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The ”I\/Ietabolic Syndrome”
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Lakka TA et al. APNM 32:76-88, 2007



Physical activity in the etiology of the
metabolic syndrome

Medicines —Jr
l_' Metabolic syndrome

Body fat accumulation 4 .
Tk — amdl  Type 2 diabetes y
physical activity Insulin sensitivity 4

Glucose tolerance 4

v Plasma LDL cholesterol l
Plasma HDL cholesterol 4 .
e
l Blood pressure y
Susceptibility to thrombosis y l

. . Systemic low-grade inflammation y
Weight reduction [ o Acteria olial function & Myocardial infarction |

Ischemic stroke |

t 1|1 4
Peripheral artery disaase¢
=

Lakka TA et al. APNM 32:76-88, 2007
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Adapted from ADA and Isomaa et al. Diabetes Care 2001:24:683



[(HAS 2l 8=

Table 2. Changes in the prevalence of obesity and metabolic
syndrome in Korea

1998 2005  2007-2009
KNHANES KNHANES KNHANES
Obesity Men 25.9 4.8 35.8
(BMI 225kg/m’) women 275 283 26.1
All 26.7 31.5 30.9
Severe obesity Men 1.72 342 3.88
(BMI 230kg/m’) women 308 3.60 3.92
All 241 352 3.00
Central obesity Men 20.6 24.0 248
Women  24.1 23.8 235
All 22.4 23.9 24.1
Metabolic Men 16.8 313.8 35.0°
syndrome Women 219 26.8 30.1°
All 19.6 30.2 32.4°

OH SW. DMJ 24:561-566, 2011



Prevalence of the metabolic syndrome among 40,698
Korean metropolitan subjects (male)

BATPII
O APC-WC
HAPC-BMI

Lee WY et al. DRCP 65:143-149, 2004



Prevalence of the metabolic syndrome among 40,698
Korean metropolitan subjects (female)

BATPII
Ll APC-WC
EAPC-BMI

Age qroups (yrs)

Lee WY et al. DRCP 65:143-149, 2004



Diagnosis of metabolic syndrome

Categorical cutpoints

Increased waist circumference® Population-specific and country-specific
definitions

Increased triglycerides (drug treatment for elevated TG is =150 mg/dL (1-7mmol/L)
alternate indicatort)

Reduced HDL cholesterol {drug treatment for reduced HDL =40 mg/dL (1-0 mmol/L) in men; <50 mg/dL
cholesterol is alternate indicatort) (1-:3 mmol/L) inwomen

Increased blood pressure (antihypertensive drug treatment  Systolic 2130 and/or diastolic 285 mm Hg
in patient with history of hypertension is alternate indicator)

Increased fasting glucose: (drug treatment of increased > 100 mg/dL (5-5 mmol/L)
glucose is alternate indicator)

*It is recommended that the IDF cutpoints be used for non-Europeans and either the IDF or AHA/MHLBI cutpoints used
for people of European origin until more data are available. TMost commonly used drugs for increased trighycerides and
reduced HDL cholesterol are fibrates and nicotinic acid. A patient on one of these drugs can be presumed to have high
triglycerides and low HDL. Use of high-dose w-3 fatty acids presumes high triglycerides. ¥Most patients with type 2
diabetes will have the metabolic syndrome by the proposed criteria.

Table: Criteria for clinical diagnosis of metabolic syndrome

Alberti KGMM et al. Circulation
120:1640-45, 2009
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Physical activity2e| 74 9]

Physical activity. any movement (or
force) exerted skeletal muscle that leads
to an increase In energy expenditure
above rest

Exercise: subcomponent of physical
activity that is planned or structured

Physical activity level (PAL): TEE/BMR

(TEE: total energy expenditure, BMR:
basal metabolic rate)



Physical activity energy expenditure (kcal/min) over 24-h period
in 4 different middle-aged men assessed by accelerometry

A

kcal-min=t

kcal-min=

FAL 1.33
*AMETs 17 min
SAMETS " O min
16 - Mo of bouts a
‘.a -
43 ]
10
E_ -
E_ -
d s mmmE- - -
2 _J_._._LJ_MM
&
24:00 06:00 12:00 18:00 24:00
Time of day
PAL 1.890
JBar AMETs 258 men
144 =3AMETs 10 208 fen
129 Noof bouts 11
10
H_
4 f
W LR L
2 o U L
(i
24:00 0500 12:00 18:00 2400
Time of day

kealrmin=

o

kealmin=

o T - R % B A = 1]
I T

14 1
12 1

PAL 209
=3 METs 158 man
=3 METs @ 137 min
- Mo of bouts 2
4:00 0600 12:00 18:00 24:00
Time of day
PAL 208
- *=3METs 174 min
=3 METs 0 T min
Mo ol bouts 1
4:00 0600 1.2:00 18:00 24:00
Time of day

Thompson et al. Physiol Rev 92:157-191, 2012



Metabolic pathways of adipose tissue fat, storage and

mobilization
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Fasting
Fodl Physical exercise
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Triglycerides
GH, cortisol

L+

Glycerol 3-phosphate

Fatty acids

Esterification Catecholamines

To liver

Thompson et al. Physiol Rev 92:157-191, 2012



1 Oxidation of
fat by muscle

Acute Exercise in Humans (during & after)
Increase Decrease
= Cardiac output = |nsulin

= Circulating hormones, cytokines
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Mechanisms evolved In acute exercise-
Induced glucose transport

FIGURE 1 - Mechanisms evolved in the acute exercise-induced glucose transport. (Havashi,
Woijtaszewski, Goodyear, 1997, Zierath, 2002),



Acute exercise induces GLUT4 translocation in
skeletal muscle in normal and T2DM patients

In 5 normal subjects and 5 T2DM patients, translocation of GLUT4 to
the plasma membrane of skeletal muscle (vastus lateralis) assessed

280 - / /
240 - - / *
2 '
160 - % ' v/
: i
S 120 T//
v

GLUT4 —» S s s Type 2 Diabetes

Rest Ex Rest Ex

Plasma Membrane GLUT4
(Arbitrary Units)

=

GLUT4 > e s e e Normal .
_.___,L.:.J--
40 3“"
Rest Exercise Rest Exercise
Normal Type 2 Diabetes

Kennedy JW et al. Diabetes, 1999



Exercise increases sensitivity of glucose
uptake to insulin in human muscle

120
110 -+
100 -

Increase in glucose uptake
(% of maximal increase)

0w
=)
i

80 -
70
60 -
50 4
40 -
30 4
20 -
10 -
0 -

——&— Rested leg
—0O— Prior exercised leg

1'u 30 50 100 1000
Plasma insulin
(LU/mL)

Wojtaszewski et al. J Appl
Physiol 93:384-392, 2002



Glucose utilization and insulin-stimulated glucose
utilization after cessation of exercise in rats

(a) Glucose utilization (b) Glucose utilization
14 - ~ 0.5 h after exercise 14 - ~ 2.5 h after exercise
12 @ Rest 12 4 Bl Rest
1 ~ 0.5 h post exercise T 3 ~ 2.5 h post exercise

10 1 10 1
1 T
= 87 = 8y
| |
2 2 T
o 6 o] 6
3 3

4 1 4

-
2 2
0 . . 0 . .
0 pU/mL 75 pU/mL 0 pU/mL 75 pU/mL
Insulin concentration Insulin concentration

Garetto et al. Am J Physiol
246:E471-475, 1984



Effects of exercise on mitochondrial protein
expression in human skeletal muscle

In 24 subjects : young sedentary (YS), young active (YA), old sedentary
(OS), old active

A SIR1 B

Relative expession
Relative expression

¥s YSSE YA YASE 05 OS5 OA DASE ¥YS  ¥SS5E YA YASE O5 O55E OA OASE

Bori A et al. Exp Gerontol, 2012
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Physical activity and dyslipidemia

 Single bouts of exercise: TG &4, HDL-C &7t
« Endurance training: HDL-C &7}

« Aerobic exercise training: LDL-C, apoB Zt2,
LDL particle size 7}, apoA S7f, TG A



Physical activity and blood pressure
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Effect of aerobic exercise on blood pressure :
meta-analysis of 54 RCTs

Table 1. Mean Net Changes in Systolic and Diastolic Blood Pressure according to Different Exclusion Criteria

Variable Systolic Blood Pressure Diastolic Blood Pressure
Trials Net Change (95% CI) P Value Trials Net Change (95% Cl) P Value
Examined Examined
Jal gim Hg L [y He
All trials 53 -3.84 (—-4.97 to =2.72) 0.001 50 -258(=3.35t0 =1.81) <0.001
Coueprica o pynpuic ol ® B __ A AF fo_ B B4 4 2 rﬁ‘l = 11 19 3 g/ 2 B 4o 1 214 —1 11

Antihypertensive medication not

administeredt 49 423 (54210 —3.05) <0.001 46 291(—3.69 to —2.13) 0,001
Single intervention between groupst 47 =439 (-5.68t0 —3.10) <0.001 44 2.97(-3.82to0 —2.12) =0.001
Blood pressure as primary outcomes§ 37 -4.39(-5.93 to —2.86) <0.001 36 287 (-391to -1.84) <0.001

Aerobic exercise reduces blood pressure in both hypertensive and
normotensive persons.

Ann Intern Med 36:493-503, 2002



Exercise and antioxidants

F HO-1 GST GPx NQO1

HO-1

Heape co s Fe* " Bilivérdin
NADPH  NADP* J J J
- Vasodilation Ferritin Bilirubin
- Antioxidant
- Anti-inflammation J/
- Antiapoptosis Antioxidant |

Golbidi S et al. Exp Diabetes Res, 2012



The contracting muscle signal

Contracting

V97 4
/ skeletal muscle

ries
Vascular anti-inflammatory effect
Insulin sensitivity and athero-protection

(IL-10, IL-1ra)

(

Fat tissue and
infiltrated macrophages

Justyna SZOSTAK et al. Clinc Sci 21:91-106, 2011



Anti-inflammatory effects of
exercise — effects of IL-6

Exercise

(Anti-inﬂammatory)

IL-10

Petersen AMW et al. J Appl
Physiol 98:154-1162, 2005



The effects of RT and AT on insulin sensitivity
iIn overweight Korean adolescents

Insulin AUC (uIU/mL)
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- 25,000 |

AE RT
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o

Pre-training Post-training Pre-training Post-training

Time of measure

Suh SH et al. DMJ 35:418-426, 2011



The effects of exercise training on plasma
markers of inflammation — conflicting results

« In a 6-month RCT, diet and exercise together reduced
plasma CRP, IL-6

« However, the opposite reported

* Mechanisms: decreased body fat, body composition &
2, proinflammatory cytokine2| Zf2, anti-
inflammatory cytokine2| &7}, antioxidant2| &7}



Impaired muscle AMPK activation in the
metabolic syndrome may attenuate improved
insulin action after exercise training

A &0 —= control subjects (n=9)

mxewd Metabolic Syndrome (n=10)
g 50 p=0.39
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g 4 1 0 e type 2a type 2b
§ 1 i* i* muscle fiber type
= 2 - Cc 0 Metabolic Syndrome
1 — baseline
D z 50 trained
S 4 S 4 54w
=) =) £ 7
S fal [T
% 2 S 3 .
T A
E 10 %
L7
type 1 type 2a type 2b

muscle fiber type

Layne AS et al. JCEM 96:1815-1826, 2011



Impaired muscle AMPK activation in the
metabolic syndrome may attenuate improved

insulin action after exercise training
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Cardiorespiratory fitness and
metabolic syndrome



T Weight and
BMI

T Undesirable
symptoms with
activity

1 Resting
metabolic
rate

RAMA
RMA

RMR
=1

l Lean body l Physical

mass activity

Miller WM et al. Obesity 20:505-511, 2012



Cardiorespiratory fitness and metabolic risk

In 59,820 men and 22,192 women in Cooper Center Longitudinal Study
(CCLS) who performed CRF assessment with maximal exercise testing from

1970 to 2009

3 Men 3 Women
v —— v cvD
e 2 .5 - mCHD
@ W CHD g
= -
o 1 8
: \Wl ﬂim
D _
1 2 3 4 S .
2 3 &4 5
CRF Quintiles

Figure 1. CVD and CHD mortality in men and women plotted against
quintiles of CRF.

GrundySM et al. AJC109:988-993, 2012



Cardiorespiratory fitness and metabolic risk

40
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GrundySM et al. AJC109:988-993, 2012



Cardiorespiratory fitness and metabolic risk

250 . Triglyceride(mg/dL)

- HDL-Cholesterol (mg/dL)

Women Women 2 Metabolic Syndrome (%)
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GrundySM et al. AJC109:988-993, 2012



CRF attenuates metabolic risk independent of

abdominal subcutaneous and visceral fat in men
In 297 healthy men with CT or MRI imaging

RR for the Metabolic Syndrome

Agje

P < 0.001

Adjusted for
Age and VAT

Adjusied for
Age and SAT

B High CRF
Moderate CRF
[0 Low CRF

Adjusted for
Age, VAT and SAT

Diabetes Care 28:895-901, 2005
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DPP: IFG 30000

AHO:||=|

Metformin 850 mg bid, 7% weight loss, =

=
™=

CHAS

%Ifif

O CHek

Dlabetes Prevention Program

H<S
o=
=< IS
=M Zhatot

l

7H M=tEaka, metformin, (O 2 LSO S B

& 1502 23

Randomly assigned
participants
(n=3234)

~. l

Placebo group Metformin group Intensive lifestyle

(n=1082) (n=1073) group (n = 1079)
Year 1 wisit | Year 1 visit Year 1 visit
(n = 1027) | tn=1017) (n = 1026)
o | Tear 2 visit | YEar 2 visit Year 2 visit
{m=1015) (m = 1006) (n = 1000}
Year 3 visit Year 3 visit Year 3 wisit

—*| (n = 657) *| (n = 626) (n = 638)

Orchard TJ et al. Ann Intern Med 142:611-619, 2005



Development of metabolic syndrome by
Intervention group in the DPP

0,60 -

47%

Syndrome

a5

38%

________________________

030

Cumulative Incidence of the Metabaolic

0,15
—— Placebo group (n = 490)
e Metformin group (n = 503)
- ----- Lifestyle group (n = 530)

0| CHE=0| H|sl 41%, metfomin2J|

9% HAIS 2 QI8 S LAAY

Orchard TJ et al. Ann Intern Med 142:611-619, 2005



Resolution of metabolic syndrome by
Intervention group in the DPP

Syndrome

of the Metabolic

Cumulative Incidence of the Resclution
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______ Ufﬂst}"lc group I:H = 545.} 2 3 /O

_______________________________

Time since Randomization, y

Orchard TJ et al. Ann Intern Med 142:611-619, 2005



Changes In insulin resistance with
RT, aerobic training, and RT+AT

—
o
]

Change Insulin resistance
o -t no w E=S (8] D | 0 s] ©o

Control Resistance Aerobic Resistance &
Aerobic

Davidson LE et al. Arch Intern Med
2009:169:122-131



Risk of cardiovascular mortality in men with
diabetes across levels of fitness
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Low level of leisure-time physical activity and

CRF predict development of MS

In 612 middle-aged men without MS at baseline

4-year follow-up

Tahle 2—0ORs for the

Total LTPA (min‘wee
< 270 minfweek
2704806 minfweel
=487 minfweek
Trend (F)

Low-intensity LTPA {
<111 minfweek
111-270 min/weel
=271 minfweek
Trend (F)

Moderate and vigoroy
=60 minfweek
61-1560 minfweek
=18 minfweek
Trw o

Vigorous LTPA (=7.5
< 10 minfweek
10-39 minfweek
=60 minfweek
Trend (F)

Voo . {ml-ke—t-m

=289
290-35.0
=357

Trend (F)

Cases of MSy (adjusted)

spivatory fitness

OFit
W Unfit

1

i

i

c3R8AY

<10 min 10-59min at least
60 min

Vigorous Physical Activity (min/wk)

Model 48

1
22} 083(045-1352)
07} 0.54(0.28-1.04)
0.18

1
A9} 0.97 (0.52-1.79)
05)  0.66 (0.34-1.28)
0.41

1
38} 0.86(0.46-1.60)
207 0.55(0.29-1.04)

i

1
08} 0.60(0.33-1.09)
G668} 0.36 (0.19-0.70)
0.009

|
B9} 0.84 (0.43-1.56)
A9y 070 (0.31-1.58)

0.69

Drata are OF (93% CI). *Adjusted for age category; Tadjusted for age category and BMI; fadjusted for age category, BM, adult socioeconomic status, presence of
cardiovascolar diseasze, smoking (not at all, 1-19 cigarettes per day, or 20 or more cigarettes per day), and aloohol consumption (abstainers, low intake, and high
intake according to gramsfweek consumption); adjusted for age category, BMI, waist-to-hip ratio, use of antihypertensive medications, systolic and diastolic blood
pressure, and concentrations of HOL, triglycerides insulin, glucose levels, and family history of disbetes

Laaksonen DE et al. Diabetes Care

25:1612-1618, 2002
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Il Pre-Training || Post-Training

FIGURE 1—Prevalence of individual risk factors before and after 20
wk of aerobic exercise training in the HERITAGE Family Study
among 105 participants with the metabolic syndrome at baseline. *P <
0.05 pre- versus posttraining.

Katzmarzyk PT et al. Med Sci
Sports Exer, 2003
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Conceptual model of a resistance training and
potential effect on energy expenditure

Free living

physical t

activity l

Resistance Muscle mass N RMR Total energy M Body fat ¥
training expenditure

v

Fat oxidation A

|

Am Coll Sports Med, 2009



Sarcopenia: a serious problem in
the elderly..

Sarcopenia: loss of muscle mass
associated with aging

Main cause of muscle weakness in the
old age -> T2DM, IR

Etiology: loss of motorneurons, muscle
cell apoptosis, muscle fibers decrease
50| O| HH st o O46kgO| 20|
Zolck Ho =2 UK L




Sarcopenia: a serious problem in
the elderly..
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Grip strength and the metabolic syndrome:
Hertforshire Cohort Study: cross-sectional

Fasting glucose | : ® |
Fasting triglycerides i I L !
Fasting HDL cholesterol ) e i I
Waist circumference i —e—
2 hour glucose i f ® |
HOMA resistance i f @ |
—0:08 —OI.D4 D.IOD D.I04 0:08 D:12

Change (in SD units, 95%CI) per SD decrease in grip

High blood pressure

]
L . H
I
ATPIIlI metabolic syndrome : , - .
I
IDF metabolic syndrome » . .
1} 1
0.9 1.0 1.1 1.2 1.3 1.4

Odds ratio (95%CI) per SD decrease in grip

All estimates adjusted for gender, weight, age, walking speed, social class, smoking
habit and alcohol intake.
SD = standard deviation; 95%CI| = 95% confidence interval.

Figure 1. Relationships between grip strength and components of the metabolic syndrome and insulin resistance.

Sayer AA et al. Q J Med 100:702-73, 2007



The effects of RT on metabolic
parameters: meta-analysis

Review: A systematic review and meta-analysis of the relationship between RT and metabolic risk
Comparison: 01 RT vs KO
Outcome: 01 HbA,, (%)
Study (y) No. of RT No.of  Control WMD (random) Weight ~ WMD (random)
subjects mean (SD) subjects mean (SD) [95% CI] (%) [95% CI]
Balducci et al. (2004) 62 7.10(1.16) 58  8.28(1.73) —— 929 -1.18[-1.71,-0.65]
Castaneda et al. (2002) 31 7.30(0.20) 31  8.30(0.50) o 13.39 -1.00[-1.19, —0.81]
Loimaala et al. (2003) 24  760(1.40) 25  8.30(1.40) —0— 6.56 —0.70[-1.48,0.08]
Honkola et al. (1997) 18  7.40(0.20) 20  8.10(0.30) o 13.64 -0.70[-0.86, —0.54]
Dunstan et al. (1998) 15  8.00(0.50) 12  8.30(0.70) —ot 10.05 -0.30[-0.77, 0.17]
Cauza et al. (2005) 22  7.10(0.20) 17  7.40(0.30) o 13.60 -0.30[-0.47,-0.13]
Dunstan et al. (2002) 19  6.90(1.00) 17  7.10(0.80) —o— 859 -0.20[-0.79, 0.39]
Cuff et al. (2003) 10  6.80(0.22) 9  6.87(0.20) - 13.40 -0.07 [-0.26, 0.12]
Ishii et al. (1998) 9  7.60(1.30) 8  7.60(1.90) %ﬂf 250 0.00[-1.57, 1.57]
Baldi and Snowling (2003) 9  8.40 (0.60) 9  8.40(0.60) 9.00 0.00 [-0.55, 0.55]
Total (95% Cl) 219 206 & 100.00 -0.48 [-0.76, —0.21]
Test for heterogeneity: ¥° = 69.93, df = 9 (p < 0.00001), I°=87.1%
Test for overall effect: Z=3.47 (p = 0.0005)
—4 -2 0 2 4

Favours treatment Favours control

Strasser B et al. Sports
Med 40:397-415, 2010



Comparison of aerobic versus resistance exercise training
effects on metabolic syndrome (STRRIDE-AT/RT)

| |
RT training

3 sessions per week

3 sets of 8 to 2 repetitions on 8 Cybex weight
lifting machines

4 upper body and 4 lower body

Resistance (66) Aerobic (73) Aerobic + Resistance (57)
Exercise Dropouts (14) Exercise Dropouts (25) Exercise Dropouts (13)
Missing MS Data (21) Missing MS Data (18) Missing MS Data (19)
Included (31) Included (30) Included (25)

[

|

Reasons for Dropout:
Lost to Follow-Up (6)
Time Constraints (5)
Unrelated Injury (0)
Medical Problems (3)
Family Issues {0)
Relocated (0)

Reasons for Dropout:
Lost to Follow-Up (6)
Time Constraints (11)
Unrelated Injury (3)
Medical Problems (2)
Family Issues (1)
Relocated (2)

Reasons for Dropout:
Lost to Follow-Up (7)
Time Constraints (5)
Unrelated Injury (0)
Medical Problems (1)
Family Issues (0)
Relocated (0)

Bateman LA et al. Am J
Cardiol 108:838-844, 2011




Effects of exercise modes on changes in MS
and the components
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Bateman LA et al. Am J Cardiol 108:838-844, 2011



How much of RT?

» Still controversial due to the
heterogeneity of the studies...
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Data Range

Lifecorder
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Feport Date
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Daily Activity Minutes
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Lifecorder

Frequency of Continued Activity (Lasting for 10minutes or above.)
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Lifecorder

Weekly Average Step CountSes s == Tgrget Yalue

mnmnmmmnnn Ayargge YWalue: 5369 Steps
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Total Calorie Expenditure
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Lifecorder

Activity Level Intensity Distribution
Madmum Day 09-18(E)

25104 Steps Activity Cal. 1241 Cal. Total Cal. 3504 Cal,
Activity min. 94.1 min. Distance - kmfmile
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Lifecorder

Average Day 09-01(==)
8832 Steps Activity Cal. 389 Cal. Total Cal. 2599 Cal.
Activity min. 20.3 min. Distance - kmmile
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2% 57
N&s 5712 27| 29t 2. = 150~25022| 2 (energy equivalent of 1200 to :
2000 kcal/wk)O| MOl M 3% O|Ato| H|= £7tE Gt=LC}.

MNs d8= /e 2. =9 15082 0|2te| 20| £A9| M& #&=, = 1508 B
Ol&e| 280 S8kl M& &2 (~2-3 kg), Y 225-420F 0|2 20|
5~7.5-kgl| M|E HEE I 2=t H|H Lt

M= nAME et a8 B8 75 200-300592 750 M= 485 @ 0= wAlor B
L} S 87| oM BRotL, BOo| & =& O £Lf gLt 34 =5&.

2t AAF ZE. 252, AAF ZFO| L= S7FAZ|LE AAF Z2EHO| H 2 A
Me M= 1 2t LWX| ZotCt

Metd 25 (Resistance training)0| & £ 20 O|X|= Fgk. OFEIHX|= RTO| & B
A4 2SHHE N 220 25 0|ele A= gLt Lean massE S7t5lAHLE &
Kot=dl E2S FCHALE X2 G2 dAA7UCE SAHAE 25 &205HH, Bt A=9|

oSOIRtES HMSH=D £22 ZCHe AL ULt (e, HDL-C, LDL-C, insulin,
blood pressure).

Med Sci Sports Exercise, 2009
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120kcal /day = 5kg/year
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(Lanningham et al 2005)
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