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Polyneuropathie diabétique

ADiabéte
E M 2 9045\,? @t;ﬁ//@a&tessante.gouv.fr)
ANeuropathie
APrévalence
A Cout annuel (SadoskyJDiabComplic2015)
A Diabéte $ 6,632

A Diabéte +neuropathie douloureuse $12,492 a $ 30,755

A Plaies des piedScordoisbiabcare 2003) $ 10,907




Glycémie

Glycémie et neuropathie

Longitudinale
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Glycémie

Physiopathologie
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Physiopathologie
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Glycémie

Physiopathologie
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Glycémie
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Glycémie

Régénération avec normo glycémie?

ProspectivedcetytL-carnitine
H 0OA2LJAASE VSNISdzaSa t m Vv RQAYUSNIIFf €S 06adzNd

Fisher exact test or ¢ test P value

Three Degen vs. Inter vs. Inter vs.
‘ Degen ' Inter ‘ Regen ) groups Regen Degen Regen

o — o —
Total subjects 67 200 67
ALC treatment 0.69 1 1 I
ALC 43 201 47
Placebo 24 89 20
Sex 0.12 021 1 0.35
Female 18 94 29
Male 49 196 38
Insulin treatment 0.06 1 0.11 0.64
Yes 32 181 36
No 35 109 31
Diabetes type 0.31 0.82 0.43 1
Type 1 10 68 16
Type 2 57 222 51
Age (years) 550*907 527 * 108 536 + 100 0.25 025 1 I
BM1 l,kg/c:m""‘ 302+ 57 295 *+58 295 * 5.1 0.66 1 1 I
abetes duration (vears) 105+ 8.1 127 +81 12605 0.15 0.15 0.50 1
HbA ., % (mmol/mol) 92*18 88 *17 83F16 0.01* 001* 0.54 0.04*
(76.7 £ 20.0) (73.1 = 189) (669 + 17.7)
Tnglyceride (mmol/L) 36X066 ¢ oy e oo o oozl 007 070 057 I
Cholesterol (mmol/L) 57 % 17 56 13 56* 1.3 0.86 1 1 1
Albumin (mmol/L) 426 %26 422 +28 425* 33 0.41 1 0.59 1
Hematocrit (fraction) 0500 05 00 05%00 0.82 1 1 1
O'Brien neuropathy
score 28308 % 1167.5 3563.4x1,119.7 342706 % 1,132.7 188E-05* 0.01* 3.77E-05* 1

Présence de signes de regénération associee a HbAlc plus basse
Hur,Diabcare 2013



Glycémie

Correction de la glycémie: DT1

DCCT Dyck, NEJM 1993

COMPLICATIONS

I PrRIMARY PREVENTION I

CONVENTIONAL [INTENSIVE RISK
THERAPY THERAPY REDUCTION

% (95% CI)

3.0 (69%24-87)

rate/ 100 patient-yr

Clinical neuropathy at 5 yr** 9.8

I SECONDARY INTERVENTION I Bots CoHorTtst
CONVENTIONAL INTENSIVE RISK RISK
THERAPY THERAPY REDUCTION REDUCTION
rate/ 100 patient-yr % (95% Cl) % (95% CI)

6.1 70 (sTee-mi (G0)s-7ar

! N\]\I\E u R Q S Qtlﬁe Jrosm o%enaioryéll&4 ans
32DT1
Définition DPN
80- ® Group 1: Mean HbATc <7.0% (6.520.1%) b5{ %u bg aiflB/<t8ddileviii o
@ Group 2: Mean HbA1c >7.0% (8.3+0.2%) et/ou chaleurTPT etbu froid TPT dos du pied

70+
60 4
50 4
% 40
30
20
10

0 2 4 5
Ziegler, BMJ Open 2015
Pas de NP confirmée a 24 ans avec controle glycémique

8 10 12 14 16 18 20 22 24
Years

Exces de mortalité pour HbAlc < 6.9%

Reference

Subgroup Type 1 Diabetes

no. of events (36)

Death from any cause

Male
18-34yr 160 (1.6) 283 (0.6) e
35-49 yr 428 (8.9) 524 (2.2) [
50-64 yr 631 (21.6) 1217 (3.4) [’y
=65 yr 367 (50.3) 1046 (29.2) gl

Female
18-34yr 90 (1.1) 110 (0.3) e
35 49 yr 239 (6.2) 280 (1.4) [
50-64 yr 482 (19.6) 638 (5.2) =
=265 yr 304 (43.4) 737 (21.3) gl

Death from cardiovascular causes

Male
18-34yr 18 (0.2) 26 (0.1) [HP
35-49yr 144 (3.0) 140 (0.6) e
50-64 yr 238 (3.2) 414 (2.9) e
=65 yr 149 (20.4) 416 (11.6) [

Female
18-34yr 11 (0.1) 3 (0.0) — e
35-49yr 67 (1.7) 46 (0.2) —a—
50-64 yr 161 (6.5) 112 (0.9) —e—i
=65 yr 139 (19.8) 282 (8.1) =]

r T T 1
0.50 1.00 2.00 4.00 8.00 16.00

Lind NEJM 2014

Hazard Ratio (95% CI)

2.84
4.26
2.86
220

2.34-3.45)
3.75-4.84)
2.60-3.15)
1.96-2,48)

411 (3.11-5.43)
439 (3.70-5.22)
4.17 (3.70-4.69)
2.62 (2.29-3.00)

349
5.36
317
235

1.91-6.36)
4.25-6.77)
2.70-3.72)
1.87-2.72)

6.94 (2.79-17.25)
7.50 (5.16-10.92)
7.92 (6.22-10.08)
3.12 (2.55-3.83)

P Value

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
=0.001

<0.001
<0.001
=0.001
<0.001

<0.001
<0.001
<0.001
<0.001



Glycémie

Correction de la glycemiBT?2

ACCORD

Outcome
Primary: Microvascular Composite

Secondary: Composite Plus Neuropathy
Neuro-1: Neuropathy (MNS| Score =2.0)

Neuro-2: Loss of Vibratory Sensation

MNeuro-3: Loss of Ankle Jerk

Neuro-4: Loss of Sensation to Light Touch

IsmaitBeigj Lancet 2010

Events /N
( 887 /10215)

(3250 / 10215)
(2615 / 5608)

(1571 / 8418)
( 2495/ 6563)

( 905/ 9141)

HR (95% C.1.) Int to Std HR P-Value
1.00 (0.88, 1.14) 0.9969
0.96 (0.89, 1.02) 0.1948
0.93 (0.87, 1.01) —— 0.0819
0.95 (0.86, 1.05) —i— 0.2026
0.94 (0.87, 1.01) — 0.0997
0.88 (0.77, 1.00) —— 0.0451
|| ! 1 v 1
0,50 1.00 1,50

Higher in Standard Therapy

Higher in Intensive Therapy



Glycémie

Physiopathologie
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Glycémie

Insuline
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Sugimotg, Diabetes Metab Res R2000

Favorise la regénération des
neurones sensitifs en culture
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Glycémie

Variation glycémique

o Transversale
36.152DT2 sans NP (suivi moyen 7,23 ans) 312 DT2 (mai 20%@in 2014)
7.219cas de neuropathie7.62/1,000personnesan (25,8 : hommes et 29:Femmes) HbAlc <7%
Examen annuepiqure, T, diapasormonofilament10g, ROT achilléens PDN: : symptdbmes ou signes + anomalies ENMG
Variationglycemigueévaluationannuelle Variationglycemigue3 jours consécutifs

0.25

> 020 . . . .
| Variable R %5%C)  p Multivariate analysisfOR; 5% CI)
2 015 R
Q SDBG (mmal/L) 2% (155-561) 0001 -

[0]
Qo
2 o0 MODD (mmold.) 43 (148-1293) 0008 -
<}
-jz MAGE (mmal/L) 218 (147-34) <0001 205 (136-309) 0001
0.05
0.001 . . . 5 y . 5
0 1 2 3 <& 5 6 7

FPG-CV (%): No. at risk: Follow-up time (years)

— <109 7263 6981 6638 6348 6041 5803 5552 5311 L

—>10.92097185 6926 6602 6319 6022 5771 5515 5264 SDBG: standamdkviationof blood g|ucose

—>209-327 7241 6959 6590 6267 5959 5692 5421 5186 _ A

Tipeens wmog@ogno g & B MODDmeanof dailydifferences

MAGE meanamplitude ofglycemicexcursions

YangNeurology2017 Fu,DiabetolMetab Syndr2014



Glycémie

Variationglycémique
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Controle glycemique continu

N=81+24
68 ans

Diabéte 20 ansDTl

Characteristic

Age (per 5 yr increase)
Gender (F vs. M)
Race/Ethnicity
Black vs. White
Hispanic vs. White
Other vs. White
Education Level (Lower vs. Higher)
Insurance Status
Other vs. Private
None vs. Private

Glycémie

Odds Ratio (95% CI)

1.18(1.12, 1.23)
2.44(1.77,3.37)

1.95 (1.11, 3.42)
0.90 (0.48, 1.67)
1.66 (0.86, 3.21)
1.15(1.08, 1.23)

1.89 (1.46, 2.44)
1.12 (0.25, 5.04)
1030102 1.04)

Facteurs associés a la neuropathie

HbAlc (per 1.0% mmol/L increase)

1.27(1.17, 1.37)

J T )
Systolic BP (per S mmHg increase)
Diastolic BP (per S mmHg increase)

T.03 (.01, O3]
1.02 (0.98, 1.06)
1.02 (0.96, 1.09)

eGFR (per 5 mL-min"'/1.73m’ increase) 0.97 (0.94, 1.00)

Triglycerides (per 10 mg/dL increase)
HDL (per 10 mg/dL increase)

LDL (per 10 mg/dL increase)
Smoker vs. Non-Smoker

Retinopathy vs. No Retinopathy
Charcot vs. No Charcot

CVD vs. Noe CVD

1.03 (1.01, 1.05)
0.97 (0.89, 1.06)
0.98 (0.93, 1.03)
1.83 (1.18, 2.82)
1.46 (1.14, 1.88)
4.75(1.83, 12.28)
1.73 (1.24, 2.42)
105082 1 14}

CGM User vs. No Use

1.24 (0.96, 1.61)

= vent vs. [(No vents
> 1 DKA Event vs, No DKA Events

T30 (1.02, 2.09)
2.41(1.49,3.91)

0.1

Mizokami-Stout, Diab Care 2020

T T
0.25 0.5

-

Odds Ratio (95% CI)

T
2 4 8

.

Lower Odds of DPN

Higher Odds of DPN

1
16

DT2

Prevalence (%)
& & & & & 3
| | L

-
[=]

o

Prévalence de la neuropathie en fonction TIR

<40% (n=16) 40-69% (n=43) >70% (n=46)
Per cent time inrange (70-180 mg/dL)

Unadjusted Model 1 Model 2
Exposure OR (95%Cl) Pvalue OR (95%Cl) Pvalue OR (95%CI) P value
Time in range (70-180mg/ 1.26 (1.04 to 1.53)  0.021 1.25(1.02t0 1.52)  0.031 1.23(0.99t0 1.52) 0.060
EES iper 10080 ower)*
Time above range 1.24(1.03t0 1.50) 0.024 1.23(1.02to 1.50) 0.035 1.22 (0.99 to 1.50) 0.061
(>180mg/dL) (per 10%
higher)*
% coefficient of variations 1.25(0.83 to 1.86) 0.283 1.24(0.82t0 1.88) 0.312 1.19 (0.75t0 1.90) 0.457
(per 6% higher (1 SD))
GMI (per 1% higher) 1.82(1.08 t0 3.07) 0.024 [1.79 (1.05 to 3.04) 0.033] 1.81(1.02 t0 3.20) 0.042
HbA1c (per 1% or 1.29 (0.97 t0o 1.70)  0.08 1.25(0.93to 1.69) 0.139 [ 1.29 (0.93 to 1.79) 0.129]
11 mmol/mol higher)
Duration of diabetes (per  1.15(0.77 to 1.71)  0.51 1.19(0.77 t0 1.82)  0.433 1.13(0.73t0 1.75)  0.575

10 years longer)

Sixty-two of 105 participants with a total MNSI questionnaire score =2 were defined as having distal peripheral neuropathy in this analysis.
Model 1 is adjusted for age, gender, race. Model 2 additionally adjusts for BMI, eGFR, use of insulin and use of sulfonylureas. In model 2, all
outcomes except duration of diabetes additionally adjust for duration of diabetes.

Mayeda BMJ Open 2020



Glycémie

Traitements meécanistiques
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Syndrome métaboligue

Les autrefacteurs

Eurodiabstudy: DT1

Prospective
N=1172 DT1
Suivi:7.3x0.6ans

Variable

(95% CI) P Value

I Total cholesterol {mmol/liter)

1.26 (1.10-1.45) _0.001 I

Low-density lipoprotein cholesterol (mmol/liter)

122 (1.03-145)  0.02

I Triglycerides (mmoljliter)

135 (116-157) _<0.001

von Willebrand factor (U/ml)t

1.20(1.02-1.42) 0.03

[ Weight (ke)

1.34 (1.17-1.54)  <0.001 I

Body-mass index

Waist-to-hip ratio

Estimated glucose disposal rate (mg/kg/min)
Albumin excretion rate (ug/min)T

Insulin dose per kg of body weight (IU)

1.40 (1.22-1.61) <0.001
1.06 (0.93-1.22) 04
1.37(1.08-1.73) 0.01
125 (1.10-1.43)  0.001
109 (0.95-1.26) 0.2

History of smokin

1.55 (1.17-2.04)  <0.001

IH}rpertension 192 (1.30-2.82)  <0.001 I

Macroalbuminuria
Microalburninuria or macroalbuminuria

Proliferative retinopathy

Any retinopathy

2.08 (111-3.90) 0.02
148 (1.07-2.04)  0.02
1.54 (0.79-2.98) 0.2
170 (1.19-2.43)  0.003

I Cardiovascular disease

274 (168-449) <0001 ]

ADDITIONDenmark DT2

ME: RQAYOARSYOS

Prospective
1,256sans DPN
13ans

Odzydzt SS RS vy SdzN

HR of incident DPN (95% CI)*

HbA; . (unit = 1%)

HbA; . (unit = 10 mmol/mol)
SBP (unit = 10 mmHg)

DBP (unit =5 mmHg)
Height (unit =5 cm)

0.93 (0.75; 1.15)
0.94 (0.77; 1.14)
1.02 (0.90; 1.16)
0.96 (0.83; 1.12)
0.97 (0.83; 1.13)

Weight (unit =5 kg)
Waist circumference (unit =5 cm)
BMI (unit = 2 kg/m?)

1.09 (1.03; 1.16)*
1.14 (1.05; 1.24)*
1.14 (1.06; 1.23)*

Total cholesterol (unit = 0.5 mmol/L)

0.90 (0.80; 1.01)

LDL cholesterol (unit = 0.25 mmol/L)
HDL cholesterol (unit = 0.25 mmol/L)

0.92 (0.86; 0.98)*
0.82 (0.69; 0.99)*

Triglycerides (unit = 0.5 mmol/L)

1.04 (0.98;1.09)

Log; methylglyoxal (unit = doubling)

1.45 (1.12; 1.89)*

Tesfaye NEJM 2005

AndersenDiabCare 2018




Syndrome métabolique et diabete

UtahDiabeticNeuropathyStudy(UDNS)
Prospective

(&]
S Men
® 80+ N=218 DT2 sans NP (15%) ou NP <5 ans (moyen82 fi9
o
2 2 o- p<0.001
g2 L |
2 S 40
T _
8 20 =1 [ -
o
o
IGT NGT £ & & IGT_NGT & & &
Utah & & S Utah & & S 2.1(1.1-4.3), p<0.03
Neuropathy((&@ V\‘z‘ ‘<@@o’&9 Neuropathy ((&o \&3‘ ((@%&Q 05 10 20 40 6.0
Smlth, NeurolSci2008 Hypertension —* ‘ } } 0.97 (0.4-2.4), NS
05 10 20 40 6.0
HDL —o—»—o— 2.0 (0.94-4.2), p<0.07
m * * 05 10 20 40 6.0
20% TRG 2.3(1.1-4.7) p<0.02
05 10 20 40 6.0
Presence
15% of = 3 risk H—m— 3.0 (1.4-5.8), p<0.004
/ / factors 05 o 20 40 60
10%
5%
[Q206S4aA0GS S KeLISNI AL
0% . . . 24t p
e d F § sont des facteurs de risque de neuropathie diabétique préecoce
of additional metabolic syndrome component

CallaghanDiabetesCare 2016



Syndrome métabolique et diabete

CNFL CNFD CNED CNFrD IWL IWFrD PetlteS

[ Waist circumferenc% -0.400" -0.330 -0.4397 -0.371" -0468"" -0.403" fb
[ Triglycerides | _0.488" -0.383" -0.383" ~0.519" ~0.617" ~0.682™" IDres

Etude de cohortenonocentrique
148 DT2 consécutifs T2DM/MetS
60 controles «@appariés» age et sexe

morphologie
r=0.504, p <0.01

7.2 +1.3 mm?

T2DM/MetS, T2DM/MetS vs. T2DM/MetS vs. T2DM vs.
n=_89 T2DM, n = 59 Control,n = 60 T2DM control control

Residuelle Na+ conductance Ranvier SDTC, us 0.47 £ 0.01 0451002  045+001 0.450 0.239 0.676

Rheobase, mA 37402 37402 28402 0905 <0.001 0.002
TEd, peak, % 63.8+07 64208 68.8+07 0729 <0.001 <0.001
TEd, 52.% 20304 207406 233+05 0471 <0.001 0.001

Accommodation half- 404+05 425206 417+08 0.145 0.381 . L

time, ms

Excitabilité
_ . . TEd, 40-60 ms, % 496405 513207 52706 <0.001 0.140
Conductancennkeuod$ uldg, g 0omsx 43.6+05 43.4+06 455206 0.885 0.021 0.024
TER, 10-20 ms, % -721+08 711:09 -73.5:09 0.396 0.239 0.066
TER, 20-40 ms, % 88212 878+ 14 ~914+13 0.822 0.096 0.083
TE, 90-100 ms, % -1103+24 “1114+26  -1165+23 0751 0.085 0189
. R Resting I/V slope 0.67 +0.02 064+002  0.60+001 0.128 0.006 0.203

Conductancei nt er ni uds

RRP, ms 33+01 33401 32+01 0753 0.219 0.383

Superexcitability, % -18.3+08 -20.6+0.6 -247+07 <0.001 0.001

Activit® canaux Nafpbity$t NT 4Hd& 11.2+05 150+ 0.5 0.785 <0.001 0.001 Issar EurJNeurol2021
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Diabete et dyslipidemie

Augmentation TG PDN chez DT1 et DT2

Study
D

Yo
WMD (85% CI) Weight

JohannM.E (2019) I 0.62 (-0.09, 1.33) 1.92
Salwa (2018) —— 021 (008, 034) 367
Gonul (2018) —_ 0.34 (-0.14, 0.82) 2.63
Signe T (2018) T 0.15 (-0.09, 0.39) 3.41
Kara R (2020) - 0.21 (0.14, 0.29) 3.74
Zahra (2017) — 0.06 (-0.08, 0.20) 3.65
Gulein (2017) ' —e——> 1.44 (062, 2.25) 167
Md. Akbar (2017) ' — 1.20 (1.07, 1.33) 3.68
Jeong-Won (2015) —_— - -0.13 (-0.91, 0.65) 1.75
Jeong-Won (2015) —_—— H -0.76 (-1.28, -0 24)2 48
Jeong-Won (2015) —_— ' -0.61 (-1.19, -0.02)2.28
Mohammad (2018) — ! -0.186 (-0.41, 0.10) 3.36
Giacomo (2015) —_— -0.30 (-0.68, 0.08) 2.96
Fukashi (2014) H — 1.20(0.97,1.43) 3.44
Fukashi (2014) ' —_— 1.15¢(0.71, 1.59) 2.77
Fukashi (2014) —-— 0.04 (-0.09, 0.17) 3.66
Yu Na (2013) —-t -0.16 (-0.39, 0.08) 3.43
Yu Na (2013) —— 037 (006,069) 319
Alma Rosales (2014) ——— 040 (003, 077) 300
Alma Rosales (2014) | —— 0.80 (0 44, 1.16) 3.03
Johann M. E (2018) T 0.70 (0.61, 0.80) 3.72
Prasad (2012) — 0.27 (0.04, 0.50) 3.44
VV.-C. (2011) —_— -0.38 (-0.84, 0.08) 2.68
KELLY R (2011) — 0.32 (-0.18, 0.83) 2.54
Vincenza (2010) A 0.26 (-0.07, 0.59) 3.13
Vincenza (2010) R 0.53 (0.21,0.85) 3.16
H.M. Terekeci (2008) - 0.50 (-0.28, 1.38) 1.52
D. V. Coppini (2008) | — 1.06 (0.63, 1.49) 2.79
D. V. Coppini (2006) ——— 0.50 (0.21,0.79) 3.26
RAELENE E (1989) ——— 030 (008, 051) 360
Raelene E (1990) - 0.59 (0.31,0.87) 3.29
T.J. Orchard (19986) — 0.30 (0.02, 0.52) 3.46
D. R. Witte (2004) - | 0.16 (0.10, 0.22) 3.76
Overall (l-squared = 93.6%, p = 0.000) ’ 0.34 (0.20, 0.48) 100.00
NOTE: Weights are m.:n- random effects analysis H T
-2.26 o 225
Cai,SciRep2021
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Non-progressing Progressing

Augmentation TG dans la neuropathie progressive

Wiggin,Diabetes2009

Non-progressing Progressing

Fibrated Statines

N=1237 DT2

Prevalent neuropathy Odds ratio (95% CI) p value
Age (increase of 10 years) 2.28 (1.93-2.69) <0.001
Height (increase of 1 cm) 1.04 (1.03-1.06) <0.001
Diabetes duration (increase of 5 years) 118 (1.07-1.31) 0.001
Log,(urinary albumin:creatinine)® (mg/mmol) 118 (1.07-1.30) 0.001
Fasting serum glucose (increase of 1 mmol/1) 1.08 (1.03-1.12) 0.001
Systolic blood pressure (increase of 10 mmHg) 0.93 (0.87-0.99) 0.020
{On fibrate therapy 0.30 (0.10-0.86) 0.025 |
Aboriginal background 300 (LIT-11.70) 0.026
Overweight/obese (by waist circumference) 1.58 (1.05-2.39) 0.029
N=395 DT2 initialement sans neuropathie
Iml HR (95% CI) p value
Age (increase of 10 years) 1.86 (1.60-2.15) <0.001
Other European ethnicity 1.77 (1.15-2.72) 0.010
Asian ethnicity 0.20 (0.05-0.84) 0.028
Retinopathy (any) 1.61 (1.10-2.37) 0.015
Married/de facto relationship 0.75 (0.57-0.98) 0.038
Time-dependent fibrate use 0.51 (0.27-0.97) 0.040
[Time-dependent statin use 0.70 (0.49-0.997) 0.048 ]

Durée de traitement pafibrateset statines associée a un
moindre risque de développer une DPN

Davis Diabetologia2008



Syndrome métaboligue

Mitochondries

Sourisdb/db
de24sem

Mitochondries et diabéete

9 24 wk myelinated fib
WK myelinated tibers = dbr

o db/db

Number of Axons
=N Whkhoo~
=X=1=-k-I-2=1--]

1
<2 34 56 7-8 9-10 =11
Mitochondria per axon
Chi-square, 11.94; df, 5

P =0.0356

Augmentation des mitochondries
desaxones myélinisés et non myeélinisés
provenantdes DRG

CTRL  Diabéte

db/+ L

SR o
2 .

Vincent, ActdNeuropathol2010

€ 24 wk unmyelinated fibers

2 400 m db+
£ 300 o db/db
© 200

3

€ 100

=3

Z 0

0] 1 2 =2
Mitochondria per axon
Chi-square, 34.82; df, 3
P<0.0001

% Motile

% Motile mitochondria

[ Q2f SIS LINBYASY

Trafic mitochondrial et oléate vs palmitate

Unsaturated oleate (C18:1)

Saturated palmitate (C16:0)

* * *

> 8 8 8 8

1 h
.

K

=

SF SIS
’t,\° 5\'} & 3 o
= Palmitate treatment
raln.\lmlu (62.5 um) Palmitate + Oleate (62.5 + 62.5 uM)

Palmitate affecte le trafic mitochondrial
f QF £ ( S

Rumora JNeurolSci2019
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Stress oxydant et cellules de Schwann
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Neuropathie diabétiquet dyslipidémie

azAya

RQI Y Libratds (1 A 2 Y

Etude Field

Fenofibrate Placebo HR (95% Cl) pvalue
(n=4895)  (n=4900)
n (%) n (%)
First amputation* ‘
Minor 28(0-6%) 52 (11%) — . 0-54(034-0-85)  0.007
Major 24(05%) 26 (0-5%) + 0.93(053-162) 079
I Minor, without large-vessel disease I 18(0-4%) 34(07%) —l-.— 0-53(0-30-0-94)  0-027
Major or minor, with large-vessel disease 34 (0.7%) 42 (0-9%) —FI-— 0-81(052-128) 037
45(0:9%) 70 (1-4%) —{1- 0-64(0-44-094) 0.02
Multiple events analysist
7 117 —0—| o63(040097) 004
T 1T 1
02 05 1 2
Favours Favours
fenofibrate placebo

RajamaniLancet 2009

Amélioration SNCV quand on contrdle TG et HbAlc |

Somme SNCV

.
g
)
2
-}
=
-1
- |
7]

dction velocity (m/s)

HbAlc+ TG

Controle

Pas de
contrble

3 Months

& Months

9 Months 12 Months

a 2 dza

Supplémentation acides gras Omegja

RCDB vs P

Deux capsules par jours pdt 6 mois
1,080 mg/j EPA ( aciggcosapentaenoiqueet 720 mg/j DHA (acidtocosahexaenoiqye
tf 0S02Y KUMNIEASE0RYS (Bckdddiciqye)

N=21 + 22
n-3 PUFAs n-3 PUFAS vs. placebo
Baseline Day 180 Change from basgline Baseline Day 180 Change from baseline Estimate (95% CI)
(n=21) (n=21) (n=21) (=22 (n=19 (n=19) (=43 [
Primary outcome: CNFL (mm/mm?) | 11.49 (3.34) 13.55 (3.58) 2.0 (1.73) 12.38 (3.21) 11.41 (3.66) —0.72 (1.68) 2.70 (1.64, 3.75) |<0.001
Key secondary outcomes
CNFD (nerves/mm?) 19.93(7.72  23.41(8.08) 3.48 (4.15) 20.27 (7.36) 18.45 (7.57) —1.57 (4.02) 498 (251,7.44) |0.004
CNBD (branches/mm?) 19.69 (10.76)  27.06 (13.59) 7.37 (6.34) 2348 (10.27)  19.54 (12.64) -3.68 (7.35) 11.23 (7.01, 15.45) | 0.002
Central corneal sensitivity
threshold (mbar) o
Room-temperature stimulust ~ 0.47 (0.38-0.75) 0.38 (0.25-0.60) —0.12 (-0.20 to —0.00) 0.30 (0.28-0.45) 0.30(0.22-0.62) 0.12 (-0.03 t0 0.20) 0.84 (0.60, 1.16)1% I{D.391:‘I
Cooled stimulust 0.43 (0.30-0.70) 0.35 (0.22-0.60) -0.07 (-0.20100.03) 0.32 (0.15-047) 0.40(0.20-052) 0.05(-0.00100.20) 0.81 (0.54, 1.20)t§ 102351

Britten-JonesPiabetes2021



Diabete et regles hygiéndiététiques

Ameélioration VPT

Randomisée prospective

Amélioration VCN

. . . . 3—- CON EXE CON EXE
CON EXE Exercice phySIque supervise
. < 1.8**
& . 2+
Baseline 4 years Baseline 4 years Evaluation a 4 ans
0.4**
n 47 47 31 31 re )
VPT 4 I — D
VPT Malleolus (mV) 18.6+8.5 2144960 17.9+6.20 17.9+6.90 2
T =06
(mV) - +92 - - TN :
Patients with 0 (0%) 10 (21.2%) 0(0.0%) 4 (12.9% 2T
VPT altered
3= -27
| Motor Nerve | |Sensory Nerve ||
Amelioration force mais pas de IENFD
Variable | Healthy control group | | mdividuals without DPN | | individuals with DPN | Between
group
Non-PRT (n = 16) PRT (n = 14) pvalue Non-PRT (n=17) PRT(n=13) pvalue Non-PRT (n=15) PRT (n=15) p value effect p value®
iC th
SBRC o ~ Ankle dorsal, plantar flexion, Nm  —0.7+9.7 (-5.9,4.5) —22+4(-4.6,07) 0.58 1.2+131(-55 80y 2.6+42(01,52) 0.7 —03+6.8(4.035) 48+102(089811) 0.12 0.36
0 Y2 A a RQS Knee-extension, knee flexion, Nm  —0.4 + 8.4 (-4.5, 4) 63 +9.0(1.1, 12) 0.04%  0.6+88(—4.0,50) T7.5+58(4.0,11) 0.02%  —04+82(-5.0,4.1) 103=9.6(50,157) 0.002% 056
_ Motor function
N =102 6MWT, m —19.6+79.7 (—63.7, 24.5) —6.14+ 44 (31,19) 0.58 92+38.1(—10.4,28.8) 9.4+244(-53,242) 0.44 27+19.6(-15.9)  346+409(11.9.572) 0.001*
FTSST, s —0.6+ 09 (-1, —0.04) —09+12(-17,01) 04 —07+14(-1401) -15+09(-2.1,-09) 0.08 15+46(-12,42) —-15+22(-28,-03) 0.02* @
42 DPN +sans 35 Postural instability index
DPN + 35 HC ST in neutral posihons 1.2£2.5(-0.1,2.5) —09+2.9(-26,0.7) 0.03*% —1.0+35(-2.8 08) —05+£32(-2515 07 —09 =48 (3.6, L8) 0.7x55(-2.6,42) 0.40 0.2
ST in tilt/tumn positions —0.3+53(-3.1,25) —03+42(-28,2.1) 09 13+45(-1.2,38) -2+46(-47,08) 007 1.0£85(-3.7.57) -36+142(-12.5) 03 0.5
Clinical neumnzuhz score
TCNS —~1.3+25 (-2.7.00) 00+14(-09,07) 0.1 1+3(-1.0,2.1) -1.3+32(-3.0,02) 005 —0.1+£2.7(-2.0,1.4) —-1+27(-25,05) 0.3
[}“’ heles and clinical Emﬁle
BMIL kgm~ 0.4+ 1.0 (0.7, 0.6) —01+£1.1(-0.1.06) 042 0.2+ 1.8 (0.6, 1.0) 0.3+£0.5(0.1,0.6) 0.77 —04£1.0(09,0.1) —01+£1.1(06,04) 042 0.95
Waist circumference in men, cm  —0.4 £2.5 (2.6, 1.7) “1.1£2.9(-3.1,0.1) 0.6 —1.8+52(-73,37) 05+12(-1.4,25 04 —09+32(-3214) -11+36(-4507) 05 0.42 . .
Waist circum ference in women,cm  —3.5 £ 4.8 (-8.1,09) ~78+6.0(-17.1.9) 0.2 —2.1+£3.0(-4.2,01) -29+45(-6.4,06) 06 1.6£35(-2.7,60) 2.9+1.6(0.9,50) 0.5 0.32 Khan,DlabEt0|09|32022
HbA ., mmol/mol 05+1.2(0.1,1.1) —0.1+1.1(06,05) 0.18 25440005, 44) —02+35(22,1.7) 007 09 +55(37.19) -30+52(56,-04) 030 0.55
HbA,. % 0.1+0.1(-0.0,0.1) —0.1+01¢0.1,0.1) 0.18 0.2+041(0.0,0.4) —0.0+03(-02,02) 007 01 £05(0402) —03+£05(05-01) 030 0.55




IENF branching (proximal)

Syndrome métaboligue

Diabete et regles hygiéndiététiques

19 DT2 HbA1C 7.8% durk24+12.2 ans
10semexercice 56> 70% VO2max, 36 50 min /j
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Traitement pluri factoriel

Etude Stene&? LOOK AHIEAD . . . . .
A 160 patients DT2 Etude prospective randomisée multicentrique (16) simple aveugle
A Traitement médicamenteux o o 2001-2012; DT2; surcharge pondérale ou obésité785ans
hyperglycémie, HTA, dyslipidémiersicroalbuminurie -ILI (intensive life style modification): perte de poids et éducation physique

-DESdiabetessupport andeducation)

Traitement HbAldCholtot, PAS, LDthol, PAD, TG Hygiene de vie
Relative Risk
Variable (95% Cl) P Value Test result All participants DSE group ILI group p value for
Nephropathy 0.39 (0.17-0.87)  0.003 —.— ! (n =3775) (n = 1870) l (n = 1905) ILI vs DSE
i MNSI physical examination score®
Retinopathy ~ 0.42 (0.21-0.86)  0.02 —— | MNSI score <2.5 1224 (32.42) 603 (32.25) 621 (32.60) 0.82
E MNSI score =2.5 2551 (67.58) 1267 (67.75) 1284 (67.40)
ST e 037 (0.18-0.79)  0.002 — . E Monofilament testing of light touch perception®
neuropathy : Left big toe 8-10 2790 (74.08) 1355 (72.58) 1435 (75.57) 0.11
) E Left big toe 1-7 793 (21.06) 414 (22.17) 379 (19.96)
Peripheral 1.09 (0.54-2.22) 0.66 r .
neuropathy | | i : | | L?Ilblg toe 0 183 (4.80) 98 (5.25) 85 (4.48)
00 o5 10 15 20 2% Right big toe 8-10 2752 (73.06) 1338 (71.70) 1414 (74.38) 0.18
Intensive Conventional Right big toe 1-7 831 (22.06) 433 (23.20) 398 (20.94)
Therapy Therapy Right big toe 0 184 (4.88) 95 (5.09) 89 (4.68)
Better Better Either big toe <8 1222 (32.44) 644 (34.49) 578 (30.42)
Développement ou progression de la neuropathie pendant traitement Amélioration tact gros orteil

Gaede NEJM 2003 Look AHEABtudy, Diabetologia?2017



Cellule de Schwann

Role de la cellule de Schwann

Figure Legend & Mitochondria N Insulin receptor
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Cellule de Schwann

Ralentissement de la conduction nerveuse

associé a un plus grande grawvli@ique

ANOVA P
Axonal Conduction slowing Combined for trend
n 51 29 31
Age (years)* 619 * 10.7 61.5 £ 1138 689 x 8.7 0.007
Male, n (%) 37 (73 24 (86) 23 (77 0.39
BMI (kg/m?) 306 £ 6.1 315 = 4.4 312 7.0 0.86
Duration of DM (years) 149 = 7.9 15.2 =106 164 = 103 0.78
Duration of PNP (years) 7.1 =41 54 =48 10.6 = 6.0 0.03
Systolic blood pressure (mmHg) 1322 = 13.8 140.8 = 17.7 151.6 = 21.4 0.02
Diastolic blood pressure (mmHg) 5.8 7.2 7.1 £ 105 TOO*+x81 0.43
WPT, upper right 52 * 21 539x25 T3 25 0.002
VFPT, upper left Eries =gl 6.0 £2.5 7323 0.001
VPT, lower righl 184 * 904 291 = 140 334 120 << 0.0001
WVPT, lower left 18.2 = 9.0 285 130 335*11.7 =<0.0001
TCNS, median (IQR 9(7-11.5) 11 (814 12 (10.8-15) 0.003
DTR, median (IQR)T 2(1.5-6) 4 (2—6) 6 (3.5-6) 0.004
Retinopathy, n (%) T(15) 4 (14) 5 (19) 0.89
Nephropathy, n (%) 10(21) 5 (18) 6 (23) 0.89
Hypertension, n (%) 29 (69) 17 (71D 18 (73) 0.87
HbA ., % (mmol/mol)f 79 x 16(63.0x 17.5) 81 x20(50x21.9) 72x11 (550 % 31.e) 0.18
MNerve conduction parameters
Sural nerve amplitude potential (V) 4.08 = 2.1 (0-11.1)§ 2.18 = 1.6 (0-5.0) 0.22 £ 0.6 (0-1.8) =20.0001
Sural nerve distal latency (ms) 3.33 £ 0.3(26-3.8) 3.75 = 0.4 (3.0-4.6) 363 0.2 3.9) = 0.0001
Sural nerve conduction velocity (m/s) 420 x 3.91.9) 37.6 = 4.6.?) 33.7 = 2.1.2} 0.0001
Peroneal nerve amplitude potential, 3.45 * 1.5(0.2-7.8) 232 = 1.6(0-7.3) 0.26 = 0.3 (0=0.8) =< 0.0001
ankle (mV)
Peroneal nerve amplitude potential, 3.20 = 1.9(0.2-13.1) 2.0 *1.3(0-54) 0.2 %02 (0=-0.7) < 0.0001
knee (mV)
Peroneal nerve distal latency (ms) 4.52 = 0.5 ( Ku)) 501 0.7 5.2 65.11 = 1.5 —Q.3) =< (0.0001
Peroneal nerve conduction velocity, 40.0 * 2_15.2) 355 = 2_9_0) 32.0 = 5.19_2} =Z0.0001
fibular head (m/s)
Peroneal nerve conduction velocity, 418 = 2.8 (36.4-47.2) 37.2 = 2.7 (30.8-40.9) 347 * 53 (223-41.2) =Z(0.0001
popliteal fossa (m/s)
Peroneal nerve F-wave (ms) 558 = 6.2 (28. 624 = 3.7 (56. NER (NR—NR) 0.0004
Conduction block (56) 45 * 368 107 =133 198 * 267 0.15

111 DT2
LongitudinaleNov2008—dec2012
PDN: 1 sural obib+ 1 signe ospt

DunniganDiabCare 2013



Vaisseaux

Assoclation atteinte microvasculaire
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Capillaires

Densité capillaire

n 12 7 6 —
Capillary morphology
Endoneurial capillary density (number/mm?) | 86.0 (24.3)* 56.1 (22.8) 54.9 (17.1) | 0.0380
Luminal area (pm?) 14.0 (5.2) 13.3 (14.5) 20.8 (4.9) 0.0787
Basement membrane area (pm?) 80.7 (42.8) 98.4 (26.7) 146.0 (68.4) 0.3065
Endothelial/pericyte nuclear ratio 24 (2.1 25(1.9) 2.0(0.4) 0.1631
Nerve fiber morphology
Light microscopy: MNFD (number/mm?) 5,090 (914) 5,134 (1,400) 4,358 (1,276) 0.5425
Electron microscopy: MNFD (number/mm?) 4,847 (763) 4,999 (1,530) 3,997 (1,428) 0.4329
Neurophysiology (sural nerve) at follow-up study
SNAP (pv) 4.0 (7.5) 7.504.0) 6.5 (2.0) 0.6276
SNCV (m/s) 445 (8.0) 48.5 (5.0) 48.0 (7.0) 0.0904

Augmentée chez les diabétiques

Thrainsdottir Diabetes2003

% Relaxation

Vaisseaux

Vasoréactivité
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Acetylcholine (-log M)

Diminuée chez les diabétiques

CoppeyDiabetes2001
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Microangiopathie
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VEGF

VEGHRenetranfer
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SchratzbergerdCI 2001



Synthese

L=

Extracellular

1 Insulin resistance 1 RAGE xo}(l

Dans les

Intracellular

les neurones,
les cellules gliales

Mke&sftdgthellales

( T Oxidative phosphorylation

[

Oxidized LDL
L]

ir
Electron transpert chain overload j
Endoplasmic DMNA v
reticulum stress damage [ i

Mitochondrial dysfunction j ( Apoptosis j

Reduction in neurofilament,
GAP43 and B-tubulin
synthesis and increased
HSP and PARP expression

Remak

Motor bundle

neurons

Schwann cell

Axon or myelin
Demyelination

(in more severe cases)

‘ Reduced Schwann cell-axon transport

Feldman NatureRevDis Primer 2019



Mercl de votre attention

« Certainshommesparlent durant leur sommeil Il Y Cagguere

gue les
».

AlfredCapug18581922)

« dercruel
comme pitoyable, le pécheur comme dévot, l'usurier comme
bienfaiteur, ['arrogant comme humble, le vulgaire comme
distingué et I'abruti comme intellectuel.

Carlos RuiZafon(19642020)



