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What Properties of Sodium-Glucose Cotransporter 2
Inhibitors Determine the Improvement in Hemoglobin A1c
and Body Weight?

Hidekatsu Yanai® ®, Mariko Hakoshima?, Hiroki Adachi?

To the Editor

We previously reported that sodium-glucose cotransporter 2
inhibitors (SGLT2i) have been proved to be significantly as-
sociated with improvement in hemoglobin Alc (HbAlc) and
body weight by a relatively large number of studies [1]. We
also demonstrated that SGLT2i significantly reduced HbAlc
and body weight and improved liver function [2]. Further, I ex-
perienced a patient whose HbA 1¢ remarkably changed by the
switching of SGLT21i, and proposed that the change in HbAlc
by the SGLT2i switching may be due to various degrees of
selectivity toward SGLT2 which is highly expressed in kidney
versus selectivity toward SGLT1 which is highly distributed
in intestine [3]. Therefore, we studied an influence of the es-
timated glomerular filtration rate (¢GFR) on the improvement
in metabolic parameters by SGLT2i, and we found that eGFR
has an influence on the improvement in HbA 1¢ and liver func-
tion; however, eGFR did not show an influence on the change
in body weight [4].

However, our previous studies did not answer the ques-
tion: what properties of SGLT2i determine the improvement
in HbAlc and body weight. Therefore, we studied the corre-
lation of pharmacokinetic properties of SGLT2i with the im-
provement in HbAlc and body weight. Daily standard dose,
maximum plasma concentration (MC), SGLT2 inhibitory con-
centration 50% value (IC50) and SGLT2 selectivity which is
the ratio of IC50 of each SGLT2i against SGLT1 to its IC50
against SGLT2 were shown in Figure 1 [5, 6]. Data about MC
and IC50 were obtained from the article by Nishiyama et al
[5], and data about SGLT2 selectivity were obtained from the
article by Suzuki et al [6]. We divided SGLT21i into high-dose,
medium-dose and low-dose groups, and found that high-dose
group showed high MC and low-potent, and medium-dose
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group showed medium MC and medium-potent and low-dose
group showed low MC and high-potent.

Changes in HbAlc and body weight after the start of the
treatment by each SGLT2i in patients with type 2 diabetes
were shown in Table 1. These data were obtained from the
interview form of each SGLT2i produced in Japan. We here
showed the changes in HbAlc in patients with moderate renal
insufficiency, because SGLT?2 is abundantly distributed in the
proximal tubules of kidney and renal insufficiency may influ-
ence efficacy of SGLT2i.

Correlations between changes in HbAlc and body weight
by SGLT2i and pharmacokinetic parameters of SGLT2i were
shown in Table 2. High IC50 means low potency, therefore,
we expressed “potency” by dividing the highest IC50 (ipragli-
flozin; 7.4) by IC50 of each SGLT2i. IC50 did not show any
correlation with all parameters; however, potency tended to be
correlated with HbAlc reduction after 24 weeks. Data about
the area under the blood concentration time curve (AUC) were
also obtained from the article by Nishiyama et al [5]. In this
analysis of correlation, the changes in HbAlc in patients with
moderate renal insufficiency by dapagliflozin and empagliflo-
zin were converted by the following formula: ((n X AHbA1c in
30 < eGFR < 45) + (n x AHbAlc in 45 < eGFR < 60))/((n in
30 <eGFR<45) + (n in 45 < eGFR < 60)), which was used as
representative data for dapaglifiozin and empagliflozin.

MC, MC x potency and AUC were significantly correlated
with reduction of HbAlc after 12 weeks; however, significant
correlations of MC and AUC with reduction of HbAlc after
24 weeks were not obtained. However, MC x potency was
still significantly correlated with reduction of HbAlc after
24 weeks, and also showed the highest correlation coefficient
with reduction of HbAlc after 12 weeks, suggesting that MC
x potency is the most crucial determinant of HbAlc reduction
by SGLT2i.

MC, AUC and MC x potency were not correlated with
body weight reduction. Body weight reduction after 12 weeks
was significantly correlated with HbAlc reduction after 12
weeks in patients with renal insufficiency. These results sug-
gest that body weight reduction by SGLT2i cannot be explained
by only SGLT2 inhibition. In our previous study using type 2
diabetic patients without renal insufficiency (mean eGFR, 93
mL/min/1.73 m?), there were no significant differences in the
changes in body weight between the high eGFR group (mean
eGFR, 117 mL/min/1.73 m?) and the low eGFR group (mean
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a Daily standard dose (mg) in Japan
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Figure 1. Daily standard dose (a), maximum plasma concentration (b), SGLT2 inhibitory concentration 50% value (c) and SGLT2
selectivity (d) of each SGLT2i. The data in (a) were obtained by the interview form of each SGLT2i produced in Japan, data in
(b) and (c) were obtained from the article by Nishiyama et al [5], and data in (d) were obtained from the article by Suzuki et al [6].

eGFR, 72 mL/min/1.73 m?), and the changes in body weight
were not correlated with the baseline eGFR value at any points
of time [4]. In the present study, body weight reduction af-
ter 12 weeks tended to be correlated with low selectivity (r =
0.876, P=0.051), which means SGLT2i with lower selectivity
showed higher body weight reduction, supporting our hypoth-
esis. Six kinds of SGLT were identified. SGLT3 was reported
to function as glucose sensor rather than as glucose transporter
[7]. The quantitative polymerase chain reaction analysis of

SGLT RNAs from 72 normal tissues from three different indi-
viduals showed that SGLT?2 is highly kidney (cortex) specific,
while SGLTS is highly kidney (cortex and medulla) abundant;
SGLT! and SGLT4 are highly abundant in small intestine and
skeletal muscle; SGLT6 is expressed in the central nervous
system [8]. We analyzed the correlation of the ratio of IC50
of each SGLT2i against SGLTI to its IC50 against SGLT2
(SGLT2 selectivity) with the ratio of IC50 of each SGLT2i
against SGLT3, 4, 5, 6 to its IC50 against SGLT2, by using

Table 1. Changes in HbA1c and Body Weight in Patients With Type 2 Diabetes

Changes in HbAlc in patients with moder-

SGLI2 Changes in HbAlc (%) ate renal insufficiency after 24/ weeks Changes in body weight (kg)
inhibitors After 12 After 24 ¢GFR Daily dose  AHbAlc  After 12 After 24
weeks weeks (mL/min/1.73 m?) (mg) (%) weeks weeks

Dapagliflozin -0.37 -0.41 41 30 <eGFR <45 5 -0.47 -2.06 -2.13

35 45 <eGFR <60 5 -0.47
Empaglifiozin -0.4 -0.65 96 30 <eGFR <45 25 -0.21 -1.7 -1.93

91 45 <eGFR <60 25 -0.54
Canagliflozin -0.8 -0.74 2 45 <eGFR <60 100 -0.79 -2.53 -2.6
Ipragliflozin -0.7 -0.87 58 30 <eGFR <60 50 -0.28 -1.42 -2.38
Luseogliflozin -0.39 -0.63 95 30 <eGFR <60 2.5 -0.11 -1.31 -2.7
Tofogliflozin -0.77 -1.02 30 30 <eGFR <60 20 -0.24 Not determined -2.72
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Table 2. Correlation Between Changes in HbA1c and Body Weight by SGLT2i and Pharmacokinetic Parameters of SGLT2i

448

Changes in HbAlc after 12
weeks in patients with mod-

Changes in body
weight after 24 weeks

Changes in body
weight after 12 weeks

Changes in HbAlc Changes in HbAlc

erate renal insufficiency

after 24 weeks

after 12 weeks

P value
0.492

P value r

0.246
0.262

r

P value
0.473

P value r
0.053

r

P value

0.353

0.562
0.546

0.427
-0.21

0.805

Changes in HbAlc after 12 weeks

0.693

-0.208

0.735

0.053

0.805

Changes in HbA ¢ after 24 weeks

the data obtained from the article by Suzuki et al [6]. SGLT2
selectivity (IC50 (SGLT1)/IC50 (SGLT2)) was significantly
correlated with (IC50 (SGLTS5)/IC50 (SGLT2)) (r=0.863, P =
0.027), and tended to be correlated with (IC50 (SGLT6)/IC50
(SGLT2)) (r = 0.735, P = 0.096). These results suggest that
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S 3 . S © o o o S than SGLT2 may be associated with body weight reduction by
SGLT2i.
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tion was associated with low selectivity for SGLT2.
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