Improving Vascular Endothelial Function in Type 2 Diabetes:
What is Optimal Exercise Intensity?
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Prevalence: Type 2 Diabetes
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Diabetes & CV Complications

Diabetes: Complications

Magcrovascular

Stroke £

Heart disease and
hypertension

Peripheral
vascular disease

Foot problems ———

Migrovascular

Diabetic eye disease
(retinopathy and cataracts)

Renal disease

Neuropathy

Foot problems

The vascular endothelium:
triggering site for atherosclerosis

the vascular endothelium
(nitric oxide production)
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Healthy vascular endothelium inhibits atherogenesis

Ar iinflammatory
[ (inhibition of leukocyte
adhesion & migration)

Antihypertrophic
(inhibition of vascular smooth
muscle cell proliferation
adhesion & migration)

Endothelium-dependent
dilation (EDD)

Early marker of atherosclerosis characterized
by loss of NO bioavailability

Landmesser et al., Circulation, 2004

Endothelium-dependent dilation is assessed using
flow-mediated dilation (FMD)
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Endothelial Dysfunction in Type 2 Diabetes
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Increased Oxidative Stress in Diabetic Vasculatures
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Oxidative Stress-Mediated Endothelial Dysfunction in
Diabetic Vasculatures
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Increased Inflammatory Cytokines in Diabetic

Vasculatures
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Inflammation-Mediated Endothelial Dysfunction in

Diabetic Vasculatures
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3 2 A 16 72D, S2yrs
g Q Circuit combo Ex.
é 0 8 wks, 3d/wk
2 1 hour/d
7] 70-85% HRmax

55-65% MVC

Pre-training Post-training

Maiorana et al., JACC, 2001

Diabetic group
2
16
12
8
4 8 }
20 2D w/ CHF, 67yrs
0 T Mixed Ex
4 wks, 7d/wk
Tl V) Until limited by symptom
60-80% VO,max

Miche et al., Clin Res Cardiol., 2006

Effective exercise strategy for improving vascular
endothelial function in type 2 diabetic patients?

SPECIAL COMMUNICATIONS

Exercise and
Type 2 Diabetes

AMERICAN COLLEGE
of SPORTS MEDICINE,
AMERICAN DIABETES
ASSOCIATION

JoINT PoSITION STATEMENT

SUMMARY

discae, and amputation (261). Altiough regular physical
activity (PA) may prevent or dely diabees and is compli
catons (104689,112,17 294), most people with
T2DM are ot active (193)

Intisarticle, te broader temn * physical actvty” (defined
a5 *bodily movement produced by the o
muscle that subsantally increases e
usedinterchangeaby with “cxerci,” which is defned as *a
subset of PA done withthe intention of developing physical
fitness e cardovascular, srenth, and fexibily rining).*
The intent i o recognize that many typesof physical move-
ment may have apostiveeffecton physicalfitess, maebidity,
and morality inindividals with T2DM

Diagnosis,classification, and etiology of diabetes.
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ACSM & ADA Position Stand: Exercise Recommendation
for Type 2 Diabetes (Aerobic Exercise)
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Effect of HIIT vs. MICT on brachial artery FMD in MetS
patients (pre-diabetes)
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254 16wks, 3d/wk, 40 or 47min
90 or 70% HRmax
Control ~ Moderate  Interval

Tjonna et al,, Circulation., 2008




2019 AL HLE

Tlete| EAISELE]

Effect of HIIT vs. MICT on brachial artery FMD in type 2
diabetic patients

Table 4, Vascular reacthvty data Isovolumic
SED (n=15) CON (n=14) INT (n=14)
Pre Post Pre Post Pre Post

Flow-mediated dilatation
Baseline brachial diameter (mm) 44:06 45:07 44£07 4407 43:06 45£068
47+0 u

Peak brachial diameter (mm) 46+04 46+04 47:02 46+04 49+0

Flow-mediated dilatation (%) 51:13  56+18 4816 6118t  54:11 1.

Time 10 peak arameter (5] Wi L1EAL Il BTET LAl

Shear rate at rest (5™ 362:32 317130 348:34  1:28 3723

Vascular resistance (AU) 061£001 062+001 061:002 059:002  062:002

Vasadlarconductare (A1) 1652012 1832004 184200 1842055 1R2:01 43 T20M, 61 yrs

Cutaneous blood flow HIIT vs MICT
Resting cutaneous blood flow (AU) 188:28  201:24  192:23  181:17  197:19 18425 12wks, 3d/wk, 30 or 40min
Maximal cutaneous blood flow (AU) 878£147 806164 851:128 915:174  861:188 939:195¢ X o
R noimal s oo o 445006 462008 42:004 476005 452005 51:003¢ 00-85% Or 65% VO2peak

10 esting cuaneous blood flow Treadmill walking

ns + standard error of the mean.
1P<0.05 vs SED; #P< 0.05 vs CON.
entary control; CON, continuous aerobic exe

e traiing; INT,interval erobic exercis training; AU, arbitrary unit

Mitranun et al., Scand J Med Sci Sports, 2014

Effect of HIIT vs. MICT on brachial artery FMD in type 2
diabetic patients

6
P=0.02 P=001 wpre
5 Post
4
g
03
E 49T2DM, 63 yrs
Isovolumic HIIT vs MICT
L 8 wks, 4d/wk, 40 or 47min
70% or 90% HRmax
1 All-extremity Airdyne bike
0
CON Mmict HIT

Hwang et al., the FACEP Joumal, 2019

Vascular endothelial cell protein expression
1. Collect endothelial cells

2. Wash endothelial cells

dissociation T |
buffer solution [

4. Dry and store slides for future
immunofluorescence staining

3. Fix and plate cells on slides

O

Procedure described i detail in Colombo et al., J Appl Physiol, 2002

Vascular endothelial cell protein expression

+ Rehydrate cells

) FluorescentAF438 tag Block non-specific binding sites

Stain with primary antibody for protein
of interest (e.g., NADPHp47)

Primary antibody

Stain with AF488 secondary antibody

Protein (e.9. NADPHp47) o .
+Stain with antibody for von Willebrand
factor

Endothelial cell Stain with AF555 secondary antibody

Stain nucleus using DAPI

Procedure described in detail in Colombo et al., J Appl Physiol, 2002

Analysis of stained vascular endothelial cells

Step 1 Step2 Step 3
Endothelial cell is identified Nuclear integrity is Protein of interest is
by using VWF confirmed using DAPI quantified using AF488

Procedure described i detail in Colombo et al., J Appl Physiol, 2002

Elevated ECPE of pro-atherogenic factors in prediabetic
patients
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Decreased ECPE of anti-atherogenic factors in type 2

diabetic patients
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Nitrotyrosin/HUVEC Intensity

¢ 21.4%

Pre-  Post-
training  training

TNF-a/HUVEC Intensity

HIIT decreased ECPE of pro-atherogenic factors in
type 2 diabetic patients
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Pre-  Post-
training  training

Hwang etal., preliminary data

HIIT increased ECPE of anti-atherogenic factors in
type 2 diabetic patients
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