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Sodium–glucose co-transporter-2 (SGLT2) inhibitors were originally
developed to improve glycaemic control in patients with type 2 dia-
betes. Triggered by concerns of increased risk of ischaemic heart dis-
ease conferred by some antidiabetic medications,1 regulatory
authorities mandated large cardiovascular outcome trials for the ap-
proval of new diabetes drugs. SGLT2 inhibitors were the first thera-
peutic class that reduced not only the risk of death in diabetic

patients but, unexpectedly, also the risk of hospitalization for heart fail-
ure (HF). A similar protective effect was also observed in patients with
chronic kidney disease and in HF patients without diabetes. By now,
clinical benefits have been demonstrated in trials on HF with reduced
ejection fraction (DAPA-HF, EMPEROR-Reduced)2–4 as well as on
HF with preserved ejection fraction (EMPEROR-Preserved,
DELIVER).5,6 Thus, SGLT2 inhibitors seem to emerge as a central pillar
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of HF management across a wider spectrum of left ventricular ejection
fraction.7,8

SGLT2 inhibitors reduce renal glucose reabsorption by inhibiting
SGLT2 in the luminal epithelial membrane of the proximal convoluted
tubule, lowering blood glucose in an insulin-independent manner.9

However, improved glycaemic control is unlikely to be responsible
for the cardiovascular benefits conferred by SGLT2 inhibitors. The on-
set of the protective effects of SGLT2 inhibitors is rapid and detectable
within weeks. Protective effects mediated by improved glycaemic con-
trol would be expected to occur within years.9 Notably, the reduction
in body weight with SGLT2 inhibitors is sustained. In contrast, loop
diuretics do not cause further weight loss beyond the first few days
of treatment. Thus, SGLT2 inhibitors may induce a more favourable di-
uretic profile with a new steady state.9 Other pleiotropic effects of
SGLT2 inhibitors have been reported, including a reduction in inflam-
mation, oxidative stress, fibrosis, and sympathetic nervous system acti-
vation, and improved mitochondrial function and myocardial efficiency.
Yet, it remains elusive how SGLT2 inhibitors mediate protection in HF.9

The advent of -omics technologies may contribute towards a more hol-
istic understanding of molecular processes, enabling the identification of
pathways that are altered in response to therapy.

In this issue of the European Heart Journal, Zannad et al.10 explore the
circulating proteome in HF patients with reduced ejection fraction and
preserved ejection fraction before and after treatment with empaglifo-
zin (the EMPEROR-Reduced and EMPEROR-Preserved trials, respect-
ively). As participation in biobanking was not mandatory for the trials,
not all EMPEROR patients were included. The patients in the proteo-
mics substudy had a lower ejection fraction (40% vs. 45%), and HF pa-
tients with reduced ejection fraction and preserved ejection fraction
were combined. The present proteomics study comprises a substantial
number of patients [600 (16%) of 3730 EMPEROR-Reduced partici-
pants and 539 (9%) of 5988 EMPEROR-Preserved participants].
These are>10-fold more patients than the largest previous proteomics
study on SGLT2 inhibitors11

The authors use a commercial solution for targeted proteomics
measurements: the Olink® Explore 1536 platform allowed the quanti-
fication of 1283 proteins in this study. Measurements were performed
at baseline, and after 12 weeks and 52 weeks of empaglifozin initiation.
Differentially regulated proteins compared with placebo were identi-
fied. Using a strict false discovery threshold of 1%, only 32 of 1283
(2.5%) proteins were differentially regulated between the placebo
group and the empaglifozin group at week 12. Changes from baseline
to week 12 were concordant with changes from baseline to week
52. However, the detected plasma protein changes were small (∼10–
20%). A higher cut-off, i.e. a minimum of a 1.5- or 2-fold change, would
not have returned differentially regulated plasma proteins. Thus, the
circulating proteome remained remarkably stable after SGLT2 inhibitor
treatment.

Based on previous literature, 14 of the 32 proteins (44%) are known
to have effects in the heart, with an over-representation for proteins
involved in the promotion of autophagic flux, i.e. autophagic degrad-
ation activity (five proteins). Autophagy is essential for maintenance
of cellular homeostasis by transferring damaged or ageing cytoplasmic
material to the lysosome for degradation. In pre-clinical models, an im-
pairment of autophagy leads to cardiomyopathies.12 Previous experi-
mental studies suggested that the cardioprotective effects of SGLT2
inhibitors may be attributed to improved autophagy.13 The present
study provides further evidence that SGLT2 inhibitors may induce a
beneficial state of starvation mimicry with increased nutrient depriv-
ation signalling and autophagic flux. Of course, proteins identified in

human plasma, including those with a role in autophagy, exert
more than one function in different tissues. Proteins such as transfer-
rin receptor protein 1 and erythropoietin have their main function in
iron metabolism and erythropoiesis, respectively, whereas their role
in autophagy is considered secondary. Some of the other differential-
ly regulated proteins have been implicated in the reduction of oxida-
tive stress, inhibition of apoptosis, inflammation, and fibrosis, and
higher regenerative capacity of the heart. Notably, SGLT2 is not ex-
pressed in cardiomyocytes. Thus, the benefits of SGLT2 inhibitors on
cardiomyocytes must be indirect. Another major cluster of differen-
tially regulated proteins (9 of 32, i.e. 28%) are known to mediate ef-
fects in kidneys, with three of them being involved in tubular sodium
transport and two of them inhibiting renal inflammatory and fibrotic
processes. Promotion of autophagy was again apparent among the
differentially regulated proteins related to the kidneys (three of nine).

The Olink® Explore 1536 platform enables plasma proteome ana-
lysis at scale. This targeted proteomics approach includes 1470 protein
assays. Unlike aptamer-based proteomics platforms, which tend to rely
on single binders, the proximity-extension assays byOlink® require the
recognition of a protein by two antibodies. The read-out is based on
next-generation sequencing and depends on the accessibility of epi-
topes that enable these two antibodies to get in close proximity.
However, the human genome encodes ∼20 000 proteins. Unlike tar-
geted proteomics, untargeted proteomics by mass spectrometry
(MS) does not rely on the availability of binders. MS quantifies peptides
directly but identifies more abundant plasma proteins, which are under-
represented in the Olink® 1536 platform. Compared with MS, Olink®
offers higher throughput and better sensitivity. Thus, the different plas-
ma proteomics approaches can be considered complementary.

Most of the 32 differentially regulated plasma proteins after SGLT2
inhibitor treatment exert their function intracellularly. It is unclear to
what extent their plasma levels reflect intracellular protein concentra-
tions. Moreover, plasma proteomic analyses do not reveal the cellular
origin of differentially regulated proteins. In fact, it is unlikely that the
heart is the main source. An important confounder is the renal filtration
of many circulating proteins. While results were also adjusted for esti-
mated glomerular filtration rate (eGFR), the eGFR has notable limita-
tions. Thus, even though adjustment by eGFR did not substantially
alter the findings, there could still be residual confounding by improved
kidney function upon SGLT2 inhibition. This would be supported by the
observation that the overall changes in plasma protein levels weremore
modest and that nearly all significant proteins were increased at week
12 and week 52 in the empaglifozin group compared with placebo.
Only kidney injury molecule-1 was reported to be significantly reduced.

In addition to proteomics, the application of other -omics technolo-
gies provides further molecular information. A recent metabolomics
study14 has suggested that SGLT2 inhibitors may improve cardiac en-
ergy metabolism by shifting fuel selection towards increased ketone
body and free fatty acid consumption. Similar to autophagy, these find-
ings are also indicative of a state of starvation mimicry. In addition to the
proteome and the metabolome, the circulating transcriptome, in par-
ticular cardiometabolic microRNAs,15 can contribute insights into bio-
logical processes. The quest for new biomarkers is important as the
most established protein biomarker for HF, N-terminal probrain natri-
uretic peptide (NT-proBNP), is not profoundly altered by SLGT2
inhibitors.

In summary, subtle changes were found in the plasma proteome after
SGLT2 inhibition. Among the few differentially regulated proteins, pro-
teins related to autophagy appeared over-represented, in line with pre-
vious experimental studies implicating autophagy in the cardioprotective
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effects of SGLT2 inhibitors. However, further experimental evidence is
needed to support this mechanism of protection by SGLT2 inhibitors.
Moreover, alternative explanations are plausible, i.e. effects on iron
homeostasis and erythropoiesis based on changes in proteins such
as transferrin receptor protein 1 and erythropoietin. Future proteo-
mics studies would also benefit from investigating HF patients with re-
duced and preserved ejection fraction separately. Compared with
EMPEROR-Reduced, the beneficial effects of SGLT2 inhibitors in
EMPEROR-Preserved were more modest. Thus, the precise mechan-
isms by which SGLT2 inhibitors improve cardiovascular outcomes in
HF remain to be defined.
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