 75.5 ± 22.3 73.1 ± 16.4 0.646
Systolic BP (mmHg) 126.7 ± 26.3 132.9 ± 23.1 0.144
Diastolic BP (mmHg) 74.4 ± 15.3 76.8 ± 13.6 0.316
Heart rate (b.p.m.) 81.4 ± 15.8 83.8 ± 15.3 0.352

Anti-platelet agent 40 (88.9) 198 (78.9) 0.120
Statin 33 (73.3) 175 (69.7) 0.627
Non-dihydropyridine CCB 3 (6.7) 12 (4.8) 0.597
Dihydropyridine CCB 7 (15.6) 36 (14.3) 0.832
Beta-blocker 42 (93.3) 220 (87.7) 0.272
ACEI or ARB or ARNI 40 (88.9) 225 (89.6) 0.880
MRA 20 (44.4) 98 (39.0) 0.497
Loop diuretics 32 (71.1) 151 (60.2) 0.165
Nitrate 21 (46.7) 97 (38.7) 0.313
Digoxin 10 (22.2) 38 (15.1) 0.237

Anti-diabetic agent
SU 36 (80.0) 151 (60.2) 0.011
Metformin 39 (86.7) 201 (80.1) 0.300
Glinide 3 (6.7) 17 (6.8) 0.979
Glitazone 12 (26.7) 30 (12.0) <0.009
Acarbose 15 (33.3) 47 (18.7) 0.027
Insulin 15 (33.3) 66 (26.3) 0.331

LVEF (%) 39.6 ± 7.5 36.7 ± 9.6 0.058
LVEDV (mL) 182.7 ± 60.1 176.4 ± 56.4 0.494
LVESV (mL) 109.6 ± 44.2 113.3 ± 46.8 0.623
Mitral E/A ratio 0.76 ± 0.27 1.08 ± 0.73 0.099
Mitral DecT (ms) 207.2 ± 73.7 173.0 ± 60.5 0.067
E/e′ ratio 11.4 ± 3.5 14.8 ± 7.3 0.271
LV IVS (mm) 11.1 ± 3.3 11.3 ± 3.1 0.739
LV FW (mm) 10.6 ± 2.5 10.3 ± 2.2 0.515

ACEI, angiotensin-converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor-neprilysin inhibitor; BP, blood pressure; CCB, calcium channel blocker; DecT, deceleration time; DPP4i, dipeptidyl peptidase-4 in-
hibitor; E/A, ratio of peak early to late diastolic filling velocity; E/e′, mitral early diastolic to early diastolic tissue velocity; FW, free wall; GFR,
glomerular filtration rate; HbA1c, haemoglobin A1c; HDL, high density lipoprotein; IVS, intraventricular septum; LDL, low density lipopro-
tein; LVEDV, left ventricular (LV) end-diastolic volume; LVEF, LV ejection fraction; LVESV, LV end-systolic volume; MRA, mineralocorticoid
receptor antagonist; SGLT2i, sodium glucose cotransporter-2 inhibitor; SU, sulfonylurea.
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LVESV remodelling for the preserved LVEF group after SGLT2i
treatment. (ii) There were no significant changes in other
echocardiographic parameters, including LVEDV, LV diastolic
function, or LV wall thickness, in the three study groups after

SGLT2i treatment. (iii) Compared with patients with impaired
baseline LVEF<50% treated with SGLT2i, those with impaired
baseline LVEF treated with DPP4i did not show any improve-
ment in LVEF or reverse remodelling in LVESV.

FIGURE 1 Change in echocardiographic parameters in patients with type 2 diabetes mellitus treated with SGLT2i with preserved (≥50%), moderately
reduced (40–50%), and reduced (<40%) baseline LVEF. Both the moderately reduced and reduced LVEF groups had improvement in LVEF and de-
crease in LVESV after SGLT2i treatment. In contrast, the preserved LVEF group did not show any change in LVEF and LVESV after SGLT2i treatment.
There were no significant changes in LVEDV for three study groups after SGLT2i treatment. LVEDV, left ventricular (LV) end-diastolic volume; LVEF,
LV ejection fraction; LVESV, LV end-systolic volume; SGLT2i, sodium glucose cotransporter-2 inhibitor.

FIGURE 2 Change in LVEF and LVESV in patients with type 2 diabetes mellitus with impaired LVEF (<50%) treated with SGLT2i according to different
time periods after SGLT2i treatment. Of 251 patients with impaired LVEF<50%, 84, 79, 47, and 41 patients had paired echocardiography data after 3–6,
6–9, 9–12, and ≥12 months of SGLT2i treatment. It is noted that SGLT2i treatment was associated with a significant improvement in LVEF and LVESV as
early as 3–6 months after treatment. LVEF, left ventricular (LV) ejection fraction; LVESV, LV end-systolic volume; m/o, month; SGLT2i, sodium glucose
cotransporter-2 inhibitor.
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Clinical research investigating the effect of SGLT2i
on cardiac function

There are relatively few clinical studies evaluating the effect
of SGLT2i on LV function and structure. Verma et al.

investigated the change in cardiac function using cardiac
magnetic resonance imaging in 48 patients with T2DM using
empagliflozin of 10 mg/day. Compared with placebo treat-
ment, empagliflozin was associated with significant reduc-
tion in LV mass index after 6 months. There was no

Table 4 The changes of haemodynamics and echocardiographic parameter for type 2 diabetes mellitus patients treated with dipeptidyl
peptidase-4 inhibitor and sodium glucose cotransporter-2 inhibitor with a reduced baseline left ventricular ejection fraction of <50% at
baseline and after treatment

DPP4i
Baseline LVEF <50% (n = 45)

SGLT2i
Baseline LVEF <50% (n = 251)

Baseline Post-treatment P value Baseline Post-treatment P value

Body weight (kg) 75.5 ± 22.2 74.5 ± 20.3 0.0324 73.1 ± 16.4 71.8 ± 16.8 0.0024
Heart rate (b.p.m.) 81.4 ± 15.8 81.8 ± 14.6 0.9801 83.8 ± 15.3 78.4 ± 13.7 <0.0001
SBP (mmHg) 126.7 ± 26.2 127.8 ± 20.5 0.6458 132.9 ± 23.1 130.2 ± 22.0 0.0651
DBP (mmHg) 75.7 ± 12.6 75.5 ± 12.0 0.7061 76.8 ± 13.6 73.6 ± 12.2 0.0001
LVEF (%) 39.6 ± 7.5 42.0 ± 10.4 0.1210 36.7 ± 9.6 45.8 ± 14.4 <0.0001
LVEDV (mL) 182.7 ± 60.1 182.7 ± 60.1 0.2892 176.4 ± 56.4 171.8 ± 57.4 0.1932
LVESV (mL) 109.6 ± 44.2 109.6 ± 44.2 0.1198 113.3 ± 46.8 99.9 ± 53.6 <0.0001
E/A ratio 0.76 ± 0.27 0.76 ± 0.31 0.9970 1.08 ± 0.73 1.03 ± 0.81 0.5545
DecT (ms) 207.2 ± 73.7 174.7 ± 93.9 0.3481 173.0 ± 60.5 197.2 ± 83.7 0.0241
E/e′ ratio 11.4 ± 3.5 10.6 ± 3.9 0.7656 14.8 ± 7.3 13.4 ± 8.3 0.2411
LV IVS (mm) 11.1 ± 3.3 10.8 ± 3.1 0.4322 11.3 ± 3.1 11.2 ± 2.8 0.5982
LV FW (mm) 10.6 ± 2.5 10.3 ± 3.1 0.6710 10.3 ± 2.2 10.6 ± 3.7 0.2176

DBP, diastolic blood pressure; DecT, deceleration time; DPP4i, dipeptidyl peptidase-4 inhibitor; E/A, ratio of peak early to late diastolic fill-
ing velocity; E/e′, mitral early diastolic to early diastolic tissue velocity; FW, free wall; IVS, intraventricular septum; LVEDV, left ventricular
(LV) end-diastolic volume; LVEF, LV ejection fraction; LVESV, LV end-systolic volume; SBP, systolic blood pressure; SGLT2i, sodium glucose
cotransporter-2 inhibitor.

FIGURE 3 Change in echocardiographic parameter in patients with type 2 diabetes mellitus with impaired baseline LVEF (<50%) treated with DPP4i vs.
SGLT2i. Patients with impaired baseline LVEF had improvement in LVEF and decrease in LVESV after SGLT2i treatment. In contrast, patients with im-
paired baseline LVEF did not show any change in LVEF and LVESV after DPP4i treatment. There were no significant changes in LVEDV in both DPP4i and
SGLT2i groups. DPP4i, dipeptidyl peptidase-4 inhibitor; LVEDV, left ventricular (LV) end-diastolic volume; LVEF, LV ejection fraction; LVESV, LV
end-systolic volume; SGLT2i, sodium glucose cotransporter-2 inhibitor.
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difference in LVEF and LVESV after empagliflozin
treatment.13 Soga et al. also evaluated 53 patients with
T2DM with stable heart failure receiving dapagliflozin of
5 mg/day using echocardiography. There were significantly
improved LVEF, LV mass, left atrial volume, and E/e′ ratio af-
ter the 6 months of treatment.14 Matsutani et al. evaluated
the effects of additional treatment with canagliflozin on LV
function using echocardiography in 37 patients with T2DM.
There was an improvement in E/e′ ratio and reduced LV
mass index but without change in cardiac chamber size
and LVEF after the 3 months of treatment.15 Otagaki et al.
studied 26 consecutive patients with T2DM receiving
tofogliflozin and performed echocardiography before and
≥6 months after tofogliflozin administration. Compared with
the placebo group, tofogliflozin was associated with an im-
provement in systolic (LVEF) and diastolic (E/e′ ratio) func-
tion after treatment.16 Generally, the abovementioned
studies had an extremely limited patient population, but all
of them showed an improvement in LV diastolic function af-
ter different SGLT2i treatments. However, the outcomes re-
garding the improvement in LV systolic function and reverse
remodelling of cardiac chamber after SGLT2i treatment
showed conflicting results.

In contrast, our study was the largest real-world study
enrolling 916 patients treated with SGLT2i, showing that
SGLT2i treatment was indeed associated with a significant
improvement in LVEF and reverse remodelling of LVESV in
T2DM patients with moderately reduced or reduced base-
line LVEF specifically. The discrepancy between our findings
and those of previous studies might be attributed to the
different study populations and increased severity of base-
line heart function impairment in our study (27% of
patients with an impaired baseline LVEF <50%). Neverthe-
less, our results are in accordance with the recent study
showing that patients with T2DM with worse baseline char-
acteristics benefit more from the SGLT2i treatment.17 Re-
cently, the subgroup analysis of the DECLARE–TIMI 58
indicated that SGLT2i with dapagliflozin reduced the risk
of cardiovascular death or heart failure hospitalization to a
greater extent in 671 patients with reduced baseline LVEF
(LVEF <45%) than in those without reduced LVEF. This dif-
ference was driven by large reductions in cardiovascular
death and all-cause mortality in patients with reduced
LVEF.18 However, the major limitation is that the post hoc
analysis did not report the following change in echocardio-
graphic parameters in patients with reduced LVEF after
SGLT2i treatment. Nevertheless, the improvement in LV sys-
tolic function and reverse in LVESV specifically in patients
with impaired baseline LVEF in our present study may echo
the greater benefit in patients with reduced LVEF as dem-
onstrated in the pivotal trial. Further prospective and ran-
domized controlled studies investigating the cardiovascular
outcome and change in cardiac function in SGLT2i treat-
ment are warranted.

Underlying mechanism of SGLT2i in the
improvement in cardiac function

In patients with T2DM, LV hypertrophy and impaired diastolic
function are more prevalent compared with those in individ-
uals without T2DM.19 ‘Diabetic cardiomyopathy’ is thought to
be multifactorial, which is initially characterized by myocar-
dial fibrosis and dysfunctional remodelling and associated
with LV diastolic dysfunction, followed by progressive LV sys-
tolic dysfunction in the late stage.20 Because only SGLT1 but
not SGLT2 receptors were identified in the cardiac tissue,21

the potential effect of SGLT2i on LV function and structure
is hypothesized to be multifactorial and mediated predomi-
nantly by metabolic effects and systemic haemodynamics.19

A number of other biological effects have also been demon-
strated with SGLT2i, including improvement in arterial stiff-
ness, vascular resistance, vascular endothelial function, and
myocardial fibrosis.22,23 SGLT2i can also shift myocardial fuel
metabolism away from fat/glucose oxidation to a more
energy-efficient fuel like ketone bodies, thereby improving
myocardial work efficiency and function.24 Although many
hypotheses currently exist, the biological effects of SGLT2i
on cardiac function and structure remain uncertain and need
further investigation through detailed mechanistic studies.

Effect of DPP4i on cardiac function in T2DM

In contrast to the SGLT2i treatment, DPP4i treatment did not
show significant improvement in LVEF or diastolic function in
patients with T2DM. The relative effect of DPP4i on the risk of
heart failure in patients with T2DM is uncertain, given the rel-
atively short follow-up and low quality of evidence. However,
both randomized controlled trials and observational studies
suggest that DPP4i may increase risk of heart failure hospital-
ization in patients with T2DM with existing cardiovascular dis-
eases or multiple cardiovascular risk factors.25 Nevertheless,
our data were compatible with those of recent studies show-
ing that SGLT2i use was associated with a reduced risk of
heart failure among patients with T2DM when compared
with DPP4i use.26,27 Further prospective and randomized con-
trolled studies investigating the cardiovascular outcome and
change in LV function in patients with T2DM treated with
SGLT2i vs. DPP4i are warranted.

Study limitations

The present study had several limitations. First, this is a ret-
rospective and multicentre study. The follow-up echocardi-
ography was performed 6 months before and 3–
18 months after the initiation of treatment. We categorized
our patients into different time periods after SGLT2i treat-
ment and found that SGLT2i treatment was associated with
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improved LVEF and LVESV as early as 3–6 months after
treatment. The long range in post-treatment echocardiogra-
phy is a major limitation in the present study. Although our
study is the largest study investigating the change in echo-
cardiographic parameters at baseline and after treatment
in patients with T2DM treated with SGLT2i, further well-
designed, prospective, and randomized controlled studies
with enrolment of more patient populations are still neces-
sary to validate our findings. Second, SGLT2i treatment was
associated with a decrease in body weight, resting heart
rate, and diastolic blood pressure in our present study,
and it is unclear whether the improvement in cardiac sys-
tolic function and reverse remodelling of LVESV in patients
with T2DM using SGLT2i partially resulted from the weight
loss caused by SGLT2i itself or adequate control of hyper-
tension. However, the SGLT2i group with a preserved base-
line LVEF and the DPP4i group with an impaired baseline
LVEF showed a decrease in body weight but did not show
any improvement in cardiac systolic function or reverse LV
remodelling in the present study. Third, we also did not re-
port the B-type natriuretic peptide (BNP) data due to lim-
ited BNP data available in our database. In the present
study, the data of baseline and post-treatment echocardiog-
raphy were obtained in the outpatient service for each pa-
tient with T2DM; therefore, the serum BNP level was not
routinely checked in stable patients with T2DM in our daily
practice. Fourth, the baseline and post-treatment echocardi-
ography in each patient with T2DM may be performed by
different cardiologists. Although all our cardiologists were
qualified to perform echocardiography based on a standard-
ized protocol in the CGMH medical system, echocardiogra-
phy remains largely an operator-dependent technique;
therefore, the intra-observer and inter-observer variability
of echocardiography cannot be ruled out. Finally, our pres-
ent study only enrolled Asian patients; therefore, whether
the results can be extrapolated to other non-Asian ethnici-
ties remains unclear.

Conclusions

The largest real-world study indicated that SGLT2i treatment
was associated with an improvement in LV systolic function in
T2DM patients with reduced or moderately reduced rather
than preserved baseline LVEF. The advantage of SGLT2i treat-
ment in improving cardiac function persisted in the patient
subgroup with an ischaemic or non-ischaemic aetiology. In
contrast, patients with impaired baseline LVEF did not show
any improvement in LVEF or reverse remodelling of LVESV af-
ter DPP4i treatment.
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paired T2DM patients with an impaired baseline LVEF
(< 50%) treated with DPP4i versus SGLT2i after 1:3 propen-
sity score matching. Those patients with an impaired baseline
LVEF were associated with an improvement of LVEF and de-
crease of LVESV after SGLT2i treatment (n = 117). In the con-
trast, the patients with an impaired baseline LVEF did not
showed any change of LVEF and LVESV after DPP4i treatment
(n = 39). There were no significant change of LVEDV for both
DPP4i and SGLT2i groups. DPP4i = dipeptidyl peptidase-4 in-
hibitor; LVEF = left ventricular (LV) ejection fraction;
LVEDV = LV end diastolic volume; LVESV = LV end systolic vol-
ume; SGLT2i = sodium glucose cotransporter-2 inhibitor;
T2DM = type 2 diabetes mellitus
Table S1. Clinical and echocardiographic characteristics in paired type
2 diabetes mellitus (T2DM) patients treated with dipeptidyl peptidase-4
inhibitor (DPP4i) vs. sodium glucose co-transporter-2 inhibitor
(SGLT2i) with a reduced LVEF of < 50% after 1:3 propensity score
matching
Table S2. The changes of hemodynamics and echocardiographic param-
eter for paired T2DM patients treated with DPP4i and SGLT2i after 1:3
propensity score matching with a reduced baseline LVEF of <50% at
baseline and after treatment

2794 Y.-H. Chan et al.

ESC Heart Failure 2020; 7: 2784–2796
DOI: 10.1002/ehf2.12877



References

1. Vazquez-Benitez G, Desai JR, Xu S,
Goodrich GK, Schroeder EB, Nichols
GA, Segal J, Butler MG, Karter AJ,
Steiner JF, Newton KM, Morales LS,
Pathak RD, Thomas A, Reynolds K,
Kirchner HL, Waitzfelder B, Elston
Lafata J, Adibhatla R, Xu Z, O’Connor
PJ. Preventable major cardiovascular
events associated with uncontrolled glu-
cose, blood pressure, and lipids and ac-
tive smoking in adults with diabetes
with and without cardiovascular dis-
ease: a contemporary analysis. Diabetes
Care 2015; 38: 905–912.

2. Kannel WB, McGee DL. Diabetes and
cardiovascular disease: the Framingham
study. JAMA 1979; 241: 2035–2038.

3. Gallo LA, Wright EM, Vallon V. Probing
SGLT2 as a therapeutic target for diabe-
tes: basic physiology and consequences.
Diab Vasc Dis Res 2015; 12: 78–89.

4. Zinman B, Wanner C, Lachin JM,
Fitchett D, Bluhmki E, Hantel S,
Mattheus M, Devins T, Johansen OE,
Woerle HJ, Broedl UC, Inzucchi SE, In-
vestigators E-RO. Empagliflozin, cardio-
vascular outcomes, and mortality in
type 2 diabetes. N Engl J Med 2015;
373: 2117–2128.

5. Neal B, Perkovic V, Mahaffey KW, de
Zeeuw D, Fulcher G, Erondu N, Shaw
W, Law G, Desai M, Matthews DR,
Group CPC. Canagliflozin and cardiovas-
cular and renal events in type 2 diabetes.
N Engl J Med 2017; 377: 644–657.

6. Wiviott SD, Raz I, Bonaca MP, Mosenzon
O, Kato ET, Cahn A, Silverman MG,
Zelniker TA, Kuder JF, Murphy SA, Bhatt
DL, Leiter LA, McGuire DK, Wilding JPH,
Ruff CT, Gause-Nilsson IAM, Fredriksson
M, Johansson PA, Langkilde AM,
Sabatine MS, Investigators D-T.
Dapagliflozin and cardiovascular out-
comes in type 2 diabetes. N Engl J Med
2019; 380: 347–357.

7. Scirica BM, Braunwald E, Raz I,
Cavender MA, Morrow DA, Jarolim P,
Udell JA, Mosenzon O, Im K, Umez-
Eronini AA, Pollack PS, Hirshberg B,
Frederich R, Lewis BS, McGuire DK, Da-
vidson J, Steg PG, Bhatt DL, Committee
S-TS, Investigators*. Heart failure,
saxagliptin, and diabetes mellitus: obser-
vations from the SAVOR-TIMI 53 ran-
domized trial. Circulation 2014; 130:
1579–1588.

8. Zannad F, Cannon CP, Cushman WC,
Bakris GL, Menon V, Perez AT, Fleck
PR, Mehta CR, Kupfer S, Wilson C, Lam
H, White WB, Investigators E. Heart fail-
ure and mortality outcomes in patients
with type 2 diabetes taking alogliptin
versus placebo in EXAMINE: a
multicentre, randomised, double-blind
trial. Lancet 2015; 385: 2067–2076.

9. McMurray JJV, Ponikowski P, Bolli GB,
Lukashevich V, Kozlovski P, Kothny W,
Lewsey JD, Krum H, Committees VT, In-
vestigators. Effects of vildagliptin on
ventricular function in patients with
type 2 diabetes mellitus and heart fail-
ure: a randomized placebo-controlled
trial. JACC Heart Fail 2018; 6: 8–17.

10. Rosenstock J, Marx N, Neubacher D,
Seck T, Patel S, Woerle HJ, Johansen
OE. Cardiovascular safety of linagliptin
in type 2 diabetes: a comprehensive
patient-level pooled analysis of prospec-
tively adjudicated cardiovascular events.
Cardiovasc Diabetol 2015; 14: 57.

11. Wang CL, Wu VC, Kuo CF, Chu PH,
Tseng HJ, Wen MS, Chang SH. Efficacy
and safety of non-vitamin K antagonist
oral anticoagulants in atrial fibrillation
patients with impaired liver function: a
retrospective cohort study. J Am Heart
Assoc 2018; 7: e009263.

12. Wang CL, Wu VC, Lee CH, Kuo CF, Chen
YL, Chu PH, Chen SW, Wen MS, See LC,
Chang SH. Effectiveness and safety of
non-vitamin-K antagonist oral anticoag-
ulants versus warfarin in atrial fibrilla-
tion patients with thrombocytopenia. J
Thromb Thrombolysis 2019; 47:
512–519.

13. Verma S, Mazer CD, Yan AT, Mason T,
Garg V, Teoh H, Zuo F, Quan A, Farkouh
ME, Fitchett DH, Goodman SG,
Goldenberg RM, Al-Omran M, Gilbert
RE, Bhatt DL, Leiter LA, Juni P, Zinman
B, Connelly KA, Investigators E-HC. Ef-
fect of empagliflozin on left ventricular
mass in patients with type 2 diabetes
and coronary artery disease: the
EMPA-HEART CardioLink-6 randomized
clinical trial. Circulation 2019; 140:
1693–1702.

14. Soga F, Tanaka H, Tatsumi K, Mochizuki
Y, Sano H, Toki H, Matsumoto K, Shite J,
Takaoka H, Doi T, Hirata KI. Impact of
dapagliflozin on left ventricular diastolic
function of patients with type 2 diabetic
mellitus with chronic heart failure.
Cardiovasc Diabetol 2018; 17: 132.

15. Matsutani D, Sakamoto M, Kayama Y,
Takeda N, Horiuchi R, Utsunomiya K. Ef-
fect of canagliflozin on left ventricular
diastolic function in patients with type
2 diabetes. Cardiovasc Diabetol 2018;
17: 73.

16. Otagaki M, Matsumura K, Kin H, Fujii K,
Shibutani H, Matsumoto H, Takahashi
H, Park H, Yamamoto Y, Sugiura T,
Shiojima I. Effect of tofogliflozin on sys-
tolic and diastolic cardiac function in
type 2 diabetic patients. Cardiovasc
Drugs Ther 2019; 33: 435–442.

17. Hsu JC, Wang CY, Su MM, Lin LY, Yang
WS. Effect of empagliflozin on cardiac
function, adiposity, and diffuse fibrosis

in patients with type 2 diabetes mellitus.
Sci Rep 2019; 9: 15348.

18. Kato ET, Silverman MG, Mosenzon O,
Zelniker TA, Cahn A, Furtado RHM,
Kuder J, Murphy SA, Bhatt DL, Leiter
LA, McGuire DK, Wilding JPH, Bonaca
MP, Ruff CT, Desai AS, Goto S,
Johansson PA, Gause-Nilsson I,
Johanson P, Langkilde AM, Raz I,
Sabatine MS, Wiviott SD. Effect of
dapagliflozin on heart failure and mor-
tality in type 2 diabetes mellitus. Circu-
lation 2019; 139: 2528–2536.

19. Lan NSR, Fegan PG, Yeap BB, Dwivedi
G. The effects of sodium-glucose
cotransporter 2 inhibitors on left ventric-
ular function: current evidence and fu-
ture directions. ESC Heart Fail 2019; 6:
927–935.

20. McMurray JJ, Gerstein HC, Holman RR,
Pfeffer MA. Heart failure: a cardiovascu-
lar outcome in diabetes that can no lon-
ger be ignored. Lancet Diabetes
Endocrinol 2014; 2: 843–851.

21. Di Franco A, Cantini G, Tani A, Coppini
R, Zecchi-Orlandini S, Raimondi L,
Luconi M, Mannucci E. Sodium-depen-
dent glucose transporters (SGLT) in hu-
man ischemic heart: a new potential
pharmacological target. Int J Cardiol
2017; 243: 86–90.

22. Chilton R, Tikkanen I, Cannon CP,
Crowe S, Woerle HJ, Broedl UC,
Johansen OE. Effects of empagliflozin
on blood pressure and markers of arte-
rial stiffness and vascular resistance in
patients with type 2 diabetes. Diabetes
Obes Metab 2015; 17: 1180–1193.

23. Lee TM, Chang NC, Lin SZ.
Dapagliflozin, a selective SGLT2 inhibi-
tor, attenuated cardiac fibrosis by regu-
lating the macrophage polarization via
STAT3 signaling in infarcted rat hearts.
Free Radic Biol Med 2017; 104: 298–310.

24. Mudaliar S, Alloju S, Henry RR. Can a
shift in fuel energetics explain the bene-
ficial cardiorenal outcomes in the
EMPA-REG OUTCOME study? A unify-
ing hypothesis. Diabetes Care 2016; 39:
1115–1122.

25. Li L, Li S, Deng K, Liu J, Vandvik PO,
Zhao P, Zhang L, Shen J, Bala MM,
Sohani ZN, Wong E, Busse JW, Ebrahim
S, Malaga G, Rios LP, Wang Y, Chen Q,
Guyatt GH, Sun X. Dipeptidyl
peptidase-4 inhibitors and risk of heart
failure in type 2 diabetes: systematic re-
view and meta-analysis of randomised
and observational studies. BMJ 2016;
352: i610.

26. Pasternak B, Ueda P, Eliasson B,
Svensson AM, Franzen S,
Gudbjornsdottir S, Hveem K, Jonasson
C, Wintzell V, Melbye M, Svanstrom H.
Use of sodium glucose cotransporter 2
inhibitors and risk of major

SGLT2 inhibitor in cardiac systolic function 2795

ESC Heart Failure 2020; 7: 2784–2796
DOI: 10.1002/ehf2.12877



cardiovascular events and heart failure:
Scandinavian register based cohort
study. BMJ 2019; 366: l4772.

27. Patorno E, Pawar A, Franklin JM,
Najafzadeh M, Deruaz-Luyet A,
Brodovicz KG, Sambevski S, Bessette
LG, Santiago Ortiz AJ, Kulldorff M,

Schneeweiss S. Empagliflozin and the
risk of heart failure hospitalization in
routine clinical care. Circulation 2019;
139: 2822–2830.

2796 Y.-H. Chan et al.

ESC Heart Failure 2020; 7: 2784–2796
DOI: 10.1002/ehf2.12877



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


