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ABSTRACT
Aims/Introduction: Studies have shown that sodium—glucose cotransporter 2 (SGLT2)
inhibitors increased time-in-range (TIR; percentage of time glucose level remains between
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diabetes 39 and 100 mmol/L [70-180 mg/dL]) and decreased glycemic variability in patients with
type 1 diabetes. The aim of this study was to investigate the effects of SGLT2 inhibitors
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in a real clinical setting.

Materials and Methods: We designed a single-arm, retrospective cohort study to
analyze data from patients starting to use ipragliflozin or dapagliflozin and who used a
sensor-based flash glucose monitoring system between February 2019 and August 2019.
We measured TIR, time above range >180 mg/dL (percentage of time with glucose level
of >180 mg/dL or >100 mmol/L), time below range <70 mg/dL (percentage of time with
glucose level of <70 mg/dL or <39 mmol/L), mean glucose and standard deviation, and
coefficient of variation for glycemic variability, and then compared the data before and
after SGLT2 inhibitors treatments.

Results: We enrolled 15 patients in the study. The total dosages of basal insulin
decreased significantly, but the total doses of bolus insulin did not change significantly.
TIR increased significantly by approximately 11.6%; the time below range <70 mg/dL
remained unchanged; and the mean glucose and standard deviation decreased signifi-
cantly, whereas the coefficients of variation did not.

Conclusions: SGLT2 inhibitors improved TIR and the mean glucose level and standard
deviation without increasing the time below range <70 mg/dL in patients with type 1
diabetes.
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INTRODUCTION

control includes reduction in hyperglycemia and hypoglycemia,

Hypoglycemia is a risk factor for cardiovascular complications
and dementia in patients with diabetes"?. By contrast, continu-
ous hyperglycemia leads to microvascular and macrovascular
complications’. Thus, the triumvirate of strategies for glucose
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and maintenance of a small glycemic variability (that is, a small
coefficient of variation [CV] for glucose level)*. In addition to
that, the recent International Consensus proposed a glucose tar-
get based on continuous glucose monitoring data. Increasing
the target time-in-range (TIR; percentage of time with glucose
level between 3.9 and 10.0 mmol/L [70-180 mg/dL]) is
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important to archive target glucose control’, but hypoglycemia
and hyperglycemia occur frequently in patients with type 1 dia-
betes®”. In addition, low C-peptide values, reflecting inadequate
endogenous insulin secretion, have been associated with
increased glycemic variability and hypoglycemia®, and mainte-
nance of glucose control is difficult in patients with type 1 dia-
betes (especially for those with low C-peptide values)™'.
Studies have reported the effects of sodium—glucose co-trans-
porter 2 (SGLT2) inhibitors for glucose control and glycemic
variability in patients with type 1 diabetes with low C-peptide
value'"™. A randomized trial that showed ipragliflozin
improved the glycated hemoglobin (HbAlc), and reduced the
total insulin dose and bodyweight in Japanese patients with
type 1 diabetes with C-peptide values of <0.1987 nmol/L".
Another randomized trial showed dapagliflozin improved the
mean glucose, mean amplitude of glucose excursion and TIR
without increasing the time below range (TBR) in patients with
type 1 diabetes with C-peptide values of <0.23 nmol/L'*. These
results showed that SGLT2 inhibitors might be useful for
patients with type 1 diabetes having difficulty maintaining ade-
quate glucose control. However, whether these SGLT2 inhibi-
tors improve glycemic variability and TIR, and contribute to
improved glucose control in Japanese patients with type 1 dia-
betes remains unclear. In addition, the results of other studies
did not include data from real-world clinical practice. The aim
of the present study was to investigate the efficacy of SGLT2
inhibitors in terms of glucose control (that is, for TIR and gly-
cemic variability) in Japanese patients with type 1 diabetes with
low C-peptide values.

METHODS

Study populations

In Japan, two types of SGLT2 inhibitors are approved by the
insurances: ipragliflozin and dapagliflozin. We enrolled Japanese
outpatients with type 1 diabetes who had started taking ipragli-
flozin (50 mg/day) or dapagliflozin (5 mg/day) and who moni-
tored their glucose level with sensor-based flash glucose
monitoring (FGM) systems (Free Style Libre; Abbott Diabetes
Care, Witney, UK) in a real-world clinical practice setting
between February 2019 and August 2019. We defined the fol-
lowing inclusion criteria: the patients were aged between 18
and 75 years; they had used insulin for >1 year; their HbAlc
was between 52 and 96 mmol/L (7.0-11.0%); and their C-pep-
tide index (CPI = C-peptide / fasting plasma glucose x 100)
was <0.2 (insulin-dependent status). We excluded patients lack-
ing glucose data from the sensor-based FGM as a result of
system data updates, those missing >30% of their readings,
those reading carried out only by clinicians and those with dia-
betic ketoacidosis. We included patients using continuous sub-
cutaneous insulin infusions. This study had no carbohydrate
counting cases. Figure 1 shows the flow chart of patient enroll-
ment. After the application of these criteria, we analyzed data
from 15 patients, including one with a continuous subcuta-
neous insulin infusion. The ethics committee at Jichi Medical
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Figure 1 | Flow chart of patient enrollment. CPI, C-peptide index;
SMBG, self-monitoring of blood glucose.

University, Saitama Medical Center, approved the study (ap-
proval number S19-005), and we carried it out in compliance
with the tenets of the Declaration of Helsinki.

Glucose data collection

We analyzed sensor-based FGM system readings. The sensor
was attached to the back of the upper arm by patients, and it
continuously estimated interstitial glucose levels using a wired
enzyme technology. The sensors automatically stored glucose
data in the memory of the device every 15 min for eight con-
secutive hours after scanning by patients, and they could be
used for up to two consecutive weeks unless the sensor came
off the arm because it was knocked off or any other contact.
The data in the sensor could be downloaded to the reader
using radio frequency identification. Physicians downloaded the
stored data in the reader to a computer during clinic visits'>".
The glucose data from the sensor-based FGM system were visi-
ble to all patients at all times and during physician visits. We
used all the data, including after sensor replacement.

Study design and protocol

This was a single-arm, retrospective cohort study at a single
center. Figure 2 shows the study protocol. We analyzed glucose
data from sensor-based FGM systems for the 5 days closest to
each visit (without including data from the visit day), and esti-
mated the mean glucose value, standard deviation (SD), CV as
glycemic variability, TIR, time above range (TAR) >180, TAR
>250, TBR <70, TBR <54 mg/dL’, mean amplitude of glucose
excursion'” and glucose level scanning rates during each 5-day
period, considering the daily change and day-by-day variability
in the glucose level of type 1 diabetes. In addition, we divided
days into three time periods: (i) nocturnal period (00.00-
05.59 hours); (ii) day time period (06.00-17.59 hours); and
night time period (18.00-23.59 hours).

Clinical background data collection

We obtained baseline demographic data of patients, such as
age; sex; body mass index; age at type 1 diabetes diagnosis;
duration of type 1 diabetes; total dosages of basal, bolus and
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Tst visit 2nd visit
Over 3 weeks
Ipragliflozin 50 mg
Dapagliflozin 5 mg
Sensor-based flash Sensor-based flash
glucose monitoring system glucose monitoring system
Baseline Follow-up
HbA1c HbA1c

Glucose data

Glucose data

Figure 2 | Study protocol. We enrolled Japanese patients with type 1 diabetes who had initiated treatments with ipraglifiozin (50 mg/day) or
dapagliflozin (5 mg/day). We analyzed the glucose data of sensor-based flash glucose monitoring system for 5 days closest to the day of the first

and second visits (over 3 weeks apart). HbATc, glycated hemoglobin.

total insulin; and the presence of diabetic complications (neu-
ropathy, retinopathy and nephropathy) through patient inter-
views or from medical charts. We defined prevalent
cardiovascular disease (CVD) as a history of composite events
including angina pectoris, myocardial infarction and stroke.

We collected blood and urine samples at the Jichi Medical
University, Saitama Medical Center, Saitama, Japan. The blood
samples were centrifuged at 3,400 g value for 15 min at room
temperature, and laboratory values were measured in the local
facilities. The estimated glomerular filtration rate (eGFR) was
calculated by eGFR (mL/min/1.73 m?) = 194 x serum crea-
tinine (mg/dL) " %* x age ***" x 0.739 (if the participant was
a woman)'®.

Statistical analysis

We expressed continuous variable data as the mean * SD, and
categorical variable data as numbers and percentages. We used
Pearson’s correlation to assess correlations between HbAlc and
TIR, CV, and mean glucose values. We applied paired #-tests for
skewed variables, and Wilcoxon signed-rank test for unskewed
variables to compare each parameter before and after using each
SGLT2 inhibitor. We excluded missing data from the sensor-
based FGM system glucose levels to estimate each parameter.
We carried out all statistical analyses using EZR (Jichi Medical
University, Saitama Medical Center), a graphical user interface
for R (The R Foundation for Statistical Computing, Vienna,
Austria), and a modified version of R commander designed to
add statistical functions frequently used in biostatics'”. We con-
sidered all P-values <0.05 as statistically significant.

RESULTS

We compared HbAlc and total insulin dose between baseline
and 3 months earlier; however, there were no significant
changes, as observed in the Table S1. Table 1 shows baseline
patients’ characteristics. The mean HbAlc was 8.9 * 1.1%.

We found no patients with a history of CVD. A total of 11
patients started using ipragliflozin (50 mg/day), and four
patients started using dapagliflozin (5 mg/day). We found an
inverse correlation between the baseline HbAlc and the base-
line TIR (r = —0.660, P = 0.007), but the association between
the HbAlc and the CV was not significant (Figure Sla-c).
This correlation was also seen after administration of SGLT2
inhibitors (Figure S1d-f).

Table 2 shows the insulin and glucose variable changes
before and after using SGTL2 inhibitors. We found significant
overall TIR improvements, nocturnal (00.00-05.59 hours) and

Table 1 | Clinical baseline characteristics of the patients

Clinical parameters

n 15
Types of SGLT2 inhibitors 11 [7331/4 [26.7]
(ipraglifiozin, n [%]/dapagliflozin, n [%])

Age (years) 518 £ 157
Men, n (%) 7 (46.7)
BMI (kg/m?) 243+ 34
Hypertension, n (%) 2 (133)
Hyperlipidemia, n (%) 1(6.7)
Prevalent CVD, n (%) 0 (0)
Hemoglobin A (%) 89+ 1.1
Diabetes duration (years) 152 £ 109
Age of diagnosis for type 1 diabetes (years) 365+ 139
eGFR (mL/min/1.73 m?) 921193
Neuropathy, n (%) 5(333)
Retinopathy, n (%) 5(333)
Nephropathy, n (%) 0(0)

Data are presented as n (%) for categorical variables and as the

mean * standard deviation for continuous variables. BMI, body mass
index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration
rate; SGLT2, sodium—glucose cotransporter 2.
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Table 2 | Insulin and glucose variable changes before and after using sodium-—glucose cotransporter 2 inhibitors
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Clinical parameters Before After P-value
n 15 15 -
Total dose of basal insulin (units) 13.0 (100-16.0) 128 + 44 0011
Total dose of bolus insulin (units) 271+ 89 261 + 93 0264
Total insulin dose (units) 410+ 108 390+ 99 0.135
Bodyweight, kg (n = 12) 69.1 + 146 679+ 137 0.136
In all time
Rate of scan (%) 902 + 85 878 £ 9.1 0.192
Mean glucose (mg/dL) 2060 £ 457 1854 + 484 0041
SD of glucose (mg/dL) 798 £ 185 592 (57.5-908) 0.048
CV of glucose (%) 395+87 389+ 76 0777
TAR >250 mg/dL (%) 299 + 197 122 (56-26.7) 0.055
TAR >180 mg/dL (%) 552+ 178 435+ 191 0035
TIR (%) 40.1 £16.7 517172 0.031
TBR <70 mg/dL (%) 19 (0.0-192) 18 (02-7.2) 0529
TBR <54 mg/dL (%) 0.2 (00-20) 04 (00-26) 0415
MAGE (mg/dL) 1934 + 396 164.9 (137.7-203.0) 0303
Nocturnal period (00.00-05.59 hours)
Rate of scan (%) 97.5 (86.3-100.0) 933 (829-99.2) 045
Mean glucose (mg/dL) 1644 (142.7-236.7) 1524 (1306-192.2) 0041
SD of glucose (mg/dL) 664 + 257 571 £ 220 0.086
CV of glucose (%) 364 + 147 338 £ 108 0339
TAR >250 mg/dL (%) 183 (2.7-389) 55 (04-296) 0.208
TAR >180 mg/dL (%) 462 + 319 21.1 (162-52.7) 0.047
TIR (%) 463 £ 295 593 + 289 0.007
TBR <70 mg/dL (%) 09 (00-19.2) 00 (0.0-6.5) 0359
TBR <54 mg/dL (%) 00 (00-63) 00 (00-1.7) 0834
Day time period (06.00-17.59 hours)
Rate of scan (%) 98.3 (94.0-100.0) 97.1 (89.6-100.0) 0480
Mean glucose (mg/dL) 2165+ 413 1875 £ 517 0.008
SD of glucose (mg/dL) 783 £ 175 62.5 (54.2-83.7) 0055
CV of glucose (%) 36776 379+ 79 0485
TAR >250 mg/dL (%) 338+ 186 136 (4.8, 209) 0015
TAR >180 mg/dL (%) 626 £ 191 466 + 214 0.015
TIR (%) 339+ 181 483+ 183 0022
TBR <70 mg/dL (%) 22 (00-62) 33 (00-84) 0.666
TBR <54 mg/dL (%) 00 (00-04) 08 (0.0-24) 0236
Night time period (18.00-23.59 hours)
Rate of scan (%) 875 (72.1-96.3) 775 (683-938) 0315
Mean glucose (mg/dL) 1933 £ 451 1946 £ 505 0937
SD of glucose (mg/dL) 730 + 249 656 £ 192 0299
CV of glucose (%) 384+ 117 347+ 97 0316
TAR >250 mg/dL (%) 252 + 215 17.7 (95, 32.3) 0410
TAR >180 mg/dL (%) 510 %+ 206 51.7 £ 255 0940
TIR (%) 439+ 178 447 + 233 0926
TBR <70 mg/dL (%) 00 (00-3.7) 00 (00-32) 0.363
TBR <54 mg/dL (%) 00 (00-00) 00 (0.0-00) 0855

Data are presented as the mean * standard deviation (SD) for unskewed variables, and as medians with interquartile range for skewed variables.
We considered P < 0.05 as statistically significant. CV, coefficient of variation; MAGE, mean amplitude of glucose excursion; TAR, time above range;

TBR, time below range; TIR, time-in-range.

day time (06.00-17.59 hours) periods (Figure 3). The mean and bolus insulin were 13.0 units (interquartile range 10.0—
glucose level and SD both improved after the administration of ~ 16.0 units) and 27.1 + 8.9 units, respectively. Total dosages of
SGLT?2 inhibitors (Figure 4). The baseline total dosages of basal ~ basal insulin decreased significantly, but the total dosages of
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Figure 3 | Time-in-range (TIR) changes before and after using sodium—
glucose cotransporter 2 inhibitors. The numbers represent different
daily time intervals (00.00-05.59 hours, 06.00-17.59 hours and 18.00—
23.59 hours). Analyses were carried out using the paired t-test for
skewed variables, and Wilcoxon signed-rank test for unskewed variables.
*p < 005, TP < 001. Data are expressed as the mean + standard
deviation.

bolus insulin and total insulin did not decrease significantly
(Table 2). The overall baseline TIR, TAR >180 and TBR
<70 mg/dL were 40.1 * 16.7%, 552 + 17.8% and 1.9% (in-
terquartile range 0.0-19.2%), respectively. Overall TIR increased
significantly by approximately 11.6% (Table 2). Although the
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overall TAR >180 mg/dL were significantly decreased, the TBR
<70 mg/dL did not change after SGLT2 inhibitors. Daytime
TIR (06.00-17.59 hours) were relatively lower than other TIR,
and this was especially true before using SGLT2 inhibitors
(Table 2). The overall baseline mean glucose, SD and CV of
glucose were 206.0 = 45.7, 79.8 = 18.5 mg/dL and 39.5 £ 8.7%,
respectively. Although the overall mean glucose and SD
decreased significantly, the overall CV of glucose did not
decrease. Figure 5 shows glucose data from the sensor-based
FGM systems every 15 min before and after using SGLT2 inhi-
bitors. In this study period, none of the patients forgot to take
SGLT2 inhibitors or had adverse events associated with using
of SGLT2 inhibitors.

DISCUSSION

We investigated the effects of SGLT2 inhibitors on glucose con-
trol, especially for TIR and glycemic variability in Japanese
patients with type 1 diabetes with low C-peptide in the real-
world clinical practice. The present results showed that using
SGLT2 inhibitors improves the TIR by reducing TAR
>180 mg/dL and without increasing TBR <70 mg/dL. SGLT2
inhibitors also improved the mean glucose and the SD, but not
the CV of glucose.

Other studies showed that both dapagliflozin and canagliflozin
improved TIR without increasing TBR <70 mg/dL'>", Thus, the
present study supports those findings in a real-world clinical situ-
ation. In this study, the insulin titration depended on attending
physicians and there was no protocol, but the rate of reduction in

o
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Before After
18:00-23:59

Before After
06:00-17:59
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Figure 4 | Mean glucose, standard deviation (SD) and coefficient of variation (CV) changes before and after using sodium-glucose cotransporter 2
inhibitors. The numbers represent different daily time intervals (00.00-05.59 hours, 06.00-17.59 hours and 1800-23.59 hours). Analyses were carried
out using the paired t-test for skewed variables, and Wilcoxon signed-rank test for unskewed variables. *P < 0.05. Data are expressed as the

mean £ SD.
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Figure 5 | Mean glucose profiles before and after sodium-glucose
cotransporter 2 inhibitors. Red circles indicate mean glucose before
sodium-—glucose cotransporter 2 inhibitor administration, and blue
circles indicate mean glucose after sodium—glucose cotransporter 2
inhibitor administration. Data are expressed as the mean % standard
deviation.

basal and bolus insulin was relatively lower in the present study
than in other studies'>***'. However, the TBR <70 and TBR
<54 mg/dL remained unchanged after SGLT2 inhibitors admin-
istration. This result might be explained by relatively lower base-
line total dosages of insulin (41 units in this study vs 50-60 units
in previous studies) and higher baseline HbAlc (8.9% in the pre-
sent study vs 8.5-8.7% in previous studies)'****'. In the present
study, SGLT2 inhibitors did not increase TIR during night-time.
One reason for this might be because the rate of scans at night
were relatively lower than that at other times before and after
SGLT?2 inhibitor administration.

SGLT?2 inhibitors decrease the reabsorption of glucose and
increase the excretion of glucose according to glycemic level®.
Therefore, when glucose level is low, SGLT2 inhibitors reduce
the excretion of glucose and do not cause hypoglycemia™. A
study using healthy mice showed that SGLT2 was expressed in
alpha cells, and SGLT2 inhibitors led to increasing glucagon
and hepatic gluconeogenesis in the fasting state®. In other
studies, although SGLT2 inhibitors reduced the fasting glucose
level, they increased endogenous glucose production and gluca-
gon®>?*, Okajima et al”’ showed that ipraglifrozin reduced
TBR <70 mg/dL from 00.00 to 08.00 hours in type 2 diabetes
patients with basal-bolus therapy. The present study showed
SGLT?2 inhibitors did not increase TBR <70 mg/dL from 00.00
to 06.00 hours in type 1 diabetes patients. This difference
might be because of prospective and retrospective designs or
difference of diabetes type. However, in situations with high
glucose level, SGLT2 inhibitors increase the excretion of glucose
and cause a reduction in hyperglycemia”. The present study
showed that SGLT2 inhibitors can help patients with type 1
diabetes control their glycemic levels, because they increase the
TIR by reducing the TAR >180 mg/dL without increasing the
TBR <70 mg/dL.
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Clinically, overall TIR was increased by 11.6%. Other studies
showed that 10% reductions in TIR led to a 0.6-0.8% reduction
in HbA1c*®*. A 2.0% reduction in HbAlc in type 1 diabetes
led to a 50-76% reduction in the development and progression
of microvascular complications in the Diabetes Control and
Complications Trial, which enrolled patients with type 1 dia-
betes with intensive or conventional therapy’'. This effect
was maintained for a long time and reduced the rates of
macrovascular complications, such as CVD events by 42%”.
Another study showed that an ~1% increase in HbAlc led to a
15% risk increase in CVD, but this change was not signifi-
cant™. Therefore, from the viewpoint of improved glucose con-
trol, SGLT2 inhibitors might reduce rates of complications by
microvascular and macrovascular events, especially in patients
with type 1 diabetes with low C-peptide through improvement
of their TIR.

In contrast, in the present study, SGLT2 inhibitors improved
mean glucose and SD of glucose, but not CV of glucose in
patients with type 1 diabetes with low C-peptide in the real-
world clinical practice. A study using canagliflozin showed
reduced mean glucose and SD of glucose, but not CV of glu-
cose between the placebo and canagliflozin group'”. The pre-
sent study was consistent with a previous study, and because
both mean glucose and SD of glucose were reduced, the CV of
glucose might remain constant. A cross-sectional study showed
that every 1-mmol/L (18 mg/dL) increase in the SD of glucose
leads to an 8% risk increase for asymptomatic hypoglycemia™.
In contrast, that study showed that every 1-mmol/L (18 mg/
dL) increase in mean glucose led to a 4% risk decrease for
asymptomatic hypoglycemia®. SGLT?2 inhibitors might be use-
ful for the improvement of the mean and SD of glucose, and
they did not increase hypoglycemic events in the real-world
clinical practice.

The present study had some strengths; first, we estimated
TIR using a sensor-based FGM system. If patients estimate that
varjability and TIR in clinical situations, they would be encour-
aged to use SGLT2 inhibitors. Second, we estimated TIR and
glycemic variability in the real-world clinical setting, and con-
firmed results from trials.

We are aware of some limitations of the present study. First,
this study was a single-arm, retrospective observational study.
The attending physicians determined the amount of insulin
reduction. Furthermore, this study had no control groups. The
results showing that SGLT2 inhibitors improve TIR and SD of
glucose might be due to placebo effects. To solve that problem,
a large database of the real-world clinical practice and propen-
sity scores would be necessary. Furthermore, we did not suffi-
ciently evaluate the adverse effects. Second, our study period
was small and short, therefore, the long-term effects remain
unknown. Evaluating long-term effects and safety of SGLT2
inhibitors in patients with type 1 diabetes remains important.

In conclusion, the treatment with SGLT?2 inhibitors improved
TIR, mean glucose value and SD without increasing TBR
(<70 mg/dL) in Japanese patients with type 1 diabetes with low
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C-peptide values in real-world practice. SGLT2 inhibitors might
help patients with type 1 diabetes to improve their glycemic
control.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | (a) Correlation between baseline glycated hemoglobin (HbAlc) and time-in-range (TIR) before sodium-glucose
cotransporter 2 (SGLT2) inhibitor administration. (b) The correlation between baseline HbAlc and coefficient of variation (CV) of
mean glucose. (c) The correlation between baseline HbAld and mean glucose. (d) The correlation between baseline HbAlc and
time-in-range (TIR) after SGLT2 inhibitor administration. (e) The correlation between baseline HbAlc and CV of mean glucose
after SGLT2 inhibitor administration. (f) The correlation between baseline HbAlc and mean glucose after SGLT2 inhibitor admin-
istration.

Table S1 | Total dosage of insulin and glycated hemoglobin changes between 3 months before baseline and at baseline.
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