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Abstract: Inhibitors of sodium–glucose cotransporter 2 (SGLT2) have emerged as practice-changing
treatments for patients with type 2 diabetes, reducing both the risk of cardiovascular events and
kidney events. However, regarding the latter, caution is warranted, as these kidney endpoints are
defined using glomerular filtration rate estimations based on creatinine, the non-enzymatic product
of creatine residing in muscles. Creatinine-based estimations of the glomerular filtration rate are
only valid if the treatment has no effect on changes in muscle mass over time. Yet, circumstantial
evidence suggests that treatment with SGLT2 inhibitors does result in a loss of muscle mass, rendering
serum creatinine-based kidney endpoints invalid. Currently, it cannot be excluded that the described
renoprotective effect of SGLT2 inhibitors is in part or in whole the consequence of a loss of muscle
mass. Post-hoc analyses of existing trials or new trials based on kidney function markers independent
of muscle mass can provide more definitive answers on the proposed renoprotective effects of
SGLT2 inhibitors.

Keywords: SGLT2 inhibitors; muscle mass; eGFR; renoprotection

1. Introduction

Diabetes mellitus is estimated to affect more than 450 million people worldwide and expectations
suggest this number to further increase to 690 million by 2045 [1]. Approximately 40% of them
will eventually develop diabetic nephropathy, posing diabetic nephropathy as the leading cause of
end-stage kidney disease (ESKD) [2]. Along with the associated high morbidity and mortality rates,
it constitutes an enormous public health burden.

The introduction of angiotensin-converting enzyme inhibitors as renoprotective treatment,
followed by angiotensin II receptor blockers signified important steps forward in the secondary
prevention of diabetic nephropathy [3–5]. Nevertheless, the global health burden has increased
incessantly, igniting the need for additional treatment alternatives. After years of draught and
failure with many first seemingly promising treatments (e.g., dual RAAS blockade, thiazolidinediones,
bardoxolone methyl), the sodium-glucose cotransporter 2 (SGLT2) inhibitors arose as a new promising
treatment option [6]. SGLT2 inhibitors were initially approved as a new class of glucose-lowering
agents in patients with type 2 diabetes enhancing the urinary glucose excretion through the inhibition
of glucose reabsorption in the proximal convoluted tubule.

2. SGLT2 Inhibitors and Kidney Events

Since 2008, the FDA has demanded that all new glucose-lowering agents undergo long-term
cardiovascular outcome trials. In these trials, SGLT2 inhibitors exhibited significant reductions
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in the risk of atherosclerotic cardiovascular events and heart failure-related hospitalizations [7–9].
Furthermore, post-hoc analyses suggested strong renoprotective effects of SGLT2 inhibitor treatments
(EMPA-REG OUTCOME, CANVAS Program) [10,11]. Importantly, this was against a background
of angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers, so it would be
renoprotection on top of existing treatment. Most participants, however, were at low risk of ESKD
and the effect of SGLT2 inhibitors on the need for dialysis or transplantation was therefore uncertain.
The recently conducted Canagliflozin and Renal Events in Diabetes with Established Nephropathy
Clinical Evaluation (CREDENCE) trial [12]—specifically designed to address this lacuna—suggests
that canagliflozin substantially reduces the risk of incident kidney failure. Furthermore, compared
to the placebo group, patients treated with canagliflozin exhibited sizable reductions in glycated
haemoglobin, blood pressure, body weight, albuminuria, and the slope of kidney function deterioration.
These findings were recently corroborated by a meta-analysis investigating the effects of SGLT2
inhibitors on kidney outcomes [13].

Notwithstanding these findings, some caution is warranted before SGLT2 inhibitors become
mainstay in treatment of diabetic nephropathy—and potentially in prevention of kidney function
deterioration in any kidney disease associated with glomerular hyperfiltration. The reason being that
the EMPA-REG OUTCOME, CANVAS, and CREDENCE trials do not unequivocally provide evidence
for renoprotection.

In each of the aforementioned trials, the kidney endpoints rest upon serum creatinine-based
estimations of the glomerular filtration rate (GFR), which applies to both the endpoint of rate of
change in estimated GFR (eGFR) and the endpoint of initiation of dialysis or transplantation [14].
Creatinine is a non-enzymatic degradation product of the creatine pools, which reside primarily in
muscle tissue. Therefore, endpoints relying on creatinine-based estimations of the glomerular filtration
rate are only valid if the treatment has no effect on changes in muscle mass over time. However,
the following circumstantial evidence suggests that treatment with SGLT2 inhibitors does result in loss
of muscle mass.

3. Effects of SGLT2 Inhibitors on Muscle Mass

SGLT2 inhibitors intrinsically reduce the insulin to glucagon ratio through their pharmacological
mechanisms of action, thereby serving as a stimulant for hepatic gluconeogenesis [15], and as soon
as glucose molecules excreted in urine are derived from gluconeogenesis, this will inevitably lead
to loss of both fat and muscle mass. Studies reporting on changes in body weight during SGLT2
inhibitor treatment have unequivocally shown weight reductions during SGLT2 inhibitor treatment,
a topic extensively reviewed by Pereira et al. [16] and Lee et al. [17]. Network meta-analyses estimated
the reductions in body weight to be about 1.5 to 2 kg (kg) compared with placebo for all SGLT2
inhibitors [18–20], wherein the degree of weight loss depended on the drug and dosage (e.g., 1.6 kg of
weight reduction for dapagliflozin 5 mg and 2.5 kg for canagliflozin 300 mg [19]). Since it is unlikely
that SGLT2 inhibitor treatment will lead to increased physical activity, this can best be compared to
weight loss induced by dietary restrictions, an effect known to be accompanied by both loss of fat mass
and loss of muscle mass [21]. In addition, part of the weight loss of SGLT2 inhibitors may be due to
a loss of body water together with sodium. Several studies found no effect of treatment on muscle
mass [22–25], but the results of many other studies are consistent with a reduction in both fat tissue and
muscle tissue [26–32]. Though most of the weight loss during treatment usually is the consequence of
loss of fat mass, a relatively low loss of muscle mass can already be enough to materially influence
trajectories of eGFR, if based on serum creatinine (see our calculations in Box 1). A single-arm study
investigating the effects of 12-week tofogliflozin (20 mg/day) in 37 patients with type 2 diabetes on
body composition showed 0.8 kg reduction in skeletal muscle mass, which corresponds to a 2.8%
change from baseline [32]. Similarly, another single-arm study investigating the effects of 12-week
add-on tofogliflozin (20 mg/day) to DPP-4 inhibitor treatment in 16 patients with type 2 diabetes
demonstrated a muscle mass reduction of 1.4 kg [31]. Comparable changes were found after 24 weeks
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of treatment with ipragliflozin (50 mg/day) in 20 patients with type 2 diabetes [30]. Using dual-energy
X-ray absorptiometry, a 1.7 kg reduction in lean body mass and a 0.6 kg reduction in appendicular
lean mass were observed after 24 weeks, corresponding to a 3.3% and 2.8% change from baseline,
respectively [30]. In the LIGHT trial, luseogliflozin (2.5 mg/day) led to a 1.0 kg reduction in lean
body mass after 52 weeks in 37 patients with type 2 diabetes [29], corresponding to a 2.3% change
from baseline lean body mass. Unlike these single-arm studies, the CANTATA-SU trial included 1450
patients with type 2 diabetes, who were randomly assigned (1:1:1) to either canagliflozin 100 mg,
canagliflozin 300 mg, or glimepiride [28]. After 52 weeks, patients receiving canagliflozin 100 mg and
canagliflozin 300 mg displayed a 0.9 kg and 1.1 kg reduction in lean body mass, corresponding to a 1.8%
and 2.5% change from baseline lean body mass, respectively [28]. Compared to glimepiride, the mean
reductions in lean body mass were 2.0 kg and 2.2 kg for canagliflozin 100 mg and canagliflozin 300 mg,
corresponding to reductions of 4.2% and 4.9% compared to baseline, respectively [28]. Another study
investigating the effects of canagliflozin on body composition also found reductions in lean body
mass [27]. In this study, 714 patients with type 2 diabetes were randomized to placebo, canagliflozin
100 mg, or canagliflozin 300 mg for 26 weeks [27]. Compared to placebo arm, patients on canagliflozin
100 mg lost 0.6 kg lean body mass and patients on canagliflozin 300 mg arm lost 0.9 kg lean body mass,
corresponding to a 1.2% and 1.7% change from baseline lean body mass, respectively [27]. These results
were corroborated by single-arm study showing a 1.1 kg decrease in lean body mass after 24 weeks of
canagliflozin treatment (100 mg/d), corresponding to a 2.2% decrease from baseline [26]. An overview
of muscle mass changes during SGLT2 inhibitor therapy is demonstrated in Table 1. In summary,
a variety of studies investigating the effect of SGLT2 inhibitors on body composition demonstrated
that SGLT2 inhibitor therapy is associated with a significant reduction in muscle mass.
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Table 1. Overview of the effects of SGLT2 inhibitors on lean body mass and muscle mass.

Study SGLT2
Inhibitor

Dosage
(mg/Day)

Time
(Weeks) Design Participants Measurement Technique Baseline

Value Change * Significance Percentual
Change **

Canagliflozin

Blonde et al. [27] Canagliflozin 100
300 26

Double-blind
randomized

placebo controlled
parallel group

166 Lean body mass DXA 51.2 kg
53.2 kg

−0.6 kg
−0.9 kg Yes −1.2% (−2.4%)

−1.7% (−3.4%)

Cefalu et al. [28] Canagliflozin 100
300 52

Double-blind
randomized,

active controlled
parallel group

208 Lean body mass DXA 47.7 kg
44.6 kg

−2.0 kg
−2.2 kg Yes −4.2% (−4.2%)

−4.9% (−4.9%)

Koike et al. [26] Canagliflozin 100 24 Single-arm
open-label 38 Lean body mass DXA 49.6 kg −1.1 kg Yes −2.2% (−4.8%)

Inoue et al. [33] Canagliflozin 100 52 Single-arm
open-label 20 Lean body mass BIA 51.5 kg −0.2 kg No −0.4% (−0.4%)

Seko et al. [34] Canagliflozin
and Ipragliflozin

100 (Cana)
50 (Ipra)

24 Single-arm
open-label 24 Skeletal muscle

mass BIA 25.4 kg −0.6 kg Yes −2.3% (−5.1%)

Ipragliflozin

Inoue et al. [24] Ipragliflozin 50 24

Open-label
randomized

controlled parallel
group

49 Muscle mass and
lean mass

BIA
DXA

47.1 kg
41.0 kg

−0.38 kg
−0.60 kg

No
No

−0.8% (−1.7%)
−1.5% (−3.2%)

Ohta et al. [30] Ipragliflozin 50 24 Single-arm
open-label 20

Lean body mass
and appendicular

lean mass
DXA 52.2 kg

21.8 kg
−1.7 kg
−0.6 kg

Yes
Yes

−3.3% (−7.1%)
−2.7% (−6.0%)

Kato et al. [35] Ipragliflozin 50 12 Single-arm
open-label 20 Muscle mass BIA n.r. −0.92 kg Yes n.a

Miyake et al. [36] Ipragliflozin 50 24 Single-arm
open-label 12 Skeletal muscle

mass BIA 22.75 kg −0.50 kg No −2.2% (−4.8%)

Yamamoto et al. [37] Ipragliflozin 50 16 Single-arm
open-label 24 Skeletal muscle

index BIA 7.5 kg/m2
−0.2 kg/m2 Yes −2.7% (8.7%)

Luseogliflozin

Bouchi et al. [38] Luseogliflozin 2.5 to 5 12 Single-arm
open-label 19 Skeletal muscle

index DXA 7.81 kg/m2 −0.23
kg/m2 Yes −2.9% (−12.8%)

Seino et al. [39] Luseogliflozin 2.5 to 5 52 Single-arm
open-label 22 Lean body mass BIA 45.25 kg −0.44 kg No −1.0% (−1.0%)

Sasaki et al. [29] Luseogliflozin 2.5 to 5 52 Single-arm
open-label 36 Skeletal muscle

mass index DXA 7.74 kg/m2 −0.155
kg/m2 Yes −2.0% (−2.0%)
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Table 1. Cont.

Study SGLT2
Inhibitor

Dosage
(mg/Day)

Time
(Weeks) Design Participants Measurement Technique Baseline

Value Change * Significance Percentual
Change **

Dapagliflozin

Bolinder et al. [40] Dapagliflozin 10 24

Double-blind
randomized

placebo controlled
parallel group

182 Lean body mass DXA 56.2 kg −0.60 kg Yes −1.1% (−2.3%)

Kosugi et al. [41] Dapagliflozin 5 12 Single-arm
open-label 26 Lean body mass DXA 52.0 kg −0.50 kg No −1.0% (−4.2%)

Fadini et al. [42] Dapagliflozin 10
Single-blind

placebo controlled
parallel group

31 Lean body mass BIA n.r. −2.9 kg Yes n.a.

Tobita et al. Dapagliflozin 5 24 Single-arm
open-label 11 Skeletal muscle

mass BIA 24.6 kg +0.1 kg No +0.4% (+0.9%)

Lundkvist et al. [25] Dapagliflozin 10 24

Double-blind
randomized

placebo controlled
parallel group

50 Total lean tissue MRI 42.6 L −0.19 L No −0.4% (−1.0%)

Sugiyama et al. [23] Dapagliflozin 5 26
Open-label active
controlled parallel

group
50 Skeletal muscle

mass BIA 28.7 kg −0.2 kg No −0.7% (−1.4%)

Tofogliflozine

Kamei et al. [32] Tofogliflozin 20 12
Retrospective

single-arm
open-label

37 Muscle mass BIA 29.8 kg −0.8 kg Yes −2.7% (−11.6%)

Matsuba et al. [31] Tofogliflozin 20 12 Single-arm
open-label study 16 Muscle mass BIA n.r. −1.37 kg Yes n.a.

Iwahashi et al. [43] Tofogliflozin 20 48 Single-arm
open-label study 20 Lean body mass BIA 47.3 kg +0.2 kg No +0.4% (+0.5%)

Empagliflozin

Javed et al. [44] Empagliflozin 25 12

Open-label
randomized

placebo controlled
parallel group

39 Lean body mass BIA 54.8 kg −1.7 kg Yes −3.1% (−13.4%)

Abbreviations: n.r.: not reported; n.a.: not available; BIA: bioelectrical impedance; DXA: dual-energy x-ray absorptiometry. * For studies with a control group defined as the difference in
change vs. the control group. ** Percentage change during the study period is given first and the corresponding percentage change calculated for one year if change in muscle mass would
proceed at the same pace is given between brackets.
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Box 1. Simplified calculation explaining the effect of serum creatinine reductions, reflecting loss of
muscle mass, on changes in estimated GFR over time.

eGFR = 141 ∗ (Scr/0.9)−1.209
∗ 0.993Age (1)

∆eGFR = eGFRyear x+1 − eGFR year x (2)

∆eGFR = (141 ∗ (Scr year x+1/0.9)−1.209
∗ 0.993Age+1) − (141 ∗ (Scr year x/0.9)−1.209

∗ 0.993Age) (3)

∆eGFR = (141 ∗ (Scryear x+1/0.9)−1.209
∗ 0.99364) − (141 ∗ (1.34/0.9)−1.209

∗ 0.99363) (4)

∆eGFR = (89.9 ∗ (Scryear x+1/0.9)−1.209) − 56.0 (5)

89.9 × (Scryear x+1/0.9)−1.209 = ∆eGFR + 56.0 (6)

(Scryear x+1/0.9)−1.209 = (∆eGFR + 56.0)/89.9 (7)

Scryear x+1/0.9 = ((∆eGFR + 56.0)/89.9)−0.827 (8)

Scryear x+1 = 0.9 ∗ ((∆eGFR + 56.0)/89.9)−0.827 (9)

Scryear x+1 = 0.9 ∗ ((1.52 + 56.0)/89.9)−0.827 Scryear x+1 = 0.9 ∗ ((2.74 + 56.0)/89.9)−0.827 (10)

Scryear x+1 = 1.30 mg/dL Scryear x+1 = 1.28 mg/dL (11)

Change (%) = (1.30 − 1.34)/1.34 ∗ 100% Change (%) = (1.28 − 1.34)/1.34 ∗ 100% (12)

Change (%) = −2.8% Change (%) = −4.5% (13)

The change in serum creatinine required to explain a certain yearly difference in kidney function deterioration,
between the canagliflozin and placebo group, can be calculated. For these calculations, we used a hypothetical
example, based on the average age and eGFR at baseline of the CREDENCE trial. Therefore, calculations are
performed for a white, 63-year-old, male subject, with an eGFR of 56 mL per minute per 1.73 m2—a value which
corresponds to a serum creatinine of 1.34 mg/dL [37]. In this example, we aim to determine what change in serum
creatinine would be required to explain the between-group difference in eGFR slopes between the canagliflozin
and placebo group of the CREDENCE trial by the relative decline in muscle mass, rather than by the relative
improvement in renal function. To simplify calculations, the calculations are performed for a timeframe of one
year and we use a delta eGFR (∆eGFR) rather than a slope. ∆eGFR is defined as the difference between eGFR at
timepoint x and timepoint x + 1 year (formulas nr. 1–3) and is used to resemble the between-group difference
in eGFR slopes between the canagliflozin and placebo group of the CREDENCE trial. For our calculations we
define the age at timepoint x as 63 years and serum creatinine at timepoint x as 1.34 mg/dL (formulas nr. 4–5).
The equation is rewritten to calculate the serum creatinine value after a year (formulas nr. 6–9), assuming a
certain ∆eGFR. The formula now is written so that it can be used to calculate the serum creatinine value after
one year that is required to fully explain a certain ∆eGFR.

In the CREDENCE trial, the least-squares mean change in the eGFR slope was less in the canagliflozin group
than in the placebo group (–3.19 ± 0.15 vs. –4.71 ± 0.15 mL per minute per 1.73 m2 per year). This corresponds
to a between-group difference of 1.52 mL per minute per 1.73 m2 per year. If we normalize the eGFR slope of
the canagliflozin group to the placebo group, this indicates a yearly relative increase in eGFR of 1.52 mL per
minute per 1.73 m2. Therefore, we can substitute ∆eGFR for this value and use the formula to calculate what
decrease in serum creatinine as a consequence of a putative decrease in muscle mass would be able to fully
explain this difference in slope (formulas nr. 10–11). These calculations show that a 2.8% decrease in serum
creatinine (from 1.34 to 1.30 mg/dL in the first year of the trial) is enough to fully explain a 1.52 mL per minute
per 1.73 m2 difference in kidney function deterioration between the canagliflozin and placebo group (formulas
nr. 12–13) during the first year of the trial and an additional 2.8% per year in each following years. Because there
is a proportional relationship between muscle mass and serum creatinine, this indicates that an average yearly
loss of 2.8% of muscle mass during the years of the trial can explain the seeming average of 1.52 mL per minute
per 1.73 m2 less deterioration in eGFR. This means that, for each year of the trial, even if there was no actual
renoprotection, but rather a yearly loss of muscle mass of 2.8%, a seeming difference of 1.52 mL per minute per
1.73 m2 per year (compared to the placebo group) could be explained.

Because in the CREDENCE trial a large drop in eGFR in response to the start of canagliflozin treatment
compared to placebo was observed during the first 3 weeks—which cannot be explained by effects on muscle
mass, but is very likely due to mitigation of renal hyperfiltration by canagliflozin—we also performed alternative
calculations based on reported differences in eGFR slopes between the canagliflozin and placebo group, in
which the effects on eGFR during the first three weeks of the trial were discarded. After excluding the effects
of canagliflozin and placebo on eGFR during the first three weeks of the trial, the CREDENCE investigators
reported an average between-group difference in the slope of eGFR of 2.74 mL per minute per 1.73 m2 per year.
If we use this value instead of the value of 1.52 mL per minute per 1.73 m2 per year, a 4.5% decrease in serum
creatinine (from 1.34 mg/dL to 1.28 mg/dL in the first year of the trial, if the effects on eGFR observed during the
first three weeks are adjusted for) would be required to fully explain a difference of 2.74 mL per minute per 1.73
m2 during each year of the trial.
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4. The Effect of Loss of Muscle Mass on Creatinine-Based eGFR Trajectories

The results of the aforementioned studies fuel the plausibility that treatment with SGLT2 inhibitors
will result in a loss of muscle mass and, hence, a loss of the endogenous creatine pool from which
creatinine is synthesized. On a daily basis, roughly 1.7% of the total creatine pool is converted to
creatinine through a low-grade non-enzymatic degradation reaction [45]. A decrease in muscle mass
therefore implicates a decrease in serum creatinine, which, in turn, steers towards to an underestimation
of kidney function trajectories when such estimates are derived from serum creatinine concentrations.
Compared to a stable muscle mass over time, a loss of muscle mass over time erroneously suggests
either improvement in kidney function or slower rate of kidney function deterioration.

In the CREDENCE trial, the difference in annual deterioration of eGFR between the SGTL2
inhibitor group and the placebo group was 1.52 mL per minute per 1.73 m2. Because of the proportional
relationship between muscle mass and serum creatinine, a similar difference could be achieved by
a 2.8% reduction in muscle mass in a 63-year-old white male population with a baseline eGFR of 56
mL per minute per 1.73 m2 (Box 1). This percentage reduction in muscle mass is comparable to the
relative changes in lean body mass and/or muscle mass observed in studies investigating the effects of
SGLT2 inhibitors on body composition, i.e., 2.5% lean body mass reduction (4.9% when compared
to the control group) after 52 weeks of canagliflozin (300 mg/day) treatment in the CANTATA-SU
trial [28]. It should be noted, however, that during the first 3 weeks of the CREDENCE trial, a greater
reduction in the eGFR was observed in the canagliflozin group compared with the placebo group.
After excluding the first three weeks, the annual deterioration in kidney function between the SGTL2
inhibitor group and the placebo group was 2.74 mL per minute per 1.73 m2. A similar annual difference
could be achieved by a 4.5% reduction in muscle mass per year (Box 1).

It is important to generate investigational data to confirm or not confirm this hypothesized
scenario, since continued loss of muscle mass will comprise patients’ capability to recover from
intercurrent illnesses with increased risk of premature mortality [46–48]. If confirmation was the case,
it could even be hypothesized that protective effects of SGLT-2 inhibitors in relatively short running
long-term outcome trials could turn into adverse effects if trial periods were extended from a typical
period of 3 years to, e.g., 10 years.

Importantly, it is not only the endpoint of rate of change in eGFR which is affected by muscle
mass. It is likely that the endpoint of initiation of dialysis or transplantation is affected by changes in
muscle mass as well, since eGFR also plays a role in decisions to start with dialysis or to proceed with
transplantation [49]. Treatment regimens inducing loss of muscle mass will, by consequence, cause an
overestimation of eGFR and hence a deferral in the initiation of dialysis or transplantation when such
estimates are based on serum creatinine. Furthermore, the diuretic nature of SGLT2 inhibitors will
intrinsically prevent fluid overload—a common cause for initiating dialysis [50]—further driving the
result towards the seeming prevention of the endpoint of initiation of dialysis or transplantation.

We therefore hypothesize that the prevention of kidney function deterioration—as surmised in the
EMPA-REG OUTCOME, CANVAS, and CREDENCE trials—may at least partially be the consequence
of a treatment-induced loss of muscle mass. It would be of substantial interest to investigate whether
long-term SGLT2 inhibitor treatment truly inflicts loss of muscle mass. If so, we propose that
the potential renoprotective effects of SGLT2 inhibitors be thoroughly analyzed with muscle mass
independent measures of GFR. Muscle mass independent measures of GFR include estimation of
the GFR based on cystatin C or symmetric dimethylarginine. Alternatively, the glomerular filtration
rate can be measured by direct methods—e.g., by the assessment of inulin clearance—although these
methods are more invasive and time-consuming than the muscle mass independent methods for the
estimation of GFR.

It should be noted that our discussion and hypothesis apply to long-term changes in eGFR, and
not to changes in albuminuria. There is convincing evidence that SGLT2 inhibitors protect against the
development of albuminuria [51], which is an acknowledged risk factor for development of ESKD,
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with meta-analyses showing that a 30% reduction in albuminuria is associated with a 24% reduction in
the risk of development of ESKD [52].

Another noteworthy limitation of many of the studies that have investigated changes in body
composition during SGLT2 inhibitor therapy comprises their use of measurements of lean body
mass, rather than specific components making up lean body mass. Lean body mass does not equal
muscle mass, but also bone, skin, and other organs. More importantly, lean body weight and muscle
mass are also influenced by hydration status, while in an ideal situation, one would like to have
information on dry fat mass and dry muscle mass. Additionally, it should be noted that most of the
studies investigating the effect of SGLT2 inhibitors on body composition have used bioimpedance or
dual-energy x-ray absorptiometry, and only a few have used other techniques, including magnetic
resonance imaging, computerized tomography, or the urinary creatinine excretion rate. Lastly, it is
important to note that the precision of the serum creatinine measurements was not discussed in this
perspective, though reported inter-assay coefficients of variation of up to 2.65% may hinder detection
of relatively small differences in serum creatinine over time in individual subjects [53,54].

5. Conclusions

Overall, SGLT2 inhibitors have emerged as practice-changing treatments for patients with type
2 diabetes. However, regarding the proposed effects on eGFR based kidney events, some caution is
warranted. There are reasons to believe that SGLT2 inhibitor treatment results in the loss of muscle
mass over time, thereby rendering serum creatinine-based kidney endpoints invalid. Therefore, at this
time, it cannot be excluded that the described renoprotective effect of SGLT2 inhibitors is in whole
or in part the consequence of a loss of muscle mass. Post-hoc analyses of existing trials or new trials
based on measures of GFR independent of muscle mass can provide more definitive answers on the
proposed renoprotective effects of SGLT2 inhibitors.

Author Contributions: Conceptualization, A.P. and S.J.L.B.; investigation, A.P. and S.J.L.B.; writing—original
draft preparation, A.P. and S.J.L.B.; writing—review and editing, M.F.E. and D.G.; All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cho, N.H.; Shaw, J.E.; Karuranga, S.; Huang, Y.; da Rocha Fernandes, J.D.; Ohlrogge, A.W.; Malanda, B. IDF
Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res. Clin.
Pract. 2018, 138, 271–281. [CrossRef] [PubMed]

2. Collins, A.J.; Foley, R.N.; Chavers, B.; Gilbertson, D.; Herzog, C.; Johansen, K.; Kasiske, B.; Kutner, N.; Liu, J.;
St Peter, W.; et al. United States Renal Data System 2011 Annual Data Report: Atlas of chronic kidney disease
& end-stage renal disease in the United States. Am. J. Kidney Dis. 2012, 59, e1–e420.

3. Parving, H.H.; Lehnert, H.; Brochner-Mortensen, J.; Gomis, R.; Andersen, S.; Arner, P. Irbesartan in Patients
with Type 2 Diabetes and Microalbuminuria Study Group The effect of irbesartan on the development of
diabetic nephropathy in patients with type 2 diabetes. N. Engl. J. Med. 2001, 345, 870–878. [CrossRef]
[PubMed]

4. Brenner, B.M.; Cooper, M.E.; de Zeeuw, D.; Keane, W.F.; Mitch, W.E.; Parving, H.H.; Remuzzi, G.; Snapinn, S.M.;
Zhang, Z.; Shahinfar, S. RENAAL Study Investigators Effects of losartan on renal and cardiovascular outcomes
in patients with type 2 diabetes and nephropathy. N. Engl. J. Med. 2001, 345, 861–869. [CrossRef] [PubMed]

5. Lewis, E.J.; Hunsicker, L.G.; Bain, R.P.; Rohde, R.D. The effect of angiotensin-converting-enzyme inhibition
on diabetic nephropathy. The Collaborative Study Group. N. Engl. J. Med. 1993, 329, 1456–1462. [CrossRef]
[PubMed]

6. de Zeeuw, D.; Akizawa, T.; Audhya, P.; Bakris, G.L.; Chin, M.; Christ-Schmidt, H.; Goldsberry, A.; Houser, M.;
Krauth, M.; Lambers Heerspink, H.J.; et al. BEACON Trial Investigators Bardoxolone methyl in type 2
diabetes and stage 4 chronic kidney disease. N. Engl. J. Med. 2013, 369, 2492–2503. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.diabres.2018.02.023
http://www.ncbi.nlm.nih.gov/pubmed/29496507
http://dx.doi.org/10.1056/NEJMoa011489
http://www.ncbi.nlm.nih.gov/pubmed/11565519
http://dx.doi.org/10.1056/NEJMoa011161
http://www.ncbi.nlm.nih.gov/pubmed/11565518
http://dx.doi.org/10.1056/NEJM199311113292004
http://www.ncbi.nlm.nih.gov/pubmed/8413456
http://dx.doi.org/10.1056/NEJMoa1306033
http://www.ncbi.nlm.nih.gov/pubmed/24206459


J. Clin. Med. 2020, 9, 1603 9 of 11

7. Zelniker, T.A.; Wiviott, S.D.; Raz, I.; Im, K.; Goodrich, E.L.; Bonaca, M.P.; Mosenzon, O.; Kato, E.T.; Cahn, A.;
Furtado, R.H.M.; et al. SGLT2 inhibitors for primary and secondary prevention of cardiovascular and
renal outcomes in type 2 diabetes: A systematic review and meta-analysis of cardiovascular outcome trials.
Lancet 2019, 393, 31–39. [CrossRef]

8. Wiviott, S.D.; Raz, I.; Bonaca, M.P.; Mosenzon, O.; Kato, E.T.; Cahn, A.; Silverman, M.G.; Zelniker, T.A.;
Kuder, J.F.; Murphy, S.A.; et al. DECLARE-TIMI 58 Investigators Dapagliflozin and Cardiovascular Outcomes
in Type 2 Diabetes. N. Engl. J. Med. 2019, 380, 347–357. [CrossRef]

9. Zinman, B.; Wanner, C.; Lachin, J.M.; Fitchett, D.; Bluhmki, E.; Hantel, S.; Mattheus, M.; Devins, T.;
Johansen, O.E.; Woerle, H.J.; et al. EMPA-REG OUTCOME Investigators Empagliflozin, Cardiovascular
Outcomes, and Mortality in Type 2 Diabetes. N. Engl. J. Med. 2015, 373, 2117–2128. [CrossRef]

10. Neal, B.; Perkovic, V.; Mahaffey, K.W.; de Zeeuw, D.; Fulcher, G.; Erondu, N.; Shaw, W.; Law, G.; Desai, M.;
Matthews, D.R. CANVAS Program Collaborative Group Canagliflozin and Cardiovascular and Renal Events
in Type 2 Diabetes. N. Engl. J. Med. 2017, 377, 644–657. [CrossRef]

11. Wanner, C.; Inzucchi, S.E.; Lachin, J.M.; Fitchett, D.; von Eynatten, M.; Mattheus, M.; Johansen, O.E.;
Woerle, H.J.; Broedl, U.C.; Zinman, B. EMPA-REG OUTCOME Investigators Empagliflozin and Progression
of Kidney Disease in Type 2 Diabetes. N. Engl. J. Med. 2016, 375, 323–334. [CrossRef] [PubMed]

12. Perkovic, V.; Jardine, M.J.; Neal, B.; Bompoint, S.; Heerspink, H.J.L.; Charytan, D.M.; Edwards, R.; Agarwal, R.;
Bakris, G.; Bull, S.; et al. CREDENCE Trial Investigators Canagliflozin and Renal Outcomes in Type 2
Diabetes and Nephropathy. N. Engl. J. Med. 2019, 380, 2295–2306. [CrossRef] [PubMed]

13. Neuen, B.L.; Young, T.; Heerspink, H.J.L.; Neal, B.; Perkovic, V.; Billot, L.; Mahaffey, K.W.; Charytan, D.M.;
Wheeler, D.C.; Arnott, C.; et al. SGLT2 inhibitors for the prevention of kidney failure in patients with type 2
diabetes: A systematic review and meta-analysis. Lancet Diabetes Endocrinol. 2019, 7, 845–854. [CrossRef]

14. Post, A.; Eisenga, M.F.; Bakker, S.J.L. Canagliflozin and Renal Outcomes in Diabetic Nephropathy. N. Engl. J.
Med. 2019, 381, 1089. [PubMed]

15. Vallon, V.; Thomson, S.C. Targeting renal glucose reabsorption to treat hyperglycaemia: The pleiotropic
effects of SGLT2 inhibition. Diabetologia 2017, 60, 215–225. [CrossRef] [PubMed]

16. Pereira, M.J.; Eriksson, J.W. Emerging Role of SGLT-2 Inhibitors for the Treatment of Obesity. Drugs 2019, 79,
219–230. [CrossRef]

17. Lee, P.C.; Ganguly, S.; Goh, S.Y. Weight loss associated with sodium-glucose cotransporter-2 inhibition:
A review of evidence and underlying mechanisms. Obes. Rev. 2018, 19, 1630–1641. [CrossRef]

18. Mearns, E.S.; Sobieraj, D.M.; White, C.M.; Saulsberry, W.J.; Kohn, C.G.; Doleh, Y.; Zaccaro, E.; Coleman, C.I.
Comparative efficacy and safety of antidiabetic drug regimens added to metformin monotherapy in patients
with type 2 diabetes: A network meta-analysis. PLoS ONE 2015, 10, e0125879. [CrossRef]

19. Zaccardi, F.; Webb, D.R.; Htike, Z.Z.; Youssef, D.; Khunti, K.; Davies, M.J. Efficacy and safety of sodium-glucose
co-transporter-2 inhibitors in type 2 diabetes mellitus: Systematic review and network meta-analysis. Diabetes
Obes. Metab. 2016, 18, 783–794. [CrossRef]

20. Vasilakou, D.; Karagiannis, T.; Athanasiadou, E.; Mainou, M.; Liakos, A.; Bekiari, E.; Sarigianni, M.;
Matthews, D.R.; Tsapas, A. Sodium-glucose cotransporter 2 inhibitors for type 2 diabetes: A systematic
review and meta-analysis. Ann. Intern. Med. 2013, 159, 262–274. [CrossRef]

21. Weinheimer, E.M.; Sands, L.P.; Campbell, W.W. A systematic review of the separate and combined effects of
energy restriction and exercise on fat-free mass in middle-aged and older adults: Implications for sarcopenic
obesity. Nutr. Rev. 2010, 68, 375–388. [CrossRef] [PubMed]

22. Schork, A.; Saynisch, J.; Vosseler, A.; Jaghutriz, B.A.; Heyne, N.; Peter, A.; Haring, H.U.; Stefan, N.; Fritsche, A.;
Artunc, F. Effect of SGLT2 inhibitors on body composition, fluid status and renin-angiotensin-aldosterone
system in type 2 diabetes: A prospective study using bioimpedance spectroscopy. Cardiovasc. Diabetol. 2019,
18, 46. [CrossRef] [PubMed]

23. Sugiyama, S.; Jinnouchi, H.; Kurinami, N.; Hieshima, K.; Yoshida, A.; Jinnouchi, K.; Nishimura, H.; Suzuki, T.;
Miyamoto, F.; Kajiwara, K.; et al. Dapagliflozin Reduces Fat Mass without Affecting Muscle Mass in Type 2
Diabetes. J. Atheroscler. Thromb. 2018, 25, 467–476. [CrossRef]

24. Inoue, H.; Morino, K.; Ugi, S.; Tanaka-Mizuno, S.; Fuse, K.; Miyazawa, I.; Kondo, K.; Sato, D.; Ohashi, N.;
Ida, S.; et al. SUMS-ADDIT-1 Research group Ipragliflozin, a sodium-glucose cotransporter 2 inhibitor,
reduces bodyweight and fat mass, but not muscle mass, in Japanese type 2 diabetes patients treated with
insulin: A randomized clinical trial. J. Diabetes. Investig. 2019, 10, 1012–1021. [PubMed]

http://dx.doi.org/10.1016/S0140-6736(18)32590-X
http://dx.doi.org/10.1056/NEJMoa1812389
http://dx.doi.org/10.1056/NEJMoa1504720
http://dx.doi.org/10.1056/NEJMoa1611925
http://dx.doi.org/10.1056/NEJMoa1515920
http://www.ncbi.nlm.nih.gov/pubmed/27299675
http://dx.doi.org/10.1056/NEJMoa1811744
http://www.ncbi.nlm.nih.gov/pubmed/30990260
http://dx.doi.org/10.1016/S2213-8587(19)30256-6
http://www.ncbi.nlm.nih.gov/pubmed/31509684
http://dx.doi.org/10.1007/s00125-016-4157-3
http://www.ncbi.nlm.nih.gov/pubmed/27878313
http://dx.doi.org/10.1007/s40265-019-1057-0
http://dx.doi.org/10.1111/obr.12755
http://dx.doi.org/10.1371/journal.pone.0125879
http://dx.doi.org/10.1111/dom.12670
http://dx.doi.org/10.7326/0003-4819-159-4-201308200-00007
http://dx.doi.org/10.1111/j.1753-4887.2010.00298.x
http://www.ncbi.nlm.nih.gov/pubmed/20591106
http://dx.doi.org/10.1186/s12933-019-0852-y
http://www.ncbi.nlm.nih.gov/pubmed/30953516
http://dx.doi.org/10.5551/jat.40873
http://www.ncbi.nlm.nih.gov/pubmed/30536746


J. Clin. Med. 2020, 9, 1603 10 of 11

25. Lundkvist, P.; Sjostrom, C.D.; Amini, S.; Pereira, M.J.; Johnsson, E.; Eriksson, J.W. Dapagliflozin once-daily
and exenatide once-weekly dual therapy: A 24-week randomized, placebo-controlled, phase II study
examining effects on body weight and prediabetes in obese adults without diabetes. Diabetes Obes. Metab.
2017, 19, 49–60. [CrossRef] [PubMed]

26. Koike, Y.; Shirabe, S.I.; Maeda, H.; Yoshimoto, A.; Arai, K.; Kumakura, A.; Hirao, K.; Terauchi, Y. Effect
of canagliflozin on the overall clinical state including insulin resistance in Japanese patients with type 2
diabetes mellitus. Diabetes Res. Clin. Pract. 2019, 149, 140–146. [CrossRef] [PubMed]

27. Blonde, L.; Stenlof, K.; Fung, A.; Xie, J.; Canovatchel, W.; Meininger, G. Effects of canagliflozin on body
weight and body composition in patients with type 2 diabetes over 104 weeks. Postgrad. Med. 2016, 128,
371–380. [CrossRef]

28. Cefalu, W.T.; Leiter, L.A.; Yoon, K.H.; Arias, P.; Niskanen, L.; Xie, J.; Balis, D.A.; Canovatchel, W.; Meininger, G.
Efficacy and safety of canagliflozin versus glimepiride in patients with type 2 diabetes inadequately controlled
with metformin (CANTATA-SU): 52 week results from a randomised, double-blind, phase 3 non-inferiority
trial. Lancet 2013, 382, 941–950. [CrossRef]

29. Sasaki, T.; Sugawara, M.; Fukuda, M. Sodium-glucose cotransporter 2 inhibitor-induced changes in body
composition and simultaneous changes in metabolic profile: 52-week prospective LIGHT (Luseogliflozin:
The Components of Weight Loss in Japanese Patients with Type 2 Diabetes Mellitus) Study. J. Diabetes
Investig. 2019, 10, 108–117. [CrossRef]

30. Ohta, A.; Kato, H.; Ishii, S.; Sasaki, Y.; Nakamura, Y.; Nakagawa, T.; Nagai, Y.; Tanaka, Y. Ipragliflozin, a
sodium glucose co-transporter 2 inhibitor, reduces intrahepatic lipid content and abdominal visceral fat
volume in patients with type 2 diabetes. Expert Opin. Pharmacother. 2017, 18, 1433–1438. [CrossRef]

31. Matsuba, R.; Matsuba, I.; Shimokawa, M.; Nagai, Y.; Tanaka, Y. Tofogliflozin decreases body fat mass and
improves peripheral insulin resistance. Diabetes Obes. Metab. 2018, 20, 1311–1315. [CrossRef] [PubMed]

32. Kamei, S.; Iwamoto, M.; Kameyama, M.; Shimoda, M.; Kinoshita, T.; Obata, A.; Kimura, T.; Hirukawa, H.;
Tatsumi, F.; Kohara, K.; et al. Effect of Tofogliflozin on Body Composition and Glycemic Control in Japanese
Subjects with Type 2 Diabetes Mellitus. J. Diabetes Res. 2018, 2018, 6470137. [CrossRef]

33. Inoue, M.; Hayashi, A.; Taguchi, T.; Arai, R.; Sasaki, S.; Takano, K.; Inoue, Y.; Shichiri, M. Effects of
canagliflozin on body composition and hepatic fat content in type 2 diabetes patients with non-alcoholic
fatty liver disease. J. Diabetes Investig. 2019, 10, 1004–1011. [CrossRef] [PubMed]

34. Seko, Y.; Sumida, Y.; Tanaka, S.; Mori, K.; Taketani, H.; Ishiba, H.; Hara, T.; Okajima, A.; Umemura, A.;
Nishikawa, T.; et al. Effect of sodium glucose cotransporter 2 inhibitor on liver function tests in Japanese
patients with non-alcoholic fatty liver disease and type 2 diabetes mellitus. Hepatol. Res. 2017, 47, 1072–1078.
[CrossRef] [PubMed]

35. Kato, M.; Sakai, K.; Saito, K.; Tsutsui, K.; Yamashita, S.; Kato, N. Efficacy and safety of ipragliflozin in
Japanese patients with type 2 diabetes receiving conventional therapy: Clinical implication of the importance
of exercise habits during treatment with ipragliflozin. Diabetol. Int. 2017, 8, 275–285. [CrossRef]

36. Miyake, T.; Yoshida, S.; Furukawa, S.; Sakai, T.; Tada, F.; Senba, H.; Yamamoto, S.; Koizumi, Y.; Yoshida, O.;
Hirooka, M.; et al. Ipragliflozin Ameliorates Liver Damage in Non-alcoholic Fatty Liver Disease. Open Med.
2018, 13, 402–409. [CrossRef]

37. Yamamoto, C.; Miyoshi, H.; Ono, K.; Sugawara, H.; Kameda, R.; Ichiyama, M.; Yamamoto, K.; Nomoto, H.;
Nakamura, A.; Atsumi, T. Ipragliflozin effectively reduced visceral fat in Japanese patients with type 2
diabetes under adequate diet therapy. Endocr. J. 2016, 63, 589–596. [CrossRef]

38. Bouchi, R.; Terashima, M.; Sasahara, Y.; Asakawa, M.; Fukuda, T.; Takeuchi, T.; Nakano, Y.; Murakami, M.;
Minami, I.; Izumiyama, H.; et al. Luseogliflozin reduces epicardial fat accumulation in patients with type 2
diabetes: A pilot study. Cardiovasc. Diabetol. 2017, 16, 32. [CrossRef]

39. Seino, Y.; Yabe, D.; Sasaki, T.; Fukatsu, A.; Imazeki, H.; Ochiai, H.; Sakai, S. Sodium-glucose cotransporter-2
inhibitor luseogliflozin added to glucagon-like peptide 1 receptor agonist liraglutide improves glycemic
control with bodyweight and fat mass reductions in Japanese patients with type 2 diabetes: A 52-week,
open-label, single-arm study. J. Diabetes. Investig. 2018, 9, 332–340.

40. Bolinder, J.; Ljunggren, O.; Kullberg, J.; Johansson, L.; Wilding, J.; Langkilde, A.M.; Sugg, J.; Parikh, S. Effects
of dapagliflozin on body weight, total fat mass, and regional adipose tissue distribution in patients with
type 2 diabetes mellitus with inadequate glycemic control on metformin. J. Clin. Endocrinol. Metab. 2012, 97,
1020–1031. [CrossRef]

http://dx.doi.org/10.1111/dom.12779
http://www.ncbi.nlm.nih.gov/pubmed/27550386
http://dx.doi.org/10.1016/j.diabres.2019.01.029
http://www.ncbi.nlm.nih.gov/pubmed/30716347
http://dx.doi.org/10.1080/00325481.2016.1169894
http://dx.doi.org/10.1016/S0140-6736(13)60683-2
http://dx.doi.org/10.1111/jdi.12851
http://dx.doi.org/10.1080/14656566.2017.1363888
http://dx.doi.org/10.1111/dom.13211
http://www.ncbi.nlm.nih.gov/pubmed/29316197
http://dx.doi.org/10.1155/2018/6470137
http://dx.doi.org/10.1111/jdi.12980
http://www.ncbi.nlm.nih.gov/pubmed/30461221
http://dx.doi.org/10.1111/hepr.12834
http://www.ncbi.nlm.nih.gov/pubmed/27925353
http://dx.doi.org/10.1007/s13340-017-0307-1
http://dx.doi.org/10.1515/med-2018-0059
http://dx.doi.org/10.1507/endocrj.EJ15-0749
http://dx.doi.org/10.1186/s12933-017-0516-8
http://dx.doi.org/10.1210/jc.2011-2260


J. Clin. Med. 2020, 9, 1603 11 of 11

41. Kosugi, R.; Nakatani, E.; Okamoto, K.; Aoshima, S.; Arai, H.; Inoue, T. Effects of sodium-glucose cotransporter
2 inhibitor (dapagliflozin) on food intake and plasma fibroblast growth factor 21 levels in type 2 diabetes
patients. Endocr. J. 2019, 66, 677–682. [CrossRef] [PubMed]

42. Fadini, G.P.; Bonora, B.M.; Zatti, G.; Vitturi, N.; Iori, E.; Marescotti, M.C.; Albiero, M.; Avogaro, A. Effects
of the SGLT2 inhibitor dapagliflozin on HDL cholesterol, particle size, and cholesterol efflux capacity in
patients with type 2 diabetes: A randomized placebo-controlled trial. Cardiovasc. Diabetol. 2017, 16, 42.
[CrossRef] [PubMed]

43. Iwahashi, Y.; Hirose, S.; Nakajima, S.; Seo, A.; Takahashi, T.; Tamori, Y. Evaluation of metabolic parameters
and body composition in Japanese patients with type 2 diabetes mellitus who were administered tofogliflozin
for 48 weeks. Diabetol. Int. 2016, 8, 205–211. [CrossRef] [PubMed]

44. Javed, Z.; Papageorgiou, M.; Deshmukh, H.; Rigby, A.S.; Qamar, U.; Abbas, J.; Khan, A.Y.; Kilpatrick, E.S.;
Atkin, S.L.; Sathyapalan, T. Effects of empagliflozin on metabolic parameters in polycystic ovary syndrome:
A randomized controlled study. Clin. Endocrinol. 2019, 90, 805–813. [CrossRef]

45. Post, A.; Tsikas, D.; Bakker, S.J.L. Creatine is a Conditionally Essential Nutrient in Chronic Kidney Disease:
A Hypothesis and Narrative Literature Review. Nutrients 2019, 11, 1044. [CrossRef]

46. Post, A.; Ozyilmaz, A.; Westerhuis, R.; Ipema, K.J.R.; Bakker, S.J.L.; Franssen, C.F.M. Complementary
Biomarker Assessment of Components Absorbed from Diet and Creatinine Excretion Rate Reflecting Muscle
Mass in Dialysis Patients. Nutrients 2018, 10, 1827. [CrossRef]

47. Oterdoom, L.H.; van Ree, R.M.; de Vries, A.P.; Gansevoort, R.T.; Schouten, J.P.; van Son, W.J.; Homan van der
Heide, J.J.; Navis, G.; de Jong, P.E.; Gans, R.O.; et al. Urinary creatinine excretion reflecting muscle mass
is a predictor of mortality and graft loss in renal transplant recipients. Transplantation 2008, 86, 391–398.
[CrossRef]

48. Oterdoom, L.H.; Gansevoort, R.T.; Schouten, J.P.; de Jong, P.E.; Gans, R.O.; Bakker, S.J. Urinary creatinine
excretion, an indirect measure of muscle mass, is an independent predictor of cardiovascular disease and
mortality in the general population. Atherosclerosis 2009, 207, 534–540. [CrossRef]

49. Lin, X.; Zeng, X.Z.; Ai, J. The Glomerular Filtration Rate (GFR) at Dialysis Initiation and Mortality in Chronic
Kidney Disease (CKD) in East Asian Populations: A Meta-analysis. Intern. Med. 2016, 55, 3097–3104.
[CrossRef]

50. Kurella Tamura, M.; O’Hare, A.M.; McCulloch, C.E.; Johansen, K.L. Signs and symptoms associated with
earlier dialysis initiation in nursing home residents. Am. J. Kidney Dis. 2010, 56, 1117–1126. [CrossRef]

51. Bae, J.H.; Park, E.G.; Kim, S.; Kim, S.G.; Hahn, S.; Kim, N.H. Effects of Sodium-Glucose Cotransporter 2
Inhibitors on Renal Outcomes in Patients with Type 2 Diabetes: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Sci. Rep. 2019, 9, 13009. [CrossRef] [PubMed]

52. Heerspink, H.J.; Kropelin, T.F.; Hoekman, J.; de Zeeuw, D. Reducing Albuminuria as Surrogate Endpoint
(REASSURE) Consortium Drug-Induced Reduction in Albuminuria Is Associated with Subsequent
Renoprotection: A Meta-Analysis. J. Am. Soc. Nephrol. 2015, 26, 2055–2064. [CrossRef] [PubMed]

53. Hoste, L.; Deiteren, K.; Pottel, H.; Callewaert, N.; Martens, F. Routine serum creatinine measurements:
How well do we perform? BMC Nephrol. 2015, 16, 21-015-0012-x. [CrossRef] [PubMed]

54. Kume, T.; Saglam, B.; Ergon, C.; Sisman, A.R. Evaluation and comparison of Abbott Jaffe and enzymatic
creatinine methods: Could the old method meet the new requirements? J. Clin. Lab. Anal. 2018, 32, e22168.
[CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1507/endocrj.EJ19-0013
http://www.ncbi.nlm.nih.gov/pubmed/31130574
http://dx.doi.org/10.1186/s12933-017-0529-3
http://www.ncbi.nlm.nih.gov/pubmed/28376855
http://dx.doi.org/10.1007/s13340-016-0295-6
http://www.ncbi.nlm.nih.gov/pubmed/30603323
http://dx.doi.org/10.1111/cen.13968
http://dx.doi.org/10.3390/nu11051044
http://dx.doi.org/10.3390/nu10121827
http://dx.doi.org/10.1097/TP.0b013e3181788aea
http://dx.doi.org/10.1016/j.atherosclerosis.2009.05.010
http://dx.doi.org/10.2169/internalmedicine.55.6520
http://dx.doi.org/10.1053/j.ajkd.2010.08.017
http://dx.doi.org/10.1038/s41598-019-49525-y
http://www.ncbi.nlm.nih.gov/pubmed/31506585
http://dx.doi.org/10.1681/ASN.2014070688
http://www.ncbi.nlm.nih.gov/pubmed/25421558
http://dx.doi.org/10.1186/s12882-015-0012-x
http://www.ncbi.nlm.nih.gov/pubmed/25803560
http://dx.doi.org/10.1002/jcla.22168
http://www.ncbi.nlm.nih.gov/pubmed/28205269
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	SGLT2 Inhibitors and Kidney Events 
	Effects of SGLT2 Inhibitors on Muscle Mass 
	The Effect of Loss of Muscle Mass on Creatinine-Based eGFR Trajectories 
	Conclusions 
	References

