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and natriuresis and can therefore optimize ventricular load-
ing conditions, in addition to reducing afterload and improving
vascular structure and function [1]. Furthermore, SGLT2i could have
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different cardioprotective metabolic effects on improve myocar-
dial energetics [1,3]. It was  shown that the SGLT2i empagliflozin
exerts direct pleiotropic effects on the myocardium by reducing
diastolic stiffness and hence diastolic function. In a nondiabetic
porcine model, empagliflozin reduced adverse cardiac remodeling
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Treatment with sodium-glucose cotransporter-2
inhibitors in heart failure patients: The potential
benefits of monitoring FGF-23 levels?

Les inhibiteurs du co-transporteur du sodium-glucose de type 2 pour le
traitement de l’insuffisance cardiaque : l’apport éventuel de surveiller
le FGF-23

The prevalence of heart failure (HF) is continuously increasing,
reinforcing the need for innovative diagnostic and therapeutic tools
[1,2]. Inhibitors of sodium–glucose cotransporter 2 (SGLT2i) were
developed to lower blood glucose levels in patients with T2DM and
their effect, independent of insulin secretion, is mediated through
the promotion of urinary glucose excretion [3]. SGLT2i improve
several clinical outcomes in diabetic patients [3,4]. SGLT2i are also
recommended as treatment in HF patients because of their benefits
on both cardiac and renal functions [5,6]. The EMPEROR-Reduced
Trial showed that Empagliflozin reduced the risk and total num-
ber of inpatient and outpatient worsening HF events in patients
with HF and a reduced ejection fraction [6]. A prespecified meta-
analysis on two independent large-scale trials showed that the

effects of empagliflozin and dapagliflozin on hospitalizations for HF
were consistent and suggest that these agents also improve renal
outcomes and reduce all-cause and cardiovascular [5].

Several mechanisms explain the beneficial effects of SGLT2i.
Through the promotion of glycosuria, SGLT2i increase diuresis
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nd heart failure [7].
Considering their benefits on clinical outcomes, the effects

GLT2i on biological and neurohormonal responses were eval-
ated in different studies. SGLT2 inhibitors influence glucose
etabolism, cations exchanges, lipid metabolism, kidney function,

enin-angiotensin-aldosterone system, as well as various media-
ors of inflammation and fibrosis [3,8]. The influence of SGLT2i
n natriuretic peptides has also been reported. In comparison to
lacebo, SGLT2i significantly decreased the levels of A-type natri-
retic peptides (ANP) and B-type natriuretic peptides (BNP) [9].

n a subgroup of diabetic patients with diatolic dysfunction, lower
T-proBNP concentrations were reported in a canagliflozin group
ompared with a glimepiride group [10]. In HF patients with pre-
erved ejection fraction, an extent of BNP reductions at four weeks
n canagliflozin group in comparison to standard therapy group
12]. However, in another study including uncomplicated and rel-
tively healthy type 2 diabetes participants, BNP levels were not
ffected [11].

Testing and monitoring of circulating concentrations of another
iomarker, fibroblast growth factor 23 (FGF-23), could be rel-
vant when SGLT2i treatment is initiated for at least two
easons.

First, as a biomarker of risk of adverse cardiovascular events.
GF-23 is produced by osteocytes and is a potent phosphaturic
ormone regulating bone and mineral metabolism [2]. FGF-23

ncreases phosphate excretion, decreases 1-�-hydroxylation of
5-hydroxyvitamin D, and decreases PTH secretion [2]. FGF-
3 concentrations are increased in different cardiometabolic
isorders such as prediabetes, in patients with HF and in
atients with atrial fibrillation [2,13]. Interestingly, FGF-23
ppears also as a strong biomarker of adverse cardiovascular
vents [2,13]. Furthermore, FGF-23 is a biomarker of fibrosis
nd prognosis in HF patients with preserved ejection fraction
14].

Secondly, as a biomarker of bone and mineral metabolism. An
ssociation of SGLT2i and the risk of fractures as well as abnor-
al  bone turnover and architecture has been suggested [15,16].

herefore, attention was given to impact of SGLT2i on ions and
iomarkers related to calcium metabolism. SGLT2i induce small

ncreases in serum concentrations of magnesium, potassium and
hosphate in addition to increase of parathyroid hormone (PTH)
nd decrease of 1,25(OH) vitamin D [17]. This was not related to
ignificant change of calcium levels. SGLT2i inhibit sodium and
lucose cotransport, enhancing phosphate carriage via sodium-
hosphate cotransport in proximal tubules [17]. The increase in
erum phosphorus level associated with SLGT2 inhibition was
eported to be associated with increased of FGF-23 level, as part
f a compensatory reaction to maintain phosphate homeostasis
18]. A raise of about twenty percent of FGF-23 circulating concen-
ration was  observed following treatment with dapagliflozin and
anagliflozin but has not been documented yet for empagliflozin

18,19]. Such an increase in FGF-23 circulating level might not
e trivial, with potential impact on bone and mineral metabolism
Fig. 1).
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Fig. 1. The potential influence of sodium–glucose cotransporter 2 (SGLT2) inhibitors on bone and mineral metabolism and cardiovascular remodeling through stimulation
of  fibroblast growth factor 23 (FGF-23).

Conclusion culation [Internet] 2021;143:326–36 [cited 2021 Aug 26. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/33081531].

[7] Santos-Gallego CG, Requena-Ibanez JA, San Antonio R, Ishikawa K, Watanabe
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SGLT2 inhibitors have shown effective glucose-lowering effects
associated with improved clinical outcomes in diabetic patients
as well as in patients with heart failure. Because of its value as
biomarker of bone and mineral metabolism and of adverse cardio-
vascular events, testing for FGF-23 could represent a powerful tool,
in addition to standard of care biomarkers, to monitor the efficiency
and safety of SGLT2i.
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