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Prediabete

Table 1| Definitions of prediabetes

14—
OIGT
Organization IFG basedon IGTbasedon  Atrisk of Ref. B FG
fastingplasma 2-hglucose diabetes based %
glucose value during on HbA1c K]
an OGTT g
(1]
ADA 56-6.9mmol/l 7.8-11.0mmol/l 5.7-6.4% 2 o
(100-125mg/dl) (140-199mg/dl) (39-46mmol/mol) f;
[4b]
WHO 61-6.9mmol/l  7.8-11.0mmol/l NA 208 3
(110-125mg/dl)  (140-199mg/dl) §
IEC NA NA 6.0-6.4% 209 =3
(42-46 mmol/mol)
ADA, American Diabetes Association; HbA1le, glycated haemoglobin; IEC, International NAC SACA WP MENA AFR EUR SEA

Expert Committee; IFG, impaired fasting glucose; IGT, impaired glucose tolerance;
NA, not applicable; OGTT, oral glucose tolerance test.

Adulti con IGT Adulti con IFG
12% della popolazione adulta mondiale (2024) 9.2% della popolazione adulta mondiale (2024)

Unnikrishnan et al. Prediabetes. Nat Rev Dis Primers, 2025
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Prediabete

Reviews/Commentaries/ADA Statements

A1C Level and Future Risk of Diabetes: A
Systematic Review
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Zhang et al. A1C Level and Future Risk of Diabetes: A Systematic Review. Diabetes Care 2010



Rischio di progressione a diabete

T2DM incidence rate ratio associated with IFG 5.6 mmol/L threshold

Prediabetic Normoglycaemic

Study : IRR(95% CI) % Weight nT nT
Asia/Middle East :
Angana 2015 —-— 274(189,398) 1126 320625  209/9398
Han 2017* it 417 (331,526) 1295 81/1579  B57/53461
Janghorbani 2015* —®—  534(2751037) 768 2311409 14/4578
Park 2006 - 548 (382,785 1142 4011278 116/20298
Derakhshan 2016 | - 746(598,932) 1304 15004950 162/39901
Heianza 2012 | —— 792 (561,11.18) 1160 108/5920 46/19961
Subtotal (Tau?=0.13) —<—— 523 (377,725 6794
with estimated prediction interval { (1.72, 15.89)

1

|
Australia/Europe/North America ]
Forouhi 2007 —— 442(210,929) 688 53/5000 803333
Valdes 2008 ——®——  518(235 1141) 645 14718 11/2923
Soriguer 2008 —8—— 520 (268 1044) 752 23/604  13/1806
Subtotal (Tau? = 0) — <> 4% (325757) 2085
with estimated prediction interval ! (032, 77 24)

|
American Indians/islands i
Wang 2011 —-— 274(188,399) 1121 13712374 34/1613

!

!
Overall (Tauz=013) —<>——  481(367,630) 10000
vith estimated prediction interval ! (1.95, 11.83)

i

T a0 T 1
05 1 2 4 8 16

Incidence rate rato (IRR)

Richter et al. Development of type 2 diabetes mellitus in people with intermediate hyperglycaemia. Cochrane Database Syst Rev. 2018




Rischio di progressione a diabete

T2DM incidence rate ratio associated with IFG 5.6 mmol/L thr

Study
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—
;
|
!
|
|
——
_l'— 518 (235, 11.41)
<>
3
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| (032, 77.24)
|
|

- | 274 (188,399)
|
|
i
1

—<D>——  481(367,630)

] (195, 11383)

% Weight

1126
1295
768

1142
13.04
1160
67.94

6.88
645
752
2085

1121

100.00

T
05 1 2 4 8 16
Incidence rate rato (IRR)

T2DM incidence rate ratio associated with IGT threshold

Prediabetic Normoglycaemic

Study ‘ IRR(95% CI) % Weight  n/T n/T
Asia/Middle East !
Anjana 2015 & 305(237,392) 1497 86/1269 209/9398
Li 2003* o 323(203,516) 929 33544 38/2026
Mohan 2008 R 348(1908,610) 748 157247 64/3665
Han 2017* ] 422 (387,482) 1875 624/11744  657/53461
Janghorbani 2015° ——e——  846(4421620) 619  26/1005 14/4578
Subtotal (Tau?= 005) —— 393(303,510) 5669
with estimated prediction interval | (1.71, 9.02)

|
Australia/Europe/North America '
Bonora 2011 —at 393(180,859) 472 8471 29/6704
Valdes 2008 — 420(185049) 442 9429 16/3200
Soriguer 2008 — 432(203,919) 498  14/450 13/1806
Rikelgkhuizen 2007 L 828 (519, 1320) 929  27/466 51/7286
Forouhi 2007 A Q37 (404,2171) 423  17/756 8/3333
Subtotal (Tau?= 0.05) —_— 593 (4.11,857) 2764
with estimated prediction interval : (2.38, 14.81)

|
American Indians/islands |
Dowse 1991 G 386(182,821) 4988 13322 1411339
Wang 2011 —a— 485(310,697) 1069 75765 3411613
Subtotal (Tau?=0) < 446 (312,638) 1568
Inestimable prediction distribution with <3 studies : (-.-)

|
Overall (Tau?=0.05) O 448 (3690,544) 10000
with estimated prediction interval : (2.60, 7.70)

|

T T T T
2 - 8 16

Incidence rate ratio (IRR)

32

Richter et al. Development of type 2 diabetes mellitus in people with intermediate hyperglycaemia. Cochrane Database Syst Rev. 2018




Rischio di progressione a diabete

T2DM incidence rate ratio associated with IFG 5.6 mmol/L threshold
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Incidence rate rato (IRR)

T2DM incidence rate ratio associated with IFG and IGT thresholds

Prediabetic Normaglycasmic

Study IRR {95% CI) % Weight AT niT
Asia/Middle East
Li 2003 —— 506 (3.47, 10.24) 1100 20179  3B/2026
Anjana 2015 —— 6.01 (4.49, 8.04) 1281 SBM34 2099308
Han 2017 - 2.3 (7.75,11.19) 1331 1381208 6577535461
Jangharbani 2015 [ —8— 51085(30.25 80.2) 1140 2141347 1404578
Suttotal (Tau? =0 46) << > 11.20 (550, 2243) 4832
with estmated predcbon mterval (042, 300.2T)
Australia’Europe/Morth America
Soriguer 2008 —— 217 (4.31,19.52) 9.42 14212 1311806
Bonora 20411 —— 11,37 (538, 2402 947 Q183 20/6T04
Rijkelijnuizen 2007 —— 1605 (957, 2602y 1128 20178  51/7286
Vaides 2008 ——— 19.05(9.01,4026) 9247 12126 16/3200
Sublotal (Tau?=0) —_— 13.02(000, 1940) 20E5
with estanated predcion interval ] {6.71, 28 85)
American Indiansislands
Wang 2011 B 518 (3.42,7.83) 1204 B6EOS  34MB613
Overall (Tau® = 0.23) —{:)— 1094 (722 1658) 10000
with estmated predc bion mterval 1 (258, 46 46)
T T =T T
025 1 4 16 64

Incidence rate raio (IRR)

Richter et al. Development of type 2 diabetes mellitus in people with intermediate hyperglycaemia. Cochrane Database Syst Rev. 2018




Rischio di progressione a diabete

T2DM incidence rate ratio associated with IFG 5.6 mmol/L threshold T2DM incidence rate ratio associated with IGT threshold T2DM incidence rate ratio associated with IFG and IGT thresholds
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Han 2017* - 417 (331,5626) 1295 81/1579  657/53461 Mohan 2008 ——— 348(198,610) 748 157247 64/3665 Angana 20135 - 6.01(4.49,8.04) 1281 SBM434 2099300
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Heianza 2012 | —@—  792(561,11.18) 1160 108/5920 46/19961 with estimated prediction interval ! (1.71, 9.02) with estmated predcton mterval (0.42, 300.27)
Subtotal (Taw?=0.13) —<—— 523(377,725) 6794 !
vith estimated prediction interval 1 (1.72, 15.89) /Europ: | AustraliaEurope/North America
! Bonora 2011 —_— 393(180,859) 472 8/471 29/6704
| - ! Soriguer 2008 —— 917 (4.31,19.52) 942 141212 131806
IE, | Veldes 2000 | S20(15,949)| 442, 4 10200 Bonora 2011 — - 1137(5.38,2402) 947 9483 20/6704
Forouhi 2007 —®—  442(210,929) 688 535000 8/3333 Songuer 2008 —— 432(203,919) 498  14/450 1311806 Nnora.20
| Rikelkhuizen 2007* [P 828(519 1320) 929  27/466 517286 Rijkelijinvizen 2007 o 1605(9.57,2602) 1128 20178 517286
Valdes 2008 ——8——  518(235 1141) 645 14718 112923 !
S L Forouhi 2007 el 937 (404,2171) 423 17/756 8/3333 Vakdes 2008 ——— 19.05(9.01,4026) 947 12126 16/3200
origuer 2008 —®——  529(268,1044) 752 23604  13/1806 . %
Sublotal (Tau?=0) - A96(325.757) 2085 Subtotal (Tau?= 0.05) —_— 593 (4.11,857) 2764 Sublotal (Tau?=0) —— 13.92(9.99,19.40) 3965
< > > i - ]
with aled prediction interval : (0.32, 77 24) with estimated prediction interval | (2.38, 14.81) with estimated prediction interval (6.71, 28.85)
| |
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1 i F
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with estimated prediction interval { (195 1183) with estimated prediction interval 4 (2.60, 7.70) with estmated prediction mterval H (2 58, 46 46)
i |
| |
T 0 1 T | T T T T T T
05 1 2 4 8 16 1 2 - 8 16 32 0.25 1 4 16 64

Incidence rate rato (IRR)

Incidence rate ratio (IRR)

Incidence rate ratio (IRR)

IFG 5,6 mmol/L

IRR complessivo: 4,81 (95% Cl 3,67-6,30) per
T2DM vs normoglicemia

IGT

IRR complessivo: 4,48 (95% Cl 3,69-5,44)
per T2DM vs normoglicemia

IFG+IGT

IRR complessivo: 10,94 (95% Cl 7,22-16,58)
per T2DM vs normoglicemia

Richter et al. Development of type 2 diabetes mellitus in people with intermediate hyperglycaemia. Cochrane Database Syst Rev. 2018




Storia naturale del T2DM

Natural history of type 2 diabetes
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Tobin et al. Addition of exenatide twice daily to basal insulin for the treatment of type 2 diabetes: clinical studies and practical approaches to therapy. Int ] Clin Pract. 2012

Tura et al. Profiles of Glucose Metabolism in Different Prediabetes Phenotypes, Classified by Fasting Glycemia, 2-Hour OGTT, Glycated Hemoglobin, and 1-Hour OGTT: An IMI DIRECT Study. Diabetes. 2021
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Storia naturale del T2DM

Natural history of type 2 diabetes
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Tobin et al. Addition of exenatide twice daily to basal insulin for the treatment of type 2 diabetes: clinical studies and practical approaches to therapy. Int ] Clin Pract. 2012
Tura et al. Profiles of Glucose Metabolism in Different Prediabetes Phenotypes, Classified by Fasting Glycemia, 2-Hour OGTT, Glycated Hemoglobin, and 1-Hour OGTT: An IMI DIRECT Study. Diabetes. 2021



Outcome

[ref]

All-cause mortality

All-cause mortality [29]
All-cause mortality [29]
All-cause mortality [29]
All-cause mortality [29]
All-cause mortality [29]
All-cause mortality [29]

CVD outcomes and CV mortality

CV events [29]

CV events [29]

CV events [29]

CV events [29]

CV events [29]

CV events [29]

CV events [29]

CV events [29]

CV mortality [29]°
CV mortality [29]°
CV mortality [29]°
CVD incidence [29]°
CVD incidence [29]°
CVD incidence [29]°
CHD [29]

CHD [29]

CHD [29]

CHD [29]

CHD [29]

CHD [29]

Stroke [29]

Stroke [29]

Stroke [29]

Stroke [29]

Stroke [29]

Stroke [29]

Atrial fibrillation [24]
Atrial fibrillation [24]
Heart failure [34]
Heart failure [34]
Heart failure [34]
Sudden cardiac death [25]

Microvascular outcomes
Chronic kidney disease [8]
Chronic kidney disease [8]
Chronic kidney disease [30]°
Chronic kidney disease [30]¢

Cancer

Total cancer [10]

Total cancer [10]

Total cancer [10]

Total cancer [10]
Stomach/colorectal cancer [10]
Total liver cancer [10]
Hepatocellular carcinoma [26]
Hepatocellular carcinoma [26]
Bronchus and lung cancer [10]
Prostate cancer [10]

Kidney or bladder cancer [10]
Breast cancer [10]

Breast cancer [10]

Pancreatic cancer [27]
Pancreatic cancer [27]
Mental/cognitive disorders
Depressive symptoms [28]
Depressive symptoms [28]
All-cause dementia [9]°
All-cause dementia [9]°
All-cause dementia [9]°
Alzheimer's dementia [9]°
Vascular dementia [9]°
Cognitive impairment [9]°

Prediabetes
definition

IFG: WHO

IFG: ADA

IGT: ADA/WHO
IFG/IGT: WHO

HbA,c: ADA
IFG/HbAc: ADA

IFG: WHO

IFG: ADA

IGT: ADA/'WHO
HbA;c: ADA
IFG/IGT: WHO
IFG/HbA:c: ADA
IFG/IGT: ADA
IFG/IGT/HbAc: ADA
IFG: WHO

IGT: ADAWHO
IFG: ADA

IFG: ADA

IFG: WHO

IGT: ADA'WHO
IFG: ADA

IFG: WHO

IGT: ADA/WHO
IFG/IGT: WHO
HbA:c: ADA
IFG/HbA:c: ADA
IFG: ADA

IFG: WHO

IGT: ADA'WHO
HbA;c: ADA
IFG/GT: WHO
IFG/HbA:c: ADA
IFG: ADA

IFG: ADA/'WHO
IFG: ADA

IFG: WHO

IGT: ADA'WHO
IFG/IGT: ADA

IFG: ADA/WHO
IFG: WHO

IFG: ADA
HbA:c: ADA

IFG: ADA/WHO
IFG: WHO

IGT: ADA/WHO
IFG/IGT: WHO
IFG/IGT: ADA/WHO
IFG/IGT: ADA/WHO
IFG/IGT: ADA/WHO
IFG: ADA

IFG/IGT: ADA/WHO
IFG/IGT: ADA/WHO
IFG/IGT: ADA/WHO
IFG/IGT: ADA/WHO

: WHO
IFG/IGT: ADA/WHO
IFG: ADA

41,

[y

L$

pra—

IFG/IGT/HbA1c: ADA/WHO s
IFG: ADA ——

IFG/IGT: na

IFG: 5.6-6.9 mmol/L
IGT: na

IFG/IGT: na
IFG/IGT: na
IFG/IGT: na

SHR (95% Cl)
1.13 (1.05, 1.20
1.08 (1.03, 1.13,
1.25(1.17, 1.32
1.7 (1.13, 1.20
0.98 (0.91, 1.05
1.05 (0.94, 1.16)
1.20 (1.09, 1.34
1.09 (1.03, 1.15,
1.23(1.13,1.34
1.05(0.97, 1.13
1.10 (0.99, 1.21)
1.05 (0.97, 1.13)
1.15 (0.91, 1.45)
0.98 (0.92, 1.05
1.20 (1.05, 1.38,
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1.30 (1.04, 1.62,
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1.13(0.95, 1.35
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1.18 (1.02, 1.36,
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Prediabete e comorbidita

Prediabete = fattore di rischio indipendente per
mortalita per tutte le cause, eventi cardiovascolari
maggiori e mortalita cardiovascolare e malattia renale
cronica.

8-25%

increased risk of all-cause mortality

Schlesinger et al. Diabetologia 2022



Rooney et al. Diabetologia 2025
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Prediabete e comorbidita
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New-onset diabetes with sodium-glucose cotransporter-2 inhibitors
in prediabetes: An updated meta-analysis and possible mechanisms

Awadhesh Kumar Singh * " <", Akriti Singh ¢, Ritu Singh * ¢

4 G. D Hospital & Diabetes Institute, Kolkata, West Bengal, India

b Sun Valley Hospital & Diabetes Research Center, Guwahati, Assam, India
© Horizon Life Line Multispecialty Hospital, Kolkata, West Bengal, India

9 Jawaharlal Nehru Medical College & Hospital, Kalyani, West Bengal, India

New-onset Diabetes with SGLT2i vs. Placebo in People with Prediabetes : A Meta-analysis of § RCTs (N = 6,752)
Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper Relative
ratio hmit  limit  p-Value weight
DAPA-CKD 0.590 0332 1047 0072 —_ 673
DAPA-HF 0.720 0.522 00993 0.046 21.40
EMPA-KIDNEY 0910 0602 1375 0654 13.01
EMPEROR-Reduced 0.860 0621 1.191 0.365 20.87
EMPEROR-Preserved 0.840 0660 1070 0.157 3769
Random-effects Model 0806 0694 0935 0.005 -
0.1 02 0.5 1 2 5 10
Heterogeneity: Tau' = 00, Qualue =22, f =4, = 00% P=0.70 Favours SGLT2i Favours Placebo
Test for overall effect Z =284, P=000%




The effects of dapagliflozin, metformin or exercise on glycaemic
variability in overweight or obese individuals with prediabetes (the
PRE-D Trial): a multi-arm, randomised, controlled trial

Kristine Faerch' (3 « Martin B. Blond ' (3 - Lea Bruhn' ( » Hanan Amadid' (@ « Dorte Vistisen' (@ «

Kim K. B. Clemmensen' (3 - Camilla T. R. Vaine ' (5 - Camilla Pedersen (3 - Maria Tvermosegaard ' -
Thomas F. Dejgaard ' (3 - Kristian Karstoft® @ » Mathias Ried-Larsen* @ - Frederik Persson '@ -

Marit E. Jergensen'2 (9

120 pazienti inclusi

randomizzazione 1:1:1:1 —

placebo

metformina 1700 mg/die

dapagliflozin 10 mg

esercizio fisico (30 min/die per 5 gg/sett)

26 settimane di studio

Endpoint primario: variazione del MAGE

SGLT2i e prediabete

Table 2 Pairwise compansons of the change in the primary outcome (MAGE) and other measures of glycaemic vanability from baseline to 6, 13 and

26 weeks
Measun: Week 6 Week 13 Week 26
Difference p value Dafference p value Difference p value
MAGE
DAP vs CON 16.6 (—30.3, —0.2) 0,047 17.1 (—30.8, 0.7) 0.042 18.0(—31.7,-1.T) 0.032
MET ws CON =T6(-224_10.2) 0.379 0.1 i-16.1, 19.4) (.991 —01{-239 85) 0291
EXE vs CON —15.7(-293, 0.6) 0.059 =153 -29.1, 1.2) 0.067 —21.4(-345 -5T) 0,00
DAP vs MET —08(-245 7.8) 0.257 =172 (=309, —0.8) 0.041 —08 (—24.6, T.8) 0.256
EXE vs DAP 1.1 {—15.5, 20.9) 05403 22(-14.8, 22.5) 0815 —4.1 (=202, 15.1) 0.651
EXE vs MET —83(-234.87) 0.305 =154 (-29.1, 1.1} 0.065 —136(-277.34) 0.110
SD
DAP vs CON -133 (=262, 19) 0083 —158(-284, -09) 0.039 —12.1{-254.3.6) 0124
MET vs CON —-T6(-21.1,82) 0324 —03 (—15.0, 16.8) 0. 966 =7.2(-209, 89) 0362
EXE vs CON —0.6 (229 6.0) 0215 —9.1 (—22.5,6.T) 0,245 —-12.5(-257.3.1) 0111
DAP vs MET —6.1 (=200, 10.2) 0438 —155(—28.2, —0.5) 0.043 —53(—193 11.3) 0.509
EXE vs DAP 440-11.2 225 0.607 B0(—8.3, 272) (.360 05156, 174) 0.956
EXE vs MET =21 (=164, 14T 0.794 -88 (=222 7.1) 0.262 =5.7(-19.7, 10.7) 0474
v
DAP vs CON —100 (—22.8, 4.8) 0.176 =134 (-257, 1.1} 0.06% —-11.5(-242,33) 0121
MET ws CON —46(-179, 10.7) 0.534 —120(—15.0, 14.8) 0870 73203, 79 03
EXE vs CON —B2{-210.6.T) 0.267 6. (—19.3, 9.2) 0414 111 {-238.39) 0.139
DAP vs MET —56(-189 0.8) 0454 =123 (=248 23) 01.0159% —46(-18.1, 11.1) 0541
EXE vs DAP 200(-12.4, 18.9) 0.795 £3(-7.2,26.6) 0310 0.5(—14.0,17.5) 0.945
EXE vs MET 370171119 0621 —4.9(—18.3, 10.6) 0512 —41i{-178 1017 0.590

Data were log -transformed for anabysis and back-transformed for presentation. Results are presented as relative changes and were calculated as the ratio
of mean (95% CI) change from baseline in one group vs the other in percentage term (Le. if group A changed 20% between visit | and 2 [A2A] =1.2]

and group B changed 10¢% [B2/B1 = 1.1]. then the relative change between group A and B is 12711 =9.1%)
COMN, control; DAP, dapagliflozin; EXE, exercise; MET, metformin
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The effects of dapagliflozin, metformin or exercise on glycaemic
variability in overweight or obese individuals with prediabetes (the
PRE-D Trial): a multi-arm, randomised, controlled trial

Kristine Faerch' (3 « Martin B. Blond ' (3 - Lea Bruhn' ( » Hanan Amadid' (@ « Dorte Vistisen' (@ «

Kim K. B. Clemmensen' (3 - Camilla T. R. Vaine ' (5 - Camilla Pedersen (3 - Maria Tvermosegaard ' -
Thomas F. Dejgaard ' (3 - Kristian Karstoft® @ » Mathias Ried-Larsen* @ - Frederik Persson '@ -

Marit E. Jergensen'2 (9

Table 2  Pairwise comparisons of the change in the primary outcome (MAGE) and other measures of glycaemic vanability from baseline to 6, 13 and
26 weeks

Measurne Week 6 Week 13 Week 26
Difference p value Difference p value Difference p value
MAGE
DAP vs CON —16.6 (303, -0.2) 0047 —17.1 (308, -0.7) 0042 —180(-31.7,-1.T) 0.032
MET vs CON =7.6(-224, 10.2) 0379 0.1 i-16.1, 19.4) 0.991 —0.1(-239,85) 0.291
EXE vs CON —15.7 (-29.3, 0.6) 0059 —153(-29.1, 1.2) 0.067 =21.4(-34.5,-5T) 0.009
DAP vs MET —9.8(-24.5 7.8) 0.257 —17.2(-30.9, -0.8) 0.041 —08(-24.6, 7.8) 0.256
EXE vs DAP L1 {—15.5,20.9) 0903 22148, 225) 0815 —4.1{-20.2, 15.1) 0.651
EXE vs MET —BE(-234. 87T 0305 —154(-29.1. 1.1) 0.065 —136(-277.34) 0110
sD
DAP vs CON —133 (262, 19) 0083 —158(-28.4,-09) 0,039 —12.1{-254,36) 0124
MET vs CON =716(-21.1.82) 0324 —03 (—15.0, 16.8) 0966 =72(-209,89 0362
EXE vs CON =96 (-22.9, 6.0) 0215 9.1 (—22.5,6.7) 0.245 —12.5(-257,3.1) LA
DAP vs MET —6.1 (—20.0, 10.2) 0438 —15.5(-282, —-05) 0043 —53(-193,11.3) 0.509
EXE vs DAP 44(-11.2.225) 0607 B0 (—83, 27.2) 0360 —05(-15.6,174) 0.956
EXE vs MET =21 (-164. 147 0794 -BE (222 7.1) 0.262 =5.7(—19.7, 10.T) 0.474
cv
DAP vs CON —10.0 (228, 4.8) 0176 —134(-257.1.1) 0068 —11.5(-242 33) 0121
MET vs CON —4.6(-17.9, 10.7) 0534 —1.2i-15.0, 14.8) 0870 =7.3(-20.3, 79 0.329
EXE vs CON —82(-21.0,6T) 0267 6.1 (—19.3,9.2) 0414 —11.1{-23.8,39) 0.139
DAP vs MET —56(-189, 9.8) 0454 —123 (248 23) 0.0% —46(—-18.1, 11.1) 0543
EXE vs DAP 200(-124, 189 0795 83 (-7.2 26.6) 0310 05(-14.0, 17.5) 0.946
EXE vs MET =37(-17.L 119 0621 —49 (—18.3, 10.6) 0.512 —4.1{-17.6,11.7) 0.590

Data were log -transformed for analysis and back-transformed for presentation. Results are presented as relative changes and were calculated as the ratio
of mean (95% CI) change from baseline in one group vs the other in percentage term (ie. if group A changed 204 between visit | and 2 [A2A] =1.2]
and group B changed 10% [B2Z/BI = 1.1], then the relative change between group A and B is 1.2/1.1 =9.1%)

CON, control; DAP, dapaghflozin; EXE, exercise; MET, metformin
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Inhibition of Renal Sodium-Glucose Cotransport
With Empagliflozin Lowers Fasting Plasma Glucose

SGLT2i e prediabete

Table 2—Effect of empaglifiozin on the FPG concentration and insulin secretion during the stepped hyperglycemic clamp

NFG IFG P value
and Improves [3-Cell Function in Subjects FPG (mg/dl)
- . = Baseline 95 + 2 (96) 110 = 2 (113) <0.0001
With Impaired Fasting Glucose o a4 = 397 108 = 162 007
Day 14 100 = 3 (97) 103 + 3* (103) 0.06
Muhammad Abdul-Ghani, Hussein Al Jobori, Giuseppe Daniele, John Adams, Eugenio Cersosimo, FP C-peptide (ng/mL)
Curtis Triplitt, and Ralph A. DeFronzo Baseline 21 +032.0 40 =04 @4.1) 0.002
48 h 2.0 + 0.3 (2.0) 37 = 05 (34) 0.008
Day 14 25 + 0.4 2.9 37 = 0.5 (3.8) 0.02
Fasting FFA (mmol)
Baseline 0.54 + 0.07 (0.48) 0.46 + 0.04 (0.44) NS
48 h 0.65 = 0.09 (0.57) 0.62 = 0.09" (0.61) NS
Day 14 0.42 + 0.05 (0.43) 0.49 + 0.04 (0.46) NS
. .. ., AC-Pepg-1g) (ng/mL/min)
Pazienti inclusi: Baseline 15 = 4 (14) 26 + 5 (18) NS
48 h 14 + 4 (13) 34 + 4 (27) 0.05
8 con NGT Day 14 16 = 4 (10) 32 + 4 (30) NS
8 con I FG AC-Pepyig-3s0) (ng/mL/min)
Baseline 98 = 11 (81) 116 = 10 (94) NS
48 h 107 = 11 (105) 141 = 8* (141) 0.07
. . . Day 14 96 + 9 (91) 141 + 8* (138) <0.05
— empagliflozin 25 mg/die per 14 gg ey
Baseline 0.10 = 0.01 (0.08) 0.10 = 0.01 (0.11) NS
. . . 48 h 0.10 = 0.01 (0.09) 0.11 = 0.01 (0.11) NS
C|amp |perg| icemico al: Day 14 0.09 = 0.01 (0.10) 0.12 = 0.01 (0.12) NS
0 TGU (mg/kg/min)
- Baseline Baseline 157 = 1.2 (153) 12.4 = 0.8 (12.2) 0.2
_ 48 h 163 = 15 (17.3) 12.8 = 0.5 (12.9) 0.01
DOpO 48 ore Day 14 16.3 = 1.2 (17.0) 12.9 = 0.9 (12.7) 0.02
- Dopo 14 giorni TGU/MPI
Baseline 48 = 10 (49) 172 = 2 (163) 0.01
48 h 44 + 7 (47) 21 = 3 (20.1) 0.01
Day 14 50 = 10 (48) 20 = 3 (17.4) 0.01
IS/IR index
Baseline 4,324 + 1,004 (3,854) 1,784 = 160 (1,879) <0.05
48 h 4410 = 927 (4,138) 2,863 = 497" (2,898) NS
Day 14 4,322 + 810 (3,575) 2,697 = 391" (2,623) NS

Data are mean = SEM (median) unless otherwise indicated. FFA, free fatty acid; FP, fasting plasma. *P < 0.05 versus baseline.
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Data are mean = SEM (median) unless ctherwise indicated. FFA, free fatty acid; FP, fasting plasma. *P < 0.05 versus baseline.

1 g 40,
5
- - - - o
Inhibition of Renal Sodium-Glucose Cotransport 5 30
- . . . 3
With Empagliflozin Lowers Fasting Plasma Glucose &= 2
. . . DE
and Improves -Cell Function in Subjects 35
. . . % =aa |
With Impaired Fasting Glucose g 10
(7]
©
Muhammad Abdul-Ghani, Hussein Al Jobori, Giuseppe Daniele, John Adams, Eugenio Cersosir o 0 -
Curtis Triplitt, and Ralph A. DeFronzo 0 60 120 180 240 300 360
Time (min)
Table 2—Effect of empaglifiozin on the FPG concentration and insulin ion during the stepped hyperglycemic clamp B 40 ~0 O
NFG IFG P value Empaglifiozin 0%
FPG (mg/dL) ]
Baseline 95 + 2 (96) 110 = 2 (113) <0.0001 5 30
48 h 94 + 3 (97) 103 = 3" (102) 0.07 o
Day 14 100 = 3 (97) 103 = 3* (103) 0.06 g
FP C-peptide (ng/mL) "a =
Baseline 21+ 03 (2.0) 4.0 + 04 (4.1) 0.002 OF 20
48 h 2.0 + 0.3 (2.0) 3.7 + 05 (34) 0.008 =)
Day 14 25 + 0.4 (2.9) 37 * 05 (3.8) 0.02 s
Fasting FFA (mmol) E 10
Baseline 054 = 0.07 (0.48) 0.46 + 0.04 (0.44) NS g
48h 0.65 + 0.09 (0.57) 0.62 = 0.09" (0.61) NS
Day 14 0.42 + 0.05 (0.43) 0.49 + 0.04 (0.48) NS 0
AC-Pepig_1q) (ng/mL/min)
Baselina 15 + 4 (14) 26 = 5(18) NS 0 60 120 180 240 300 360
48 h 14 + 4 (13) 34 + 4@27) 0.05 TIME (min)
Day 14 16 + 4 (10) 32 + 4 (30) NS C
AC-Pepyio-gen) (Ng/mL/min) 5
Baseline 98 + 11 (81) 116 = 10 (94) NS 3 ]
48 h 107 = 11 (105) 141 = 8* (141) 0.07 :C: Empaglifiozin
Day 14 96 + 9 (91) 141 + 8 (138) <0.05 o 4
Slope (C-Pep/PG) S 3]
Baseline 0.10 = 0.01 (0.08) 0.10 + 0.01 (0.11) NS =
48h 0.10 = 0.01 (0.09) 0.11 + 0.01 (0.11) NS o=
Day 14 0.09 = 0.01 (0.10) 0.12 = 0.01 (0.12) NS n.' % 2
TGU (mg/kg/min) % £4!
Baseline 15.7 + 12 (15.3) 12.4 + 0.8 (12.2) 02 £
48 h 16.3 = 1.5 (17.3) 12.8 = 0.5 (12.9) 0.01 ] -
Day 14 16.3 = 1.2 (17.0) 12.9 = 0.9 (12.7) 0.02 £ 0jo
TGU/MPI
Baseline 48 + 10 (49) 172 = 2 (16.3) 0.01 0 5 10 15 20
48 h 44 + 7 47) 21 + 3 (20.1) 0.01 Time (min)
Day 14 50 + 10 (48) 20 + 3 (17.4) 0.01
IR e Figure 3—Increment above fasting in plasma C-peptide concentration
Baseline 4,324 + 1,004 (3,854) 1,784 = 160 (1,879) <0.05 2 . a . s
48 h 4,410 = 927 (4,138) 2,863 = 497" (2,898) NS during the hyperglycemic clamp in subjects with NFG (A) and IFG (B)
Day 14 4,322 = 810 (3,575) 2,697 = 391" (2.623) NS at baseline and at 48 h after starting empagliflozin treatment. C: First-

phase insulin secretion in subjects with IFG before and 48 h after
starting empagliflozin.
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Inhibition of Renal Sodium-Glucose Cotransport 60 r=-0.75
: - : . 3 <0.001
With Empagliflozin Lowers Fasting Plasma Glucose g 40/ _ o ® P
and Improves -Cell Function in Subjects $ 0
-
- - - o c
With Impaired Fasting Glucose =
c 5 0
Muhammad Abdul-Ghani, Hussein Al Jobori, Giuseppe Daniele, John Adams, Eugenio Cersosimo, OA 40 - o £
Curtis Triplitt, and Ralph A. DeFronzo 5 g" -20
(: 30 | o [ ]
B~ . . _gee
Table 2—Effect of empaglifiozin on the FPG concentration and insulin ion during the stepped hyperglycemic clamp E' E20 Empaglifiozin 025" -40
NFG IFG P value o2 -20 156 110 -5 0 5 10 15 20
®~10 | =
Fpgag?r{:u 95 + 2 (96) 110 = 2 (113) <0.0001 § Ncags‘.. Baseline Change in FPG Conc (mg/dl)
Day 14 100 = 3 @0 103 = {109 006 = ol
FP C-peptide (ng/mL) = = : 0 60 120 180 240 300 360 Figure 4—Relationship between the change in AC-Pepo-seq 48 h
Baseline 21+ 03@0) 40+ 04 @41) 0.002 B Time (min) after the start of empaglifiozin relative to baseline and the change in
48h 20 =03 2.0) 37+ 05 (34) 0.008 . -
By 14 25 0429 370563 e 40 Empagifiozin the FPG concentration after 48 h of empagliflozin treatment.
Fasting FFA (mmol) g [
Baseline 0.54 = 0.07 (0.48) 0.46 = 0.04 (0.44) NS g 3 o) 4500 -
48h 065 = 0.09 (0.57) 062 = 009" (0.61) NS g =
Day 14 042 = 0.05 (0.43) 0.49 + 0.04 (0.46) NS o5 %) =-0.65
AC-Pepip_1g) (ng/mL/min) o % c
Baseiine 15 + 4 (14) 26 = 5 (18) NS SE 3 3000 ] p<0'05
48 h 14 = 4 (13) 34 = 4(27) 0.05 § 10 1
Day 14 16 = 4 (10) 32 = 4 (30) NS 3 =
AC-Pepyio-gen) (Ng/mL/min) 0 Q 1 500 i
Baseline 98 = 11 (81) 116 = 10 (94) NS &)
48h 107 = 11 (105) 141 = 8* (141) 0.07 9 ' M2 A% 240 300° 260 ©
Day 14 96 + 9 @1) 141 = 8* (138) <0.05 c TIAE (min) '.q-',)
Slope (C-Pep/PG) . m 0
Baseline 0.10 = 0.01 (0.08) 0.10 = 0.01 (0.11) NS 2 Empaglifiozin
48h 0.10 = 0.01 (0.09) 011 + 0.01 0.11) NS S 4 c
Day 14 0.09 + 0.01 (0.10) 0.12 + 0.01 (0.12) NS g ;! e
TGU (mg/kg/min) 2= g, -1500
Baseline 157 = 12 (153) 124 = 08 (12.2) 02 aL£2 c
48h 16.3 = 15 (17.3) 12.8 = 05 (12.9) 0.01 Z, £, ©
Day 14 16.3 = 12 (17.0) 12.9 = 09 (12.7) 0.02 E c i i i i i i i . :
TGUMPI E 0 o=e 0 3000
Baseline 48 = 10 49) 17.2 = 2 (163) 0.01 ° 5 10 % 2 20 15 10 -5 0 5 10 15 20
48h 44+ 7 (47) 21+ 3 (20.1) 0.01 Time (min) )
Day 14 50 = 10 (48) 20 = 3 (17.4) 0.01 Change in FPG (mg"dl)
IS/IR index Figure 3—Increment above fasting in plasma C-peptide concentration
Baseline 4,324 = 1,004 (3,854) 1,784 = 160 (1,879) <0.05 during the hyperglycemic clamp in subjects with NFG (A) and IFG (B) X . .
48h 4,410 = 927 (4,138) 2,863 = 497" (2,898) NS at baseline and at 48 h after starting empaglifiozin treatment. C: First- Figure 5—Correlation between the change in B-cell function (IS/IR
Day 12 T 267 = at @62 NS phiasalinsuiin’secration. in  subjects ‘with IFG before:and 48 h after. index) and the change in FPG concentration after 48 h of empagliflozin
Data are mean + SEM (median) unless otherwise indicated. FFA, free fatty acid; FP, fasting plasma. *P < 0.05 versus baseline. starting empaglifiozin.

treatment.
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Inhibition of Renal Sodium-Glucose Cotransport
With Empagliflozin Lowers Fasting Plasma Glucose
and Improves 3-Cell Function in Subjects
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Table 2—Effect of empaglifiozin on the FPG concentration and insulin ion during the stepped hyperglycemic clamp ng_.E 20 - Empagliﬂozin:;;.{.“ { = 20
NFG IFG P value o2 5300/ %) E
FPG (mg/dL) 2710 a2 . EH® 0
Baseline 95 + 2 (96)
48 h 94 +3(@7) . . . . . o . . . - -
Day 14 w-3en  Table 3—Linear regression analysis with the increase in insulin secretion (AC-Pepy10-3607)) and increase in IS/IR index on days 2 and
o peptide (og/mt) 21-03e0 14 as the dependent variable and the decrease in FPG concentration as the independent variable
48h 2.0+ 03 (2.0) ) . . .
Day 14 25-04e9  Independent variable Dependent variable Covariates Standardized B P value R?
Fasting FFA (mmol)
E:S:Im g: i gg; ((ggg AFPG(BL—»dayQ) &C-Pep“ 0-360) Age, Sex, BM', FPG 0.26 NS 017
Day 14 0.42 = 0.05 (0.43 .
ACB-Fee;:pm, (ng/mL/min) e ey ﬂFPG(BL_.dayg) IS/IS index Age, sex, BMI, FPG 0.52 0.03 0.28
aseline =
48h 14 = 4 (13)
Day 14 16 = 4 (10) iﬁFPG(BL—»day1 4) &C-F’ep“ 0-360) Age, sex, BMI, FPG 0.59 0.01 0.13
AC-Pepyio-gen) (Ng/mL/min) s
Baseine w=1e)  AFPGg _, IS/IS index Age, sex, BMI, FPG 0.43 0.05 0.21
48h 107 = 11 (105) (BL—day14)
Day 14 9% = 9 (1) .
Slope (C-Pep/PG) BL, baseline.
Baseline 0.10 = 0.01 (0.08
48 h 0.10 = 0.01 (0.09) U1 = 001 UaIT) NS o 4] @ ' i
Day 14 0.08 = 0.01 (0.10) 0.12 * 0.01 (0.12) NS 2 3/ om 0 L ] o of
TGQJQZ?\/:W"' 157 = 12 (15.3) 124 + 08 (12.2) 02 .;‘TE 2 Baseline £ .
= e Py - 5% [ -1500
48h 163 = 1.5 (17.3) 12.8 = 0.5 (12.9) 0.01 e o) ®
Day 14 163 = 1.2 (17.0) 12.9 = 0.9 (12.7) 0.02 £ g
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Highlights

* SGLT2i treatment results in beneficial metabolic adaptations in
non-diabetic, insulin resistant individuals

= SGLT2i treatment led to lower 24-h glucose levels and higher free
fatty acid and B-hydroxybutyrate levels

= SGLT2i treatment improved skeletal muscle mitochondrial
oxidative capacity

= SGLT2i treatment did not significantly affect hepatic glycogen
levels, but seemed to affect muscle glycogen levels
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A Dapagliflozin Placebo Dapaglifiozin Placebo Hazard Ratio P Value for ~ Absolute Risk P Value for >
N Events/100 patient-years (95% CI) Interaction Dif:;;f /:lglz), % Interaction
Primary outcome: eGFR decline X50%, ESKD, or kidney or CV death . v
Overall 197/2152  312/2152 46 7.5 et} 0.61(0.51, 0.72) 5.3 (3.4, 7.3)

Normal glucose 28/368  41/370 4.1 6.1 -—o—s 0.62 (0.39, 1.01) 0.19 35(-0.7,7.7) 0.42 >

Pre-diabetes 17/329 42/331 26 6.5 r—e—— : 0.37 (0.21, 0.66) 7.5(3.2,11.8)

Diabetes 152/1455 229/1451 52 8.0 i E 0.64 (0.52, 0.79) 5.3(2.9,7.8) I
ESKD E O
Overall 109/2152 161/2152 25 3.8 it 0.64 (0.50, 0.82) 2.4 (1.0, 3.9)

Normal glucose 19/368 32/370 238 4.7 ——i 0.54 (0.30, 0.95) 0.72 3.5(-0.2,7.1) 0.81
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Overall 112/2152  201/2152 26 4.8 = 0.53 (0.42, 0.67) 4.1(2.6,5.7)
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Persson F, et al. DAPA-CKD Trial Committees and Investigators. Efficacy and Safety of Dapagliflozin by Baseline Glycemic Status: A Prespecified Analysis From the DAPA-CKD Trial. Diabetes Care.
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Hazard Ratio for Progression of Kidney Disease
Subgroup Empagliflozin Placebo or Death from Cardiovascular Causes (95% Cl)
no. of patients with event /total no.
Diabetes mellitus E
Present 218/1525  306/1515 — — 0.64 (0.54-0.77)
Absent 214/1779  252/1790 —— 0.82 (0.68-0.99)
Estimated GFR
<30 ml/min/1.73 m2 247/1131 317/1151 —— 0.73 (0.62-0.86)
>30 to <45 ml/min/1.73 m? 140/1467  175/1461 — 0.78 (0.62—0.97)
>45 ml/min/1.73 m? 45/706  66/693 - 0.64 (0.44-0.93)
Urinary albumin-to-creatinine ratio E
<30 42/665  42/663 : - 1.01 (0.66-1.55)
>30 to <300 67/927 78937 — 0.91 (0.65—1.26)
>300 323/1712  438/1705 —- 0.67 (0.58-0.78)
All patients 432/3304  558/3305 <> 0.72 (0.64-0.82)
0!5 1.0 1f5 2?0
Empagliflozin Better Placebo Better

Herrington et al. Empagliflozin in Patients with Chronic Kidney Disease. N EnglJ Med. 2023
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Figure 1. Effect of empagliflozin on the primary end point of EMPEROR-Reduced (Empagliflozin
Outcome Trial in Patients With Chronic Heart Failure With Reduced Ejection Fraction). Time to first
event of either cardiovascular death or heart failure hospitalization in (A) patients with diabetes and (B)
patients without diabetes. HR indicates hazard ratio.
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Figure 2. Effect of empagliflozin vs placebo on the primary end point of cardiovascular death or first
hospitalization for heart failure in patients with and without diabetes. Effect of empagliflozin vs
placebo on the primary end point of cardiovascular death or first hospitalization for heart failure in (A)
patients with diabetes at baseline and (B) patients without diabetes. HR indicates hazard ratio.
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Figure 2. Effect of empagliflozin vs placebo on the primary end point of cardiovascular death or first
hospitalization for heart failure in patients with and without diabetes. Effect of empagliflozin vs
placebo on the primary end point of cardiovascular death or first hospitalization for heart failure in (A)
patients with diabetes at baseline and (B) patients without diabetes. HR indicates hazard ratio.
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Diabetes and Associated
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Prafessional Practice Committee for
Digbetes*
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PHARMACOLOGIC INTERVENTIONS
TO DELAY TYPE 2 DIABETES

Recommendations

3.7 Metformin for the prevention of
type 2 diabetes should be considered
in adults at high risk of type 2 diabetes,
as typified by the Diabetes Preven-
tion Program, especially those aged
25-59 years with BMI =35 kg/m’,
higher fasting plasma glucose (e.g.,
2110 mg/dL [>6 mmal/L]), and higher
AlC (eg., =6.0% [>42 mmol/maol]),
and in individuals with prior gesta-
tional diabetes mellitus. A

3.8 Consider using metformin to
prevent hyperglycemia in high-risk in-
dividuals treated with a phosphatidyli-
nositod 3-kinase « (PI3Ko) inhibitor
(e.g., alpelisib and inavolisib). B

3.9 Consider using metformin to
prevent hyperglycemia in high-risk
individuals treated with high-dose
glucocorticoids. B

PREVENTION OF VASCULAR
DISEASE AND MORTALITY

Recommendations

3.11 Prediabetes is associated with
heightened cardiovascular risk; there-
fore, screening for and treatment of
modifiable risk factors for cardiovas-
cular disease are suggested. B

3.12 Statin therapy may increase the
risk of type 2 diabetes in people at
high risk of developing type 2 diabe-
tes. In such individuals, glucose sta-
tus should be monitored regularly
and diabetes prevention approaches
reinforced. it is not recommended
that statins be avoided or discontin-
ued for this adverse effect. B

3.13 Im people with a history of
stroke and evidence of insulin resis-
tance and prediabetes, pioglitazone
may be considered to lower the risk
of stroke or myocardial infarction
However, this benefit needs to be bal-
anced with the increased risk of weight
gain, edema, and fractures. A Lower
doses may mitigate the risk of adverse
effects but may be less effective. C

PERSON-CENTERED CARE GOALS

Recommendations

3.14 In adults with overweight or
obesity at high risk of type 2 diabe-
tes, care goals should include weight
loss and maintenance, minimizing the
progression of hyperglycemia, and at-
tention to cardiovascular risk. B

3.15 Pharmacotherapy (e.g., for weight
management, minimizing the pro-
gression of hyperglycemia, and car-
diovascular risk reduction) should
be considered to support person-
centered care goals. A

3.16 More intensive preventive ap-
proaches should be considered in
individuals who are at particularly high
risk of progression to diabetes, includ-
ing individuals with BMI >35 kg/m’,
those with higher glucose levels (eg.,
fasting plasma glucose 110-125 mg/dL
[6.1-6.9 mmol/L], 2-h postchal-
lenge glucose 173-199 mg/dL [9.6—
11.0 mmol/L], and A1C >6.0%
[>42 mmol/mol]), and individuals with
a history of gestational diabetes
mellitus. A
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SGLT-2 Inhibitors in Prediabetes; Ongoing Clinical Trials

Based on the clinicaltrials.gov database, 12 ongoing
clinical trials were conducted to evaluate the efficacy
and safety of SGLT-2 inhibitors in prediabetes includ-
ing dapagliflozin (six trials), empagliflozin (five trials),
and canagliflozin (one trial). Study sample sizes range
from 34 to 700, with a cumulative sample size of 2100
including dapagliflozin (1620), empaglifiozin (262), and
canaglifiozin (218). The route of administration of
SGLT-2 inhibitors is oral. The dose range, duration of

Evaluating the Safety and Efficacy of Sodium-Glucose
Co-transporter 2 Inhibitors in Subjects

with Prediabetes: A Protocol for a Randomized
Controlled Trial

Xiaxuan Zhu - Li Xia - Deshan Yin - Jin Yang - Rui Wei®

. . First follow-
Trial begins up visit
Week 0
Enrollment Start of
phase intervention
1. Informed 1. Stratified
consent random
2. Screening of —
subjects 2. Collection of
vital signs,
3. Compliance weight, etc.
evaluation
3.HbAlc, OGTT
4. Medical and other
history laboratory
collection examinations

Pourkarim et al. Current Evidence on SGLT-2 Inhibitors in Prediabetes: A Review of Preclinical and Clinical Data. ] Clin Pharmacol. 2025
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