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Insulineresistentie



Metabolic mediators of the effects of body-mass index,
overweight, and obesity on coronary heart disease and
stroke: a pooled analysis of 97 prospective cohorts with

1-8 million participants

The Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration (BMI Mediated Effects)™

Lancet 2014;383:970
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Figure 1: Hazard ratios per 5 kg/m* higher body-mass index adjusted for different combinations of mediators
in coronary heart disease and stroke

Figure 3: Percentage of excess risk per 5 kg/m* higher body-mass index mediated through different
combinations of metabolic risk factors in coronary heart disease and stroke




Insulin Resistance:
Two Keys to Understanding its Role in Vascular Disease

Insulin resistance implies (induces, is accompanied by)
hyperinsulinaemia

Insulin:
not just a glucose - regulating hormone



Hypertension and Dyslipidaemia in Obesity

insulin resistance plus hypertriglyceridaemia: central
hyperinsulinaemia role

+ | dilation of small and large + T adipose tissue lipolysis

arteries, and T arterial stiffening + 1 hepatic apo B and VLDL

+ T activity of sympathetic nervous secretion

system and RAAS + | lipoprotein lipase

T renal sodium retention low HDL-c and high small dense

adipokines (RAAS, leptin) LDL follow from high TGs



Vascular Effects of Insulin:
the concept of selective
insulin resistance

King, Diabetes 2016;65:1462
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Regulation of Insulin-Mediated Vasoreactivity by
Adiponectin, TNFa, FFAs and Angll
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Microvascular dysfunction in obesity
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An Intralipid-Induced Acute (2 — 6h) Increase in FFAs Impairs
Capillary Recruitment in Lean Women
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An Acipimox-Induced Overnight Decrease in FFAs Improves
Capillary Recruitment in Obese Women

Capillary recruitment (%)

De Jongh, Diabetes 2004,53:2873
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Weight loss improves whole — body glucose disposal
in part through improvement of microvascular function

Lean N=25 Insulin Sensitivity (GIR)

8- p <0.001

BMI = 23.3 |

Obese N =50

GIR
[mg/kg/min]

Weight stable N =26
BMI =29.9 —p 30.0

Weightloss N=24
BMI =30.0 —p 27.0

mean 9.8 kg Kusters, JCI Insight 2017;2:e89695 Mean * 95% CI
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Hyperglykemie



Prediabetes

Table 1. Classification criteria of glucose metabolism status (WHO 2006)

2h post OGTT glucose (mmol/L)
Fasting plasma
< 7.8 7.8-11.1 =11.1
glucose (mmol/L)
MNormal Type 2 diabetes
<6.1 (NG M) (T2DM)
Type 2 diabetes
6.1-7.0 (T2DM)
. Type 2 diabetes | Type 2 diabetes | Type 2 diabetes
z7.0 (T2DM) (T2DM) (T2DM)
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Prediabetes affects ~ 25% of individuals 40 — 75 years of age
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Lifetime risk
atage 45y is ~50%

Ligthart (Rotterdam Study),
Lancet Diabetes Endocrinol 2016;4:44
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Figure 2: Lifetime risk of prediabetes, type 2 diabetes, and use of insulin treatment in individuals aged 45 years, adjusted for the competing risk of death
(A) Cumulative incidence of prediabetes (fasting glucose »6-0 mmol/L), type 2 diabetes (fasting glucose =7-0 mmal/L or use of glucose-lowering drug), and insulin use in all individuals aged 45 years,
adjusted for the competing risk of death. (B) Cumulative incidences of prediabetes, type 2 diabetes, and insulin use in individuals aged 45 years, adjusted for the competing risk of death, by BMI.




Hazard Ratio (95% Cl)
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Microvascular Endothelial and Neural Cells
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(pre)diabetes

Brouwers et al. Diabetologia. 2010
Brouwers et al. J Biol Chem 2011
Berner et al. Diabetologia. 2012
Van Eupen et al. Diabetologia 2013
Brouwers et al. Diabetologia 2014
Giacco F et al. Diabetes 2014

Targeting methylglyoxal

glycolysis

— glucose

It
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Continuous Glucose Monitoring

-~ 4
iPro 2

Professional CGM

Simple to Start. Easy to Evaluate.
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Type 2 diabetes
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Prediabetes
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Prediabetes
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Normal glucose metabolism
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Normal glucose metabolism
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Observed glucose values > 10 mmol/L

Type 2 diabetes
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Normal glucose metabolism Prediabetes
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Diabetes is
a progressive microvascular and neuronal disorder

that affects many (all?) organs

The ‘diabetic process’ starts in prediabetes



Retinal Dynamic Vessel Analysis
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Skin Laser Doppler Flowmetry
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These responses are impaired

in T2D and in prediabetes

Skin %-hyperaemia

154

Sorensen, Circulation 2016;134:1339
Sorensen, Diabetes Care 2017,40:e103
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Retinal arteriolar and venular diameters

Original image of fundus photography Processed image

THE
MAASTRICHT
STUDY

Li, Diabetologia 2020, in press



Association of (pre)diabetes and HbA1c with retinal arteriolar diameter

N =1506 NGM 404 prediabetes 778 T2D
_ CRAE
gé 5.0 = P fortrend =0.012 P for rend = 0.011
; & P<0.001
E 40 i T 225.00
Eé) 30 i T g 175.00
£
%" 1.0 —‘V -‘7 125.00
5 00
5 NGM  PreDM T2DM NGM PreDM T2DM 75.00

35 55 7.5 85 115 135

HbA1c (%)
Model 1 Model 2 €

THE
MAASTRICHT
"~ | STUDY

Li, Diabetologia 2020, in press



Difference in CRAE compared to normal glucose metabolism (MU)

Association of (pre)diabetes and HbA1c with retinal venular diameter
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Retinal arteriolar and venular diameters are closely linked even after
adjustment for age, glycaemia, blood pressure and low-grade inflammation
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p<0.001
p=0.011

Cerebral white matter
hyperintensities and volume
loss ~ small vessel disease Zfii
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Impairment of sural,
peroneal and tibial nerve
(ie, sensory and motor
large fibre)
function assessed by
EMG

standardised associations w/
(pre)diabetes adjusted for
potential confounders

Van der Velde, submitted
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Cardiac autonomic nervous function (ie, small fibre)
assessed by heart rate variability from 24h-EKG
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Heart Rate Variability
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Coopmans, Zhou, Diab Care 2020, in press
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Retinal Neurodegeneration is Associated with Brain Atrophy

Brain volume Gray matter White matter Hippocampus
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RNFL = retinal nerve fibre layer ~ axons ~greater risk of dementia’
GCL = ganglion cell layer ~ nerve cell bodies
IPL = inner plexiform layer ~ dendrites N = 2124, Rotterdam Study

"Mutlu, Jama Neurol 2018;75:1256
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T2D and prediabetes are associated with thinning of the retinal nerve fibre layer
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De Clerck, Invest Ophthalmol Vis Sci 2017;58:1017
De Clerck, Lancet Diabetes Endocrinol 2015;3:653 (meta-analysis)



... and around the macula
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Fig. 1. Illustration of the region in the ETDRS grid from which data were gathered for the volume
scan in a right eye. The blue area represents the area from which data were gathered. The two
regions in the centre constitute the central macula. The four regions around the fovea constitute the
pericentral macula. Point C = centre thickness, Region F = foveal thickness, Region I = pericen-
tral inferior macular thickness, Region N = pericentral nasal macular thickness, Region,
S = pericentral superior macular thickness, Region T = pericentral temporal macular thickness.

De Clerck, Acta Ophthalmol 2018;96:174
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Corneal confocal microscopy:
reduced corneal nerve fibre length in T2D and in prediabetes
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White matter organisation ~ information transfer
Global network structure and intrinsic network organisation

NGM (n=1510) — prediabetes (n = 348) - T2D (n 510)
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Structural MRI

Diffusion MRI
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Global network structure
Network density (node degree)
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Organisation of white matter networks

MAASTRICHT
STUDY

1]
-
™=




._.msol.vo_olga

Temp_Inf n'd

Precentral

Fro_Sup
Fro_Mid 10d ~dus -
“Oper L
L
(©
o
Gut® ~
sBEE 225
co2825 <58 &
29352 % | § 8
REZZDE el £98 o °
% o\.w.nﬂf.mPPT OGS m“‘w.__..ﬂ.%w &
n&@QO ¢ = = LA &
%y P e, € 5O &
2, Mv k) .\...hv 6\00 dﬁr A
& ~e, ﬂv ;v.o I <
&.Tf &_w, ~ o, { f Cwo»/
o, Q, V4 J & S W
Lag, o, .. y Yy, 7 /\/Arﬂn“mv &
- 7
Q_.__O iy, QQO;%V < = OOOO - /9»
S, ...m.\o&ﬂ Rk ] O,
Ly~ 7 o, ) S = (ﬂ.ﬂ
4 Jup= o, \ \i
290 =4, e , st
Pl Oy — o R o & D Sup
n.m%f%uk 7 ,\. .ﬂ . [ Mﬂm.n ..dv\ pole \.w:ﬂ
Ebcauu._.f / . - Temp_Mid
d / 7 / | .._‘m:a_vlﬂo_a...?__a
Precentral _%/ | Am_.m_u Inf R
Fro_Sup TR 7 U duia
Fro Mid e AR SN L= Py 2A04 "y -
§ Ope P T A P "y, L
Fro - Fa Y A e dng 12 g
fro W N a2
kD e N A lssy, Yo, 2L
o o S Lo , Sop, L
59?0\ v.amw» T N 1 & -
0 4_6..0*\ o = %
By
e e v.,», % N i G 7 70
o 4700%0.&@0( // a..um.\v,m, 3%
O CF s _ Al \ %) %
O& (S D%, O
S € ¢ P22
FEoy g e s LA
Tsls =2 2z~ 2 o A»
FSEEE 8 e %
& = SR e o
e o

4
Cay
Puty,
Palij
Thalamus

Prediabetes vs NGM

T2D vs NGM



Insulineresistentie en hyperglykemie
Bad companions voor vasculaire gezondheid

Koolhydraten en Insulinegevoeligheid
Utrecht, 10 maart 2020
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Thank you for your attention!




