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BACKGROUND: SGLT2 (sodium-glucose cotransporter 2) inhibitors lower 
cardiovascular events in type 2 diabetes mellitus but whether they promote 
direct cardiac effects remains unknown. We sought to determine if empagliflozin 
causes a decrease in left ventricular (LV) mass in people with type 2 diabetes 
mellitus and coronary artery disease.

METHODS: Between November 2016 and April 2018, we recruited 97 
individuals ≥40 and ≤80 years old with glycated hemoglobin 6.5% to 10.0%, 
known coronary artery disease, and estimated glomerular filtration rate ≥60mL/
min/1.73m2. The participants were randomized to empagliflozin (10 mg/day, 
n=49) or placebo (n=48) for 6 months, in addition to standard of care. The 
primary outcome was the 6-month change in LV mass indexed to body surface 
area from baseline as measured by cardiac magnetic resonance imaging. Other 
measures included 6-month changes in LV end-diastolic and -systolic volumes 
indexed to body surface area, ejection fraction, 24-hour ambulatory blood 
pressure, hematocrit, and NT-proBNP (N-terminal pro b-type natriuretic peptide).

RESULTS: Among the 97 participants (90 men [93%], mean [standard 
deviation] age 62.8 [9.0] years, type 2 diabetes mellitus duration 11.0 [8.2] 
years, estimated glomerular filtration rate 88.4 [16.9] mL/min/1.73m2, LV mass 
indexed to body surface area 60.7 [11.9] g/m2), 90 had evaluable imaging 
at follow-up. Mean LV mass indexed to body surface area regression over 6 
months was 2.6 g/m2 and 0.01 g/m2 for those assigned empagliflozin and 
placebo, respectively (adjusted difference −3.35 g/m2; 95% CI, −5.9 to 
−0.81g/m2, P=0.01). In the empagliflozin-allocated group, there was significant 
lowering of overall ambulatory systolic blood pressure (adjusted difference 
−6.8mmHg, 95% CI −11.2 to −2.3mmHg, P=0.003), diastolic blood pressure 
(adjusted difference −3.2mmHg; 95% CI, −5.8 to −0.6mmHg, P=0.02) and 
elevation of hematocrit (P=0.0003).

CONCLUSIONS: Among people with type 2 diabetes mellitus and coronary 
artery disease, SGLT2 inhibition with empagliflozin was associated with significant 
reduction in LV mass indexed to body surface area after 6 months, which may 
account in part for the beneficial cardiovascular outcomes observed in the EMPA-
REG OUTCOME (BI 10773 [Empagliflozin] Cardiovascular Outcome Event Trial in 
Type 2 Diabetes Mellitus Patients) trial.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. Unique 
identifier: NCT02998970.
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SGLT2 (sodium-glucose cotransporter 2) inhibitors 
have been shown to reduce adverse cardiovascu-
lar outcomes in people with type 2 diabetes mel-

litus.1–5 In the EMPA-REG OUTCOME (BI 10773 [Empa-
gliflozin] Cardiovascular Outcome Event Trial in Type 2 
Diabetes Mellitus Patients) study, the SGLT2 inhibitor 
empagliflozin reduced the rates of major adverse car-
diovascular events by 14%, cardiovascular death by 
38%, all-cause mortality by 32%, and hospitalization 
for heart failure by 35% in people with type 2 diabetes 
mellitus and established atherosclerotic cardiovascular 
disease.1 Two other SGLT2 inhibitors, canagliflozin and 
dapagliflozin, have also been evaluated in large car-
diovascular outcome trials in people with and without 
established atherosclerotic cardiovascular disease. Cana-
gliflozin has also been assessed in a renal efficacy study 
that focused on participants with type 2 diabetes melli-
tus and established chronic kidney disease.6 These large 
trials have all demonstrated cardiovascular benefits with 
the SGLT2 inhibitors, especially on heart failure and the 
composite of heart failure and cardiovascular death.2,3

The mechanisms underlying the benefits of these 
agents, particularly on reducing heart failure-associated 
hospitalizations and cardiovascular death, have been 
the subject of significant interest.7–9 Left ventricular (LV) 
mass (LVM) is a strong and independent predictor of 
cardiovascular events, including myocardial infarction, 
heart failure, and mortality.10–16 The magnitude of re-
duction in LVM as a result of pharmacological or sur-
gical interventions has also been shown to correlate 
with the degree of cardiovascular risk reduction.10–16 
We previously found in a small preliminary study that 
short-term use of empagliflozin was associated with a 
significant reduction in LVM indexed (LVMi) to  baseline 

body surface area. Thus, we hypothesized that the car-
diovascular benefits of SGLT2 inhibition may be sec-
ondary to a reduction in LVM. To address this question, 
we conducted a double-blind, placebo-controlled ran-
domized trial in a population of subjects with type 2 
diabetes mellitus and coronary artery disease that was 
representative of the EMPA-REG OUTCOME cohort, to 
determine if empagliflozin promotes LVM regression as 
measured by the reference standard cardiac magnetic 
resonance imaging (cMRI).

METHODS
The data that support the findings of this study may be avail-
able from the corresponding author upon reasonable request 
and in accordance with a data-sharing agreement.

Trial Design
The EMPA-HEART (Effects of Empagliflozin on Cardiac 
Structure in Patients with Type 2 Diabetes) CardioLink-6 
trial (https://www.clinicaltrials.gov. Unique identifier: 
NCT02998970) was a double-blind, placebo-controlled, ran-
domized investigator-initiated clinical trial that was designed 
and executed independent of the funder. The study design 
and protocol were reviewed and approved by the St. Michael’s 
Hospital Research Ethics Board. Study enrollment took place 
between November 7, 2016, and April 5, 2018 (inclusive). All 
participants provided written informed consent before study 
entry.

Individuals between 40 and 80 years of age were eligible 
if they had a glycated hemoglobin level between 6.5% and 
10.0%, known coronary artery disease (defined as a history 
of previous myocardial infarction or previous coronary revas-
cularization with either percutaneous coronary intervention 
or coronary artery bypass graft surgery), an estimated glo-
merular filtration rate ≥60 mL/min/1.73m2 (calculated using 
the Modification of Diet in Renal Disease equation) and 
had been on stable antihyperglycemic therapy for at least 2 
months preceding enrollment. Key exclusion criteria were: a 
history of type 1 diabetes mellitus; current SGLT2 inhibitor, 
glucagon-like peptide 1 receptor agonist, or saxagliptin user; 
>4 episodes of moderate hypoglycemia per month or any 
episode of severe hypoglycemia within the past 12 months; 
undergone a percutaneous coronary intervention or coronary 
artery bypass graft surgery within the last 2 months; a body 
mass index >40 kg/m2; an LV ejection fraction (LVEF)<30%; 
New York Heart Association IV symptoms of heart failure; 
hospitalized for decompensated heart failure within the pre-
ceding 3 months; or greater than moderate valvular disease. 
The detailed protocol and statistical analysis plan are available 
in the online-only Data Supplement.

During the baseline visit, participants underwent clini-
cal and anthropometric assessments as well as cMRI. Blood 
samples were drawn for biochemical analyses and the partici-
pants were fitted with a 24-hour ambulatory blood pressure 
monitor device (TM-2430, A&D Company Ltd, Mississauga, 
ON, Canada). We used central randomization with a con-
cealed Web-based system and computer-generated random 
permuted blocks of sizes of 2 and 4 to allocate participants to 
either 6 months of empagliflozin 10 mg/day or placebo, both 

Clinical Perspective

What Is New?
• This was a 6-month double-blind, randomized, 

placebo-controlled trial of individuals with type 2 
diabetes mellitus, coronary artery disease, and rela-
tively normal left ventricular mass index.

• The empagliflozin-allocated group exhibited a sig-
nificant reduction in left ventricular mass index 
(adjusted difference −3.35 g/m2) compared with 
the placebo group.

What Are the Clinical Implications?
• The decrease in left ventricular mass associated 

with empagliflozin may contribute to the cardio-
vascular benefits observed in patients with type 2 
diabetes mellitus and coronary artery disease who 
are treated with SGLT2 (sodium-glucose cotrans-
porter 2) inhibitors.
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in addition to standard of care. Three visits were arranged 
over the 6-month follow-up period. At each of these visits, 
clinical and anthropometric assessments were conducted, and 
blood samples drawn. The final visits also included cMRI and 
24-hour ambulatory blood pressure monitoring. A Data and 
Safety Monitoring Board reviewed the clinical events data on 
an ongoing basis to ensure the safety of the study participants.

Acquisition and Analyses of the cMRI 
Images
All cardiovascular magnetic resonance (CMR) examinations 
were performed using a clinical 3T MRI scanner (MAGNETOM 
Skyra; Siemens Healthcare, Erlangen, Germany). Scout images 
were obtained to plan the cardiac axis views. The segmented 
balanced steady-state free-precession sequence was used 
for the retrospective ECG-gated standard cine CMR scans of 
all participants, including 3 long axis views and a stack of 
short axis slices covering the entire heart, using the following 
parameters: Field of view typically 240mm; voxel dimensions 
0.9 mm × 0.9 mm × 6.0 mm; TE 1.7 ms; TR 54.74 ms; echo 
spacing 3.9 ms; slice thickness 6 mm; flip angle 60°; band-
width 930Hz/pixel; 25 reconstructed phases per heartbeat. All 
scans were performed at end-inspiratory breathhold (see the 
Protocol in Section 7.4 of the online-only Data Supplement).

cMRI end points were measured by level 3 readers (Drs Yan 
and Connelly) who were blinded to all clinical data as well as 
the treatment and timing of each scan, using commercially 
available software (cvi42®, Circle Cardiovascular Imaging Inc, 
Calgary, AB, Canada). LV mass (including papillary muscles), 
volumes and function were determined with manual tracing 
of the endocardial and epicardial borders.17,18 The differences 
in area between the epicardial and endocardial borders in 
contiguous short-axis slices were multiplied by slice thickness 
and myocardial density before being summed to calculate LV 
mass. Mean 24-hour systolic blood pressure was converted to 
kPA and used as an approximation for end-systolic pressure.

Clinical Laboratory Tests and Biomarker 
Assessments
Whole blood samples were submitted directly for routine 
clinical testing at the St. Michael’s Hospital core clinical labo-
ratory. Plasma NT-proBNP (N-terminal pro b-type natriuretic 
peptide) levels were quantified on the day of collection in 
the same core clinical laboratory with the Cobas 6000 e601 
Immunology analyzer by Roche Diagnostics (Mississauga, ON, 
Canada). All assays were conducted, and data analyzed, by 
personnel blinded to treatment group and study visit.

Study Outcomes
The primary outcome measure was the change in LVMi from 
baseline to 6 months. Secondary outcomes included the 
between-groups (empagliflozin vs placebo) baseline to 6-month 
changes in LV end-diastolic and end-systolic volumes (non-
indexed and indexed to baseline body surface area), LVEF, and 
NT-proBNP.

Statistical Analyses
A total sample size of 90 individuals was estimated to be 
required to provide 80% power to detect a between-group 

difference in LVM of 10 g from baseline to 6 months at a 
2-sided α of 0.05, assuming an standard deviation of 25 
g and a correlation of 0.80 between LVM at baseline and 
6 months. This effect size of 0.40 standard deviation units 
would correspond to a difference in the prespecified primary 
outcome of LVMi of 4 g/m2 at a standard deviation of 10 g/
m2. The study plan was to randomize 96 participants, allow-
ing for 5% incomplete primary outcome data, leading to 90 
subjects contributing to the full analysis set.

Analyses followed an intent-to-treat approach, where all 
participants randomized were included in the group to which 
they were originally allocated. Categorical data are reported 
as frequencies and percentages; continuous variables are 
summarized as mean and standard deviation or median and 
interquartile range for non‐normally distributed data. The pri-
mary analysis was a superiority comparison of LVMi at the 
baseline and 6-month visits based on all patients with primary 
outcome data. Between-group comparisons of changes from 
baseline to 6-months for secondary and other outcomes were 
also based on a linear regression model adjusted for baseline 
values (ANCOVA). For NT-proBNP, we derived trimmed means, 
discarding values below the 2.5th and above the 97.5th per-
centile and used an ANCOVA based on robust regression with 
MM-type estimators.19

Subgroup analyses of the primary outcome were con-
ducted to determine if the effect of empagliflozin varied 
according to prespecified subgroups based on baseline char-
acteristics (see the Protocol and Statistical Analysis Plan in the 
online-only Data Supplement). Additional sensitivity analyses 
were performed to determine whether specific participant 
subsets based on alternative LVMi definitions (LVM indexed 
by height, height1.7, and height2.7), duration of treatment, 
scan quality, or presence of LV hypertrophy (see the Statistical 
Analysis Plan in the online-only Data Supplement) would yield 
similar results to the primary outcome. Analyses were con-
ducted with SAS version 9.4 (SAS Institute Inc, Cary, NC, USA) 
and R version 3.5.1 (R Foundation for Statistical Computing, 
Vienna, Austria).20 All P values and 95% confidence intervals 
are 2-sided.

RESULTS
Participant Characteristics
As shown in Figure  1, 152 individuals provided writ-
ten informed consent and 97 were assigned 1:1 to re-
ceive either empagliflozin 10 mg/day (n=49) or placebo 
(n=48). Among those randomized, 6-month outcome 
data were unavailable for 7. Both baseline and 6-month 
cMRI images were available for 44 participants in the 
empagliflozin group and 46 in the placebo arm. Table 1 
summarizes the demographics and baseline charac-
teristics of the individuals who were randomized. The 
mean duration of type 2 diabetes mellitus in this cohort 
was over 10 years and 94% were on metformin with 
25% taking insulin. Over 80% of the participants were 
taking guideline-recommended secondary prevention 
medications such as angiotensin-converting enzyme 
inhibitors/angiotensin receptor blockers, lipid-lowering 
therapies, and antiplatelet therapies.
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Primary and Secondary Outcomes
Baseline LVMi was 59.3 (10.9) g/m2 and 62.2 (12.8) 
g/m2 for the groups assigned to empagliflozin 
and placebo respectively. The primary outcome of 
change in LVMi from baseline to the 6-month visit 
was −2.6 (7.8) g/m2 for the group randomized to 
empagliflozin and −0.01 (5.7) g/m2 for the place-
bo-allocated arm. The adjusted difference between 
groups was −3.35 g/m2 (−5.9, −0.81), P=0.01 (Fig-
ure 2). The sensitivity analysis that considered LVM 
indexed by different allometric exponents revealed 
consistent and significant LVM regression with em-
pagliflozin (see Table I in the online-only Data Sup-
plement).

Table  2 summarizes the baseline, 6-month, and 
6-month changes from baseline values for LV end-sys-
tolic volume, LV end-diastolic volume, and LVEF. Base-
line and 6-month LV volumes, as well as the changes 
over 6 months, regardless of whether they were in-
dexed to body surface area, were not different between 
the 2 study arms. Likewise, empagliflozin, relative to 
placebo, did not affect LVEF. No significant interaction 
was observed for the primary end point across the pre-
specified sub-groups except in those with a baseline 
LVMi >60g/m2 who exhibited greater LVMi regression 
(Pinteraction=0.007).

Clinical Measurements
Both study groups had a mean baseline glycated he-
moglobin of approximately 8.0%. The mean change 
in glycated hemoglobin from baseline at 6-months 
was −0.4% (1.0%) and −0.3% (0.9%) for the em-
pagliflozin- and placebo-assigned groups respectively 
(adjusted difference between groups; 95% CI, −0.2% 
[−0.5%, 0.2%], P=0.41; see Table II in the online-only 
Data Supplement).

Mean overall ambulatory blood pressure at base-
line was 139/80 mmHg for the group randomized to 
empagliflozin and 138/78 mmHg for that allocated 
to placebo. Empagliflozin exposure for 6 months was 
associated with a mean 7.9 (13.5) mmHg reduction 
in systolic blood pressure and a 3.1 (7.5) mmHg de-
crease in diastolic blood pressure. In contrast, in the 
placebo group, the mean ambulatory systolic and 
diastolic blood pressure readings at 6 months were 
comparable to those measured at baseline. The ad-
justed differences between groups (95% CI) was −6.8 
(−11.2, −2.3) mmHg, P=0.003 and −3.2 (−5.8, −0.6) 
mmHg, P=0.016 for systolic and diastolic blood pres-
sure respectively.

The mean baseline hematocrit was 42.6% 
(4.2%) for the group taking empagliflozin and 
41.3% (3.4%) for the placebo-allocated group. The 

Figure 1. Flow of participants through the 
trial. 
A1c indicates glycated hemoglobin; cMRI, 
cardiac magnetic resonance imaging; and eGFR, 
estimated glomerular filtration rate.
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Table 1. Baseline Demographics, Anthropometric Characteristics and Clinical, and Pharmacotherapy History*

N (%)

Empagliflozin 10 mg (n=49) Placebo (n=48)

Men 44 (90) 46 (96)

Age, median (IQR), y 64 (57, 69) 64 (56, 72)

BMI, median (IQR), kg/m2 26.7 (24.5, 30.2) 26.6 (24.4, 29.3)

BSA, median (IQR), m2 2.0 (1.8, 2.1) 1.9 (1.8, 2.1)

Duration of T2DM, median (IQR), y 10.0 (4.0, 15.0) 10.0 (5.0, 15.0)

A1c, median (IQR), % 7.9 (7.5, 8.4) 7.9 (7.3, 8.7)

Glucose (random), median (IQR), mg/dL 138.6 (118.8, 219.6) 162.0 (120.6, 226.8)

Overall BP, median (IQR), mmHg

    Systolic 128 (120,143) 134 (125, 146)

    Diastolic 74 (69, 82) 77 (71, 81)

Cholesterol (random), median (IQR), mg/dL 123 (114, 138) 121 (107, 140)

LDL-C, median (IQR), mg/dL 55 (41, 71) 48 (39, 65)

HDL-C, median (IQR), mg/dL 38 (35, 42) 38 (33, 46)

Triglyceride, median (IQR), mg/dL 170 (122, 219) 156 (112, 185)

eGFR, median (IQR), mL/min per 1.73 m2 87 (78, 98) 88 (75, 101)

Creatinine, median (IQR), mg/dL 0.9 (0.8, 1.0) 0.9 (0.8, 1.0)

Hemoglobin, median (IQR), g/dL 14.1 (13.1, 15.2) 13.8 (12.8, 15.0)

Hematocrit, median (IQR), % 0.42 (0.40, 0.46) 0.42 (0.39, 0.44)

LVMi, median (IQR), g/m2 58 (51, 64) 60 (54, 70)

NT-proBNP, median (IQR), pg/mL 97 (46, 188) 116 (62, 227)

Previous myocardial infarction 19 (39) 21 (44)

PCI >2 months before screening 26 (53) 19 (40)

CABG surgery >2 months before 
screening

28 (57) 27 (56)

Heart failure 2 (4) 4 (8)

Hypertension 45 (92) 43 (90)

Nephropathy 0 (0) 2 (4)

Stroke or TIA 8 (16) 6 (13)

Peripheral artery disease 2 (4) 3 (6)

Smoking history 20 (41) 22 (46)

Medications

    Metformin 47 (96) 44 (92)

    Insulin 12 (25) 12 (25)

    Statin 47 (96) 46 (96)

    ACEi/ARB 40 (82) 41 (85)

    Diuretic 2 (4) 6 (13)

    β-blocker 38 (78) 39 (81)

    Calcium channel blocker 6 (12) 15 (31)

    ASA/P2Y12 Inhibitor 40 (82) 41 (85)

SI conversion factors: To convert glucose values to mmol/L, multiply by 0.0555; total cholesterol, LDL-C, and HDL-C values to mmol/L, 
multiply by 0.0259; to convert triglyceride values to mmol/L, multiply by 0.0113; to convert creatinine values to μmol/L, multiply by 88.4. 
A1c indicates glycated hemoglobin; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; ASA, acetylsalicylic 
acid; BMI, body mass index; BP, blood pressure, CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration rate; HDL-C, 
high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; LVMi, left ventricular mass 
indexed to body surface area; NT-proBNP, N-terminal pro b-type natriuretic peptide; PCI, percutaneous coronary intervention; T2DM, type 
2 diabetes mellitus; and TIA, transient ischemic attack.

*Intention-to-treat population.
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6-month hematocrit in the empagliflozin group was 
2.4% (3.0%) higher than the corresponding baseline 
measurement; a 0.4% (2.8%) increase was noted in 
the placebo group over the same observation win-
dow. These changes yielded an adjusted difference 
between groups of 2.3% (1.1%, 3.6%), P=0.0003.

The empagliflozin-assigned group had a mean 
baseline heart rate of 75 (9) beats per minute while 
that for the placebo-allocated group was 70 (9) beats 
per minute. At the 6-month time point, the mean 
heart rate change in the empagliflozin group was 0.3 
(8.2) beats per minute lower than that at baseline in 
contrast to an elevation of 2.6 (7.5) beats per min-
ute in the placebo group. There was, however, no 
difference in the adjusted difference between groups 
(−0.42 [−3.54 to 2.7], P=0.79).

Biomarker Outcomes
Median (interquartile range) values of NT-proBNP at 
baseline were 97.0 (46.3, 188.3) pg/mL and 115.5 
(61.8, 226.8) pg/mL for the empagliflozin and placebo 
groups, respectively. At 6 months, median (interquar-
tile range) values were 102 (58.5, 201.0) pg/mL and 99 
(62.0, 169.0) pg/ml for the empagliflozin and placebo 
groups. An adjusted difference of 7.4 pg/mL (95% 
CI, −10.3, 25.1; P=0.42) was detected for the empa-
gliflozin group as compared with placebo.

Adverse Events
Empagliflozin was well tolerated with no significant 
excess of adverse effects, study discontinuations or 
clinical events relative to the placebo group (see Table 
III in the online-only Data Supplement). No clinical car-
diovascular events or any deaths occurred during the 
6-month follow-up.

DISCUSSION
The EMPA-HEART CardioLink-6 trial demonstrated that 
compared with placebo, the addition of empagliflozin 
to standard antihyperglycemic treatment in people with 
type 2 diabetes mellitus and coronary artery disease 
was associated with a significant reduction in LVMi as 
measured by cMRI. The use of empagliflozin was also 
associated with a significant lowering of ambulatory 
systolic blood pressure with no impact on the circulat-
ing levels of NT-proBNP.

Proposed mechanisms to explain the reduction of 
heart failure outcomes of SGLT2 inhibitors include na-
triuresis, osmotic diuresis, a reduction in preload and 
afterload, inhibition of the cardiac sodium-hydrogen 
exchanger, and improved myocardial bioenerget-
ics.7,9,21,22 However, whether these mediators alter car-
diac structure and function remains an important and 
unanswered clinical question. Although experimental 
data and clinical case reports have suggested that 
SGLT2 inhibitors may improve cardiac structure and 
function,23,24 this is the first trial to provide randomized 
clinical data in humans demonstrating that the SGLT2 
inhibitor empagliflozin promotes LV mass regression. 
Given that LVM regression is an important and causal 
determinant of cardiovascular events and mortality, 
these data provide potential translational insights into 
the biology of SGLT2 inhibitors and their cardioprotec-
tive outcome benefits.

It is noteworthy that the beneficial effects on LVMi in 
the current study were observed early, over a 6-month 
treatment period. This is in keeping with the early sepa-
ration of the Kaplan–Meier curves for cardiovascular 
death and hospitalization for heart failure that were 
noted in the EMPA-REG OUTCOME trial. Additionally, 
a reduction in LVM was observed in a stable second-
ary prevention population with normal LVMi at baseline 
and with relatively well controlled blood pressure, in the 
context of background therapy with renin-angiotensin 
inhibitors.

LVM is directly related to both LV volume and LV 
wall thickness across all myocardial segments, which 
is reflected by the endocardial and epicardial contours 
across the entire LV on CMR measurements. Conse-
quently, a reduction in LV mass in the absence of concur-
rent reduction in LV volumes reflects an overall reduc-
tion in wall thickness. Importantly, the magnitude of LV 

Figure 2. Empagliflozin exposure for 6 months is associated with a 
decrease in LVMi as assessed by cardiac magnetic resonance imaging. 
Baseline and 6-month data were available for 44 individuals who were as-
signed to empagliflozin 10 mg/day and 46 who were allocated placebo. The 
mean change in left ventricular mass indexed to body surface area (LVMi) is 
presented as mean (95% CI), and the adjusted difference between groups 
datum is shown with 95% CI for the intention-to-treat population. The data 
were analyzed using ANCOVA adjusting for baseline values.

D
ow

nloaded from
 http://ahajournals.org by on February 8, 2021



Verma et al Empagliflozin Reduces Left Ventricular Mass

Circulation. 2019;140:1693–1702. DOI: 10.1161/CIRCULATIONAHA.119.042375 November 19, 2019 1699

ORIGINAL RESEARCH 
ARTICLE

mass regression was greatest in those with the highest 
baseline LVMi. Indeed, among the participants with a 
baseline LVMi >60 g/m2, a −7.3 g/m2 reduction in LVMi 
was observed. The exact mechanisms underlying the re-
duction in wall thickness remain to be elucidated, and 
may either represent a decrease in cardiomyocyte mass, 
or may relate to changes in interstitial water content, 
or both. Further detailed tissue characterization using 
CMR is required to dissect which mechanisms may have 
contributed to the observed reduction in LVM.

Using 24-hour ambulatory blood pressure monitor-
ing, we found a marked reduction in both systolic and 
diastolic blood pressure with empagliflozin use. The ob-
served reduction in systolic and diastolic blood pressure 
was significant during both daytime and nighttime. 
These findings are in keeping with the SACRA (SGLT2 
Inhibitor and ARB Combination Therapy in Patients 
With Diabetes and Uncontrolled Nocturnal Hyperten-
sion) study which demonstrated a similar reduction 
in overall, daytime, and nocturnal blood pressure.25 
While one might postulate that the reduction in LVM 
was mediated by the antihypertensive effect of empa-
gliflozin, further exploratory analyses suggest that the 
observed reduction in LVMi was independent of blood 
pressure changes. Although we found a positive and 
significant correlation between systolic blood pressure 
and LVMi at baseline, the change in 24-hour ambula-
tory blood pressure was not associated with the change 
in LVM over the 6-month observation window (Pear-
son’s Correlation 0.08; 95% confidence limits, −0.14, 
0.29). These observations suggest that mechanisms 
other than blood pressure reduction may be involved 
in the LVMi regression noted after empagliflozin ex-
posure. That said, a decrease in blood pressure can-
not, for now, be definitively ruled out as a contribu-
tory mechanism of action. In keeping with this line of 
thought, while LVM regression is often associated with 
the lowering of blood pressure, LVM reductions occur-
ring in the absence of blood pressure changes have also 

been reported.15,26 In the LIFE (Losartan Intervention for 
Endpoint Reduction) study, LVM regression (as assessed 
by electrocardiogram analyses), independent of treat-
ment assignment and blood pressure, was associated 
with a reduction in all-cause mortality, cardiovascular 
death, sudden cardiac death, myocardial infarction, 
new heart failure, new atrial fibrillation, and stroke.15 
Furthermore, losartan (compared with atenolol) was 
associated with a greater decrease in LVM and cardio-
vascular events even though blood pressure control did 
not differ substantially between the 2 strategies.15 Sa-
cubitril/valsartan (compared with olmesartan) has been 
associated with greater declines in blood pressure and 
LVMi.27 Importantly, in a prespecified subgroup analysis, 
we observed a greater reduction in LVMi among par-
ticipants with a higher LVMi at baseline who were as-
signed to empagliflozin. This finding is consistent with 
a recent post hoc subgroup analysis of the EMPA-REG 
OUTCOME trial which demonstrated that patients with 
echocardiogram evidence of LV hypertrophy derived a 
greater reduction in major adverse cardiac events from 
empagliflozin,28 and further supports the notion that 
LVM regression might contribute to the beneficial car-
diovascular effects of empagliflozin.

In accord with the EMPA-REG OUTCOME trial, we 
observed a significant increase in hematocrit in the em-
pagliflozin group as compared with the placebo group. 
Although the mediation analysis from the EMPA-REG 
OUTCOME trial29 suggested that changes in hematocrit 
and hemoglobin accounted for approximately 50% of 
the observed clinical benefit, it is noteworthy that LV 
volumes, LVEF, LVM, and cardiac biomarkers were not 
assessed and therefore excluded from the mediation 
analysis. Furthermore, we did not find any significant 
correlation between changes in hematocrit and LVMi 
(Pearson’s Correlation 0.02; 95% confidence limits, 
−0.23, 0.19). Moreover, there were no significant dif-
ferences in NT-proBNP, indexed LV end-systolic volume, 
or indexed LV end-diastolic volume between the 2 study 

Table 2. Changes in Cardiac Parameters After Exposure to Empagliflozin 10 mg/day or Placebo for 6 Months as Assessed by cMRI*

Empagliflozin 10 mg (n=44) Placebo (n=46)

Adjusted Difference 
Between Groups (95% CI) P ValueBaseline 6-Month

Δ from
Baseline Baseline 6-Month

Δ from
Baseline

LVMi, g/m2† 59.3 (10.9) 56.7 (9.2) −2.6 (7.8) 62.2 (12.8) 62.1 (11.7) −0.01 (5.7) −3.35 (−5.9, −0.8) 0.01

LVM, g 116.5 (26.3) 111.8 (25.0) −4.7 (15.4) 120.9 (33.0) 120.2 (30.3) −0.39 (10.8) −5.0 (−10.2, 0.2) 0.06

LVEDV, mL 124.1 (33.0) 120.6 (31.1) −2.9 (17.7) 138.4 (39.1) 134.0 (39.4) −4.3 (19.3) −0.9 (−8.5, 6.7) 0.81

LVESV, mL 53.0 (20.8) 50.4 (21.5) −1.9 (10.0) 62.5 (26.0) 62.9 (29.4) 0.3 (13.0) −2.2 (−7.3, 2.8) 0.38

LVESVi, mL/m2 27.1 (10.5) 25.7 (10.6) −1.0 (5.1) 32.3 (11.8) 32.5 (13.4) 0.0 (6.6) −1.2 (−3.8, 1.4) 0.36

LVEDVi, mL/m2 63.3 (15.5) 61.3 (13.7) −1.6 (8.8) 71.4 (15.4) 69.3 (16.5) −2.1 (9.7) −1.2 (−5.0, 2.7) 0.55

LVEF, % 58.0 (7.5) 59.1 (8.6) 0.72 (5.1) 55.5 (8.7) 54.3 (8.9) 1.0 (6.5) 2.2 (−0.2, 4.7) 0.08

Data are expressed as mean (SD) and analyzed using ANCOVA adjusting for baseline values. LV indicates left ventricular; LVEDV(i), LV end-diastolic volume (indexed 
to body surface area); LVEF, LV ejection fraction; LVESV(i), LV end-systolic volume (indexed to body surface area); and LVM(i), LV mass (indexed to body surface area).

*Intention-to-treat population.
†Primary outcome.
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arms. Two important points should be noted. Firstly, the 
EMPA-HEART population demonstrated normal volumes 
(end-diastolic volume and end-systolic volume) as well as 
NT-proBNP at baseline. NT-proBNP is released in response 
to increase wall stretch, the best surrogate of which is 
preload or end-diastolic volume. The current study did 
not demonstrate elevated end-diastolic volume at ei-
ther baseline or at end study, hence NT-proBNP would 
not be expected to change. Secondly, the natriuretic or 
osmotic effect of SGLT2 inhibitors remains one mecha-
nism by which these antihyperglycemic agents produce 
their benefits, through reducing intravascular volume 
and therefore preload. We did not, however, observe 
any changes in ventricular volumes with empagliflozin 
although this does not preclude a potential effect in in-
dividuals with elevated volumes at baseline. cMRI has 
been shown to accurately detect changes in end-systolic 
volume and end-diastolic volume of as little as 5 and 10 
mL respectively; therefore, the lack of change cannot be 
ascribed to insensitive measurement tools.

The EMPA-HEART CardioLink-6 trial has strengths 
and limitations that merit consideration. First, we used 
cMRI which provides a direct measure of LV mass in-
dependent of geometric assumptions. Second, like 
many clinical trials, most of the participants were male, 
although other studies have not identified a sex dif-
ference in outcomes with SGLT2 inhibitors or in LVM 
regression with other therapies. Third, owing to the na-
ture of study, the overall sample size was small and the 
follow-up brief. Fourth, people with evidence of chron-
ic kidney disease and those with known/recent heart 
failure were excluded from this trial. Fifth, 29 EMPA-
HEART trial participants had a change in either dose, 
frequency, or type of any concomitant medications over 
the course of the study, 53.2% of which involved medi-
cations not listed in Table 1. Whether these medication 
changes may have affected the outcomes in this cohort 
is unknown. Sixth, because the baseline characteristics 
of the population were similar to that of the EMPA-REG 
OUTCOME cohort and a high proportion of both study 
populations were on secondary prevention therapies, 
it remains to be determined if empagliflozin exposure 
would also promote LVM regression in individuals with 
type 2 diabetes mellitus but without established ath-
erosclerotic cardiovascular disease. Seventh, the lack of 
any changes in ventricular volume and the biomarkers 
measured may reflect the participants enrolled. Nota-
bly, reductions in NT-proBNP have been demonstrated 
previously with another SGLT2 inhibitor canagliflozin.30 
Finally, it has been suggested that SGLT2 inhibitors may 
afford greater benefits in people with reduced ejec-
tion fraction relative to those with preserved ejection 
fraction31–33 and we note that the EMPA-HEART Car-
dioLink-6 trial not only did not recruit individuals with 
heart failure per se but also excluded those with signifi-
cant LV dysfunction.

Conclusions
The EMPA-HEART CardioLink-6 trial has demonstrated that 
SGLT2 inhibition with empagliflozin leads to significant re-
duction in LVMi in patients with type 2 diabetes mellitus 
and coronary artery disease. These benefits are observed in 
individuals who were well treated with background thera-
pies and appear to occur early (within 6 months). These 
data may provide insights into the cardiovascular benefit of 
empagliflozin observed in larger outcome studies.
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