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Aims/hypothesis: SGLT2 inhibition is associated with a reduced risk of cardiac disease that is still largely unex-
plained. According to one hypothesis, improved myocardial energetics may explain the cardioprotective effects
of SGLT2i. However, recent mechanistic studies that have addressed this question have lacked the power to
detect discrete but still clinically significant effects.

Methods: We pooled data from two recent randomized clinical trials and performed a meta-analysis to determine
the effect of SGLT2 inhibition on myocardial oxygen consumption and myocardial external efficiency measured
by positron emission tomography.

Results: SGLT2 inhibition reduced myocardial oxygen consumption (—1.06 [95%CI: 0.22-1.89] mL/100 g/min
(n = 59, p = 0.01)), but did not affect myocardial external efficiency (2.22 [95%CL: 0.66-5.11]1 % (n = 59, p =
0.13))

Conclusions: /interpretation: SGLT2 inhibition reduces myocardial oxygen consumption at rest, which may

contribute to the drugs’ cardioprotective effects.

1. Introduction

Sodium-glucose cotransporter 2 inhibition (SGLT2i) has consistently
been demonstrated to reduce the risk of cardiovascular disease, espe-
cially reduction in heart failure hospitalizations [1-3], but no mecha-
nistic explanation for this effect has been convincingly established.
Several hypotheses have been suggested including improvement in
myocardial function and energy production [4]. Recently, our groups
have published two randomized clinical SGLT2i trials (empagliflozin
and dapagliflozin) addressing this hypothesis with measurements of
myocardial oxygen consumption and myocardial external efficiency
(MEE) (ratio between cardiac workload and oxygen consumption) by
positron emission tomography (PET) [5,6]. However, both studies were
relatively small and may have failed to detect discrete, but clinically
significant effects of SGLT2i on myocardial energetics and myocardial
blood flow. We therefore pooled our data to increase our sample size to
assess whether SGLT2i has an effect on myocardial oxygen consumption
and myocardial external efficiency.

2. Research design and methods
2.1. Study selection

We included the two clinical randomized placebo-controlled studies
from our groups assessing myocardial oxygen consumption and MEE
after treatment with a SGLT2i compared with placebo. We performed a
literature search to identify other studies measuring myocardial oxygen
consumption and MEE but did not find other studies.

2.2. Literature search

MEDLINE, CENTRAL and EMBASE were systematically searched
with keywords and controlled vocabulary terms. Medline search strat-
egy: (cardiac oxygen consumption OR cardiac oxygen consumption
[MeSH] OR external myocardial efficiency OR external myocardial ef-
ficiency [MeSH] AND (Empagliflozin OR Dapagliflozin OR Canagliflozin
OR Canagliflozin [MeSH] OR Ertugliflozin OR Sodium-Glucose
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Transporter 2 Inhibitors OR SGLT2 inhibitors OR Sodium-Glucose
Transporter 2 Inhibitors [MeSH]). EMBASE search strategy: (‘sodium
glucose cotransporter inhibitor’/exp OR ’'sodium glucose cotransporter
inhibitor’ OR ’empagliflozin’/exp OR ’empagliflozin’ OR ’canagli-
flozin’/exp OR ’canagliflozin’ OR ’ertugliflozin’/exp OR ’ertugliflozin’
OR ’dapagliflozin’/exp OR ’dapagliflozin’) AND (‘heart muscle oxygen
consumption’/exp OR ’'myocardial oxygen consumption’ OR
'myocardial external efficiency’). CENTRAL search strategy: (MeSH
descriptor: [Sodium-Glucose Transporter 2 Inhibitors] explode all trees
OR sodium glucose cotransporter inhibitor OR SGLT2 OR ’empagli-
flozin’ OR MeSH descriptor: [Canagliflozin] explode all trees OR ’can-
agliflozin® OR ’ertugliflozin’ OR ’dapagliflozin’) AND (‘myocardial
oxygen consumption’ OR 'myocardial external efficiency’). Final search
was conducted 07/08/2021. During the search, no filters or restrictions
were applied.

2.3. Data extraction

The end-of-treatment means, mean differences and the standard
deviations for the means and mean differences between SGLT2i and
placebo were extracted for myocardial oxygen consumption and MEE.
Left ventricular external work (LVW) was extracted and included in the
analysis as supporting data. We also extracted type, dose and duration of
SGLT2i treatment, number of participants, gender, age, BMI, HbAlc.
Data were extracted in duplicate by ES and ESL.
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2.4. Risk of bias

Risk of bias on the outcome level was evaluated by ES, AA and ESL by
using the second version of the Cochrane risk-of-bias tool [7]. Two
persons evaluated each study and did not evaluate studies they
authored.

2.5. Statistics

All statistical analyses were performed in STATA 16 (StataCorp, TX,
USA). As all outcomes were on the same scales, the crude mean differ-
ences between SGLT2i and placebo were used. Heterogeneity was
assessed by Chi-squared tests and inconsistency by I-squared tests [8].
To account for potential clinical and methodological heterogeneity, the
random effects model was applied in the meta-analyses. Data in study
characteristics are means + SD or medians (interquartile ranges).

3. Results
3.1. Study characteristics and risk of bias

Lauritsen et al. [6] conducted a placebo-controlled crossover study in
which 13 individuals with T2DM were treated for 4 weeks with
once-daily empagliflozin 25 mg or placebo in randomized order (10
male and 3 female; 62 + 6 years; BMI: 31.5 + 5.0 kg/mz;, diabetes
duration: 4.6 + 3.0 years; HbAlc: 57 + 6 mmol/mol). The study
received low risk of bias within all domains, but only data from 10
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participants were available for the outcomes of this meta-analysis.
Oldgren et al. [5] conducted a placebo-controlled parallel-arm study
in which 49 individuals with T2DM were randomized to 6 weeks with
once-daily dapagliflozin 10 mg (17 male and 8 female; 64 + 8 years;
BMI: 30.2 + 3.6 kg/mz; diabetes duration: 5.3 (0.6-16.3) years; HbAlc:
50 + 7 mmol/mol) or placebo (9 male and 15 female; 65 + 7 years; BMI
30.1 +£ 3.8 kg/mz; diabetes duration 3.8 (0.7-27.8) years; HbAlc: 49 +
8 mmol/mol). The study received low risk of bias within all domains.

3.2. Meta-analysis

There was no signs of heterogeneity or inconsistency for the analysis
of myocardial oxygen consumption or MEE or LVW (Fig. 1A-C).

The crude mean differences for myocardial oxygen consumption,
MEE and LVW from the individual studies together with the pooled
estimates are available in Fig. 1A-C. Myocardial oxygen consumption
was reduced after SGLT2i compared with placebo (n =59, p = 0.01), but
there were no significant effects of SGLT2i on MEE (n = 59, p = 0.13)
and LVW (n = 59, p = 0.21).

4. Conclusions

This pooled analysis was performed to determine whether SGLT2i
affects myocardial oxygen consumption and MEE. Here, we report the
important novel finding that short-term SGLT2i treatment (4-6 weeks)
reduces myocardial oxygen consumption in individuals with type 2
diabetes with no history of heart failure, whereas MEE and LVW are not
significantly affected.

Such rapid effects of SGLT2i illustrate that the cardioprotective
properties of the drug are unlikely to be caused by left ventricular
remodeling or other more slowly evolving changes in myocardial
function. This is also strongly supported by data from large randomized
clinical trials, which show significantly reduced hospitalization for heart
failure within 17 days and 28 days of treatment initiation, respectively
[9,10]. The observed reduction in myocardial oxygen consumption is
likely clinically relevant, since it mirrors the effect of p-blockade in in-
dividuals with aortic valve stenosis (—1.1 vs. —1.4 mL/100 g/min) [11].

No significant change in MEE was observed in the meta-analysis. Of
note, the two included studies did not include patients with a history of
heart failure, and an increase in an already normal MEE may therefore
not be expected. It has been hypothesized that SGLT2i may improve
MEE by redirecting oxidative metabolism from oxygen demanding fatty
acid oxidation towards less oxygen requiring ketone body oxidation
[12]. This was not observed in either of the two studies, where no
change in myocardial fatty acid uptake or oxidation was observed [5,6].
However, individuals with severe heart failure take up more ketone
bodies in the myocardium [13] than patients with no history of heart
failure. Therefore, it is possible that MEE increases in patients with HF
treated by SGLT2 inhibitors. However, subgroup analyses of the large
clinical trials have shown similar cardioprotective effects of SGLT2i in
individuals with and without heart failure [2,14]. This argues against a
protective mechanism that is specific for individuals with heart failure.

In conclusion, SGLT2i reduces myocardial oxygen consumption at
rest, which may convey a cardioprotective effect by alleviating the strain
on the myocardium during times of increased oxygen demand.
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