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Insulinresistens och insulinrespons vid
utveckling av typ 2 diabetes
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IFG = impaired fasting glucose
IGT = impaired glucose tolerance

Simonson GD, Kendall DM. Coron Artery Dis. 2005;16:465-472
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Insulinresistens utvecklas redan efter fyra timmars
infusion av fria fettsyror hos manniska
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Okad mangd fettsyror inducerar insulinresistens i
skelettmuskeln
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Balans och obalans i dispositionsindex

5.0
2.54

1.67 -

1.25 4

Healthy

1.0 adults

0.8 +
[ Insulin release

0.6 -
[ Insulin sensitivity

Fold of value in healthy adults

0.4 -

0.2

Puberty IPregnancyI Obesity

1.67

[ Insulin release
1.254 I Insulin sensitivity

_ < Healthy
10 adults

0.8+
0.6

0.4+

Fold of value in healthy adults

0.2

o

Elderly

Impaired glucose
tolerance

Type 2 diabetes
mellitus

Women

with PCOS

Women with a history
of gestational diabetes
Relatives of people
with type 2

diabetes mellitus

Kahn SE et al Nature 2006



Betacellsfunktionen ar avgorande for utvecklingen av
typ 2 diabetes: interaktion av gener och miljo

Obesity / insulin resistance genes
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WhICh came first?




Insulinsekretion, men inte insulinkanslighet, ar forsamrad hos
unga overviktiga individer med nedsatt glukostolerans (IGT)
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For Debate

Beta cell function and its relation to insulin action in humans:

a critical appraisal

E. Ferrannini! - A. Mari?

! Department of Internal Medicine and CNR Institute of Clinical Physiology, University of Pisa School of Medicine, Pisa, Italy
2CNR Institute of Biomedical Engineering, Padova, Italy

e Betacellsfunktion
— | relation med insulinkanslighet
(dispositionsindex)
 Hur mater vi betacellsfunktion?

— Hur mycket av betacellsmassan och
betacellsfunktionen har forlorats vid typ 2
diabetes?



Glucose clamp technique: a method for quantifying
insulin secretion and resistance

RALPH A. DEFRONZO, JORDAN D. TOBIN, AND REUBIN ANDRES
Department of Medicine, Yale Un. ‘ersity School of Medicine, New Haven,
Connecticut 06510; and Clinical Physiology Branch, Gerontology

Research Center, National Institute of Aging, Baltimore

City Hospitals, Baltimore, Maryland 20014
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Basal homeostasis model assessment
(HOMA)
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Methods for clinical assessment of insulin
sensitivity and [3-cell function

Best Practice & Research Clinical Endocrinology & Metabolism, 2003

Giovanni Pacini™

Andrea Mari
Applicability | Informatin | Experimental Calculation Validation
provided requirments
Fasting Very wide IS/BCF 1-3 samples HOMA Simple Controversial
Glucose/Insulin N/A QUICKI
OGTT Wide IS/BCF 2-10 samples ISlcomp Simple Reasonable
2-5 hours MCrest

IVGTT Medium BCF/IS 12-30 samples Minimal = Computer/ Well

wide 3-5 hours model Spreadsheet  documented
Graded glucose Limited 10-15 samples Simple
infusion 6 hours
Arginine test Limited BCF >25 samples Simple

4-5 hours



Bukomfang: en enkel metod att utesluta
insulinresistens (HOMA ; >3.99)

é 7 men 25 women 277 men 338 women
8 False negatives o T True positives
§ “a L ‘ e setes W
Q ° i %e : o ..: 8.0: .....“ . :! °
= = :.. e o ° z ‘..; :'... e e o - :
10 s " % : ’ ° '!‘:’%0‘0:0' S “" < S ET
° P ...o .:. : ‘ - 0% ‘..‘0.
TEDEIRR 5 RN SN o 80 SR it g ?"L -it-df-l.t,:;_.__:j_‘_ IR
. ee o - o.“..O $059 Cu b SOk b ¥ b e .'..' 0" .. - ®
bt R 'i'... .'0: .'. o £ % b,{‘ i}‘ : C) ..g ..‘o'. S ]
_ .:.:‘ 4'; lb‘ . 1}‘\. '- “. J..C:.;‘:‘..:g‘ Og :". ° o
DS 4 ke e S Vet HA R
| ey ey T
o’ °o.'.¢:.' =% :... R o } ° :
293 men 939 women 176 men 543 women
True negatives False positives
l 60 80 100 120 140 160

\Waist circumference (cm)

Wahrenberg et al BMJ 2005



Fettvav: ett aktivt metabolt organ

METABOLICALLY 'HEALTHY' OBESE
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Andra av insulinets fysiologiska effekter
forsamras vid insulinresistens

BRAIN
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Rask-Madsen and Kahn ATVB 2012 Insulin Sensitive® ; Insulin Resistant



Insulinresistens en oberoende riskfaktor for
kardiovaskular sjukdom

12D

Relativ risk kardiovaskular sjukdom

Laakso Diabetes Care 2010; 33: 442-449
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Epidemiology/Health Services/Psychosocial Research
ORIGINAL ARTICLE

Effecis of Diet and Exercise in Preventing
NIDDM in People With Impaired Glucose

Tolerance
The Da Qing IGT and Diabetes Study

The New England
Journal of Medicine

Copyright © 2001 by the Massachusetts Medical Society

VOLUME 344 May 3, 2001 NUMBER 18

PREVENTION OF TYPE 2 DIABETES MELLITUS BY CHANGES IN LIFESTYLE
AMONG SUBJECTS WITH IMPAIRED GLUCOSE TOLERANCE

JAAKKO TUOMILEHTO, M.D., PH.D., JAANA LINDSTROM, M.S., JOHAN G. ERIkssoN, M.D., PH.D., Timo T. VALLE, M.D.,
HeLeNA HAMALAINEN, M.D., PH.D., PIRJO ILANNE-PARIKKA, M.D., SIRKKA KEINANEN-KIUKAANNIEMI, M.D., PH.D.,
MAURI LAAKSO, M.D., ANNE LOUHERANTA, M.S., MERJA RAasTAs, M.S., VIRPI SALMINEN, M.S.,

AND MATTI UusiTuPA, M.D., PH.D., FOR THE FINNISH DIABETES PREVENTION STUDY GROUP
The New England

Journal of Medicine

Copyright © 2002 by the Massachusetts Medical Society

VOLUME 346 FEBRUARY 7, 2002 NUMBER 6

REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE
INTERVENTION OR METFORMIN

DIABETES PREVENTION PROGRAM RESEARCH GROUP*



Maximalt syreupptag i relation till insulinsekretion
och insulinkanslighet hos unga individer utan diabetes
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Relation mellan insulinkadnslighet (HOMA,;) och maximalt syreupptag
hos 100 Sydostasiater (@) jamfort med 100 Européer (O) bosatta i
England
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Ghouri et al Diabetologia 2013



Etnisk skillnad i forhallandet mellan insulinkanslighet och
insulinsekretion hos individer utan diabetes (metaanalys)
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Typ 2 diabetes

Gamla verktyg i verktygsladan

Insulinsekretion

(Betacellsfunktion)

Sulfonylurea
Metiglinid
A

Glitazon
Metformin

Insulinkanslighet



Typ 2 diabetes

Nya verktyg i verktygsladan

Insulinsekretion

(Betacellsfunktion)

Inkretiner
A

_____________ > Inkretiner
SGLT-2i

Insulinkanslighet



CV Outcome Trials in T2D

MACE*

CV death
Non-fatal Mi

Non-fatal
Stroke

HR (95% ClI)

EMPA-REG
0.86 (0.74-0.99)

0.62 (0.49-0.77)
0.87 (0.70-1.09)

1.24 (0.92-1.67)

CANVAS
0.82 (0.72-0.95)

0.87 (0.72-1.06)
0.85 (0.69-1.05)

0.90 (0.71-1.15)

DECLARE**
0.85 (0.69-1.05)

0.98 (0.82-1.17)
0.89 (0.77-1.01)

1.01 (0.84-1.21)

LEADER
0.87 (0.78-0.97)

0.78 (0.66-0.93)
0.88 (0.75-1.03)

0.89 (0.72-1.11)

"Primary Outcome, CV Death + Non-fatal Ml + Non-Fatal Stroke (3P-MACE)
“Primary Outcome, CV death or Hospitalization for heart failure HR 0.83 (0.73-0.95)

SUSTAIN
0.74 (0.58-0.95)

0.98 (0.65-1.48)
0.74 (0.51-1.08)

0.61 (0.38-0.99)

HARMONY
0.78 (0.68-0.90)

0.93 (0.73-1.19)
0.75 (0.61-0.90)

0.86 (0.66-1.14)




Duration
(Yrs)

Follow-
up (Yrs)

HbAlc (mean)
Diff!

EMPA-REG 7,200 63 >10 3.1 135/77 86 64 mmol/mol
OUTCOME -1.9/-0.1 | -2.0 -2 mmol/mol
(SGLT-2i)

CANVAS 10,142 | 63 13.5 3.6 136/78 90 66 mmol/mol
(SGLT-2i) -3.9/-14 | -1.6 -5 mmol/mol
DECLARE 17,160 | 64 10.5 4.2 134/76 88 64 mmol/mol
(SGLT-2i) -3.0/-0.2 | -2.0 -2 mmol/mol
LEADER 9,340 64 12.8 3.8 136/77 92 61 mmol/mol
(GLP-1) -1.2/-0.6 |-2.3 -4 mmol/mol
SUSTAIN-6 3,297 64 13.9 2.0 135/78 92 69 mmol/mol
(GLP-1) -2.6/-1.0 -4.3 -10 mmol/mol
HARMONY | 9,463 64 14.1 1.6 135/77 92 61 mmol/mol
(GLP-1) -0.7/? -0.8 -5 mmol/mol

'Difference in BP/Weigh

t/HbA1c betwee

n placebo, resp

ectively.




ORIGINAL ARTICLE
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Ingen signifikant 6kad mortalitet eller 6kad risk for
hjartinfarkt om alla fem riskfaktorer ar under kontroli

A Excess Mortality in Relation to Range of Risk-Factor Control
Hazard Ratio (95% Cl)

B Excess Acute Myocardial Infarction in Relation to Range of

Risk-Factor Control

Hazard Ratio (95% Cl)

Control : Control !
=80 yr Reference =80 yr O Reference
=65 to <80 yr Reference =65 to <80 yr O Reference
=55 to <65 yr Reference =55 to <65 yr Reference
<55 yr Reference <55 yr Reference
No risk factors [ No risk factors .
=80 yr 0.99 (0.84-1.17) =80 yr —.—:— 0.72 (0.49-1.07)
=65 to <80 yr 1.01 (0.92-1.12) =65 to <80 yr ¢ 0.80 (0.69-0.93)
=55 to <65 yr F o 1.15 (1.00-1.34) =55 to <65 yr | 0.93 (0.73-1.18)
<55 yr —— 1.29 (0.94-1.77) <55 yr | 0.91 (0.62-1.35)
L Risk ractor i I'Kisk factor ;
=80 yr * 0.94 (0.88-1.00) =80 yr & 1.05 (0.93-1.19)
=65 to <80 yr < 1.05 (1.02-1.09) =65 to <80 yr L . 1.05 (0.97-1.14)
=55 to <65 yr : 1.23 (1.16-1.31) =55 to <65 yr :- 1.14 (1.04-1.25)
<55 yr i ela 1.56 (1.34-1.81) <55 yr i el 1.46 (1.26-1.69)
2 Risk factors | 2 Risk factors :
=80 yr $ 0.99 (0.94-1.04) =80 yr B 1.38 (1.27-1.49)
=65 to <80yr l’ 1.17 (1.13-1.20) =65 to <80 yr . 1.44 (1.39-1.50)
=55 to <65 yr ' 1.32 (1.27-1.38) =55 to <65 yr | 1.54 (1.44-1.65)
<55 yr ! 1.68 (1.56-1.80) <55 yr ! 2.08 (1.90-2.27)
3 Risk factors ! 3 Risk factors !
=80 yr :‘ 1.13 (1.06-1.21) =80 yr ! & 1.78 (1.60-1.98)
=65 to <80 yr A 1.46 (1.42-1.50) =65 to <80 yr | Y 2.11 (2.02-2.20)
=55 to <65 yr i 1.63 (1.55-1.71) =55 to <65 yr I 2.16 (2.02-2.31)
<55 yr | 2.21 (2.05-2.37) <55 yr | 3.02 (2.80-3.27)
4 Risk factors \ 4 Risk factors !
=80 yr ' - 1.47 (1.28-1.70) =80 yr - 2.32 (1.78-3.01)
=63 to <80yr ! \ 4 2.10 (1.96-2.26) =65 to <80 yr ! 4 2.87 (2.62-3.14)
=55 to <65 yr ! 2.53 (2.37-2.70) =55 to <65 yr ! 3.32 (3.02-3.66)
<55 yr : 2.80 (2.51-3.13) <55 yr | - 4.56 (4.01-5.13)
5 Risk factors | 5 Risk factors |
=80 yr . & 1.39 (0.51-3.80) =80 yr | & 3.19 (1.23-8.28)
=65 to <80 yr | 3.10 (2.53-3.80) =65 to <30 yr : _—— 4.60 (3.37-6.29)
255 to <65 yr ! 3.88 (3.07-4.92) =55 to <65 yr : - - 4.34 (3.78-6.21)
<55 yr i | | 4.99 (3.43-7.27) <55 yr i S IT |T 7.69 (5.02-11.77)
1 2 8 1 2 3 4 6 810




Novel subgroups of adult-onset diabetes and their association 3>®
with outcomes: a data-driven cluster analysis of six variables

Emma Ahlqvist, Petter Storm, Annemari Kdrdjamdki*, Mats Martinell*, Mozhgan Dorkhan, Annelie Carlsson, Petter Vikman, Rashmi B Prasad,
Dina Mansour Aly, Peter Almgren, Ylva Wessman, Nael Shaat, Peter Spégel, Hindrik Mulder, Eero Lindholm, Olle Melander, Ola Hansson,
UIf Malmquist, Ake Lernmark, Kaj Lahti, Tom Forsén, Tiinamaija Tuomi, Anders H Rosengren, Leif Groop

Diabetes
komplikationer

Alder vid
diagnos

HOMA2-B

(BCF)

Ahlgvist E et al Lancet Diabetes Endocrinology 2018



Distribution fore och efter klusterindelning i
samtliga kohorter

A. ANDIS (Alla nya Diabetiker i Skane) n=8980
é“::e B. ANDIS efter klusterindelning

C. Skane Diabetesregistret (SDR) n=1466

D. ANDIU (Alla nydiagnostiserade i Uppsala) n=844)

E. DIREVA (Diabetes Registry in Vasa) nydiagnostiserade (n=878)

F. DIREVA patienter med lang diabetes duration (n=2607)

3. SIRD = severe insulin resistant diabetes
I Gocw 2 G0D) 4. MOD = mild obesity related diabetes

[3 Cluster 3 (SIRD)

[ Cluster 4 (MOD)
[ Cluster 5 (MARD)




Klusterindelning (6 faktorer) ur ANDIS kohorten
(n=8980)
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1. SAID = severe autoimmune diabetes (GAD+)

3. SIRD = severe insulin resistant diabetes

mild obesity related diabetes
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Risk for komplikationer (A-E)
(ANDIS/SDR)

A B . .
0207 et 04+ 1. SAID = severe autoimmune diabetes (GAD+)
—— Cluster 2
—— Cluster3 H
| —— Cluster 4 0-3- . . .
o OB clsers = : 3. SIRD = severe insulin resistant diabetes
S k) . . .
E — g 4. MOD = mild obesity related diabetes
g 010 /r g
5 e E
¥ 005 ! 7 o1
05 . . .
y e A) Chronic kidney disease (ANDIS)
= : B) Macroalbuminuria (ANDIS)
0 0
5 2 4 & & 1 o 2 4+ 6 & 10 C) End-stagerenal (SDR)
. Diabetes duration (years; Diabetes duration (years) .
Number at isk vears) vears) D) Retinopathy (SDR)
Cluster 1 496 362 220 82 1 333 213 117 39 5
Cluster2 1325 912 511 180 17 388 513 266 81 5
Cluster3 1061 669 337 105 13 664 384 193 62 7 E) Coronary events (ANDIS’
Cluster4 1607 1082 596 206 27 922 546 268 79 7
Cluster5 2880 1968 1128 414 55 1665 1034 541 172 16
C D E
025 1.09 0-204
0-20— 08+
Y g g 57
5 g g
g o g o6 E
£ £ £
2 2 £ 010+
< o104 S 04+ E
E E E
3 I} 3
0-05
0.05 02 °
. 20 . 5 10 1 20 ! 2 ] 6 8 10
4
be ‘ Diabetes duration (years) Diabetes duration (years) Diabetes duration (years)
Number at ris
Cluster1 158 123 70 22 158 123 70 22 499 376 245 106 16
Cluster2 298 248 153 40 298 248 153 40 1325 936 557 215 32
Cluster3 239 166 81 21 239 166 81 21 996 658 349 118 20
Cluster 4 307 261 157 43 307 261 157 43 1594 1115 647 252 43
Cluster5 514 381 184 42 514 381 184 42 26415 18450 1095 444 77




Antidiabetiska lakemedel i ANDIS (n=8980) under
uppfoljningen

A
0-6
g
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€ 04
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E
=
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£ 029
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o
0 T T T
0 2 4 6
Number at risk
Cluster1 424 140 65 16
Cluster2 1158 569 258 58
Cluster3 997 592 258 49
Cluster 4 1407 886 404 86
Cluster5 2463 1584 766 181
C
0-5 —
0-4 -
[
2
3
g 037
2
<2 02
£
2
o
0-1 -
0 T T T
0 2 4 6
3 Diabetes duration (years)
Number at risk
Cluster1 404 273 137 33
Cluster2 1151 643 289 64
Cluster3 1007 574 250 46
Cluster4 1419 878 381 76
Cluster5 2470 1564 754 171

Culmulative incidence

Culmulative incidence

1.0

0'4_}/ —— Cluster1
—— Cluster 2
02 —— Cluster 3
—— Cluster 4
Cluster 5
0 T T T
(o] 2 4 6
423 128 65 18
1224 68 28 9
1092 198 77 11
1554 196 70 9
2699 663 262 53
D
1.0—

429
1134
1141
1540
2804

T T
2 4 é
Diabetes duration (years)
67 20 3
282 84 11
72 18 5
158 46 5
165 44 5

w

(A)
(B)
(C)
(D)

SIRD = severe insulin resistant diabetes
MOD = mild obesity related diabetes
Tid till insulin

Tid till metformin
Tid till andra linjens orala antidiabetika (ej metformin)
Tid till HbA1c<6:9% [52 mmol/mol])



Forslag till nya undergrupper och dess
association till diabeteskomplikationer

Grupp 1, SAID (severe autoimmune diabetes): motsvarar i princip typ 1 diabetes
och LADA (latent autoimmune diabetes in the adult), och karaktéariseras av

insjuknande i 13g alder, dalig metabol kontroll, forsamrad insulinproduktion och
forekomst av GAD-antikroppar




Individer med typ 1 diabetes och med fenotyp som for typ 2
diabetes (Dubbeldiabetes) har en 6kad kardiovaskular risk

Double
diabetes

Resistant to Prone to Resistant to Prone to

glucotoxicity glucotoxicity glucotoxicity glucotoxicity

Normotensive Normotensive Hypertensive Hypertensive
High HDL High HDL Low HDL Low HDL

CHD risk

Cleland S Nat. Rev. Endocrinol. 2012
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Estimated glucose disposal rate predicts mortality in adults

with type 1 diabetes

Thomas Nystrém? | Martin J. Holzmann®* | Bjorn Eliasson® | Ann-Marie Svensson®
Ulrik Sartipy”-®

* Samre glukoskontroll (HbA1c) kan inte ensamt forklara
varfor individer med typ 1 diabetes har en hogre
kardiovaskular risk jamfort individer med bra HbA1c

* Mortalitetsrisk och dess association till olika grader av
insulinkanslighet ar inte tillrackligt studerat hos individer
med typ 1 diabetes

Nystrom et al DOM 2018



Methods

Can Cilinical Factors Estimate
lhsulin Resistance in Type 1

Diabetes?

Katherine V. Williams, John R. Erbey, Dorothy Becker, Silva Arslanian, and
Trevor J Orchard

e Estimated Glucose Disposal Rate (eGDR)

e eGDR=121.158-(0.09 xWC)—-(3.407 x HT)-(0.551 x HbA1c)
— WC, Waist Circumference cm
— HT, Hypertension 0=No, 1=Yes
— HbA1c DCCT %

 eGDR =mg/kg/min

Williams K et al Diabetes 2000



Received: 20 July 2017

Revised: 3 September 2017

Accepted: 4 September 2017

DOI: 10.1111/dom.13110

WILEY
ORIGINAL ARTICLE
Total <4 4-5.99 6-7.99 >8 % missing
(N=17050) (N=1786) (N=3440) (N=3487) (N=8337)

Age, years, mean (SD) 40.4 (15.1) 50.7 (12.2) 50.4(13.8) 41.1(15.0) 33.4(12.5)
Women 7460 (44%) 569 (32%)  1331(39%) 1530(44%) 4030 (48%) -
HbA1c, %, mean (SD) 8.1(1.3) 9.0 (1.4) 8.2 (1.2) 8.4 (1.5) 7.7 (1.1) -
Diabetes duration, years, mean (SD) 24.8 (15.2) 33.7 (13.0) 34.6 (14.1) 25.6(15.2) 18.5(12.7) -
Body mass index, kg/m?2, mean (SD) 25.8 (4.3) 31.0 (4.7) 26.7 (4.1) 26.7 (4.3) 24.0 (3.0) 3%
Waist circumference, cm, mean (SD) 90.2 (13.0) 109.5(11.0) 94.6(10.3) 93.0(12.4) 83.1(8.4) -
LDL, mmol/L, mean (SD) 2.6 (0.8) 2.8 (0.9) 2.6 (0.8) 2.8(0.8) 2.6 (0.7) 21%
HDL, mmol/L, mean (SD) 1.6 (0.5) 1.4 (0.4) 1.6 (0.5) 1.6 (0.5) 1.6 (0.5) 20%
Triglycerides, mmol/L, mean (SD) 1.1 (0.8) 1.7 (1.3) 1.2 (0.8) 1.2 (0.8) 0.9 (0.6) 21%
Total cholesterol, mmol/L, mean (SD) 4.7 (0.9) 4.9 (1.1) 4.8 (1.0) 4.9 (0.9) 4.6 (0.9) 17%
Lipid-lowering medication 5048 (30%) 1220 (70%) 1904 (57%) 1002 (30%) 922 (11%) -
Blood pressure

Systolic, mmHg, mean (SD) 127 (16) 137 (17) 135 (16) 128 (15) 121 (13) 3%

Diastolic, mmHg, mean (SD) 74 (9.1) 77 (10) 74 (9.7) 74 (9.0) 72 (8.3) 3%
Hypertension 6005 (35%) 1762 (99%) 3139(91%) 1072 (31%) 32 (0%) -
Smoker 2149 (13%) 226 (13%) 468 (14%) 491 (15%) 964 (12%) -



Overlevnadskurvor, mortalitetsincidens och association till
eGDR <4, 4-5.99, 6-7.99 (>8=referens)

25+

Cumulative mortality (%)

Number at risk
eGDR< 4
eGDR 4-5.99
eGDR 6-7.99
eGDR=8

154

10

eGDR< 4
........... EGDR 4_599
R [IE—— eGDR 6-7.99
eGDR=8
-
T T T T T T
0 2 4 6 8 10
Time (years)
1786 1723 1385 984 575 92
3440 3338 2831 2218 1321 211
3487 3444 2883 2189 1330 225
8337 8309 6988 5416 3415 589

Incidence rate per 1,000 Person-Years (95% Cl)

40+

30

201

GDR (mg//kg/min)
@8
67.99
® 4599
@4
o b ¢ o
18-31 3247 48

Age Groups




Med lagre eGDR okar risken till fortida dod och
kardiovaskuldara handelser

eGDR level
Outcome . Model 1 Model 2 Model 3 Model 4
(mg/kg/min)
28.0 (ref) 1.00 1.00 1.00 1.00
6-7.99 3.99 (3.18-5.01) 2.27 (1.80-2.87) 2.02 (1.59-2.55) 1.73 (1.34-2.21)
All-cause mortality
4-5.99 7.64 (6.22-9.39) 2.71(2.17-3.37) 2.29 (1.83-2.86) 1.92 (1.49-2.46)
<4 11.4 (9.18-14.1) 4.39 (3.49-5.53) 3.34 (2.63-4.23) 2.78 (2.04-3.77)
28.0 (ref) 1.00 1.00 1.00 1.00
6-7.99 7.54 (4.66-12.2) 3.56 (2.19-5.78) 2.90 (1.78-4.74) 2.17 (1.30-3.64)
Cardiovascular mortality
4-5.99 14.6 (9.28-22.9) 3.95 (2.49-6.27) 3.11 (1.95-4.96) 2.19 (1.31-3.66)
<4 25.0 (15.8-39.6) 7.43 (4.65-11.9) 4.97 (3.07-8.05) 3.07 (1.70-5.54)
28.0 (ref) 1.00 1.00 1.00 1.00
Cardiovascular event* 6-7.99 3.78 (3.19-4.48) 2.16 (1.81-2.56) 2.00 (1.68-2.38) 1.52 (1.27-1.83)
or death 4-5.99 8.96 (7.71-10.4) 3.23 (2.75-3.78) 2.92 (2.49-3.42) 1.86 (1.55-2.22)
<4 13.0 (11.1-15.2) 4.94 (4.18-5.83) 4.18 (3.53-4.96) 2.22 (1.79-2.75)

*A combination of acute myocardial infarction, stroke, or ischemic heart disease.

Ref = reference category

Model 1 was unadjusted, Model 2 was adjusted for age and sex, Model 3 was adjusted for age, sex, and renal function, and Model 4 was adjusted for all
variables reported in Table 1, except for hypertension, HbAlc, and waist circumference because they were components of eGDR.



Hazard risk kvot (heldragen linje) 95% ClI (streckad linje) for
association mellan eGDR som kontinuerlig variabel (referens
eGDR=11) och mortalitet

12.0

10.04

Hazard ratio for death




Overlevnadskurvor efter stratifiering (eGDR 28 och <8) hos
individer med typ 1 diabetes jamfort med matchad
bakgrundsbefolkning

1.00
0.98
0.96
0.94
0.92
0.901
0.88
0.86
0.84
0.82+

Survival probability

0.80

——— QObserved

Expected

0

2

4 6
Time (Years)

10

Survival probability

1.00
0.98 1
0.96
0.94
0.92+
0.90 1
0.88
0.86
0.84
0.82+
0.80

eGDRyc < 8

—— Observed
Expected

0 2 4 6 8 10
Time (Years)



Insu
insu

Insu

Sammanfattning

inresistens: Samverkan mellan nedsatt
inkanslighet och betacellsfunktion

inresistens ar en oberoende riskfaktor till

kardiovaskular sjukdom

Grad av insulinresistens har betydelse for valet av
antidiabetisk behandling vid typ 2 diabetes

Ny klassifikation av diabetes, dar bl.a. graden av
insulinresistens ingar, kan forutse risken for
diabeteskomplikationer

Insulinresistens forekommer aven hos individer med

typ 1 diabetes och associerar till 6kad kardiovaskular
risk och dod
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