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Insulin lispro URLi p value
TIR-2hB (%)

Baseline 82.02 + 31.95 73.28 + 33.76 0.362

Endpoint 83.33 £ 29.22 85.05 + 2391 0.821

TIR-2hL (%)

Baseline 62.50 (20.83, 95.83) 66.67 (9.38, 100.00) 0.873

Endpoint 90.28 + 20.56 86.76 + 28.36 0.645
TIR-2hD (%)

Baseline 70.83 (20.83, 100.00) 66.67 (3.13, 100.00) 0.679

Endpoint 82.41 + 29.17 89.22 £ 25.89 0.392

TAR-2hB (%)
Baseline 0.00 (0.00, 33.33) 0.00 (0.00, 42.71) 0211

Endpoint 0.00 (0.00, 19.79) 0.00 (0.00, 14.58) 0.424

TAR-2hL (%)

Baseline 16.67 (0.00, 66.67) 33.33 (0.00, 90.63) 0438
Endpoint 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.793
TAR-2hD (%)
Baseline 29.17 (0.00, 79.17) 33.33 (0.00, 96.88) 0.808

Endpoint 0.00 (0.00, 39.58) 0.00 (0.00, 0.00) 0.206

TIR-4hB (%)
Baseline 78.95 + 2843 64.15 + 3577 0.148
Endpoint 79.51 + 28.50 83.27 +20.67 0.588

TIR-4hL (%)

Baseline 47.92 (18.75, 89.58) 50.00 (20.83, 90.63) 0.838

Endpoint 85.76 + 23.29 85.60 + 28.32 0.983
TIR-4hD (%)
Baseline 68.75 (14.58, 100.00) 4583 (8.33, 81.77) 0.524
Endpoint 83.10 + 2531 84.99 + 26.61 | 0. 806

TAR-4hB (%)

Baseline 8.33 (0.00, 37.50) 21.88 (0.00, 60.94) 0.150

Endpoint 0.00 (0.00, 43.75) 0.00 (0.00, 25.52) 0.856
TAR-4hL (%)
Baseline 39.58 (0.00, 81.25) 44.79 (9.38, 79.17) 0716

Endpoint 0.00 (0.00, 12.50) 0.00 (0.00, 0.00) 0.463

TAR-4hD (%)

Baseline 31.25 (0.00, 81.25) 46.88 (0.00, 91.67) 0977

Endpoint 0.00 (0.00, 24.48) 0.00 (0.00, 21.35) 0.338

TAR-2hB: time above range (> 10 mmol/L) from 0 to 120 minutes after the start of the
breakfast; TAR-2hD, TAR from 0 to 120 minutes after the start of the dinner; TAR-2hL, TAR
from 0 to 120 minutes after the start of the lunch; TAR-4hB, TAR from 0 to 240 minutes after
the start of the breakfast; TAR-4hD, TAR from 0 to 240 minutes after the start of the dinner;
TAR-4hL, TAR from 0 to 240 minutes after the start of the lunch; TIR-2hB, time in range (3.9
- 10 mmol/L) from 0 to 120 minutes after the start of the breakfast; TIR-2hD, TIR from 0 to
120 minutes after the start of the dinner; TIR-2hL, TIR from 0 to 120 minutes after the start of
the lunch; TIR-4hB, TIR from 0 to 240 minutes after the start of the breakfast; TIR-4hD, TIR
from 0 to 240 minutes after the start of the dinner; TIR-4hL, TIR from 0 to 240 minutes after
the start of the lunch.
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Vi V18 p value 1 p value 2
Insulin lispro 8.71 £ 1.00 7.78 £ 0.90 6.80 £ 0.75 -0.99 + 0.80 0.000 0.000
URLI 8.89 + 1.14 7.88 + 1.00 677 £0.73 110 +0.94 0.000 0.000
p value 0549 0723 0913 0.642

P value 1: V18 vs. V1; P value 2: V18 vs. V8.
A: the change of HbAlc from V8 to V18 (V18-V8).
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Time Insulin lispro URLi p value

A-15min 022+ 1.71 -0.12 +2.29 0532
AOmin 037 + 1.71 -0.16 + 2.15 0318
Al5min -0.05 + 227 -0.54 +2.55 0.463
A30min 022 + 3.00 -1.05 + 2.87 0.128
A60min 024 +2.58 137 £3.28 0.047
A120min 1.22 +2.90 -1.12 + 4.00 0.021
A180min 151 +2.70 -0.45 + 4.93 0.060
A240min 117 +3.20 0.04 + 3.92 0.246

A: V18-V8.






OPS/images/fendo.2024.1364585/table4.jpg
Parameter Insulin lispro URLi p value

24 h MBG (mmol/L) 7.80 + 1.31 7.73 + 1.54 0.873
SD (mmol/L) 7 1.90 + 0.87 2.05 +0.92 0.582
CV (%) 2246 +6.71 2574+ 9.32 0.152

TIR (%) 84.42 + 15.86 80.89 + 17.34 0.465

TITR (%) 69.26 + 19.72 65.87 + 22.15 0.581
TAR (%) 0.00 (0.00, 0.18) 0.00 (0.00, 6.51) ' 0.196

TBR (%) 7.29 (0.00,19.88) 833 (0.00, 17.53) 0.969

CV, coefficient of variation (%); MBG, mean glucose concentration (mmol/L); SD, the
standard deviation of the MBG (mmol/L); TAR, time above range (> 10.0 mmol/L) (%);
TBR, time below range (< 3.9 mmol/L) (%); TIR, time in range (3.9 - 10 mmol/L) (%); TITR
(%): time in tight range (3.9 — 7.8 mmol/L) (%).
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Insulin lispro URLi p value

BPPGE (mmol/L)

Baseline 2,99 +2.31 3.95 +2.93 0.314

Endpoint 251+£1.73 159+ 1.57 0.046
peak time after breakfast(min)

Baseline 98.53 + 52.70 95.54 + 51.23 0.778

Endpoint 88.23 + 50.25 77.94 + 43.87 0.423
LPPGE (mmol/L)

Baseline 4.07 + 4.36 3.04 +2.42 0.750

Endpoint 227 +1.81 2.24 + 1.86 0.759
peak time after lunch(min)

Baseline 85.67 + 66.70 65.71 + 42.60 0.444

Endpoint 64.21 + 28.25 67.18 + 40.05 0.824
DPPGE (mmol/L)

Baseline 3.93 +4.30 2.91 + 231 0.731

Endpoint 1.99 + 1.56 2.60 + 1.88 0.262
peak time after dinner(min)

Baseline 87.67 + 77.04 77.50 + 48.81 0.888

Endpoint 73.16 + 55.13 77.21 + 50.78 0.689

BPPGE, postprandial glucose excursions of breakfast (mmol/L); DPPGE, postprandial glucose

excursions of dinner (mmol/L); LPPGE, postprandial glucose excursions of lunch (mmol/L).
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Insulin

lispro

Gender (M/F) 12/9 20/17 0.820

Age (year) 62.00 64.70 0.490
+6.94 +9.49

Weight (kg) 65.45 69.00 0.180
+ 1040 +9.05

BMI (kg/m?) 24.47 25.52 0.144
+2.38 +2.69

ALT (U/L) 20.76 23.68 0419
+9.26 +14.80

AST (U/L) 19.62 20.73 0.633
+ 527 +9.82

Cr (mmol/L) 90.40 78.05 0.078
+30.83 +20.89

HbAlc (%) 8.71 £ 1.00 8.89 0.549

+1.14

FPG (mmol/L) 12.05 12.40 0.779
+ 443 +4.52

Insulin used at study entry (Basal-bolus 7/14 12/24 0.611

insulin/Pre-mix insulin)

Time of Pre-mix insulin 0.264
2 12 23
3 2 1

Time of Bolus insulin 0.253
2 0 2
3 7 10

Insulin dose at study entry (U/d) 42.19 39.47 0.522

+ 15.07 +15.76

OAMs used at baseline

SGLT-2 inhibitors (n) 0 0 /

Metformin (n) 2 8 0.224

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cr,
creatinine; FPG, fasting plasma glucose; HbA1C, Hemoglobin Alc; OAM, oral anti-
diabetic medication.
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) DG6 02 43539 0.9227
Baseline

euglycemia FSL1 0.0 23;24 0.9929
Plasma glucose DG6 -6.2 -11.2; -1.2 0.0161
decline

(+/-exercise) FSL1 53 1.6;9.1 0.0057
15-min DG6 8.1 -16.3; 0.0 0.0505
hypoglycemia

(+/- exercise) FSL1 135 6.4; 20.5 0.0005
15 DG6 -84 12.4; 4.3 <0001
min hypoglycemia FSL1 05 365 2.6 0.7298
N DG6 28 7316 0.2078
euglycemia FSL1 18 -3.0; 6.6 0.4680

Hypoglycemia was defined as plasma glucose <3.0 mmol/L, representing level 2 hypoglycemia.
CI, confidence interval. AMARD%, mean absolute relative difference of Clamp-exercise —

Clamp-rest in percentages.






OPS/images/fendo.2024.1364585/crossmark.jpg
©

2

i

|





OPS/images/fendo.2024.1352829/fendo-15-1352829-g004.jpg
A

® A:50.1%
® B:32.2%
® D:17.7%

Sensor reading (mmol/L)

o

® A:73.5%
® B:23.8%
® D:2.7%

Sensor reading (mmol/L)

20

15

10

Clamp-rest

Dexcom G6

T
5 10 15

Plasma glucose (mmol/L)

Clamp-rest

10 15
Plasma glucose (mmol/L)

B
20
© A:64.9%
® B:27.2%
© D:7.9%
15
g
°
£
~ 10
{2}
£
o
@
(]
5 5
12
=4
Q
n
0
20 0

FreeStyle Libre 1

D

204
© A:71.7%

©® B:23.2%
® D:5.1%

-
o
1

Sensor reading (mmol/L)
S

Clamp-exercise

5 10 15 20
Plasma glucose (mmol/L)

Clamp-exercise

5 10 15 20
Plasma glucose (mmol/L)





OPS/images/fendo.2024.1352829/table1.jpg
Mean (SD) or N (%)

Males 15 (100%)
Age (years) 29.4 (8.1)
Body mass index (kg/m2) 23.7 (2.0)
Duration of type 1 diabetes (years) 13.1 (6.3)
HbA1lc (mmol/mol) 51.0 (5.5)
HbAlc (%) 6.8 (0.5)
Fasting plasma glucose (mmol/L) 9.7 (2.1)
Heart rate (bpm) 64.8 (10.7)
Physical activity levels

Low activity 3 (20%)

Moderate activity 3 (20%)

High activity 9 (60%)

Categorical data are presented as N (%), and continuous variables are presented as mean (SD).
Further details on the participants have been reported before (15). bpm, beats per minute;
HbAlc, glycated hemoglobin Alc; mmHg, millimeter of mercury; SD, standard deviation.
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Observation Control
group group

Parameters

Hypoglycemia | o ciey 6 (27.27) 4.353 | 0.037
[n (%)]






OPS/images/fendo.2024.1372593/table2.jpg
Parameters Observation Control

group group

C peptide 3.20 (2.33,4.98) 2.91 (1.97,3.29) 0.159
(ng/mL)

LDL-C 2.83% 1.32 291 £0.99 0.805
(mmol/L)

TG (mmol/L) ' 1.92 (1.25,3.25) 1.94 (1.07,2.68) 0.718
ALT (U/L) 27.74 + 13.21 29.86 + 13.89 0.579
AST (U/L) 25.06 + 11.33 32.18 £11.92 0.034
GGT (U/L) 24.84 + 9.75 35.55 £ 11.99 0.001
Scr (umol/L) 61.71 + 13.49 58.77 £ 12.85 0.426
UREA (mmol/L) | 5.60 (3.80,7.30) 579 +1.28 0.752

Low density lipoprotein (LDL-C), triglyceride (TG), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), y-glutamyl transpeptidase (GGT), serum creatinine (Scr),
urea nitrogen (UREA).
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Observation time = Observation

Parameters . Control groui

point (d) group grotip

0 896 + 191 10.08 + 2.96 1.691 0.097
FPG

14 7.25 £ 1.05*" 7.92 + 167 1.794 0079
(mmol/L)

28 599 + 0.74*" 7.98 + 164 5972 0.000°

0 13.10 +2.83 1312 + 444 0026 0980
2hPG i

14 10.05 + 197* 1046 + 2.32* 0699 0.488
(mmol/L)

28 7.69 + 1.30*" 1037 £ 211 5710 0.000"

0 879 + 1.82 9.31+2.10 0943 0350
eHbAIc (%) 14 6.65 +0.96*" 8.01 + 1.76* 3616 0.001°

28 6.02 + 0.60*" 8.49 + 196 6.616 0.000

*P< 0.05 compared with the 0d of own group.

P< 0.05 compared with the 14d of own group.

#P< 0.05 compared the observation group with the control group at the 0d, 14d, 28d.

Fasting blood glucose (EPG), 2-hour postprandial blood glucose (2hPG), estimated glycated hemoglobin (eHbALc).
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Parameters

Observation
time point (d)

Observation
group

TIR (%)

TAR (%)

TBR (%)

MG (mmol/L)

CV (%)

LAGE (mmol/L)

MAGE (mmol/L)

MODD (mmol/L)

1 76.60 (69.90,87.40) 76.85 (66.00,85.25) -0.036 0.971
14 91.80 (85.30,96.80) 0.000 77.35 (66.00,83.35)  0.249 -4.008 0.000
28 94.60 (88.70,99.00) 0.001% 66.95 (41.48,79.35)  0.020" 5335 0.000°
1 19.20 (10.30,25.30) 21.55 (10.75,23.45) -0.081 0.935
14 8.00 (2.10,12.90) 0.000 21.55 (1440,23.68)  0.400 -4.026 0.000°
28 4.10 (0.90,10.00) 0.003* 32.70 (20.50,58.38)  0.007" -5.335 0.000°
1 270 (0.40,4.90) 1.60 (0.25,4.08) -0.859 0.416
14 1.20 (0.20,1.80) 0.003* 1.45 (0.10,3.68) 0.917 -1.647 0.390
28 0.70 (0.10,1.80) 0.191 030 (0.00,1.43) 0.032" -0.826 0.409
1 735+ 1.68 771+ 1.74 -0.762 0.449
14 7.00 + 1.36 0.074 7.66 +1.52 0.593 -1.653 0.104
28 6.64 + 1.00 0.000% 879 + 1.79 0.013" -5.230 0.000°
1 24.72 (21.75,27.11) 22.39 (20.67,25.86) -0.993 0.321
14 23.24 (21.23,27.19) 0737 27.30 (22.99,2849)  1.000 0478 0.632
28 21.67 (19.16,24.78) 0.063 2441 (21413118) 0355 2175 0.030°
i1 7.1+ 153 697 + 171 0308 0.760
14 6.78 £ 1.07 0265 7.08 £ 1.66 0.113 -0.798 0.429
28 6.00 + 151 0.000% 8.60 +2.11 0.245 -5.230 0.000°
1 413 + 1.02 399 110 0.449 0.655
14 436 + 118 0276 4.00 + 111 0.476 -3.691 0.152
28 3.63 £ 1.02 0.001* 493 +1.65 0.035" -3.533 0.001°
1 1.56 (1.28,2.11) 1.66 = 0.66 0.045 0.964
14 1.42 (1.27,1.55) 0.134 1.67 £ 0.65 0.198 5411 0.299
28 1.17 (0.97,1.49) 0.007* 212 +0.65 0.112 -5.814 0.000°

*P< 0.05 compared with the 0d of own group.
P< 0.05 compared with the 14d of own group.
#P< 0.05 compared the observation group with the control group at the 0d, 14d, 28d.
Time in range (TIR), time above range (TARY), time below range (TBR), mean blood glucose (MG), coefficient of variation (CV), large amplitude of glycemic excursions (LAGE), mean amplitude
of glycemic excursions (MAGE), mean of daily differences (MODD).
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Observation Observation = Control

Parameters

time point (d)  group group

14 5(16.12) 18 (81.82)
TIR < 80%

28 4 (12.90) 17 (77.27)
80%< TIR 14 10 (32.26) 3 (13.64)
=90 28 7 (22.58) 4 (18.19)

14 16 (51.62) 1 (4.54)
TIR > 90%

28 20 (64.52) 1 (4.54)

Time in range (TIR).
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Observation Control
Parameters
group group
Gender (n)
Male 16 10
0.659
Female 15 12
Age (years) 45.77 + 11.36 49.59 + 12.09 0.246
Course of
A 1.50 (0.50,12.00) 1.00 (0.50,4.00) 0.439
disease (months)
BMI (kg/m?) 27.00 +2.34 27.40 + 2.49 0.549
Education (0~12years/>13years)
0~12 12 13
0.143
>13 19 9
Physical activity intensity (n)
Low 14 12
Moderate 12 7 0.822
High 4 3
Smoking (n)
Yes 7 2
0197
No 24 20
Drinking (n)
Yes 9 6
0.889
No 22 14
Family history of diabetes Genetic history (n)
Yes 8 8
0.409
No 23 14

Body mass index (BMI).
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Parameters

Presence of the composite
adverse outcome

No (n = 36)

Yes (n =

Clinical Characteristics on Admission

Age (years) 72 (62, 82) 75 (65,80)
Male gender 21 (58.30) 15 (55.56)
Heart rate (bpm) 80 (71,72) 84 (80,99)
Respiratory rate (bpm) V 18 (18,20) V 20 (18,21)

SBP (mmHg) 130 (118,142) 133 (120,147)
DBP (mmHg) 76 (68,80) 77 (70,81)
Fatigue 18 (50) 13 (48)
Dyspnea 20 (56) 14 (52)
Comorbidities on Admission

Hypertension 24 (67) 19 (70)
Coronary heart disease 20 (56) 12 (70)
Chronic renal diseases 8 (22) 7 5(19)

Laboratory Examination on Admission

Leukocyte count (10°/L)

7.37 (5.68,10.05)

7.54 (5.84,10.19)

Neutrophil count (10°/L)

5.63 (3.54,8.51)

6.60 (4.60,8.05)

Lymphocyte count (10°/L)

1.27 (0.73,1.54)

0.84 (0.57,1.30)

C-reactive protein (mg/L)
Procalcitonin level (ng/mL)
ALT (U/L)

AST (U/L)

41.72 (7.51,95.99)
0.12 (0.07,0.32)
18 (10,25)

20 (15,28)

67.29 (20.84,127.00)
0.28 (0.14,0.94)
16 (13,30)

26 (16,33)

Creatinine (Lmol/L)

68.50 (53.25,103)

91 (55,144)

eGFR (mL/min/1.73 m?)

86.69 (57.76,100.65)

55.40 (36.83,98.58)

CK (U/L)
CK-MB (ng/mL)

LDH (U/L)

44.00 (25.50,67)
1.50 (0.78,2.10)*

242(194.25,286)*

65.00 (26.5,121.25)
2.20 (1.30,4.20)*

280(234,342.75)*

Triglycerides (mmol/L)

1.35 (0.96,1.64)

1.43 (0.94,1.9)

LDL cholesterol (mmol/L)

2.25 (1.67,3.28)

1.95 (1.55,2.51)

HDL cholesterol (mmol/L)
D-dimer (ug/mL)

FPG (mg/dL)

HbA,: (%)

1.08 (0.83,1.33)*
0.97 (0.56,1.81)
7.53 (6.54,16.15)

7.6 (6.8,9.33)

0.94 (0.72,1.09)*
1.76 (0.96,2.85)
13.07 (9.43,16.46)

8.15 (6.78,10.13)

Sensor glucose (mg/dL)

Coefficient of variation (%)

177.84
(153.70,217.95)*

32.95 (28.95,37.15)

222.84
(183.33,283.49)*

34.35 (27.23,37.93)

Treatment

Antibiotic therapy ‘ 35 (97) 25 (93)
Glucocorticoids 24 (67) 23 (85)
Anticoagulant Therapy 14 (39)* 19 (70)*
Non-insulin 25 (69)* 12 (44)*
Hypoglycemic Agents

insulin Hypoglycemic Agents 21 (58) ‘ 21 (78)

Data were presented as n (%) or median (IQR). *P < 0.05
ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular
filtration rate; CK, creatine kinase; CK-MB, creatine kinase-myocardial isoenzyme.
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86 patients met inclusion criteria*

—

63 patients enrolled in the study

36 patients achieved composite

adverse outcomes

Complete glucose data were not
available in 23 patients

27 patients achieved favorable

outcomes
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Odds ratio ( 95% Cl ); P-value

TIR6 0.963 (0.936 - 0.991 ); P=0.010

TIRS 0.958 (0.931 - 0.986 ); P=0.004

TIR4

0.957 (0.930 - 0.984 ); P=0.002

TIR3

0.960 ( 0.935 - 0.985 ); P=0.002

TIR2

0.968 (0.947 - 0.990 ); P=0.005

TIR1 0.977 (0.957 - 0.996 ); P=0.021

0.92 0.94 0.96 0.98 1
Odds Ratio (95%CI )
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Odds ratios (95%

confidence interval)

Sensor glucose levels (mg/dL)

TIR
TIR1(70-180) 0.975 (0.948-1.002)
TIR2(80-190) 0.963 (0.932-0.995)
TIR3(90-200) 0.951 (0.916-0.988)
TIR4(100-210) 0.950 (0.914-0.987)
TIR5(110-220) 0.960 (0.926-0.995)
TIR6(120-230) 0.967 (0.934-1.001)

Data are adjusted for age, sex, CK-MB, symptoms on admission, LDH, Use of OHA
and anticoagulant.
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Odds ratios (95% confi-

dence interval)

Clinical Characteristics on Admission

Age (years) 1.015(0.973,1.058) 0.489
Male gender 1.120(0.409,3.068) V‘ 0.826
Heart rate (bpm) 1.014(0.850,1.045) 0.345
Respiratory rate (bpm) 0.998(0.944,1.033) 0.584
SBP(mmHg) 1.009(0.988,1.031) ‘ 0.410
DBP(mmHg) 1.005(0.969,1.041) 0.803
Fatigue 0.929(0.342,2.520) 0.929
Dyspnea 0.862(0.317,2.344) ‘ 0.770
Gastrointestinal symptoms 2.125(0.33,13.704) 0.428
Comorbidities on Admission

Hypertension 1.187(0.404,3.490) 0.755
Coronary heart disease 0.640(0.234,1.747) ‘ 0.640
Chronic renal diseases 0.795(0.228,2.774) 0.720
Laboratory Examination on Admission

Leukocyte count (10°/L) 1.073(0.958,1.203) ‘ 0.224
Neutrophil count (10°/L) 1.107(0.973,1.260) 0.123
Lymphocyte count (10°/L) 0.617(0.257,1.480) 0.279
C-reactive protein (mg/L) 1.006(0.998,1.015) ‘ 0.122
Procalcitonin level 0.950(0.831,1.085) 0.447
(ng/mL)

ALT (U/L) 1.004(0.962,1.049) 0.844
AST (U/L) 1.038(0.985,1.095) ‘ 0.160
Creatinine (Lmol/L) 0.999(0.996,1.003) 0.801
eGFR (mL/min/1.73 m?) 0.991(0.976,1.006) 0.244
CK (U/L) 1.004(0.998,1.010) 0.175
CK-MB (ng/ml) 1.543(1.070,2.224) 0.020
LDH(U/L) 1.009(1.001,1.017) 0021
Triglycerides (mmol/L) 1.299(0.775,2.180) 0.321
LDL cholesterol (mmol/L) 0.593(0.322,1.094) 0.094
HDL cholesterol 0.184(0.032,1.040) ‘ 0.055
(mmol/L)

D-dimer (jig/mL) 1.129(0.966,1.319) 0.128
FPG (mg/dL) 1.000(0.965,1.037) 0.986
HbA,. (%) 1.129(0.900,1.578) 0221 ‘
Sensor glucose (mg/dL) 1.010(1.001,1.019) 0.031 ‘
Coefficient of 1.007(0.945,1.073) 0.831 ‘
variation (%)

Antibiotic therapy 0.357(0.031,4.158) 0.411 ‘
Glucocorticoids 0.348(0.098,1.236) 0.103
Anticoagulant Therapy 3.732(1.288,10.812) 0.015
Non-insulin 0.352(0.125,0.995) 0.049
Hypoglycemic Agents

Insulin 2.500(0.813,7.689) 0.110

Hypoglycemic Agents






