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To the Editor: We wish to thank Groothof et al for their
thoughtful letter regarding the relationship between muscle
mass and kidney protection, especially changes in eGFR over
time with the use of sodium–glucose cotransporter 2 (SGLT2)
inhibitors [1]. As the authors indicate, SGLT2 inhibitors,
including ertugliflozin, induce body weight loss of approxi-
mately 2–3 kg in most trials in people with type 2 diabetes
mellitus with preserved kidney function. In their letter,
Groothof et al raise the hypothesis that this bodyweight reduc-
tion is at least partly accounted for by a ‘substantial loss of
muscle mass’, and that this may partly mimic kidney protec-
tion by mediating a decline in serum creatinine through
decreased creatinine production. In their scenario, kidney

protection is partly a biochemical epiphenomenon related to
decreased creatinine production, rather than preservation of
kidney function and solute clearance.

An important consideration against the hypothesis
advanced by Groothof et al is the pattern of kidney function
change compared with body weight change over time follow-
ing SGLT2 inhibitor use. SGLT2 inhibitors induce an initial
acute haemodynamic effect, characterised by a dip in eGFR,
which is typically maximal by 4–8 weeks, followed by a return
towards baseline by 12–16 weeks [2]. Body weight loss with
SGLT2 inhibitors is quite rapid, with maximal effects being
seen in the initial 4–8 weeks that then persist over time; these
initial changes are, in large part, accounted for by reduced
body water volume [3]. Accordingly, the temporal sequence
of eGFR and body weight changes are dyssynchronous and
are, therefore, unlikely to be physiologically related.

Beyond this chronological dissociation, existing data have
not shown a consistent change in muscle mass in response to
SGLT2 inhibition in either direction. In fact, in four [4–7] of
the six trials [4–9] with dapagliflozin (which is pharmacolog-
ically similar to ertugliflozin) quoted by the authors, there was

* David Z. I. Cherney
david.cherney@uhn.ca

1 University of Toronto, Toronto, ON, Canada
2 University of Nantes, Nantes, France
3 Unit of Cardiology, Karolinska Institute & Karolinska University

Hospital, Stockholm, Sweden
4 University of Tennessee Health Science Center, Memphis, TN, USA
5 University of Texas Southwestern Medical Center, Dallas, TX, USA
6 Parkland Health and Hospital System, Dallas, TX, USA

7 AdventHealth Translational Research Institute, Orlando, FL, USA

8 Rutgers School of Public Health, New Brunswick, NJ, USA

9 Rutgers Cancer Institute of New Jersey, New Brunswick, NJ, USA

10 Pfizer Inc., Collegeville, PA, USA

11 MSD Limited, London, UK

12 Merck & Co., Inc., Kenilworth, NJ, USA

13 Cardiovascular Division, Brigham and Women’s Hospital, Harvard
Medical School, Boston, MA, USA

https://doi.org/10.1007/s00125-021-05623-z

/ Published online: 3 March 2022

Diabetologia (2022) 65:908–911

http://crossmark.crossref.org/dialog/?doi=10.1007/s00125-021-05623-z&domain=pdf
https://orcid.org/0000-0003-4164-0429
mailto:david.cherney@uhn.ca


no effect on measures of lean mass [10], whilst a recent active
comparator (glibenclamide) trial showed an increase in
lean:total body mass ratio with dapagliflozin use [11]. In addi-
tion to the inconsistent directional effects on measures of lean
body mass, we also wish to emphasise that, even if changes in
lean bodymass did occur, this variable is composed of several
factors, including muscle and water content. Accordingly, in
the unlikely scenario that lean mass was affected by the
amounts suggested in several trials [10], at least 50% of a lean
mass loss of generally <1.0 kg is accounted for by water loss
[12]. From a quantitative perspective, this degree of muscle
mass loss would not contribute to changes in eGFR in a clin-
ically meaningful way over time.

A third set of observations that make it unlikely that body
weight changes (as a surrogate for muscle mass) and kidney
protection are related come from other trial cohorts [13–15].
We now know from dedicated trials in patients with kidney
disease that SGLT2 inhibitors substantially reduce the risk of
chronic kidney disease (CKD) progression, even in patients
with baseline eGFR levels as low as 25 ml min−1 [1.73 m]−2,
including those without type 2 diabetes [13, 14]. Importantly,
in patients without diabetes and those with eGFR
<30 ml min−1 [1.73 m]−2, the effects of SGLT2 inhibitors on
glycaemic control and body weight are clinically negligible or
neutral and, yet, profound kidney protection has been
observed (not just based on eGFR decline but also on the
number of events of end-stage kidney disease) [14, 15].
Importantly, this protection has been reported in heart failure
(HF) trials, which also included individuals with CKD stage 4
and those without diabetes [16]. Although the eValuation of
ERTugliflozin effIcacy and Safety CardioVascular outcomes
(VERTIS CV) trial (ClinicalTrials.gov registration no.
NCT01986881) did not enrol individuals with CKD stage 4
or necessarily include those at risk of CKD progression [17],
as the authors point out, it is likely that the same principles
apply in VERTIS CV [18].

Regarding the authors’ point that ‘therapy-related muscle
wasting’may conceal the need to start dialysis, changes in body
weight and related muscle mass, if present at all, would occur
very early following the commencement of SGLT2 inhibitor
therapy, and there is no indication that body weight acts as a
surrogate for muscle mass changes over time during the course
of trials lasting 3–4 years [17]. Specifically, body weight loss
plateaus early after initiation of SGLT2 inhibitor therapy and
does not continue to decrease with chronic treatment [17].
Accordingly, previous body weight loss that is not progressive
does not alter eGFR trends and, therefore, would not have an
impact on decision making related to dialysis initiation.

Furthermore, the decision to initiate dialysis is not made based
on biochemical factors (i.e. eGFR) alone, and would be made in
conjunction with other clinical parameters, such as electrolyte
levels and signs and/or symptoms of volume overload [19].
Hence, the authors’ suggestion that SGLT2 inhibitors may delay

the start of dialysis by mitigating hypervolaemia is plausible, as
these therapies reduce the risk of hospitalisation for HF across
trials, including VERTIS CV [17], and avoidance of
hypervolaemia may be an additional benefit in nephrology prac-
tice. Other methods to improve the operating characteristics of
eGFR equations (including those using cystatin C) are welcome
to better identify CKD and decide on its management, although
existing data have shown that the effects of SGLT2 inhibitors on
kidney function are consistent, regardless of the clearance meth-
od used [20–22].
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