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2
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(1)
(2 )
B
( 3 )
1 2
14 (continuous glucose monitoring: CGM)
284 CGM
(coefficient of variation: CV)
104 Cv 40
percentage of time below target glucose range(TBR) 4% CV
284 TBR=4% Receiver operating
characteristic(ROC) CV 40 0.85
Cv=40
284 CV=40 CV 40
body mass index(BMI)
C-peptide index(CPI)
2
Cvz=40
CPI CvV=40
CV 40 CPI 0.81 C-



peptide(CPR) CV Cv CPR

2
(Basal-only regimen)

(Basal-bolus insulin regimen) 2

CPR CV CPR CV (
: Logio CV =-0.233 * Logo ( CPR + 1) + 1.551)
Basal-only regimen Basal-bolus insulin
regimen CPR CV
2 CALMER
4(dipeptidyl peptidase-4: DPP-4) 20mg
- -2(sodium-glucose co-transporter-2: SGLT2)
100mg (SWITCH )
20mg 100mg (COMB )
CGM
( ) 95
CPR 1.9ng/mL CPR SWITCH
CPR COMB CPR SWITCH CPR COMB 4
CPR COMB CPR SWITCH CPR
COMB mean amplitude of
glycemic excursions(MAGE)
CPR SWITCH MAGE
CPR COMB MAGE CPR SWITCH
3 35 79
DOSANCO Health Study 489
B (proinsulin:
PI) fatty liver index(FLI) FLI
(FLI 30) FLI (30 FLI 60) FLI (FLI 60)
PI In(PD In (PD) FLI FLI
FLI FLI
BMI
BMI

In (PD) FLI FLI



489 HbAlc

48 441 In (PD
FLI FLI FLI FLI
2 HbAlc
2
CPR
CPR
CvV CPR
SGLT2 B
SGLT2
2
-1(active glucagon
like peptide-1: GLP-1) DPP-4
GLP-1 2
DPP-4 SGLT2 DPP-4
SGLT2



FLI PI

2
CPR CPI
CGM
CPR



AUC
BMI
CGM
CI

CPI
CPR
Ccv
DOSANCO Health Study
DPP-4
eGFR
FLI
FPG
GLP-1
HOMA-IR
HOMA-8
MAGE
MARD
NAFLD
NASH
OR

PI

ROC
RSGV
SD
SGLT2
SGV
TAR
TBR
TIR
UuGv
VIF
y-GTP

2.

area under the curve

body mass index

continuous glucose monitoring
confidence interval

C-peptide index

C-peptide

coefficient of variation

the Dynamics of Lifestyle and Neighborhood Community on Health Study
dipeptidyl peptidase-4

estimated glomerular filtration rate
fatty liver index

fasting plasma glucose

active glucagon like peptide-1
homeostasis model assessment of insulin resistance
homeostatic model assessment beta cell function
mean amplitude of glycemic excursions
mean absolute relative difference
nonalcoholic fatty liver disease
nonalcoholic steatohepatitis

odds ratio

proinsulin

receiver operating characteristic
relatively stable glycemic variability
standard deviation

sodium-glucose co-transporter-2

stable glycemic variability

time above range

time below range

time in range

unstable glycemic variability

variance inflation factor

y-glutamyl transpeptidase
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(Fukushima et al., 2004)
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(Gerstein et al., 2008) 1
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4.1.

(Rodbard, 2012)
(UKPDS 16, 1995; Bonds et al., 2010)
CGM HbAlc
CGM 1
(Kovatchev, 2017) 2019
CGM CV
CV 36 CV 36
(Danne et al., 2017)

2

2
(Taylor, 1999) 2
(Fukushima et al., 2004)
2
CV
CGM
2 2
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4.2.

4.2.1. CGM
4.2.1.1. CGM
CGM 15
CGM
(FreeStyle Libre Pro : Abbott Diabetes Care, Alameda,
CA, USA) (FreeStyle Libre Pro : Abbott Diabetes Care,
Alameda, CA, USA) 35mm
Smm 5g
(FigurelA) 14
(FigurelB)
CGM (mean absolute relative
difference: MARD) MARD CGM
1

CGM 11.1 MARD

12
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4.2.1.2. CGM

CGM (FreeStyle Pro
) 15
CGM (Bailey et al.,
2015)
CGM
Excel GlyCulator2(Pagacz et al., 2018)
24 CvV
(standard deviation: SD) (MAGE)(Service et al.,
1970) CGM TBR Time in
range(TIR) Time above range(TAR) ( )
4.2.2.
2018 4 2019 9 4 ( NTT
) 2
HbAlc
CGM
20 2 D1
2) 3 3) / 4)
5) 6) 6 7)
8) 9)
CGM (
)
4.2.3.
CGM
14 CGM CGM

14



(UMIN) (
UMIN 000029993)

4.2.4.

2000 18000
500
625
300

4.2.5.

CV(100 x [ SDI/[ ) SD
MAGE 24
Figure 2 CGM

1

(TIR;70 180mg/dL) (TBR;

70mg/dL) (TAR; 180mg/dL)
(Battelino et al., 2019)
70 180mg/dL 70mg/dL
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CGM
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Target

A0 Mgl [ <6%

%

(13.9 mmol/L)
>180 mg/dL *
< 0,
(10.0 mmollL) 26%
Target Range:
70-180 mg/dL >70%
(3.9-10.0 mmollL)
<70 mg/dL (3.9 mmol/L) <4%™
<54 mg/dL (3.0 mmol/L) <1%

(Battelino et al., 2019
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4.2.6.

CPR HbAlc
(estimated glomerular filtration rate: eGFR)

PI CPR B CPR
CPI(100x CPR/ ) (Funakoshi et al.,
2011) BMI
kg+  (m?
4.2.7.
CvV
3 1
/ ( /
) (Stable glycemic variability: SGV )
(UKPDS 34, 1998) 2 SGV
/ (
) (Relatively stable glycemic
variability: RSGV ) 3 /
(Unstable glycemic variability:
UGV ) 3 1 X2
Kruskal-Wallis SGV
RSGV CvV
CvV
CGM TBR 4%
ROC
TBR 4 CvV
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Cv 2

) Mann-Whitney U
( ) Fisher's exact
CV
CvV CPI
ROC
CPR CV CPR CV
CV CPR
CPR

Spearman rank-order correlation
Mann-Whitney
CvV
(Figure 3) CvV
CPR CPR
CPR (CPR 1ng/mL)
(1 ng/mL CPR 2 ng/mL) CPR (CPR 2ng/mlL) 3
3 1 G
Kruskal-Wallis

(Basal-only regimen)
(Basal-bolus regimen) 2

P 0.05
JMP Pro 14.0.0(SAS Inc., Cary, NC, USA)
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4.3.1.

CGM

284 (
68 BMI
71% CPR

4.3.

311 15
2 CGM
CGM

123 )
25.0kg/m?
1.7ng/mL. CV

20

3

CGM
1 CGM
CGM
(Figure 4)
14 HbAlc
27.8 (Table 1)



Enrollment } Patients enrolled (n=311)

Analysis

]

Figure 4.

v

v

Patients completed (n=284)
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Excluded (n=27)

* Unexpected disruptions in the CGM (n=15)
» Withdrawal or interruption (n=6)

* Adverse event (n=1)

* Missing blood samples (n=1)

* Unrelated inpatient treatment (n=1)

* Unrelated steroid therapy (n=3)



Table 1.

SGV RSGV uGv
Total SGV RSGV UGv Pvalue

n 284 17 104 180
Age (years) 68.0 (59.0, 76.0) 61.0 (51.0, 72.5) 67.0(56.3, 72.8) 69.0 (62.0, 78.0) <0.05
Number of female, n (%) 123 (43.3) 11 (64.7) 51 (49.0) 72 (40.0) 0.11
BMI (kg/m? 25.0 (22.6, 27.9) 22.8(20.7, 23.6) 25.8(22.6, 28.4) 24.7(22.5, 27.6) <0.05
Diabetes duration (years) 14 (8, 22) 4(1,10 8(4,14) 17 (12, 24) <0.05
Diabetes treatment, n (%)

Any insulin sensitizers 193 (68.0) 11 (64.7) 73(70.2) 120 (66.7) 0.75

Any insulin secretagogues 180 (63.4) 0(0) 0(0 180 (100.0) <0.05
FPG (mg/dL) 137.0(119.3,157.5)  151.0(118.5,164.00  142.0(120.0,156.00  134.0(119.0, 159.5) 0.73
HbA1c (%) 7.1(6.7,7.8) 6.8(6.3,7.2) 7.1(6.5,7.6) 7.2(6.8,7.9) <0.05
CPR (ng/mL) 1.7(1.1, 2.5) 1.4 (1.0, 1.8 2.0 (1.5, 3.0) 1.5(0.9, 2.1) <0.05
CPI (ng/mL per mg/dL) 1.2(0.9, 1.8) 1.0(0.7, 1.3) 1.4 (1.0, 2.0) 1.1(0.7, 1.5) <0.05
eGFR 66.0 (53.3, 79.5) 75.0 (65.1, 82.0) 69.3 (59.1, 82.0) 63.3 (47.5, 76.1) <0.05
24-h mean Glucose (mg/dL) 146.2(129.0,166.3)  139.2(125.5,153.0)  142.2(129.0,163.5)  147.8 (129.4, 167.5) 0.24
cv 27.8(23.7, 32.5) 27.1(21.1, 30.0) 25.2 (21.9, 28.2) 29.6 (25.4, 34.9) <0.05
SD (mg/dL) 40.3(33.2, 51.4) 34.9 (27.6, 47.3) 36.3 (30.4, 43.6) 44.0 (35.4, 54.1) <0.05
MAGE 105.4 (87.5, 134.0) 87.7(71.3,117.9) 92.9 (76.8, 113.1) 114.1(93.6, 141.2) <0.05
TBR (%) 0.1(0, 2.1) 0(0, 1.9 0(0,0.4) 0.6 (0, 3.0) <0.05
TBR (minutes) 1.2(0, 29.8) 0(0,27.2) 0(0,5.2) 8.1(0, 43.5) <0.05
TBR 4%, n (%) 44 (157 1(5.9 7(8.D 37(20.6) <0.05
TIR (%) 76.9 (63.7, 87.4) 87.8(75.8, 92.4) 83.0(69.3, 90.8) 73.5(60.0, 85.0) <0.05
TAR (%) 20.2 (10.6, 33.8) 12.2 (6.9, 23.0) 16.0 (8.5, 30.6) 23.7(12.3, 35.0) <0.05

( ) ()
1 X2 Kruskal-Wallis
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4.3.2.

284

SGV
SGV

SGV (n=17) RSGV (n=104) UGV (n=180) 3

Table 1 BMI
HbAlec CPR CPI eGFR 3
3 Figure 5
RSGV CvV CvV
RSGV 40 Cv
(P=0.81) CV 40

Cv
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4.3.3.

TBR 4 CV SD MAGE
HbAlc ROC ROC (area
under the curve: AUC) 95 (confidence interval: CI)
ROC CV  AUC(0.85;95 CI:0.76 to
0.91) (Figure 6) CvV
40.0( 40 99 ) SD

67.5 mg/dL(AUC=0.60, 95 CI: 0.49 to 0.69) MAGE 169.8(AUC=0.61, 95
CI: 0.50 to 0.70) HbAlc 6.2%(AUC=0.64, 95 CI: 0.55 to 0.73)
TBR 4 CV CV 40
CV

25
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4.3.4.

CV 40 2
(Table 2) CV 40
TBR SD MAGE CV 40 TIR
CV 40 CV 40 HbA1c(7.2 vs
7.1, P=0.63) TAR(25.3 vs 19.8, P=0.29) CV 40
CV 40
CV 40 CV 40 BMI
CPI eGFR
CV 40 CV 40
0.4 (Table 3)
(variance inflation factor: VIF) VIF 10
(Table 4)
CV
CPI CV
( [odds ratio: OR] 0.17, 95 CI: 0.04 to 0.50, P 0.05)
eGFR (OR

7.20,95 CI: 1.44to 36.11, P 0.05; OR 0.96, 95 CI:0.92 to 0.99,
P 0.05, Table 5)

ROC CvV 40 CPI
0.81(AUC=0.80, 65 , 80 ) (Figure 7)

(Table 6, Table 7, Figure 8)
CPI CvV
CV40 CPI
0.81(AUC=0.77 72 65 )
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Table 2.
CV 40

CV<40
CV 40 CV <40 Pvalue

n 20 264
Age (years) 77.5 (69.5, 85.0) 67.0(59.0, 75.0) <0.05
Number of female, n (%) 9 (45.0) 114 (43.2) 1.00
BMI (kg/m®) 23.2(20.3, 24.5) 25.2(22.8, 28.9) <0.05
Diabetes duration (years) 21 (14, 24) 14 (7, 21) <0.05
Diabetes treatment, n (%)

Anyinsulin 18 (90.0) 102 (38.6) <0.05

Any sulfonylurea or glinides 7(35.0) 100 (37.9) 1.00

Any incretin-based drugs 13 (65.0) 221 (83.7) 0.06

Any insulin sensitizers 11 (55.0) 182 (68.9) 0.22
FPG (mg/dL) 123.0 (102.0, 145.0) 137.0(120.2, 158.89) <0.05
HbA1c (%) 7.2(6.8,7.9 7.1(6.7,7.7 0.63
CPI (ng/mL per mg/dL) 0.5(0.2, 1.0) 1.2(0.9, 1.8) <0.05
eGFR 55.4 (40.4, 70.2) 66.0 (54.9, 79.9) <0.05
24-h mean Glucose (mg/dL) 136.9(119.4, 147.8) 147.0 (129.6, 166.9) 0.07
Ccv 44.5(43.3,49.1) 27.4(23.3, 31.5) <0.05
SD (mg/dL) 65.3 (53.5, 72.2) 39.2(32.8, 48.9) <0.05
MAGE 163.3 (136.8, 186.4) 103.1 (84.8, 129.1) <0.05
TBR (%) 14.0 (7.9, 20.5) 0(0, 1.1 <0.05
TIR (%) 61.9 (51.9, 65.6) 78.5 (65.4, 88.0) <0.05
TAR (%) 25.3(15.2, 29.1) 19.8(9.7, 33.9) 0.29

Mann-Whitney U

) ()

Fisher's exact
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Table 3.

Diabet
Age BMI 09 ppg CPI eGFR
duration
Age 1.00 -0.30 0.34 -0.11 -0.16 -0.49
BMI 1.00 -0.11 0.22 0.45 0.07
Diabetes
. 1.00 -0.02 -0.21 -0.30
duration
FPG 1.00 -0.04 0.19
CPI 1.00 -0.15
eGFR 1.00
Spearman rank-order correlation
Table 4.
(VIF)

VIF

Age (years) 1.63

BMI (kg/m®) 1.39

Diabetes duration (years) 1.25

Insulin treatment 1.17

FPG (mg/dL) 1.12

CPI (ng/mL per mg/dL) 1.44

eGFR 1.61

29



Table 5.

Odds ratio 95% CI Pvalue
Age (years) 0.99 0.94 to 1.05 0.83
BMI (kg/m®) 0.88 0.72 to 1.05 0.17
Diabetes duration (years) 1.00 0.93 to 1.06 0.97
Insulin treatment 7.2 1.44 to 36.11 <0.05
FPG (mg/dL) 0.99 0.97 to 1.01 0.39
CPI (ng/mL per mg/dL) 0.17 0.04 to 0.50 <0.05
eGFR 0.96 0.92 to 0.99 <0.05

30



Table 6.

Cv=40 CV 40
CV 40 CV <40 Pvalue

n 18 102
Age (years) 77.5 (68.8, 83.0) 67.0 (58.5, 74.3) <0.05
Number of female, n (%) 9 (50.0) 41 (42.3) 0.61
BMI (kg/m®) 22.9(19.9, 24.4) 24.8 (22.6, 28.6) <0.05
Diabetes duration (years) 22 (15, 24) 18 (13, 24) <0.05
Diabetes treatment, n (%)

Anyinsulin 18 (100.0) 102 (100.0) 1.00

Any sulfonylurea or glinides 5(27.8) 40 (40.8) 0.43

Any incretin-based drugs 11 (61.1) 81(82.7 0.06

Any insulin sensitizers 9(50.0) 60 (61.2) 0.44
FPG (mg/dL) 123.0 (96.8, 146.89) 131.0 (115.8, 156.0) 0.17
HbA1lc (%) 7.2 (6.8, 8.0) 7.3(6.8,7.8) 0.89
CPI (ng/mL per mg/dL) 0.4(0.2,0.9 1.0(0.6, 1.8) <0.05
eGFR 59.9 (44.5, 72.7) 64.6 (45.7, 80.3) 0.26
24-h mean Glucose (mg/dL) 139.2 (123.6, 150.1) 148.4 (128.6, 168.5) 0.14
cv 45.0 (43.2, 49.7) 29.8 (26.2, 33.9) <0.05
SD (mg/dL) 67.4(53.9, 73.6) 43.4 (36.5, 53.0) <0.05
MAGE 168.2 (139.2, 187.4) 113.5(95.2, 141.1) <0.05
TBR (%) 14.3 (8.6, 20.7) 0.6 (0, 2.5) <0.05
TIR (%) 60.7 (50.7, 64.6) 74.3(60.7, 85.8) <0.05
TAR (%) 26.5 (16.5, 30.4) 24.4(10.7, 36.8) 0.62

() 2

Mann-Whitney U Fisher's exact
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Table 7.

Odds ratio 95% CI Pvalue
Age (years) 1.02 0.97 to 1.07 0.45
BMI (kg/m®) 0.84 0.69 to 1.02 0.07
Diabetes duration (years) 0.99 0.93 to 1.06 0.81
CPI (ng/mL per mg/dL) 0.18 0.05to 0.65 <0.05
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4.3.5.

CPR CV
Figure 9 CPR CV
CPR CV
CPR
CPR Cv

Logio CV =-0.233 * Logio (
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CPR CV
CPR CV
(p=-0.39, P 0.05)
CV

CPR + 1) + 1.551



Coefficient of variation

Figure 9.
CPR CV
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Logqg CV = - 0.233 * Log, (fasting CPR + 1) + 1.551

Fasting C-peptide (ng/mL)
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4.3.6.

Table 8 CV BMI eGFR
CvV
Cv
CV  HbAlc
CPR Cv (P
0.05) eGFR CvV
(Table 9)
284 CPR (CPR 1 ng/mL, n=62) CPR (1
ng/mL. CPR 2 ng/mL, n=113) CPR (CPR 2ng/mL,n=109) 3
Table 10 BMI
CPR
(CV SD MAGE) (TBR TIR
TAR) CPR Figure 10 CPR
CPR CPR
Figure 11 3 Cv
CV 36 CPR

CPR
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Table 8.

Cv
I} Pvalue
Age 0.08 0.16
Sex (men, women) * (27.8,27.9) 0.97
BMI -0.24 <0.05
Duration of diabetes 0.24 <0.05
Insulin use (yes, no) * (30.6, 26.1) <0.05
FPG -0.21 <0.05
HbA1lc 0.06 0.31
CPR -0.39 <0.05
eGFR -0.14 <0.05
CPR Spearman rank-order correlation

*. Mann-Whitney
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Table 9.

Cv

B 95% CI Pvalue
BMI (kg/m®) -0.08 -4.53x107 to 8.15x10™ 0.17
Duration of diabetes (years) 0.04 —754x10™* to 1.56x10° 0.49
Insulin treatment 0.28 0.02 to 0.04 <0.05
FPG (mg/dL) -0.04 -4.89x10™* to 2.12x10°* 0.44
CPR (log ng/mL) -0.28 —0.24 to —0.09 <0.05
eGFR -0.13 -1.16x10° to —8.95x10° 0.02
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Table 10.

CPR
CPR Pvalue
CPR CPR CPR
n 62 113 109
Age (years) 72.0 (66.0, 78.0) 68.0 (58.5, 75.0) 66.0 (56.5, 73.5) <0.05
Number of women (n, %) 28 (45.2) 50 (44.3) 45 (41.3) 0.86
BMI (kg/m?) 22.3(20.3,24.9) 24.8(22.4,26.7) 27.1(24.7,30.1) <0.05
Duration of diabetes (years) 17 (13, 24) 14 (8, 23) 11 (6, 20) <0.05
Diabetes treatment
Insulin (n, %) 44 (71.0) 45 (39.8) 31(28.4) <0.05
Use of any insulin
34 (54.8) 82 (72.6) 77 (70.6) <0.05
sensitizer (n, %)
Use of any insulin
20(32.3) 47 (41.6) 40 (36.7) 0.41
secretagogue (n, %)
FPG (mg/dL) 128.0 (106.8, 147.5) 137.0 (118.5, 153.0) 144.0 (125.0, 166.5) <0.05
HbA1c (%) 7.2(6.7,7.8) 7.1(6.6,7.7) 7.1(6.8,7.8) 041
eGFR 66.0 (52.8, 76.8) 67.0(55.7, 82.4) 64.0 (44.9, 79.4) 0.25
24-h mean Glucose (mg/dL) 147.1 (134.0, 168.5) 141.9 (127.4, 157.7) 148.6 (126.1, 168.5) 0.29
cv 32.8(27.7,39.4) 27.8(24.5,32.0) 25.9(21.9,29.0) <0.05
CV 36(n, %) 26 (41.9) 16 (14.2) 5 (4.6) <0.05
SD (mg/dL) 50.0 (41.5, 63.7) 39.1(33.4,47.4) 38.0(31.2,48.8) <0.05
MAGE 131.6 (103.8, 156.9) 102.7 (85.0, 130.0) 96.8 (77.6, 127.5) <0.05
TBR 4% (n, %) 17 (27.4) 17 (15.0) 11(10.1) <0.05
TIR 70% (n, %) 33(53.2) 33(29.2) 35(32.1) <0.05
TAR  25% (n, %) 33(53.2) 34 (30.1) 48 (44.0) <0.05
( ) () 3
1 X2 Kruskal-Wallis



Figure 10.

CPR (A) CPR (B) CPR
(C) CPR
10% ( ) 25% () ( ) 7%
() 90% ( )
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Figure 11.
CPR CV (A) CPR (B) CPR (C) CPR
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4.3.7.

C
(n=120) (n=164)
2 CPR CV
Figure 12 CPR CV
CPR CV CPR
CV CV CPR
( : p=-0.47,
P 0.05; : p=-0.19, P 0.05, Figure 12)
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Figure 12.
CPR CV
(120 , : ) : ) (164
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4.3.8.

C
Basal-only regimen (n=65) Basal-bolus
regimen (n=55) CV
CPR (Basal-only regimen :p=-0.42, P 0.05;
Basal-bolus regimen : p=-0.50, P 0.05, Figure 13) CPR
1 (Table 11)
CPR CV
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Figure 13.
CPR CV

Basal-only regimen (65 , o : ) Basal-bolus
regimen (55 , X : )
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Table 11.

CPR
CPR Pvalue

CPR CPR CPR

n 44 45 31
1(1,4) 1(1,2) 1(1,2) 014
Basal-only, n (%) 20 (45.5) 24 (52.2) 21 (70.0) 0.08
Basal-bolus, n (%) 24 (54.5) 22(47.8) 9(30.0) 0.08
Ikglday 0.3(0.2,05) 0.3(02,0.4) 02(0.1,04) 0.06

( ) () 3
1 X2 Kruskal-Wallis
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4.3.9.

CGM
CGM CGM CGM 5.5%
(Pyl et al., 2020)
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4.4.

2 CGM
TBR 4 CVv
2 Cv
40 Cv
36 2
CPR CV
Cv
CPR
CGM 1 2
Cv

(Danne et al., 2017; Gomez et al., 2019) SD MAGE

(Kovatchev, 2017; Jin et

al., 2014) CV SD MAGE HbAlc
CV36 (Monnier
et al., 2017) HbAlc
2 CvV
40 CV36 TBR CV
(Rodbard, 2020; Torimoto et al., 2018)

TBR 4 CV

TBR 4 CV

CvV 2
CV40 2 CPI

CPI
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CPI eGFR
(Ben-Ami et al., 1999)

(Alsahli and Gerich, 2014)
CPI 0.81

(Murao et al., 2016; Lachin et al., 2014;
Fukuda et al., 1988)

CPI CPI
0.81 CGM
2
CPR
CGM 2 53
CPR CV (Craciun,
2018) 59
MAGE
MAGE (Kohnert et al., 2009)
CPR 2.7 ng/mL
CPR 1.7 ng/mL
CPR
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208 (Ohara et al., 2019) CPR
GV

2
CPR
(Jin et al., 2014; Christensen et al., 2020)
CPR CV
CvV
CPR
CGM
CPR 2
CPR CPR
2
(Funakoshi et al., 2011)
284 2

HbAlc
(Japan Diabetes Clinical Data Management Study
Group: JDDM http://jddm.jp/)

CGM

TBR CvV 40 Cv
40 Cv
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TBR Cv CVv
TBR

2 Cv40

HbAlc
CPR CV
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SGLT2 DPP-4
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D.1.

1 2
CALMER
(Cho et al., 2020) 2
DPP-4
SGLT2 DPP-4

SGLT2
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5.2.

5.2.1.
20 80 2 HbAlc 6.5 9.0  BMI
23 kg/m?2 eGFR 45 mL/min/1.73m? 20 mg/
12 1
6
/
5.2.2.
CGM ( ) (10 )
CALMER
(20mg/ )
(100mg/ ) (SWITCH )
(20mg/ ) (100mg/ ) (COMB )
( 65 ) BMI( 25kg/m?)
HbA1c( 7.5%) eGFR( 80 mL/min/1.73m?2)
1 ( )
CGM 14 CGM 1
( 4 ) CGM
2 4 (20mg/ )
(20mg/ )
( (100mg/ ) 100mg/
20mg ) CGM 7
@ ) (1 )
@ ) MAGE

BMI 24
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(UMIN) (

UMINO000029628)
5.2.3.
2 /
CGM
100mg
100mg/ 20mg MAGE
100mg 2
MAGE (Matsumura et al., 2017)
2 15
100mg CGM MAGE 89.2mg/dL
74.9mg/dL 9
14 DPP-4 100mg
5mg (Nomoto et al., 2017)
CGM MAGE 86.0+ 29.4mg/dl, 91.0+ 34.2mg/dL
100mg 100mg/ 20mg
MAGE 19.3mg/dL 31.9mg/dL
t 80%
5% 1 44 10% 1 49
98
5.2.4.

CPR HbAlc
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5.2.5.

SWITCH COMB 2
CPR 1.9ng/mL
CPR( 1.9) SWITCH CPR( 1.9) COMB CPR(
1.9) SWITCH CPR( 1.9 COMB 4 4
1 X2 Kruskal-Wallis
a ) 2 )
MAGE t
A MAGE 4
Tukey’s honest significant difference
P 0.05

JMP Pro 14.0.0 software(SAS Inc., Cary, NC, USA)
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5.3.
5.3.1.

101 2 4
CPR 95 ( 36 )
CPR SWITCH (n=25) CPR COMB (n=22)
CPR SWITCH (n=22) CPR COMB (n=26) 4
Table 12 BMI
4

58



Table 12.

4
Total CPR SWITCH CPR COMB CPR SWITCH CPR COMB  Pvalue
n 9% 25 2 2 26
Age (years) 65.0 (56.0, 69.0) 67.0(59.0, 69.5) 65.0 (54.5, 68.8) 59.0 (53.8, 67.0) 65.5 (56.8, 71.0) 0.26
Number of 36 (37.9) 10 (40.0) 7(3L8) 10 (45.5) 9(34.6) 0.79
female. n (%)
BMI (kg/m?) 26.1(23.3,28.1) 24.1(22.7,26.7) 250 (23.0, 26.2) 28.4(25.8, 31.0) 269(24.8,290) <005
Diabetes treatment, n (%)
Biguanide 63 (66.3) 18 (72.0) 15(68.2) 14 (63.6) 16 (61.5) 0.87
Insulinotropic
33(34.7) 16 (64.0) 7(3L8) 1(4.6) 9(346) <0.05
agent
Pioglitazone 4(42) 1(4.0) 1(4.6) 0(0) 2(7.7) 062
I-glucosidase
5(53) 3(12.0) 2(9.1) 0(0) 0(0) 013
inhibitor
Insulin use 13(13.7) 4(16.0) 6(27.3) 2(9.0) 1(39) 011
FPG (mg/dL) 148.6:27.7 138.6:23.7 143.1429.0 161.9+33.1 151.6£20.9 <0.05
HbALc (%) 7.3t05 7.210.4 7.3:05 7.3:05 74207 071
CPR (ng/mL) 19(13,26) 13(11,17) 12(10,16) 29(22,36) 24(22,28) <0.05
+ SD ( ) () 4
1 X2 Kruskal-Wallis
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5.3.2.

(1 ) (2 ) MAGE
4 Figure 14 CPR COMB CPR
SWITCH CPR COMB 2 MAGE
1 CPR SWITCH 2
MAGE (Table 13) CPR
COMB A MAGE CPR SWITCH (-29.2
+ 28.3 vs. -2.5+ 28.8; P 0.05) CGM 24

(Table 14 Table 15) 2

4 (Table 16)
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Figure 14.
A MAGE 4
+ SD 4 AMAGE
Tukey’s honest significant
difference
f: P<0.05vs. CPR SWITCH
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Table 13.

MAGE
2 1 MAGE
CPR SWITCH 115.7+32.7 113.1428.9 25288
CPR COMB 118.2+35.2 98.2430.3 * *20.0£24.6
CPR SWITCH 107.9427.7 96.3+24.3 * *11.6+19.0
CPR COMB 116.1+40.7 86.9+26.3* "29.2+428.3"
MAGE t
AMAGE Tukey’s
honest significant difference
*: P<0.05 vs.
2 P<0.05 vs. CPR SWITCH AMAGE
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Table 14.

1
CPR SWITCH 138.6+23.7 131.0+14.3 ''8.0+20.4
CPR COMB 143.1+29.0 122.5+27.4* *'20.6+19.9
CPR SWITCH 161.9+£33.1 152.7+41.4 ''9.2448.7
CPR COMB 151.6+20.9 133.9+20.7 * "*17.7+20.0
+ SD
4 A

Tukey’s honest significant difference
*. P<0.05 vs.
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Table 15.

24
1 2 124
CPR SWITCH 143.8426.2 133.2+19.8* ""10.5+16.9
CPR COMB 136.6+28.3 112.5+26.0 * "24.2+416.1 "
CPR SWITCH 149.8+26.2 140.1425.4* "'9.8+19.2
CPR COMB 148.6+28.3 125.4+22.9 * w233+170 "%
+ SD 24
t 4 A24
Tukey’s honest significant difference
*. P<0.05 vs.
T P<0.05 vs. CPR SWITCH A24
1 P<0.05 vs. CPR SWITCH A24
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Table 16.

2 !

CPR SWITCH 64.7 (58.0, 70.2) 63.7 (57.4, 69.9) * 15+1.3

CPR COMB 65.1(60.9, 72.8) 63.5 (58.8, 71.1) * 1.7+1.0

CPR SWITCH 73.6 (64.2, 85.0) 71.1 (615, 83.8) * 1.9+1.2

CPR COMB 70.3 (61.6, 82.5) 68.7 (59.8, 79.8) * 17411
+ SD t

4 Tukey’s

honest significant difference

*: P<0.05 vs.
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5.3.3.

66



D.4.

CPR
MAGE
CPR
MAGE
CPR 2
2
MAGE
(Nishimura et al., 2015) (Nomoto et
al., 2017) SGLT2
SGLT2
SGLT2 MAGE
24 CPR
MAGE
(Tobe et al., 2018)

SGLT2 B

(Takahara et al., 2015)
SGLT2
DPP-4 SGLT2
2
(Kadowaki et al., 2017)
2 GLP-1
DPP-4

GLP-1

(Noda et al., 2019) 2
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DPP-4 SGLT2
SGLT2

2 SGLT2
(Matsuba et al., 2020)

BMI 23kg/m?

GLP-1

68

DPP-4

CPR
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6.1.

2 B
2
(Kendall et al., 2009) 2 B
(Weyer et al., 1999) 2
B
2 45 (nonalcoholic fatty
liver disease: NAFLD) (Ballestri et al., 2016) NAFLD
NAFLD

(nonalcoholic steatohepatitis: NASH)
(Mori et al., 2004) NAFLD

(Haas et al., 2016) B
B PI
CPR B
PI PI
PI 2 1
(Sims et al.,
2019) PI B
(FLD PI
p
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6.2.
6.2.1.

DOSANCO Health Study(the Dynamics of Lifestyle and
Neighborhood Community on Health Study)(Nakamura et al., 2018;
Nakamura et al., 2020) 2015

35 79
300 545 (

545 3
53
489 ( 263 )

6.2.2.

CPR HbAlc v
glutamyl transpeptidase(y-GTP) PI

PI
-80°C PI  (pmol/L)
(Millipore Corporation Inc., Burlington, MA, USA)

6.2.3.

BMI y-GTP
(Bedogni et al., 2006)

FLI = ((exp (0.953 * log ( ) +0.139 * BMI + 0.718 * log (y-GTP) +
0.053 * - 15.745) / 1 + exp (0.953 * log ( ) +0.139 * BMI + 0.718
* log (y-GTP) + 0.053 * - 15.745)) * 100.

FLI 30 FLI 60
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6.2.4.

DOSANCO Health Study
PI
(Nakamura et al., 2020) PI B

homeostatic model assessment beta cell function(HOMA-p)
CPI PI

B PI
0.2.9.
homeostasis model assessment of insulin
resistance(HOMA-IR) (Matthews et al., 1985)
0.2.0.
FLI (FLI 30) FLI
(30 FLI 60) FLI (FLI 60) 3 3
1 X2
Kruskal-Wallis PI
PI (In) (95 CD
3 PI
Tukey’s honest significant
difference PI
BMI
126mg/dL
HbAle 6.5 48 441
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P 0.05
JMP Pro 14.0.0 software(SAS Inc., Cary, NC, USA)
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6.3.

6.3.1.

489 58.0+12.5 53.8% BMI
23.7+3.6 kg/m? FLI (n=303) FLI
(n=106) FLI (n=80) 3

Table 17 BMI

HbAlc PI CPR HOMA-IR
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Table 17.

Total FLI FLI FLI P value
n 489 303 106 80
Age (years) 58.0+125 57.6+12.8 585+12.3 584+115 0.77
Number of female (%) 263 (53.8) 204 (67.3) 43 (40.6) 16 (20.0) <0.05
BMI (kg/mz) 23.7+36 220+25 251+28 283+34 <0.05
Waist circumference (cm) 81.6+10.4 76.0+74 86.8+6.1 959+7.1 <0.05
FPG (mmol/L) 5.2(4.8,5.6) 5.0(4.7,5.4) 5.3(5.0,5.7) 55(5.1, 6.2) <0.05
HbA1c (%) 5.4(5.2,5.7) 5.4(5.1,5.6) 5.6(5.3,5.9) 5.6 (5.3, 6.0) <005
Proinsulin (pmol/L) 8.9(6.7,14.2) 7.8(5.8,10.4) 11.4 (7.6, 16.6) 17.7 (13.1, 29.5) <005
Insulin (pmol/L) 30.9(20.1, 46.6) 25.8(17.9, 33.0) 42.3(29.2,58.8) 59.2 (42.3, 86.1) <0.05
C-peptide (ng/mL) 1.2(0.9,1.7) 1.0(0.8,1.3) 15(1.2,1.9) 2.1(1.5, 2.6) <005
HOMA-IR 1.0(0.6, 1.6) 0.8(0.5,1.1) 1.4(0.9, 2.0) 2.1(15,32) <0.05

+SD ( ) ()

3 1 Kruskal-Wallis
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6.3.2. Fatty liver index

PI B Table 18
(crude analysis: Model 1) 3 PI In(PD
In (PD) FLI FLI
FLI FLI
(Model 2)
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Table 18.

p
P value
FLI FLI FLI vs. vs. vs.

n 303 106 80
Model 1

In(Py’  205(2.00,2.11) 2.46 (2.36, 2.56) 2.94 (2.83, 3.06) * * *
Model 2

NPy’  207(201,213) 2.45(2.35, 2.55) 2.91(2.79, 3.03) * * *
f: (In) 95 CD 3

Tukey’s honest significant difference

Model 1: Model 2:
* P<0.05
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6.3.4.

489

In (PD)
FLI

BMI

In (PD)

Fatty liver index

23.7kg/m?
Table 19

BMI
FLI

78

BMI
In (PT)

3

FLI

FLI
In (PT)



Table 19.

BMI B
Pvalue
FLI FLI FLI vs. vs. vs.
BMI
n 91 80 74
In(Plyt  227(2.15,2.398) 2.52 (2.41, 2.64) 2.92 (2.79, 3.04) * * *
BMI
n 212 26 6
In(Pl)t  1.98(1.91, 2.05) 2.26 (2.06, 2.46) 2.61(2.20, 3.02) * *
i (In) (95 CD 3
Tukey’s honest significant difference
* P<0.05
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6.3.5.!
489
B
3 In (PD)
FLI FLI
3 In (PD)
FLI

80

Fatty liver index

30.9 pmol/LL
Table 20

In (PD)

In (PD)

FLI



Table 20.

B
P value
FLI FLI FLI VS. VS. VS.
n 100 77 69
In(PI) ' 2.34(2.24, 2.45) 2.63 (2,51, 2.74) 2.98 (2.86, 3.11) * * *
n 203 29 11
In(PI) ' 1.93 (1.87, 1.99) 1.98 (1.82, 2.14) 2.40 (2.13, 2.66) * *
i (In) (95 CD 3
Tukey’s honest significant difference
* P<0.05
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6.3.6.

Fatty liver index

489 441 ( 248 ) FLI
(n=286) FLI (n=90) FLI (n=65) 3
Table 21 3
BMI HbAle PI
CPR HOMA-IR
489 (Table 18)
PI B
Table 22 (Model 1) 3 In (P
In (PI) FLI FLI FLI

FLI
(Model 2)
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Table 21.

Total FLI FLI FLI P value
n 441 286 90 65
Age (years) 574+12.6 57.2+129 575+125 57.7+116 0.95
Number of female (%) 248 (56.2) 197 (68.9) 37(41.1) 14 (21.5) <0.05
BMI (kg/m?) 236+36 220+25 252+28 284+34 <005
Waist circumference (cm) 81.6+10.2 759+7.2 86.9+6.0 95.7+7.0 <0.05
FPG (mmol/L) 5.1(4.7,5.4) 49(4.7,5.3) 5.3(5.0, 5.6) 5.4(5.0,5.9) <005
HbA1c (%) 5.4 (5.2, 5.6) 54(5.1,5.6) 54(5.2,5.7) 55(5.3,5.9) <005
Proinsulin (pmol/L) 8.5(6.4,13.2) 7.7 (5.6, 10.1) 11.1(7.3,15.5) 16.3(11.2, 23.5) <0.05
Insulin (pmol/L) 29.4(20.1, 44.1) 25.1(17.2, 33.0) 41.6 (26.9, 56.7) 58.1(40.9, 85.7) <005
C-peptide (ng/mL) 1.1(0.9, 1.6) 1.0(0.8,1.3) 14(11,1.9) 2.0(15,25) <0.05
HOMA-IR 0.9(0.6, 1.5) 0.8(0.5,1.1) 1.4 (0.9, 1.8) 2.0(14, 3.0) <005

+ SD ( ) () 3
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Table 22.

p
P value
FLI FLI FLI vs. vs. vs.

n 286 9% 65
Model 1

In(Ply!  2.03(197,208) 2.36 (2.26, 2.46) 2.78 (2.67, 2.90) * * *
Model 2

In(Pl)!  204(198,2.10) 2.35(2.26, 2.36) 2.76 (2.65, 2.88) * * *
f: (In) 95 CD 3

Tukey’s honest significant difference

Model 1: Model 2:
* P<0.05
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6.3.7.

85



6.4.

B PI
PI BMI
PI

Fetuin-A

(Gerst et al., 2017)

B
(Abenavoli et al., 2016) NAFLD
NAFLD NAFLD
(Eguchi et al., 2012) NAFLD
Feldman
NAFLD
NAFLD
(Feldman et al., 2017)
NAFLD 2
(Fukuda et al., 2016)
B
FLI
PI B
B
FLI
FLI

FLI
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(Kahl et al., 2014) PI PI/
P/

(Vauhkonen et al., 2000) PI/
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3. CV 40

5. CPR CPI

SGLT2

1. CPR

2. CPR

CGM
CGM

2 CGM
CV 40
CPI 0.8
DPP-4
DPP-4 SGLT2
DPP-4 DPP-4 SGLT2
B
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( 0305 1 )
HbAlc

CPR CPI

CPR
CGM
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LifeScan Japan

MSD

MSD

JSPS JP26670322 Integration Research for
Agriculture and Interdisciplinary Fields (No. 14538261)
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