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Background and Aims: The suitable selection of appropriate medicines is one of important factor in successful
diabetes care. We looked for clinical indicators that could predict the effects of SGLT2 inhibitors in advance.
Methods and Results: In a single-center, this retrospective study was designed to examine predictive indices of the
effectiveness of SGLT2 inhibitors. Using the medical records of 169 patients, we investigated the differences in
clinical data between a group with improved glycemic control and a group with less improved glycemic control.
32 weeks of treatment with SGLT2 inhibitors decreased the HbAlc levels by 0.71%. The glucose-lowering effect
was associated with improvement of the liver function. The maximum BMI change was independent of the rate
of the HbA1c reduction. The HbAlc reduction was greater in patients with low 1,5-AG. This determination was
unaffected by the use of anti-diabetic medication. Limiting HbAlc from 7.0% (52 mmol/mol) to 8.4% (68 mmol/
mol) did not change this tendency. The maximum sum of sensitivity and specificity for patients with an HbAlc
improvement of more than 0.7% was obtained with a 1,5-AG cutoff level of 7.65 pg/mL.

Conclusion: The use of SGLT2 inhibitors in patients with T2DM, 1,5-AG was identified as the most reliable

indicator for predicting HbAlc reduction.

Introduction

Glucose homeostasis is achieved by sharing information of meta-
bolic conditions in organs throughout the body and coordinating each
organ closely. Based on the body’s metabolic needs, insulin is secreted
precisely at a level and appropriate time to act on its target organs and
stabilize the circadian rhythm of the plasma glucose levels. Diabetes
mellitus is a result of a dissonance in these mechanisms. When glycemic
control is insufficient, pancreatic beta cells are overloaded promoting a
further reduction in the beta-cell mass and function. The tuning method
for metabolic disharmony is different for each individual. Therefore, in
the treatment of type 2 diabetes (T2DM), it is necessary to grasp the
state of each element constituting the deterioration of glucose toler-
ance. Based on the findings, optimal therapy and oral hypoglycemic
agents need to be selected to approximate the normal circadian rhythm
of the plasma glucose. In T2DM, the expression of Sodium-Glucose
cotransporter 2 (SGLT2) is enhanced and the glucose reabsorption
ability in the proximal renal tubule is elevated, thereby accelerating the
deterioration of the blood glucose level [1]. SGLT2 inhibitors improve
the glucose profile by inhibiting glucose reabsorption in the proximal
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tubules of the kidney and enhancing urinary glucose excretion [2]. The
mechanism of action of SGLT2 inhibitors does not depend on the insulin
secretion. It has been reported to result in improved insulin sensitivity
and beta-cell protection [3],[4].

However, in clinical practice, there are some patients who cannot
obtain a sufficiently effective of improvement in the glucose level by
SGLT2 inhibitors. We speculated individual differences were involved
in the effect of SGLT2 inhibitors. For glycemic control, we decided to
search for indices to determine which patients can benefit most by
using SGLT2 inhibitors. We conducted a single-center, retrospective
study designed to examine useful indices to determine the effect of
SGLT2 inhibitors in the real-world clinical practice. In the current
study, we retrospectively investigated the relevance between the effects
of the SGLT2 inhibitors and clinical indices before and during medi-
cation with SGLT2 inhibitors using predefined inclusion and exclusion
criteria.
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Patients initiated on SGLT?2 inhibitors weeks between
May 2015 and December 2018
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N=205

and followed-up for more than 32 weeks

Exclude patients with insufficient data

N=14

N=191

Exclude patients who discontinued the use of SGLT2
inhibitors due to urinary infection or drug eruption

N=8

Exclude patients who were taking acarbose or

herbal medicines
N=3

N=180

Other exclusion criteria were as follow

1) Patients admitted to the hospital because of a traffic
accident N=1

2) Patients with GAD antibody above the normal
range N =2

3) Patients with a positive HCV antibody N =1

4) Patients with urinary glucose excretion less than

(3+) in the qualitative test N=7

A

Enrollment in this study
N=169

Fig. 1. Flow diagram of study participants.

Materials and methods
Subjects and study design

The medical records of 205 Japanese T2DM patients between May
2015 and December 2018 were analyzed retrospectively. Patients
medicated with SGLT2 inhibitors due to poor glycemic control were
extracted from the medical records.

They  started  SGLT2  inhibitors  (canagliflozin,dapagli-
flozin,empagliflozin,ipragliflozin, luseogliflozin, or tofogliflozin) during
the period and received regular ambulatory treatment more than
32 weeks in Osaki Citizen Hospital Division of Metabolism and
Diabetes. All out-patients were visited the hospital for glycemic control
and diabetes education.

Bodyweight was measured at each outpatient visit. Blood samples
(HbAlc, glycoalbumin(GA), 1,5- anhydroglucitol(1,5-AG), Total bilir-
ubin, AST, ALT, gamma GTP(yGTP), triglyceride(TG),HDL-cholesterol
(HDL-C), LDL-cholesterol(LDL-C) and estimated glemerular filtration

rate(eGFR) were also collected at all outpatient visits. Serum levels of
1,5-AG were measured using a colorimetric assay (BML, Tokyo, Japan).
The eGFR was calculated with the equation provided by the Japanese
Society of Nephrology [5]. Diet therapy and exercise therapy were not
newly started, discontinued, or altered during the study period. Con-
comitant administration of other SGLT2 inhibitors was prohibited. The
decision to add, increase or decrease the dose of oral hypoglycemic
agents and insulin was made by the physicians in charge but un-
necessary changes were avoided.

Furthermore, medications such as antihypertensive drugs and lipid-
lowering agents were not changed in dose, discontinued, or newly
added if possible. All patients were instructed to follow a 25-30 kcal/
kg/day diet calculated on their ideal body weight. That SGLT2 in-
hibitors were properly taken was confirmed by urine glucose excretion.
A flow diagram of the study participants and other exclusion criteria is
shown in Fig. 1.

A total of thirty-six patients were excluded from the analysis. The
remaining 169 patients were enrolled in our data analysis.
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Fig. 2. The changes in the HbA1lc level (a) and BMI (b) after using SGLT2 inhibitor for 32 weeks (n = 169).

1,5-AG cutoff level of 7.65 pg/mL. In the low 1,5-AG group, the im-
provement rate of HbAlc and GA was significantly larger (Fig. 6b).

Next, the medical records were analyzed only for patients with
HbAlc 7.0-8.4% (52-68 mmol/mol) (n = 98). The significant differ-
ence in the baseline GA between Group A and Group B disappeared
(Fig. 7a), but Group A had a lower baseline 1,5-AG than Group B
(Fig. 7b). The percent change in ALT and the change in the BMI level
did not differ in either group (Fig. 7c-d).

Discussion

SGLT2 inhibitors reduce the workload of glucose metabolism by
promoting the excretion of glucose in the urine, restoring the incretin-
responsive insulin secretion [6],[7], and improve insulin sensitivity
[8,9]. In patients with poorly controlled T2DM, these mechanisms at-
tenuate the glucose load.

In this study, we show that SGLT2 inhibitors are effective in de-
creasing HbAlc levels after 32 weeks of treatment. The decreased
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Table 2

The clinical characteristics of patients classified as group A (drug effective:
n = 99) and group B (drug ineffective: n = 70).

Group A Group B P value
Number 99 70
Male (%) 56.7 50 0.403
Age (years) 56.3 + 14.1 579 = 13.1 0.447
BMI (kg/m?) 28.77 * 4.98 29.42 + 4.85 0.396
eGFR (mL/min/1.73 m?) 83.23 =+ 28.38 73.16 = 21.01 0.009
HbAlc (%) 8.38 + 1.01 7.27 *= 0.65 < 0.0001
GA (%) 21.67 * 5.67 17.90 = 3.62 < 0.0001
1,5-AG (mg/ml) 5.02 = 3.88 11.43 = 7.00 < 0.0001
AST (IU/L) 33.4 + 209 33,5 = 229 0.986
ALT (IU/L) 42.7 + 325 384 = 26.7 0.354
yGTP (IU/L) 62.3 + 72.4 45.4 = 37.0 0.058
TG (mg/dl) 200.5 *= 141.7 145.4 += 68.1 0.002
HDL-C (mg/dl) 47.80 = 14.91 50.23 =+ 14.07 0.28
LDL-C (mg/dl) 104.14 = 31.92 105.79 *= 36.62 0.752
Use of statin (%) 40.4 51.4 0.159
Use of insulin or/and 63.6 52.9 0.165
Sulfonylurea (%)
a) Percent change in AST
(AST=20) P=0.004
*
(%)

80.0

70.0 |

60.0

50.0 |

40.0 |

300 |

20.0

10.0

0.0

GroupA GroupB

C) Percent change in yYGTP
(yGTP=20) P<0.0001
*

N I
80.0

70.0 |

60.0 |

50.0

40.0

30.0

200

10.0

0.0

GroupA GroupB
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HbAlc levels were associated with improvement in the liver function.
Consistent with previous studies [10-12], SGLT2 inhibitors decreased
the HbAlc levels regardless of the baseline BMI. Moreover, we propose
the novel use of 1,5-AG in predicting the hypoglycemic effect of SGLT2
inhibitors. 1,5-AG leaks into the urine with the excessive excretion of
glucose and its blood concentration decreases. The serum 1,5-AG con-
centrations have been reported to reflect the postprandial glucose va-
lues [13-15] and also the hyperglycemic terms for 1-2 weeks in person
with diabetes [16]. 1,5-AG was reported to be a useful biomarker to
monitor hyperglycemic excursions and this level was strongly asso-
ciated with important retinopathy and nephropathy outcomes of person
with diabetes, even after adjusting for HbAlc [17]. 1,5-AG was also
independently associated with cardiovascular outcomes and mortality,
even after adjusting for baseline fasting glucose or HbAlc [18]. On the
other hand, HbAlc includes the overall chronic exposure to hypergly-
cemia during the previous 2-3 months and reflects both the pre and
postprandial glucose concentrations. However, 1,5-AG tends to de-
crease as HbAlc deteriorates. From 7.0% (52 mmol/mol) to 8.4%
(68 mmol/mol) HbAlc, HbAlc contributes half of the postprandial
plasma glucose level and fasting plasma glucose levels, and

b) Percent change in ALT

(ALT=20) P<0.0001
*

“0
80.0 72

700

60.0

500

40.0 |

30.0

20.0

10.0

0.0

GroupA GroupB

d) change in BMI
P=0.252

(kg/m2)
0.0

-6.0

GroupA GroupB

Fig. 3. The percent changes in the AST level (a), ALT level (b), yGTP level (c) in Group A and Group B. The change in BMI (d) between group A and group B. The data
used in Fig. 3a-c were limited to patients with AST, ALT, and yGTP levels above 20 IU/ml upon SGLT2 inhibitor administration (Group A: n = 62; Group B: n = 53).
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DPP4 inhibitor
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Fig. 4. (a) Box plots of 1,5-AG values in group A and
group B classified by the presence (upper panel:
Group A n = 63, Group Bn = 37) or absence (lower
panel: Group A n = 36, Group Bn = 33) of insulin/
SU administration. (b) Box plots of 1,5-AG values in
group A and group B classified by the presence
(upper panel: Group A n = 73, Group B n = 49) or
absence (lower panel: Group A n = 26, Group B
n = 21) of biguanide administration. (c¢) Box plots
of 1,5-AG values in group A and group B classified
by the presence (upper panel: Group A n = 58,
Group B n = 47) or absence (lower panel: Group A
n = 41, Group B n = 23) of DPP-4 inhibitors ad-
ministration.

postprandial glucose (PPG) also plays an important role [19]. For this
reason, both groups were analyzed with HbAlc limited to within
7.0% — 8.4% (52-68 mmol/mol). Despite the loss of significant differ-
ences in the GA values between the two groups, 1,5-AG remained an
important predictor of decreased HbAlc levels and indicated that BMI
may not be a predictor of the usefulness of SGLT2 inhibitors.

Our study revealed that 1,5-AG can predict the glycemic-improving
effects of SGLT2 inhibitor regardless of the patient's eGFR, body weight
and anti-diabetic medication. 1,5-AG remained the most beneficial
factor after the multivariate analysis. 1,5-AG has detective ability more
useful for patients than HbAlc value or eGFR value, which was pre-
viously reported [12].

In patients with 1,5-AG > 7.7 ug/mL, the negative predictive value
of SGLT2 inhibitor use was 0.831. This result indicates that the ad-
ministration of SGLT2 inhibitors cannot improve HbAlc in high 1,5-AG
patients. SGLT2 inhibitors were identified as more effective in person

with diabetes with elevated HbAlc due to the high circadian glycemic
variability. The risk of drug-induced hypoglycemia can be reduced by
predicting the effect and adjusting the concomitant medications based
on this indicator. This study could provide a great source of judgment.
SGLT2 inhibitor does not act directly in insulin secretion. On the
other hand, patients with higher basal insulin levels were considered to
have excellent blood glucose ameliorating effects due to SGLT2 in-
hibitors [20]. Although our study did not measure blood insulin or
blood C-peptide concentrations, the larger insulin/SU use ratio in the
effective group suggested that SGLT2 inhibitors may be able to exert
their effects more effectively if insulin concentration is sufficient.
Recent large clinical randomized trials have suggested that SGLT2
inhibitor treatment significantly reduces the risk of cardiovascular
outcomes, such as major adverse cardiovascular events (MACE) or some
of its components [21]. Postprandial hyperglycemia is an independent
risk factor for cardiovascular events [22-24]. Although the
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Fig. 5. Box plots of the percent changes in the AST level (a) and the ALT level (b) for group A and group B classified by the presence (upper panel: Group An = 35,
Group B n = 24) or absence (lower panel: Group A n = 27, Group B n = 29) of insulin/SU administration. Box plots of the change in BMI (c) for group A and group B
classified by the presence (upper panel: Group A n = 63, Group B n = 37) or absence (lower panel: Group A n = 36, Group B n = 33) of insulin/SU administration.

The data used in Fig. 5a—c are identical to the data used in Fig. 3a, b and d.

multifaceted effects of SGLT2 inhibitors have been reported, 1,5-AG
was not measured in these studies. This usefulness could be affected by
the reduction in the coefficient of variation of glucose caused by SGLT2
inhibitors. The use of SGLT2 inhibitors may have a more versatile effect
in T2DM patients with low 1,5-AG.

The present study has several limitations. First, we analyzed only
outpatients who had been treated with SGLT2 inhibitors for at least
12 months at our hospital.It was up to the attending physician to decide
which patients were prescribed the SGLT2 inhibitor. Thus, our study
has an inherent patient selection bias, such as age, disease duration, and
follow-up duration. Second, about 96% of the patients were undergoing
combination therapy with SGLT2 inhibitors and oral hypoglycemic

agent and/or insulin. Therefore, we could not exclude the synergistic
effects of concomitant use of these anti-diabetic medication.

Third, changes in diet are presently the only mechanism of action
considered to explain the loss of efficacy of SGLT2 inhibitors on body
weight. Nutritional guidance counsels and provides support to patients
with T2DM as needed. And interviews during the study did not reveal
any significant changes in diet therapy, but it is possible that we could
not fully grasp complete picture of the diet therapy. Fourth, in several
patients after 32 weeks treatment of SGLT2 inhibitors the maximal
HbA1c reduction was attenuated. Extensive clinical cohort studies with
longer observation periods may be needed to define reliable predictors
of the effectiveness of SGLT2 inhibitors for continuous lowering of the
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Fig. 6. (a) ROC curves for 1,5-AG(closed circle), GA(open circle), BMI (black square), and eGFR(white square) were constructed as indicators of the efficacy of the
SGLT2 inhibitors. (b) Box plots of the percent change in HbAlc and GA when classified at 1,5-AG < 7.7 pg/mL (n = 109) or 1,5-AG > =7.7 ug/mL(n = 59).

HbAlc levels.

Our study results suggested that patients with greater circadian
variability in blood glucose levels are more likely to benefit from SGLT2
inhibitors. But, it is unclear what molecular mechanisms and functional
changes contribute to our new findings because we did not quantify
changes in systemic transcription factor expression or urinary glucose
excretion. We anticipate that future elucidation of these will comple-
ment our research.

The baseline 1,5-AG is a valuable predictor for the treatment effect
of SGLT2 inhibitors. However, 1,5-AG levels are affected by nation-
specific dietary habits, and the 1,5-AG level has been reported to be
absolutely different between Asians and Caucasians [25]. Such factors
will inevitably lead to heterogeneity. Our study has derived optimal
cut-off levels for 1,5-AG in the Japanese population, but it may be
necessary to decide each appropriate cut-off levels by taking into ac-
count ethnic differences in the future.

Ethics policy

This study was performed following the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amendments. The study
protocol was approved by the ethics committee of the Osaki Citizen
Hospital (H29-36) and registered with the University Hospital
Information Network (UMIN000032848).

CRediT authorship contribution statement

Masahiro Usui: Conceptualization, Methodology, Validation,
Formal analysis, Writing - original draft, Writing - review & editing,
Supervision, Project administration. Mamiko Tanaka: Data curation,
Investigation. Hironori Takahashi: Investigation, Visualization.



M. Usui, et al.

a) P=0.221
GA
(%)

340
320
30.0 -
280 |
260 |
240
220
200
18.0
16.0
140
12.0
10.0

GroupA GroupB

c)

Percent change in ALT P=0.292

(ALT=20)

%
80.0( )

70.0 |
60.0 |
50.0
40.0
30.0
20.0

10.0

0.0

GroupA GroupB

Journal of Clinical & Translational Endocrinology 21 (2020) 100233

b) P=10.0007

1,5-AG

26,0
240 |
20 |
200 |
180 |
160 |
140 |
120 |
100 |
80 |
60 |
40 |
20 |
0.0

GroupA GroupB

d)

changein BMI  p—) 252

(kg/m?)

05
-1.0
-1.5
2.0
25
3.0
35
-4.0
-45 |
5.0
S5
-6.0

GroupA GroupB

Fig. 7. This analysis was restricted to patients with the HbAlc value of 7.0-8.4% (52-68 mmol/mol) at the start of SGLT2 inhibitor treatment.(n = 97). Box plots of
the GA (a) and 1,5-AG(b) in Group A (n = 56) and Group B (n = 41). Box plots of the percent change in ALT level (c) in Group A and Group B. Box plots of change in
BMI (d) in Group A and Group B. The data used in Fig. 7c were limited to patients with an ALT level above 20 IU/ml upon at the administration of SGLT2 inhibitor
under these HbAlc conditions.(Group A n = 41, Group Bn = 30).
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