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What is the effect of exercise on obesity and obesity associated diseases?
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Summary

Objective Chemerin, a recently identified adipokine, has been
linked to adiposity, insulin resistance, mctabolic syndrome risk
factors and inflammation. Here, we evaluated whether a 12-week:
Tifestyle intervention in overweight and obese adults with type 2
diabetes could significantly affect the average blood glucose and
serum chemerin levels over time.

Design Thirty-five overweight or obese subjects with type 2 dis-
‘betes were randomized to receive intensive lifestyle modification
including supervised excreise sessions or usual care for 12 wecks.
Anthropometric and clinical data were collected before the inter-
vention and after 12 weeks.

Results Lifestyle intervention induced a significant decrease in
HbAIC (10 + 05 vs 0-1 + 0:6%, P < 0.001), BML, total body
fat content, serum lipocalin-2 and chemerin levels (81 % 216
¥ +82 % 159 ng/ml, = 0-021) and a significant increase in
VOumax afier 12 weeks compared o the usual care group. Base-
line chemerin levels were positively correlated with the homoco-
stasis model of asessment of insulin resistance (HOMA-IR),
fasting insulin and the high-sensitivity C-reactive protein

51). Changes in the chemerin concentration during 12 weeks
were independently negatively corrclated with changes in 151 and
positively correlated with changes in fasting plasma glucose, total
chalesterol and lipocalin-2 levels.

Correspundence: Moonsuk Nas, Division of Endoceinology and
Metabolisrn, Depaartment of Internsl M oha University
206, Don. [ung:Gu

© 2013 John Wiley & Sons Ltd

Conclusions A 12-weck intensive lifestyle intervention signifi-
cantly decreased serum chemerin level compared to wsual care.
Decrease in serum chemerin level was associated with improved
insulin. sensitivity, and this may be involved in the heneficial
effects of lifestyle intervention in overweight and obese type 2
diabetic patients.

(Received 25 January 2013 remuned for revision 6 May 2013
finally revised 14 May 2013; accepted 15 May 2013)

Introduction

Adipose tissuc, formerly thought of as simply a fat storage site,
is now recognized as an active endocrine organ that produces
numerous adipokines which regulate metzbolism and inflamma-
tion."* Dysfunctional adipose tissue, characterized by altered
adipokine secretion and. chronic lov-grade inflammation, is the
key features of obesity and plays important roles in the develop-
ment and progression of obesity-related disorders including
insulin resistance, type 2 diabetes, dyslipidaemia, hypertension
and atherasclerosis.**

Chemerin is a secreted chemoattractant protein with a role in
adaptive and innate immunity. It was recently identified as an
adipokine with effects on adipocyte differentiation, inflammation
and metabolism.>® Circulating levels of chemerin correlated with
body mass index (BMI), circulating triglycerides and blood pres-
sure in normal glucose tolerant subjects.” The serum chemerin
level has also been associated with insulin resistance.” inflamma-
tion®*” and nanalcoholic fatty liver discase.* In addition, reduc-
tan i hemerin vl e repot e proonsd eight

Subjects With Metabolic Syndrome
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Brudley KL, Jeon JY, Liu F-F, Maratos-Flier E. Volury excrcise
and

obese mice. Am I Physiol Endocrinol Meiab 295: ES86-ES3, 2008, First
published Junc 24, 2008; doi10.1 15 2sjpendio 00309 3017 —Exercise pro-
motes weight loss and improves. insulin sencitivity. However, the
‘molccular mechanisms mediating its beneficial effects are not fully
understood. Obesity correlates with increased procuction of inflam
matory cylokines, which in tum, contribues 1o systemic insulin
resistance. To test the hypothesis that excrcise mitigates this inflam-
‘matory response. thereby improving insulin sensitivity, we developed
a model of voluntary excreise in mice made obese by feeding of 3 high
fatfhigh sucrosc dict (HFD). Over four wk, mice fod chow gaincd
23 = 0.3 g, while HFD mice gained 6.3 = 0.5 g. After 4 wk, mice
wiere subdivided into four groups: chow-no exercise, chow-EXeTise,
HFD-no cxcreise, HFD-excrcise and monilored for an additional 6
wk. Chow-no exercise and HFD-no cxercise mice gained an add
tional 1.2 = 0.3 g and 3.3 = 0.5 g respectively. Exercising mice had
higher food consumption, but did not gain additional weight. As
expected. GTT and ITT showcd impaircd glucose tolerance. and
insulin resistance in HFD-no cxercise mice. However, glucose toler-
ance improved significantly and inculin sensitivity was completely
normalized in HFD-exercise animals. Fu e, expression of
TNF-o. MCP-1, PAK1 and IKKB was increased in adipose tissue
from. parcd with chorw mice.

the increascd expression of these inflammtory cytokincs. In conirast
expression of these cytokines in liver was unchanged among the four
‘groups. These that exercise partially adi
reverses insulin eesistance and deereases adipose tissuc inflammation
in dict-induced obese mice, despite continued consumption of HFD.

insulin resistance; cytokine; adiposity; high-fat dict

THE PREVALENCE OF OBESITY in Western countries has reached
epidemic proportions (32, 33). Obesity is associated with a
chronic low-grade proinflamimatory metabolic state that con-
tributes to insulin resistance, the metabolic syndrome, type 2
diabetes, cardiovascular disease, and several cancers (9. 32,
46). The pathogenesis of this inflammation remains poarly
understood
A complex interaction of peripheral and central pathways
regulates food intake, and obesity occurs when there is a
significant imbalance between food intake and energy axpen
diture (). Although genetics play an important role
regulation of body weight homeostasis. physical activity mm
diet are also important environmental contributors to body
lation (37) Furthermore. high-fat diet-induced obe-

4 key component of the inflammatory cascade. is activated in
duced obesity. as well as in a genetic model of obesity
and insulin resistance ob/ob) (2, 47). Tn addition, inhibition of
NF-xB and its upstream activator IKKB by salicylates, or
targeted disruption of IKKP, reversed obesity-induced insulin
resistance in vitro and in vivo (2. 3, 47). Thus., the IKKB/
NF-xB pathway appears to be a key mediator of obesity-
duced insulin resistance (1, 2. 47).

Exercise has been shown to improve insulin sensitivity in
obese individuals even in the absence of weight loss (6).
However, the mechanisms underlying the beneficial effects of
exercise have yet to be fully elucidated. In animal models,
forced exercise on treadmills leads to reduced body weight and
yproved lipid profiles as well as to reductions in Systemic
inflammation and insulin resistance (12, 13 18). However.
potential effects on insulin sensitivity and inflammation in key
target organs such as liver and adipose tissue are not weil
defined. Furthermore, forced-exercise models may be problem-
atic, as they are stressful. This suggests that voluntary exercise
may be a better model. A few studies have indicated that
voluntary exercise can slow the onset of weight gain in genet-
ically obese rodent models such as the MCAR knockout mouse
and the agouti (A) mouse (4, 23). Overall, though, data on the
effects of voluntary exercise on obesity and associated effects
on expression of liver and adipose tissue inflammatory markers
in animal madels remain limited.

We therefore developed such a model using mice made
obese through feeding of a high-fat and high'sucrose diet
(HFD). After the onset of obesity, mice were housed individ-
ually. Mice in chow-fed and HFD-fed exercise groups were
housed with a functional running wheel, whereas chow-fed and
HFD-fed mice in the no-exercise groups received an identical
but nonfunctional fixed wheel

Using our murine model of diet-induced obesit

ined the effects of voluntary exercise on adiposity. insulin
resistance, and liver and adipose tissue inflammation. Specific
parameters evaluated included body weight, glucose tolerance,
and insulin sens Liver and adipose tissue inflammatory
markers assessed included TNF-o, monocyte chemoatiractant
protein-1 (MCP-1), plasminogen activator inhibitor-1 (PAL-1),
and IKKB, as well as leptin and adiponectin for adipose tissue.
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Abstract
KIM, EUN SUNG, JEE-AEE IM, KYOUNG CHUL KIM,
JI HYE PARK, SANG-HOON SUH. EUN SEOK KANG,
SO HUN KIM. YOONSUK JEKAL. CHUL WON LEE,
YONG-JIN YOON, HYUN CHUL LEE, AND JUSTIN Y.
JEON. Improved insulin sensitivity and adiponectin level
after exercise training in obese Korean youth. Obesity.
2007:15:3023-3030.
Objective: The objective of this study was to investigate the
association among adiposity, insulin resistance, and inflam-
matory markers [high-sensitivity C-reactive protein (hs-
CRP). interleukin (IL)-6. and tumor necrosis factor
(TNF}-a] and adiponectin and to study the effects of exer-
cise training on adiposity, insulin resistance, and inflamma-
tory markers among obese male Korean adolescents.
Research Methods and Procedures: Twenty-six obese and
14 lean age-matched male adolescents were studied. We
divided the obese subjects into two groups: obese exercise
group (N = 14) and obese control group (N = 12). The
obese exercise group underwent 6 weeks of jump rope
exercise training (40 min/d, 5 d/wk). Adiposity. insulin
resistance, lipid profile, hs-CRP, IL-6, TNF-a. and adi-
poncctin were measured before and after the completion of
exercise training.
Results: The current study demonstrated higher insulin re-
sistance, total cholesteral, LDL-C levels, triglyceride, and
ers and lower nd HDL-C in

Depustments o *Speet sl Leiwae Stadie, (Fipical Elucatin, aml Hoternal Medicins,

obese Korean male adolescents. Six weeks of increased
physical activity improved body composition, insulin sen-
sitivity, and adiponectin levels in obese Korean male ado-
lescents without changes in TNF-a, IL-6, and hs-CRP.

Discussion: Korean male adolescents showed re-
duced adiponectin levels and increased inflammatory cyto-
kines. Six weeks of jump rope exercise improved triglycer-
ide and insulin sensitivity and increased adiponectin levels.

Key words: exercise intervention, adiponectin, insulin
resistance, adolescents

Introduction

The prevalence of obesity is increasing at an alarming
rate (1-3). This phenomenon extends to children and ado-
lescents in all countries of the industrialized world (3).
Countries throughout the world have experienced a marked
increase in the prevalence of overweight md obese children
and adolescents (4.5). The increase in the prevalence of
overweight and obesity implics a substanti rease
among children and adolescents (13) in lifestyle-associated
discases such as type 2 diabetes (6.7), dyslipidemia (8.9).
hypertension (10.11), coronary heant disease (12), and
stroke, which are usually found in adults (14.15).

The incidence of type 2 diabetes, although still uncom-
mon in children and adolescent in most countries, has nev-
entheless increased dramatically in recent years (16), partic-
ularly in obese children who have family history of type 2
diabetes (17). The incidence of type 2 diabetes rose from
4% of all pediatric diabetic cases in 1990 to ~20% a decade
later in the United States (18). Another study suggests that
type 2 diabetes accounts for up to 0% of all new cases of
pediatric or adolescent disbetes (19). The most significant
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ameliorating risk factors associated with
this disease. These liestyle interventions,
which ganerally included both physical ac-
tivity and nutritioral interventions, have
been highly successiul in preventing the

The association between chemerin and homeostasis assessment of
insulin resistance at baseline and after weight reduction via lifestyle

modifications in young obese adults
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1 Introduction called ‘adipocytokines”. Interestingly. obesty increases the production

Obesity is characterized by an excess acoumulation of white adi-

of pro-inflammatory adipocylokines that cause insulin resistance. but
decreases the production of and-inflammatory adipocytokines, which
reduce insull

pose tissue (WAT) and is including
type 2 diabetes, cardiovascular disease and cancer [1-3]. Despite the
dlear link between obesity and these prevalent diseases, the mecha-
nism responsible for linking obesity and these diseases remains
unclear. WAT. in addition to s(ntlz\g an impartant metabalic role, is
an active endocrine organ that secretes a number of peptides with
diverse bialogical and physiological functions induding regulation of
satiety, carbohydate and lipid metabolism, and insulin sensitivity [4]
The signaling molecules secreted from adipase tissue are collectively

Chermerin is a recently discovered adipocytokine that serves & 1
ligand for the G protein-coupled rceptor CMK 181 and. plays a role in
adaptive and infate immunity [7-9]. Chemerin is primarily produced
in the ver and adipose tissue and s secreted as an 18 ki inactive
pr-protein that undergoes extracellular sefine protease cleavage at
the C-terminal portion to generate the 16-kDa active chemerin [7-9
Chemein is involved in adipogenesis and differentiation [10-12) and
: H P ey 12)and v

The association between pentraxin 3 and insulin resistance in obese children at
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Metabolic syndrome (MetS) is characterized by abdominal
obesity, atherogenic dyslipidemia (elevated triglyceride [TG]
‘levels, small low-density lipoprotein (LDL] particles, and low
‘high-density lipoproiein (HDL) cholesierol levels), hyperien-
sion, insulin resistance (with or without glicose intolerance),
and prothrombotic and proinflammatory states (Expert Panel

Treatment of High Choles-
terol in Adults, 2001). It is a primary risk factor for diabetes and
cardiovascular disease. Individuals with MetS are 5 times more
Tikely to be diagnosed with type 2 diabetes mellitus (Ford, Li,
& Satar, 2008). 34 times more likely to die of congestive
heart disease, 2.6-3 times more likely to die of

(Churilla, Fnzhugh, & Mlpwn, 2007). Therapeutic lifestyle
core of treat
‘ment or pmvmlm nlMelS and ils components (Cornier et al.,
2008). TLM is a multifactorial approach based on exercise,
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disease, and twice as likely o die from all causes than are
‘patients without MetS (Lakka et al., 2002).

The prevalence of MetS isincreasing throughout the world.
In Korean adults, it mnges from 10% to 30% depending on the
criteria used for MelS (Sung el al., 2009), which i
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1. Introduction

Recently, there his been 3 worldwide rapid increase in the
prevalence of obesty and obesity-asociated metabolic disorders due
talack of | nd

obesity-associted metabalic disorers amang overwsight or obese

dyslipidernia and typ:
2 diabetes mellitus IHDMJ are now being observed in these young

foodintake [1].In particuiar
and adolescents has dramatically increased in the Lact several decades

It has been welldocumented that one of the mechanisms for

23] The National )
reported that the prevalence of averweight doubied among cildren
aged6-11 years and tripled amongadolescents aged 12-17 yearsinthe
S, from the 19705 10 1990s. 2], To date. childhoo dobesity hasreceived

nsm.
| Emalatins: by ey
[ ———
Bier

5 101016 cca 208 1203

insulin resistance and metabolic disorders is
change in adipocytokine levels with obesity (6. It i also well-
documented that obesity causes an increase in pro-inflammatory
cytokines including interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF-a) and a decrease in anti-inflammatory cytokines like
adiponectin | 7-10]. These changes have also been identified in obese
adalescents| 10] Ina previous study. mfaur.:awsmnmmnn
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a:.lmmg type2 diabetesarewidely  strategy in diabetes prevention. A number  Study population

zed (1. Exercise improves  oflang-scale, randomized, contolledtrials  THS 2-year, prospective cohort study

glymm u)mmL 1-._», composition, car. have been performed 10 evaluate the effect cluded 7,233 Korean subjects (40-79
ik,

pop. s
iy ©valuations through the National Health

physicl [unummn and well-beingin pa-  ulations (4-10), with the aim of reducing
tients with type 2 diabetes o prediabetes the incidence of type 2 diabetes and ISurnCe Corporation (NHIC) (2007

Frm e Yones Univeay s e of e o1 Apng. Yo Uy, S, Ko, e

2011 Major exclusion criteria included a
diagnosis of diabets ot use of medcations.
ko 10 s lcose ke, The

“Depanment of

NurigsmeticdN wrigenomis, fom? Uity S o e “Deparimen of Food and
Kores, the “Depurinen jects are shown in the fowchart

Bran Ko 21 Prfcs, Calbge of Harmn Ecigy Yoree Uniersty: S

, and classification of the gudy i

Nuton, TR

ce vl Mok, Ceflgeof Hurnan Ecolo. Do A Unversy, b, Kores nd e (Supplemeniary Fig 1). A toul ‘,( 21673
biennial

iepanrn of et md e, Ve Unier . o
Caresponding suther: Jong Ho Lee, lesb@y o acr
Recewed 28 October 2011 and scepted 19 March 2012
DOI: 1023377112074

subjectsun derwent bot
medical evaluations between 2007 and
2011, Type 2 diabetes was not detected in

This anicle contaie. Supplememary Dua online 2 hupsicare disbereoumal oryboluphuppla10 7,576 subjects(35.0%), and theywere sub-

2537/ 120744 DC L.
JSC. snd RK. contibted Ty o ths woik & privsryashars.

o the exercise (n = 2290) and

© 2012 by e Arerin Db escsin. ey u-:dm-vamd: 5 lomg as the warks properly  DOTEXCrCise (n = 5,286) progam ot

roup, 1,947

Tiensesdy - O for details

Among
subjects met the requirements of the

1680 Duserss Case, voroe 35, Avcust 2012

“are dabetesp urnals oy

were
— 1462070, p=0004).
Conchuson:

e
indisced by physical actvity in cverweight and obese children.

©2012 Published by Bsavier BV.

1. introduction main contributors for the development of obesity associated irsulin re-
sistance: [3-5).
Childhood obesity has i o esisarce 6 Howeves the
and obesty asorated wkh i ch s induced

disease and type 2 diabeles have become more prevalent among
chikdren [12] Inflammatory markers have been identified as one of
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Fentraxin 3 (FDXG), a novel inflammatory marker, is a member of
the long pentraxin family. a component of the humoral arm of innate
imrmunity [78]. Unlike the classic short pentraxin C-reactive protein
(CRP). which is synthesized in the liver as a systemic respanse ta local
m!lamm‘nz\ [9] PD3 is produced rapidly in damaged tissue and
more of 3 tissue-specific inflanmatory espanse that in-

s smooth and seleal sl nd adipocytes 10 12} Although
the role of PTX3 in the pathogenesis of atherasdemsis [1314] and
heart failure [15] has been identified studies stil report conflicting
o PTX3 with adiposity and insulin resistance
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in human among many diflerent health conditions [1416,17], These
conflicting reports on the relationship among PTX3, adiposity and
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Table 2. Mortality from Cancer According to Body-Mass Index among U.S.Women in the Cancer Prevention Study 11, 1982 through 1998.*

Type of Cancer

All cancers
No. of deaths
Death ratex:
RR (95% CI)§

Esophageal cancer
No. of deaths
Death ratex
RR (95% Cl)§

Stomach cancer
No. of deaths
Death ratej
RR (95% Cl)§

Colorectal cancer
No. of deaths
Death ratei
RR (95% CI)§

Breast cancer®|
No. of deaths
Death rate:
RR (95% CI)§

Cancer of the corpus and
uterus, not other-
wise specified|

No. of deaths
Death ratei
RR (95% Cl)§

Cervical cancer
No. of deaths
Death rates:
RR (95% CI)§

18.5-24.9

14,779
329.30
1.00

112
2.56
1.00

304
6.87
1.00

1,706
38.67
1.00

1,446
39.10
1.00

333
10.68
1.00

80
1.73
1.00

25.0-29.9

7107
339.75
1.08 (1.05-1.11)

56
2.68
1.20 (0.86-1.66)

134
6.37
0.89 (0.72-1.09)

906
43.28
1.10 (1.01-1.19)

908
51.13
1.34 (1.23-1.46)

225
15.68
1.50 (1.26-1.78)

54
2.63
1.38 (0.97-1.96)

Body-Mass Indexj

30.0-34.9

2254
382.62
1.23 (1.18-1.29)

21
2.90
1.39 (0.86-2.25)

57
9.88
1.30 (0.97-1.74)

312
53.81
1.33 (1.17-1.51)

309
60.65
1.63 (1.44-1.85)

105
26.05
2.53 (2.02-3.18)

16
2.73
1.23 (0.71-2.13)

35.0-39.9

517
419.59
1.32 (1.20-1.44)

13
9.85
1.08 (0.61-1.89)

67
56.14
1.36 (1.06-1.74)

68
67.56
1.70 (1.33-2.17)

25
30.16
2.77 (1.83-4.18)

14
7.81
3.20 (1.77-5.78)

=40.0

185
522.51
1.62 (1.40-1.87)

21
63.11
1.46 (0.94-2.24)

24
84.86
2.12 (1.41-3.19)

16
60.83
6.25 (3.75-10.42)

P for Trend

<0.001

0.13

0.46

<0.001

<0.001

<0.001

0.001




Insulin resistance and cancer risk

© Mechanism of obesity associated increase in cancer risk
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Summary

Objective Chemerin, a recently identified adipokine, has been
linked to adiposity, insulin resistance, mctabolic syndrome risk
factors and inflammation. Here, we evaluated whether a 12-week:
Tifestyle intervention in overweight and obese adults with type 2
diabetes could significantly affect the average blood glucose and
serum chemerin levels over time.

Design Thirty-five overweight or obese subjects with type 2 dis-
‘betes were randomized to receive intensive lifestyle modification
including supervised excreise sessions or usual care for 12 wecks.
Anthropometric and clinical data were collected before the inter-
vention and after 12 weeks.

Results Lifestyle intervention induced a significant decrease in
HbAIC (10 + 05 vs 0-1 + 0:6%, P < 0.001), BML, total body
fat content, serum lipocalin-2 and chemerin levels (81 % 216
¥ +82 % 159 ng/ml, = 0-021) and a significant increase in
VOumax afier 12 weeks compared o the usual care group. Base-
line chemerin levels were positively correlated with the homoco-
stasis model of asessment of insulin resistance (HOMA-IR),
fasting insulin and the high-sensitivity C-reactive protein

51). Changes in the chemerin concentration during 12 weeks
were independently negatively corrclated with changes in 151 and
positively correlated with changes in fasting plasma glucose, total
chalesterol and lipocalin-2 levels.

Correspundence: Moonsuk Nas, Division of Endoceinology and
Metabolisrn, Depaartment of Internsl M oha University
206, Don. [ung:Gu

© 2013 John Wiley & Sons Ltd

Conclusions A 12-weck intensive lifestyle intervention signifi-
cantly decreased serum chemerin level compared to wsual care.
Decrease in serum chemerin level was associated with improved
insulin. sensitivity, and this may be involved in the heneficial
effects of lifestyle intervention in overweight and obese type 2
diabetic patients.

(Received 25 January 2013 remuned for revision 6 May 2013
finally revised 14 May 2013; accepted 15 May 2013)

Introduction

Adipose tissuc, formerly thought of as simply a fat storage site,
is now recognized as an active endocrine organ that produces
numerous adipokines which regulate metzbolism and inflamma-
tion."* Dysfunctional adipose tissue, characterized by altered
adipokine secretion and. chronic lov-grade inflammation, is the
key features of obesity and plays important roles in the develop-
ment and progression of obesity-related disorders including
insulin resistance, type 2 diabetes, dyslipidaemia, hypertension
and atherasclerosis.**

Chemerin is a secreted chemoattractant protein with a role in
adaptive and innate immunity. It was recently identified as an
adipokine with effects on adipocyte differentiation, inflammation
and metabolism.>® Circulating levels of chemerin correlated with
body mass index (BMI), circulating triglycerides and blood pres-
sure in normal glucose tolerant subjects.” The serum chemerin
level has also been associated with insulin resistance.” inflamma-
tion®*” and nanalcoholic fatty liver discase.* In addition, reduc-
tan i hemerin vl e repot e proonsd eight

Subjects With Metabolic Syndrome

Eui Geum Oh, PhD, RN', So Youn Bang, PhD, RN?,
Soo Hyun Kim, PhD, RN?, Sa Saeng Hyun, PhD, RN*,

Divisian of Endocrinalogy. Department of Medicine. Beth Israel Deaconess Medical Center

and Harvard Medical School, Baston, Massachusetts
Subenitd & May 2007, accepled in fiaal fores 17 June 2008

Brudley KL, Jeon JY, Liu F-F, Maratos-Flier E. Volury excrcise
and

obese mice. Am I Physiol Endocrinol Meiab 295: ES86-ES3, 2008, First
published Junc 24, 2008; doi10.1 15 2sjpendio 00309 3017 —Exercise pro-
motes weight loss and improves. insulin sencitivity. However, the
‘molccular mechanisms mediating its beneficial effects are not fully
understood. Obesity correlates with increased procuction of inflam
matory cylokines, which in tum, contribues 1o systemic insulin
resistance. To test the hypothesis that excrcise mitigates this inflam-
‘matory response. thereby improving insulin sensitivity, we developed
a model of voluntary excreise in mice made obese by feeding of 3 high
fatfhigh sucrosc dict (HFD). Over four wk, mice fod chow gaincd
23 = 0.3 g, while HFD mice gained 6.3 = 0.5 g. After 4 wk, mice
wiere subdivided into four groups: chow-no exercise, chow-EXeTise,
HFD-no cxcreise, HFD-excrcise and monilored for an additional 6
wk. Chow-no exercise and HFD-no cxercise mice gained an add
tional 1.2 = 0.3 g and 3.3 = 0.5 g respectively. Exercising mice had
higher food consumption, but did not gain additional weight. As
expected. GTT and ITT showcd impaircd glucose tolerance. and
insulin resistance in HFD-no cxercise mice. However, glucose toler-
ance improved significantly and inculin sensitivity was completely
normalized in HFD-exercise animals. Fu e, expression of
TNF-o. MCP-1, PAK1 and IKKB was increased in adipose tissue
from. parcd with chorw mice.

the increascd expression of these inflammtory cytokincs. In conirast
expression of these cytokines in liver was unchanged among the four
‘groups. These that exercise partially adi
reverses insulin eesistance and deereases adipose tissuc inflammation
in dict-induced obese mice, despite continued consumption of HFD.

insulin resistance; cytokine; adiposity; high-fat dict

THE PREVALENCE OF OBESITY in Western countries has reached
epidemic proportions (32, 33). Obesity is associated with a
chronic low-grade proinflamimatory metabolic state that con-
tributes to insulin resistance, the metabolic syndrome, type 2
diabetes, cardiovascular disease, and several cancers (9. 32,
46). The pathogenesis of this inflammation remains poarly
understood
A complex interaction of peripheral and central pathways
regulates food intake, and obesity occurs when there is a
significant imbalance between food intake and energy axpen
diture (). Although genetics play an important role
regulation of body weight homeostasis. physical activity mm
diet are also important environmental contributors to body
lation (37) Furthermore. high-fat diet-induced obe-

4 key component of the inflammatory cascade. is activated in
duced obesity. as well as in a genetic model of obesity
and insulin resistance ob/ob) (2, 47). Tn addition, inhibition of
NF-xB and its upstream activator IKKB by salicylates, or
targeted disruption of IKKP, reversed obesity-induced insulin
resistance in vitro and in vivo (2. 3, 47). Thus., the IKKB/
NF-xB pathway appears to be a key mediator of obesity-
duced insulin resistance (1, 2. 47).

Exercise has been shown to improve insulin sensitivity in
obese individuals even in the absence of weight loss (6).
However, the mechanisms underlying the beneficial effects of
exercise have yet to be fully elucidated. In animal models,
forced exercise on treadmills leads to reduced body weight and
yproved lipid profiles as well as to reductions in Systemic
inflammation and insulin resistance (12, 13 18). However.
potential effects on insulin sensitivity and inflammation in key
target organs such as liver and adipose tissue are not weil
defined. Furthermore, forced-exercise models may be problem-
atic, as they are stressful. This suggests that voluntary exercise
may be a better model. A few studies have indicated that
voluntary exercise can slow the onset of weight gain in genet-
ically obese rodent models such as the MCAR knockout mouse
and the agouti (A) mouse (4, 23). Overall, though, data on the
effects of voluntary exercise on obesity and associated effects
on expression of liver and adipose tissue inflammatory markers
in animal madels remain limited.

We therefore developed such a model using mice made
obese through feeding of a high-fat and high'sucrose diet
(HFD). After the onset of obesity, mice were housed individ-
ually. Mice in chow-fed and HFD-fed exercise groups were
housed with a functional running wheel, whereas chow-fed and
HFD-fed mice in the no-exercise groups received an identical
but nonfunctional fixed wheel

Using our murine model of diet-induced obesit

ined the effects of voluntary exercise on adiposity. insulin
resistance, and liver and adipose tissue inflammation. Specific
parameters evaluated included body weight, glucose tolerance,
and insulin sens Liver and adipose tissue inflammatory
markers assessed included TNF-o, monocyte chemoatiractant
protein-1 (MCP-1), plasminogen activator inhibitor-1 (PAL-1),
and IKKB, as well as leptin and adiponectin for adipose tissue.

xam-

RESEARCH DESIGN AND METHODS

Reduced serum vaspin concentrations in obese children following short-term

intensive lifestyle modification

Youth
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Abstract
KIM, EUN SUNG, JEE-AEE IM, KYOUNG CHUL KIM,
JI HYE PARK, SANG-HOON SUH. EUN SEOK KANG,
SO HUN KIM. YOONSUK JEKAL. CHUL WON LEE,
YONG-JIN YOON, HYUN CHUL LEE, AND JUSTIN Y.
JEON. Improved insulin sensitivity and adiponectin level
after exercise training in obese Korean youth. Obesity.
2007:15:3023-3030.
Objective: The objective of this study was to investigate the
association among adiposity, insulin resistance, and inflam-
matory markers [high-sensitivity C-reactive protein (hs-
CRP). interleukin (IL)-6. and tumor necrosis factor
(TNF}-a] and adiponectin and to study the effects of exer-
cise training on adiposity, insulin resistance, and inflamma-
tory markers among obese male Korean adolescents.
Research Methods and Procedures: Twenty-six obese and
14 lean age-matched male adolescents were studied. We
divided the obese subjects into two groups: obese exercise
group (N = 14) and obese control group (N = 12). The
obese exercise group underwent 6 weeks of jump rope
exercise training (40 min/d, 5 d/wk). Adiposity. insulin
resistance, lipid profile, hs-CRP, IL-6, TNF-a. and adi-
poncctin were measured before and after the completion of
exercise training.
Results: The current study demonstrated higher insulin re-
sistance, total cholesteral, LDL-C levels, triglyceride, and
ers and lower nd HDL-C in

Depustments o *Speet sl Leiwae Stadie, (Fipical Elucatin, aml Hoternal Medicins,

obese Korean male adolescents. Six weeks of increased
physical activity improved body composition, insulin sen-
sitivity, and adiponectin levels in obese Korean male ado-
lescents without changes in TNF-a, IL-6, and hs-CRP.

Discussion: Korean male adolescents showed re-
duced adiponectin levels and increased inflammatory cyto-
kines. Six weeks of jump rope exercise improved triglycer-
ide and insulin sensitivity and increased adiponectin levels.

Key words: exercise intervention, adiponectin, insulin
resistance, adolescents

Introduction

The prevalence of obesity is increasing at an alarming
rate (1-3). This phenomenon extends to children and ado-
lescents in all countries of the industrialized world (3).
Countries throughout the world have experienced a marked
increase in the prevalence of overweight md obese children
and adolescents (4.5). The increase in the prevalence of
overweight and obesity implics a substanti rease
among children and adolescents (13) in lifestyle-associated
discases such as type 2 diabetes (6.7), dyslipidemia (8.9).
hypertension (10.11), coronary heant disease (12), and
stroke, which are usually found in adults (14.15).

The incidence of type 2 diabetes, although still uncom-
mon in children and adolescent in most countries, has nev-
entheless increased dramatically in recent years (16), partic-
ularly in obese children who have family history of type 2
diabetes (17). The incidence of type 2 diabetes rose from
4% of all pediatric diabetic cases in 1990 to ~20% a decade
later in the United States (18). Another study suggests that
type 2 diabetes accounts for up to 0% of all new cases of
pediatric or adolescent disbetes (19). The most significant

Normal or Impaired Fasting Glucose
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ameliorating risk factors associated with
this disease. These liestyle interventions,
which ganerally included both physical ac-
tivity and nutritioral interventions, have
been highly successiul in preventing the

The association between chemerin and homeostasis assessment of
insulin resistance at baseline and after weight reduction via lifestyle

modifications in young obese adults
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1 Introduction called ‘adipocytokines”. Interestingly. obesty increases the production

Obesity is characterized by an excess acoumulation of white adi-

of pro-inflammatory adipocylokines that cause insulin resistance. but
decreases the production of and-inflammatory adipocytokines, which
reduce insull

pose tissue (WAT) and is including
type 2 diabetes, cardiovascular disease and cancer [1-3]. Despite the
dlear link between obesity and these prevalent diseases, the mecha-
nism responsible for linking obesity and these diseases remains
unclear. WAT. in addition to s(ntlz\g an impartant metabalic role, is
an active endocrine organ that secretes a number of peptides with
diverse bialogical and physiological functions induding regulation of
satiety, carbohydate and lipid metabolism, and insulin sensitivity [4]
The signaling molecules secreted from adipase tissue are collectively

Chermerin is a recently discovered adipocytokine that serves & 1
ligand for the G protein-coupled rceptor CMK 181 and. plays a role in
adaptive and infate immunity [7-9]. Chemerin is primarily produced
in the ver and adipose tissue and s secreted as an 18 ki inactive
pr-protein that undergoes extracellular sefine protease cleavage at
the C-terminal portion to generate the 16-kDa active chemerin [7-9
Chemein is involved in adipogenesis and differentiation [10-12) and
: H P ey 12)and v

The association between pentraxin 3 and insulin resistance in obese children at
baseline and after physical activity intervention
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Metabolic syndrome (MetS) is characterized by abdominal
obesity, atherogenic dyslipidemia (elevated triglyceride [TG]
‘levels, small low-density lipoprotein (LDL] particles, and low
‘high-density lipoproiein (HDL) cholesierol levels), hyperien-
sion, insulin resistance (with or without glicose intolerance),
and prothrombotic and proinflammatory states (Expert Panel

Treatment of High Choles-
terol in Adults, 2001). It is a primary risk factor for diabetes and
cardiovascular disease. Individuals with MetS are 5 times more
Tikely to be diagnosed with type 2 diabetes mellitus (Ford, Li,
& Satar, 2008). 34 times more likely to die of congestive
heart disease, 2.6-3 times more likely to die of

(Churilla, Fnzhugh, & Mlpwn, 2007). Therapeutic lifestyle
core of treat
‘ment or pmvmlm nlMelS and ils components (Cornier et al.,
2008). TLM is a multifactorial approach based on exercise,
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hiversity, Seoul, Kara
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szmmnfmmqu Incheon, Korea
Gl Puble Health Care Caniar, Chunghal. Korsa

disease, and twice as likely o die from all causes than are
‘patients without MetS (Lakka et al., 2002).

The prevalence of MetS isincreasing throughout the world.
In Korean adults, it mnges from 10% to 30% depending on the
criteria used for MelS (Sung el al., 2009), which i
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1o the 212-38.9% prevalence of MetS in the United States
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1. Introduction

Recently, there his been 3 worldwide rapid increase in the
prevalence of obesty and obesity-asociated metabolic disorders due
talack of | nd

obesity-associted metabalic disorers amang overwsight or obese

dyslipidernia and typ:
2 diabetes mellitus IHDMJ are now being observed in these young

foodintake [1].In particuiar
and adolescents has dramatically increased in the Lact several decades

It has been welldocumented that one of the mechanisms for

23] The National )
reported that the prevalence of averweight doubied among cildren
aged6-11 years and tripled amongadolescents aged 12-17 yearsinthe
S, from the 19705 10 1990s. 2], To date. childhoo dobesity hasreceived

nsm.
| Emalatins: by ey
[ ———
Bier

5 101016 cca 208 1203

insulin resistance and metabolic disorders is
change in adipocytokine levels with obesity (6. It i also well-
documented that obesity causes an increase in pro-inflammatory
cytokines including interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF-a) and a decrease in anti-inflammatory cytokines like
adiponectin | 7-10]. These changes have also been identified in obese
adalescents| 10] Ina previous study. mfaur.:awsmnmmnn

S CRP). 116

Diabetes Care 33:1680-1685, 2012 RESEARCH DESIGN AND
METHODS

e benefits of exercise in preventing  (1-3). Regular exercise i therefore a key
a:.lmmg type2 diabetesarewidely  strategy in diabetes prevention. A number  Study population

zed (1. Exercise improves  oflang-scale, randomized, contolledtrials  THS 2-year, prospective cohort study

glymm u)mmL 1-._», composition, car. have been performed 10 evaluate the effect cluded 7,233 Korean subjects (40-79
ik,

pop. s
iy ©valuations through the National Health

physicl [unummn and well-beingin pa-  ulations (4-10), with the aim of reducing
tients with type 2 diabetes o prediabetes the incidence of type 2 diabetes and ISurnCe Corporation (NHIC) (2007
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ko 10 s lcose ke, The
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subjectsun derwent bot
medical evaluations between 2007 and
2011, Type 2 diabetes was not detected in

This anicle contaie. Supplememary Dua online 2 hupsicare disbereoumal oryboluphuppla10 7,576 subjects(35.0%), and theywere sub-
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o the exercise (n = 2290) and
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roup, 1,947
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indisced by physical actvity in cverweight and obese children.

©2012 Published by Bsavier BV.

1. introduction main contributors for the development of obesity associated irsulin re-
sistance: [3-5).
Childhood obesity has i o esisarce 6 Howeves the
and obesty asorated wkh i ch s induced

disease and type 2 diabeles have become more prevalent among
chikdren [12] Inflammatory markers have been identified as one of

. i e
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Fentraxin 3 (FDXG), a novel inflammatory marker, is a member of
the long pentraxin family. a component of the humoral arm of innate
imrmunity [78]. Unlike the classic short pentraxin C-reactive protein
(CRP). which is synthesized in the liver as a systemic respanse ta local
m!lamm‘nz\ [9] PD3 is produced rapidly in damaged tissue and
more of 3 tissue-specific inflanmatory espanse that in-

s smooth and seleal sl nd adipocytes 10 12} Although
the role of PTX3 in the pathogenesis of atherasdemsis [1314] and
heart failure [15] has been identified studies stil report conflicting
o PTX3 with adiposity and insulin resistance
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in human among many diflerent health conditions [1416,17], These
conflicting reports on the relationship among PTX3, adiposity and
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If obesity increase the risk of cancer, do
exercise and PA reduce the risk of cancer?



Michelle D. Holmes, MD. DrPH

PhYSiCEll ACthlty and SUI’ViV&I Wendy Y. Chen, MD_
After Breast Cancer Diagnosis i Ieskanich. 5D

Candvee H. Kroenke., Scl)
GCraham A. Colditz. MD. DrPH

Table 2. Age-Adjusted and Multivariable-Adjusted Relative Risks According to Physical Activity Category After Breast Cancer Diagnosis

Physical Activity After Diagnosis, MET-h/wk
I 1

Total =3 3-8.9 9-14.9 15-23.9 =24 P for
(N =2987) (n=959) (n = 862) {n = 335) (n = 428) {n = 403) Trend
Total deaths 463 188 126 38 51 60
Age-adjusted RR (25% CI) 1.00 0.69 (0.55-0.87) 0.53(0.37-0.75) 056 (0.41-0.77) 0.67 (0.50-0.90) .004
Mubtivariable-adjusted RR (95% CI* 1.00 0.71 (0.56-0.89) 0.59 (0.41-0.84) 056 (0.41-0.77) 0.65 (0.48-0.88) 003
Breast cancer deaths 280 110 84 20 32 34
Age-adjusted RR (95% CI) 1.00 0.79 (0.680-1.068) 0.47 (0.20-0.v6) 0.60 (0.41-0.89) 0.64 (0.44-0.94) .01
Multivariable-adjusted BR (25% CI* 1.00 0.80 (0.680-1.068) 0.50(0.31-0.82) 0.56 (0.38-0.84) 0.60 (0.40-0.89) .004
Hecurrence 370 137 108 29 45 51
Age-adjusted RR (95% CI) 1.00 0.82 (0.64-1.068) 0.53(0.35-0.79) 0.66 (0.47-0.93) 0.76 (0.55-1.04) .05
Mubtivariable-adjusted RR (95% CI* 1.00 0.83 (0.64-1.08) 0.57 (0.38-0.85) 066 (0.47-0.93) 0.74(0.53-1.04) .05

Abbreviations: Cl, confidence interval; MET, metabolic equivalent task; BR, relative risk.

*Adjusted for age (months); interval between diagnosis and physical activity assessment (28-33, 34-40, =41 mo); smoking status (never, current, past); body mass index (<21,
21-22.9, 23-24.9, 25-28.9, =29, which was calculated as weight in kilograms divided by the sgquare of height in meters; menopausal status and hormone therapy use (pre-
menopausal, postmenopausal, and never use; postmenopausal and current use; postmenopausal and past use; uncertain menopausal status; missing); age at first birth and
parity (nulliparous, <25y and 1-2 births, <25 y and =3 births, =25 y and 1-2 births, =25 y and =3 births); oral contraceptive use (never, ever, missing); ensrgy intake (guintiles);
energy-adjusted protein intake (quintiles); disease stage (1, Il, lll}; radiation treatment (yas or no); chemotherapy (yes or no); and tamoxifen treatment (yes or no).

2482 JAMA, May 25, 2005—Vol 293, No. 20 (Reprinted) ©2005 American Medical Association. All rights reserved.

Compared with breast cancer survivors who do not participate in any PA, breast cance

survivors who participate in PA more than 9 MET hour per week have 50% and 43 %
less relative risk of death and recurrence, respectively.




Association between physical activity and mortality
among breast cancer and colorectal cancer survivors: a
systematic review and meta-analysis

D. Schmid™ & M. F. Leitzmann

Department of Epidemioclogy and Preventive Medicine, University of Regensburg, Regensburg, Germany

Youjin Je'", Justin Y. Jeon?", Edward L. Giovannucci®* and Jeffrey A. Meyerhardt®

Association between physical activity and mortality in colorectal
cancer: A meta-analysis of prospective cohort studies

[JC

International Journal of Cancer

RR (95% CI)

g 5 RR(95% CD)  QOverall mortality
Breast cancer (pre-diagnosis PA) CRC-specific mortality e : Exerciser vs. Non-exerdiser
i Haydon, 2006 " P v
Cleveland et al., 2012 (women) e 0.57 [0.39, 0.83] Haydon, 2006 _._ 0.73 (0.54-0.99) aydon, E 0.77 (0.58-1.03)
Irwin et al., 2011 (women) —a—o| 0.61 [0.47, 0.81] Meyerhardt (NHS), 2006 e 0.91 (0.63-1.31) Meyecharde (NHS), 2005 " 0.97 (0.73-1.29)
Schmidt et al., 2013 (women 0.66 [0.47,0.92 : i Meyerhardt (HPFS), 2009 —_— 0.53 (0.44-0.64)
Meyerhardt (HPFS), 2009 0.36 (0.40-0.78)
Irwin et al., 2008 (women) —a— 0.69 [0.45, 1.08] e el 0.85 (0.66-1.09) Kuiper (WHI), 2012 =l 0.83 (0.68-1.02)
Friedenreich et al., 2009 (women) E— 0.73 [0.53, 1.00] P > i s il :
West-Wright et al., 2009 (women) [— 0.73 [0.55, 0.96] Campbell (CPS-I, 2013 —— e ampel (CRST0, = 071 (061-0.82)
Emaus et al., 2010 (women) L — 0.74 [0.51, 1.08] Combined <> 0.75 (0.65-0.87) Coatna <> 0.74 (0.61-0.89)
Dal Maso et al., 2008 (women) = 0.82 [0.67, 1.01] 'é:'fg mm;f{l o i Test for heterogeneity: :
Keegan et al., 2010 (women) A 0.93[0.72, 1.21] i : Q=15.80, P=0.003, 7=74.7%
Hellmann et al., 2010 (women) b 1.00 [0.69, 1.45] 02 05 10 20 0.2 05 1.0 20
Abrahamson et al., 2006 (women) —a— 1.16 [0.84, 1.60]
Moderate vs. Low PA Moderate vs. Low PA
Random effects model < 0.77 [0.69, 0.88] , !
Meyerhardt (NHS), 2006 — 0.93 (0.60-1.44) Meyerhardt (NHS), 2006 = 0.98 (0.609-1.39)
Breast cancer (post-diagnosis PA) Meyerhardt (HPFS), 2009~ ————=——— 0.60(0.37-0.97) Meyerhardt (HPFS), 2009 ——i 0.58 (0.43-0.78)
Kuiper (WHI), 2012 —l e — 0.90 (0.69-1.18) i _._5 = 0.90 (0.72-1.13
Irwin et al., 2008 (women) —— 0.33[0.15, 0.73] i Kper (WHD. 2012 ; ( )
Holick et al., 2008 (women) - 0.44 [0.32, 0.60] Campbell (CPS-IT), 2013 — = 0.68 (0.49-0.95) Campbell (CPS-II), 2013 _._._ 0.69 (0.56-0.86)
Irwin et al., 2011 (women) —a— 0.54 [0.38, 0.79] Combined <> 0.79 (0.65-0.95) i <> 0.77(0.62-0.95)
Beasley et al., 2012 (women) [ 0.60 [0.51, 0.72] Test for heterogeneity: ! ombine . !
Q=3.45, P=0.33, ’=13.1% i Test for heterogeneity: 5
Random effects madel S 0.52 [0.42, 0.64] Q=8.25, P=0.04, =63.6%
2 42 10 29 02 05 1.0 20

Post diagnosis PA reduce breast cancer death by 48% and 42% in Breast cancer and colorectal cancer respectively,

(Schimid D and Lietzmann, 2013, Je Y and Jeon Y et al. 2013).
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Is exercise good for cancer patients?

Cancer Trajectory

During chemo/radiation
therapy

Hormone Therapy

After completion of
adjuvant therapy

After cancer recurrence

Preparation of cancer therapy

Enhance recovery

Prevention of side effect
Improvement of patients’ physical
function, completion of chemotherapy

Prevention of recurrence
Recovery from therapy
Quality of life

Palliation

Expected exercise benefit Potential mechanism

Factors related to tumor growth
Physical fitness improvement

Intestine functional recovery
Muscle mass maintenance
Prevention of insulin resistance

Maintenance of physical function
Recovery of urinary incontinence
Immune function

Prevention of weight gain
Muscle mass maintenance
Immune function improvement
Insulin sensitivity
Inflammatory markers
Psychological health

Maintenance of muscle mass
Range of motion
Psychological health




Let’s develop scientific and evidence based exercise
program for cancer survivors!



Process of development of evidence based exercise protocol

Physical activity survey
(Barrier, preference, attitude)

Expert Panel Discussion (Surgeon, Medical Oncologist, Sport
Medicine, Nursing, Family Medicine)

4l Development of exercise program (15t Phase)
50 Pilot Study
th

6 Focus Group Interview

(Patients, Exercise Therapists, Physicians)

Expert Panel Discussion (Surgeon, Medical Oncologist, sport
medicine, nursing, Family Medicine)

Revise the exercise program

Test of effectiveness and efficacy
Randomized controlled Trial

Program evaluation

Jeon and Chu 2010
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Effects of home-based exercise protocol on the level of physical
activity: Randomized Controlled Trial

Randomization (N=23)
Attention Control (N=11) Exercise (N=12)
Baseline measurement Baseline measurements

-4 exercise sessions
: : -2 mountain climbing Cancer recurrence
-1 exercise education
-1 mountain climbing

-Daily text messages o (f'(\)'; (1-\)Ning
-We_ekly pho_ne call Instructions (N=1)
-Daily exercise log

-Pedometer

-Exercise DVD

Did not participate
in 12 week

Measurements -Daily exercise log
(N=2) -Pedometer

Unintentional
Food intake before
blood sampling

Followed up (N=2)

(N=9)

Followed up
(N=10)




Effects of home-based exercise protocol on the level of
physical activity

Vigorous PA (Min)
Moderate PA (Min)
Total PA (Min)
MET-h/wk

Attention Control EXxercise
At baseline At 12 weeks At baseline At 12 weeks
0 2031252* 22163 82176 0.139
150+127 2841252 136439 3661439 0.566
150+127 487+453* 158+114 4481418 0.825
10+8 461+45* 12111 35+27* 0.511




Effects of home-based exercise protocol on the level of
physical activity

Vigorous PA (Min)
Moderate PA (Min)
Total PA (Min)
MET-h/wk

Attention Control Exercise
At baseline At 12 weeks At baseline At 12 weeks
0 2031+252* 22163 82176 0.139
150+127 2841252 136439 3661439 0.566
150+127 4871+453* 158+114 4481418 0.825
10+8 46+45* 12111 35+27* 0.511




What went wrong with the study?



What went right with the control group?



What did we do for participants in the control group

Since both exercise and control group participated in the same amount of PA, the control group was
contaminated. However, why did control group participate in significantly more amount of PA is of interest.




Effects of home-based exercise protocol on the level of physical
activity

Exercise stage of change

(Marcus BH and Simkin LR 1994)

PROGRESS

l Contemplation

Preparation

Action

Maintenance




Effects of home-based exercise protocol on the level of physical

Q.1 am going to exercise at least three times a week.
1151 5.1 33.2 55.5
Q. | am going to exercise regularly within next four weeks.
33 58 84 31.8 49.3 15
K Absolutely No < » Absolutely YES /

Almost 90% of cancer patients are either exercising or plan to exercise within next four

weeks




Theory of planned behavior

Behavioral b@—( Attitude
Normative belief Subjective norm

a

Behavior

N

: Perceived
Control belief
I>_—<behavior control_~"

Attitudes are the overall evaluations of the behavior by the
individual as positive or negative (\What | think about it)

Subjective norm is belief about whether significant others think
he/she should engage in the behavior (\What others think
about it)

Perceived behavior control: Perceived ease of difficulty of
performing the particular behavior



Theory of planned behavior

My oncologist and exercise specialist told me that PA can
improve prognosis of cancer (Recurrence and survival)

@avioral belief

Normative belief Subjective norm
Control belief Perceived
behavior control

Behavior




My oncologist and exercise specialist told me that PA can

Theory Of planned behaVior improve prognosis of cancer (Recurrence and survival)

/ My oncologist think | should exercise for my own benefit. He
@avioral belief

must really care about me that he hiked mountain with me.
Normative belief

Control belief Perceived
behavior controI

Behavior




My surgeon and exercise specialist told me that PA can

heory Of planned b ehaVior improve prognosis of cancer (Recurrence and survival)

/ My oncologist think | should exercise for my own benefit. He

must really care about me that he hiked mountain with me.

Behavioral belief

A

Behavior

Normative belief

a

N

If oncologist thinks | can do this exercise, | probably can do it.

Pedometer and Exercise diary really helps me.



Effects of home-based exercise protocol on the level of
physical activity

Vigorous PA (Min)
Moderate PA (Min)
Total PA (Min)
MET-h/wk

Attention Control Exercise
At baseline At 12 weeks At baseline At 12 weeks
0 2031+252* 22163 82176 0.139
150+127 2841252 136439 3661439 0.566
150+127 4871+453* 158+114 4481418 0.825
10+8 46+45* 12111 35+27* 0.511




Effects of home-based exercise protocol on the level of physical activity

Casually intervene Intensely Intervene

home-based exercise home-based exercise PRI TS

At baseline At 12 weeks At baseline At 12 weeks At baseline At 12 weeks

Vigorous PA 0 2031+252* 22163 82176 0£0 0+0

Moderate PA 150127 2841252 1361439 366+439  42.86+75.21 170.43+255.57

Total PA 150127  4874453* 158+114 448+418  42.86+75.21 170.43+255.57

MET-h/wk 10+8 461+45* 12+11 35+27* 2.86+5.01 11.43+17.04

No pedometer, No exercise diary and No hiking with the oncologist
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Effect of home-based exercise intervention on W
fasting insulin and Adipocytokines in colorectal
cancer survivors: a randomized controlled trial
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Abstract

Purpose The purposes of this study arc to examine (1) the
feasibility and efficacy of two different home-based exercise
protocols on the level of physical activity (PA), and (2) the
effect of mcreased PA via home-based exercise p on

based excrcise program. Subjects were randomized into cither
casually intervened home-based exercise group (CIHE) or
intensely intervened home-based exercise group (IIHE). The
pnmuy outcome was the level of PA, Furthermore, insulm,

is model of insul i msulin-

biomarkers of colorectal cancer. -
Methods Se 1 (age 55.18 + 13.3 years) with

stage 11 col I cancer completed the 12-week home-
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like growth factor axis, and adipocytokines were measured.
Results Both CIHE and [IHE program significantly mcreased
the level of PA at 12 weeks compared to its level at baseline
(CIHE, 10.00+8.49 vs. 46.07+45.59; [IHE, 12.08+11.04 vs.
354242742 MET hours per week). Since there was no dif-
ference in PA change betwoen groups (p=0.511), the data was
combuncd in analyzing the cffects of increased PA on bio-
| in PA ficantly reduced insulin (6.66+
4.58 vy, 4.86+3 48 pU/ml, p~000bi. HOMA-IR (1.66+123
vs. 1.2521.04, p=0.017), and tumor necrosis alpha-o (TNF-a
4.X5t7.88 vs. 29545.38 pg/'ml, p=0.004), and significantly
increased IGF-1 (1353946015 vs. 159.53 ng/ml, p=0.007),
IGF binding protein (IGFBP)-3 (2.67+1.48 vs. 348+
1,00 ng/ml, p=0.013), and adiponectin (6,73+3.07 vs. 7.54+
3.96 pg/ml, p=0015).
Conclusion CIHE program was as cffective as [IHE program
in increasing the level of PA, and the increase in PA resulted in
significant change in HOMA-IR, IGF-1 axis, TNF-x, and
adiponectin levels in stage H-111 colorectal cancer survivors.

Keywords Colorectal cancer - Exercise - Insulin resistance -
1GFx - Cytokine

Introduction

Colorectal cancer is the third most common cancer in South
Korea and the fourth common cancer worldwide [15, 33).
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Characteristics of attitude and recommendation
of oncologists toward exercise in South Korea:
a cross sectional survey study

Ji-Hye Park', Minsuk Oh', Yong Jin Yoon', Chul Won Lee', Lee W Jones?, Seung Il Kim?, Nam Kyu Kim*’
and Justin Y Jeon'

Questionnaires obtained from Annual conference of Korean cancer association (202
questionnaires distributed and 44 guestionnaires were returned

E-mail addresses of oncologists in South Korea were obtained then 386 emails were
sent and 123 replied with answers to the questionnaires



Table 1 Demographic characteristics

Variable No. of respondents % Mean = SD
O e 2L :
Number of years in practice 7 105480 Relatively young
Sex Male m 66.5 -
Female 56 335
Specialty Surgeon 4 246 -
Medical oncology 78 46.7
Radiation oncology 25 150
Other 21 126

Various types of
cancer

How many cancers do you take care of One cancer 91 54.5 -
Two cancers 47 28.1
Over 3 cancers 25 15.1

Exercise (min/week) Mild exercise 167 80.1+856
Moderate exercise 167 441+ 628
Vigorous exercise 167 154+ 481
Total exercise 167 1395+£1203

Small portion meet
Values given as mean £ SD for continuous variables and frequency (%) for categorical variables. : :
ACSM guidelines: At least 150 minutes of vigorous to moderate intensity physical activity per week. PA guideline




Table 2 Attitudes toward exercise and recommending exercise for cancer patients

Survey item Mean + SD  Disagree Neutral Agree
N % N % N %

Exercise is beneficial and

Important but may not be safe

Most patients believe they should exercise during 538+ 141

cancer treatment.

Maost fellow oncologists think patients should exercise 48 +14 10 80 76
during cancer treatment.

Most of my patients are capable of exercising during 49+15 9 72 67
cancer treatment.

Attitudes toward recommending  Providing an exercise recommendation would be well 51+12 3 18 96 i : not easy
exercise received.

If | provided a recommendation, patients would follow ~ 49+1.1 3 18 115 689 49 293

my advice.

My patients think | should recommend exercise. 51+14 8 438 91 545 68 40.7

Whether | recommend exercise is completely upto me. 46£15 17 102 99 593 50 299

When appropriate, | try to recommend exercise. 416+16 21 126 93 557 53 3.7

For me, providing a recommendation is easy. 51+14 9 54 83 497 75 449

0~33% 34 ~67% 68 ~ 100%

Most patients may not

manage to exercise during
treatment

Values given as mean + SD for continuous variables and frequency (%) for categorical variables. All items rated on 7-point Likert scale: Disagree (responses 1-2),
Neutral | (responses 3-5), Agree (responses 6-7).




Table 3 Attitudes toward exercise and toward recommending exercise across oncologists’ own physical activity levels

Physical activity level (Tertiles)

Low (N=56) Middle (N=52) High (N=58)
Attitudes toward exercise In my opinion exercise is beneficial during treatment. 580+ 143 585+135 593+139
In my opinion exercise is important during treatment. 564 +1.50 5804+ 1.11 602+1.20
In my opinion exercise is safe during treatment. 500134 5224127 521125
Most patients believe they should exercise during 5211146 525+149 567 +1.25
cancer treatment.
Most fellow oncologists think patients should exercise 468 +£1.39 4.70+149 502+132
during cancer treatment.
Most of my patients are capable of exercising during 471 +159 481+136 517 £147
cancer treatment.
Exercising during treatment for my patients is easy. 371 +140 404+139 388+142
Attitudes toward recommending  Providing an exercise recommendation would be 514 +1.17 504+1.14 519+£1.15
exercise well received.
If | provided a recommendation, patients would 479+1.14 483+ 1.11 493 +1.11
follow my advice.
My fellow oncologists think | should recommend exercise. 543+1.26 536+143 591 +£122
My patients think | should recommend exercise. 473 +140 504+ 145 540 +1.38* More physically active
Whether | recommend exercise is completely up to me. 418 +£154 448+142 498 +132* Onc0|ogi sts have better
When appropriate, | try to recommend exercise. 450+ 1.50 457+1.54 478 £164 attitude toward
For me, providing a recommendation is easy. 480+137 504+144 555+ 133* recommending
Exercise recommendations Exercise recommendation to their cancer patients. 4180 + 2463 4173+ 3001 5157+£29.16 exercise

Values given as mean + SD. Physical activity level (Low PA group: 0 ~ 70 minutes/week, middle PA group: 71 ~ 165 minutes/week, high PA group: 166 ~ 540 minutes/
week). *Significant difference with low PA.




Table 4 Descriptive analysis of oncologists’ exercise recommendations

Variable Mean = SD
What percentage of your patients have initiated a discussion with you about exercise during cancer treatment over the past month? 295+224
What percentage of your patients have you recommended exercise to during cancer treatment over the past month? 450+ 28.2
On average, if a patient initiates a discussion with you on exercise, how long do you spend discussing this topic? (min) 43+29

Benefits of exercise for cancer survivors (Multiple response)

N %
Improve the ability to perform daily tasks 128 267
Improve mental health 118 246
Attenuate physical decline from treatment 92 19.2
Reduce body weight 44 9.2 Sma" portion Of
Reduce the risk of other diseases 37 77 OnCO|OgIStS knOW that
Hel i 34 7 . 0
©1p patients cope exercise reduce the risk

Reduce the risk of recurrence 23 48 :

_ of other disease and
No recommendation 2 04
Other : 02 cancer recurrence

Total 479 100

Tumor environment

Supportive Care




Attitude toward physical activity and exercise

Exercise is helpful for the Exercise is helpful to prevent cancer
prevention of cancer recurrence
Yes mNo Not sure mYes mNo Notsure

27.9

Jeon et al. 2012 Unpublished data



Barriers to recommending exercise for cancer survivors (Multiple response)

N
Lack of time during office visit 40
Unclear recommendations 35
Concemns about the safety of exercise 34
Lack of patient interest 13
Concerns about the effectiveness of exercise 7
Lack of reimbursement for counseling on exercise 6
Enough recommendations 32
Total 479

240
210
204
7.8
4.2
36
19.2
100

Values given as mean + SD for continuous variables and frequency (%) for categorical variables.

What if we solve these three problems:

Lack of time- Oncologists refer to Exercise Specialists

Unclear recommendation- Provide clear recommendation
Concerns about the safety of exercise- Develop evidence based exercise which is safe and effective




Original Article

The Effect of Oncologists’ Exercise Recommendations on the
Level of Exercise and Quality of Life in Survivors of Breast and
Colorectal Cancer: A Randomized Controlled Trial

Ji-Hye Park, PhD'?; Junga Lee, PhD"?; Minsuk Oh, MSc"?: Hyuna Park, MSc'?; Jisuk Chae, MSc"% Dong-Il Kim, PhD"?;
Mi Kyung Lee, PhD"?; Yong Jin Yoon, MSc?; Chul Won Lee, PhD"?; Seho Park, MD, PhD?; Lee W. Jones, PhD?;

: 3. : 3. : 1,2
Nam Kyu Kim, MD, PhD~”; Seung Il Kim, MD, PhD”; and Justin Y. Jeon, PhD Cancer 2015:121:2740-8



TABLE 1. Demographic and Medical Characteristics of the Participants®

Oncologist’s Exercise

Oncologist’s Exercise
Recommendation With

Total Control Recommendation Exercise Motivation
Characteristic (N=162) (N=59) (N=53) Package (N=50) P

Demographics Male sex 19 (11.7) 9 (15.3) 5 (9.4) 5 (10.0) 571

Age, y 51.80+8.02 53.42+8.12 51.38+7.24 50.32+8.48 118

Married 13.6 (84) 48 (81.4) 46 (86.8) 2 (84.0) .736

Family income >$50,000/y 36 (22.2) 13 (22.0) 11 (20.8) 2 (24.5) .748

Completed university/college 62 (38.3) 21 (35.6) 23 (43.3) 8 (36.7) .666

Employed full time 64 (39.5) 24 (42.1) 21 (42.0) 9 (38.8) .928
Medical Weight, kg 57.47+9.76 57.39+8.98 57.90+9.76 57.16+=10.77 927

Characteristics

BMI, kg/m? 22.72+3.32 22.76+3.47 22.91+3.17 22.47+3.34 .796

Tumor site

Breast 122 (75.3) 41 (69.5) 42 (79.2) 39 (78.6) 425

Colorectal 40 (24.7) 18 (30.5) 11 (20.8) 11 (22.0)

Stage of disease (N=148)

I 66 (40.7) 22 (40.0) 25 (49.0) 19 (45.2) 877

| 51 (31.5) 21 (38.2) 15 (29.4) 15 (35.7)

[ 31 (19.1) 12 (21.8) 11 (21.6) 8 (19.0)

Time since diagnosis, mo 23.12+9.36 24.00+8.93 23.04+9.80 22.11+9.48 613

Time since surgery, mo 20.35%8.78 21.53+8.18 20.20+9.41 19.11+8.78 401

Abbreviation: BMI, body mass index.

“Data are presented as either the number (%) or as the mean = the standard deviation.



Breast and colorectal cancer survivors
(Stage I-111) recruited for randomization

\ 4

Exercise recommendation only Exercise recommendation

Control group (N=59) (N=53) Plus (N=53)

15t questionnaire on physical activity, EORCT QLQ C-30, Godin Leisure-Time Exercise Questionnaire

4 weeks

2nd questionnaire on physical activity, EORCT QLQ C-30, Godin Leisure-Time Exercise Questionnaire



Recommendation

Oncologist’s exercise recommendation
The oncologists read the following recommendation to

their participants:

“Studies showed that the participation in moderate physi-
cal activity more than 150 minutes per week could reduce
breast and colorectal cancer recurrence significantly.
Therefore, it is highly recommended for breast and colo-
rectal cancer survivors to participate in at least 150
minutes of moderate level physical activity and twice a

week ofstrengthening exercise.”

Recommendation Plus

Exercise motivation package
The exercise motivation package included exercise DVDs,
a pedometer, an exercise diary, and a 15-minute exercise

education session.

Exercise DVDs

Two different DVDs were provided to participants. Exer-
cises in the DV Ds consisted of 3 sets of either 5 or 7 differ-
ent exercises using their own body weight (see Supporting

Information Table 1).

Exercise diary
The exercise diary included columns that helped partici-
pants to keep track of their exercise and the number of

steps walked per day |

Exercise education

One 15-minute exercise education session that covered
how to use the exercise motivation package was con-
ducted. The exercise physiologist explained the benefit of
exercise on cancer prognosis.



Breast and colorectal cancer survivors
(Stage I-111) recruited for randomization

\ 4

Exercise recommendation only Exercise recommendation

Control group (N=59) (N=53) Plus (N=53)

15t questionnaire on physical activity, EORCT QLQ C-30, Godin Leisure-Time Exercise Questionnaire

4 weeks

2nd questionnaire on physical activity, EORCT QLQ C-30, Godin Leisure-Time Exercise Questionnaire



TABLE 3. Mean Change in Level of Exercise and EORTC QLQ-C30 Between Groups®

Variable Control (N=59) Oncologist’s Exercise Oncologist’s Exercise P
Recommendation(N=53) Recommendation With
Exercise Motivation
Package (N=50)

Exercise, Strenuous intensity exercise —3.56 (—8.61 to 1.49) 4.53 (—9.92 to 18.98) 0.00 (0.00-0.00) 422
min/wk Moderate intensity exercise 10.34 (—6.25 to 26.93) 16.79 (—4.54 to 38.12) 40.22 (15.88-64.57)° <.001
Mild intensity exercise —47.35 (—96.89 to 2.18) —20.33 (—65.68 to 25.02) 7.35 (—28.41 to 43.11) 351
Total exercise —39.05 (—8.28 to 11.18) 0.99 (—40.71 to 42.69) 47.57 (9.62-85.52)° .022
MET-h/wk —1.81 (—4.53 to .91) 1.06 (—1.65 to 3.78) 4.14 (1.70-6.58)° .004
QoL Global health status/QolL —0.56 (—5.23 to 4.10) 1.10 (—3.34 to 5.54) 1.67 (—2.22 to 5.55) 937
Physical functioning 6.55 (3.35-9.75) 6.16 (2.90-9.42) 6.00 (1.93-10.07) .870
Role functioning 0.56 (—4.47 to 5.60) 0.31 (—4.66 to 5.29) 9.00 (3.48-14.51)¢ .014
Emotional functioning 5.23 (1.64-8.81) 3.46 (—1.66 to 8.58) 4.33 (0.18-8.48) 742
Cognitive functioning 3.11 (—0.80 to 7.01) 3.46 (—1.50 to 8.42) 5.10 (1.55-8.65) 635
Social functioning 5.93 (0.07-11.79) —0.63 (—7.78 to0 6.52) 1.33 (—5.42 to 8.09) 143
Fatigue —10.73 (—15.51 to —5.96) —-2.72 (—7.17 10 1.72) —7.78 (—12.65 to —2.91) .061
Nausea and vomiting —1.69 (—3.93 to 0.54) 0.31 (—2.15t0 2.78) —1.67 (—5.28 to 1.94) .559
Pain —2.26 (—7.06 to 2.54) —6.60 (—12.67 to —0.54) —7.00 (—10.59 to —3.41) .087
Dyspnea —3.95 (—8.25 t0 0.34) —3.14 (—8.32 t0 2.03) —1.33 (—6.73 to 4.07) 731
Insomnia —0.56 (—6.49 to 5.36) —10.06 (—17.18 to —2.95) —1.33 (—17.57 to 14.90) .109
Appetite loss —4.52 (—11.06 to 2.02) —2.51 (—7.23 to 2.20) —9.33 (—15.09 to —3.58) 151
Constipation —2.26 (—5.82 to 1.30) —0.63 (—8.16 to 6.91) —3.33 (—8.12 to 1.45) .787
Diarrhea —3.39 (—6.49 to —0.29) —1.26 (—4.84 to 2.33) —9.33 (—14.76 to —3.91)° .032
Financial difficulties 2.82 (—3.05 to 8.70) —3.14 (—9.19 to 2.90) —2.67 (—6.42 to 1.08) 197

Abbreviations: EORTC QLQ-30, European Organization for Research and Treatment of Cancer QLQ C-30 instrument; MET, Metabolic Equivalent of Task; QolL,
quality of life.

4 Data are presented as the delta (95% confidence interval).

b Significantly different from the control group.

© Significantly different from the oncologist’s exercise recommendation group (P<.05).



Mild intensity exercise (min) Moderate intensity exercise (min*)

* 40.22
9.42
——
Recommendation Plus
16.79
- - -
Control Recommendation ~ Recommendation Plus
Total exercise (min) MET-hour/week
*

4.14
0.99
1.06
Recommendation Recommendation Plus -1.81 _

- Recommendation = Recommendation Plus
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Randomized Controlled Trial of the Effects of Print
Materials and Step Pedometers on Physical Activity and

Quality of Life in Breast Cancer Survivors
Jeffrey K.H. Vallance, Kerry S. Courneya, Ronald C. Plotnikoff, Yutaka Yasui, and John R. Mackey

A°B S TR A C T

Purpose
To determine the effects of breast cancer—specific print materials and step pedometers on

physical activity (PA) and quality of life (QoL) in breast cancer survivors.

Patients and Methods

Breast cancer survivors (N = 377) were randomly assigned to receive one of the following: a
standard public health recommendation for PA, previously developed breast cancer-specific PA
print materials, a step pedometer, or a combination of breast cancer-specific print materials and
step pedometers. The primary outcome was self-reported moderatefvigorous PA minutes per
week. Secondary outcomes were Qol (Functional Assessment of Cancer Therapy-Breast),
fatigue, self-reported brisk walking, and objective step counts. Assessments were conducted at
baseline and postintervention (12 weeks).

Results

Attrition was 10.3% (39 of 377). On the basis of linear mixed-model analyses, PA increased by 30
minutes/week in the standard recommendation group compared with 70 minutesfweek in the
print material group (mean difference, 39 minutesfweek; 95% Cl = —=10to 89; d= 0.25, P= .117),
89 minutes/week in the pedometer group (mean difference, 59 minutes/week; 95% CI, 11 to 108;
d = 038, P = 017, and 87 minutes/week in the combined group (mean difference, 57
minutesfweek; 95% CI, 8 to 106; d = 0.37; P = .022). For brisk walking minutes/week, all three
intervention groups reported significantly greater increases than the standard recormmendation
group. The combined group also reported significantly improved QoL (mean difference, 5.8; 95%
Cl, 2010 9.6, d = 0.33; P = .003) and reduced fatigue (mean difference, 2.3; 95% Cl, 0.0 to 4.7;
d = 0.25; P = .062) compared with the standard recommendation group.

Conclusion
Breast cancer-specific PA print materials and pedometers may be effective strategies for
increasing PA and QoL in breast cancer survivors. A combined approach appears to be optimal.

Clinical Trial Registration
ClinicalTrials.gov |dentifier NCT00221221

J Clin Oncol 25:2352-2359. © 2007 by American Society of Clinical Oncology



Table 2. Effects of PM and PED on PA and Walking Behawvior in Breast Cancer Survivars (N = 377)
Baseline* Fostinterventiont Mean Changet Between-Group Companson
Vanable Mean sD Mean S0 Mean ah% Cl Mean ah% Cl P
Self-reported moderatefgorous
PA, minutesfweek
SR (n = 96} 133 144 163 121 +30 —4 to 65 COM v SR: +57 8t 106 022
PM (n = 94) 126 159 197 160 +70 34 10 105 PED v SR: +ED 11t 108 .n7
PED {n = 94} 123 154 214 178 +89 Ehto 123 PM v SRH: +39 —10t0 89 17
COM (n = 93} 119 163 211 169 +87 E3t0123 COM v PED:-2 —~B3 to 67 047
COM v PM: +21 —45 10 B7 532
Selfreported brisk
walking, minutesiweek
SR (n = 96) 1m 143 102 105 +0 —36 to 36 COM v SR; +58 6 to 109 028
PM (n o= 94) I 121 163 206 72 35 to 108 FED v 5R: +54 43 to 144 000
PED {n = 94} 89 118 162 221 +93 5710129 PM v SR: +72 2010 123 00e
COM in =93] 64 105 121 148 +58 211094 COM v PED: —36 —08 10 27 260
COM v PM: —18 81 todb hiB
T-day pedometer step count
SR (n = 96} 7,938 3,905 8,028 3457 +9 —1,021 10 1,203 COM v SR: —301 —1,887 10 1,304 710
PM in = 94) 8,306 3.8 8114 3,778 =191 —-1,323 to 91 PED v SR: —146 —~1,711810 1,426 .85
PED {n = 94} 8476 3,248 8420 5,226 —55 —1,166 to 1,065 PM v SH: —282 —1,870 10 1,304 J27
COM (n = 93} 7,993 3,559 7,783 3,048 —210 —1,341 1o 921 COM v PED: —155 —1,740 10 1,430 848
COM vPM: —19 ~1,61910 1,681 082
Abbrewviations: PM, print matenal; PED, step pedometer; PA, physical actity; S0, standard dewiation; SH, standard recornmendation; COM, PM and PED combined.
*Data based on all study participants (M = 377).
TData based on parbicipants who completed the tnal in — 338)L
fMean change scores based on mixed-model analysis; may not precisely reflect postintervention minus baseline scores given that means are mode fitted.

Printed material, pedometer or printed material+pedometer effective in increasing PA vs. standard

recommendation only.



How can we support oncologist to recommend PA to
their patients?

What else can we (Oncologist + Exercise specialist) do
to promote PA among cancer survivors?



Oncologist Exercise specialist

« Encourage cancer survivors to » Teach exercise and provide exercise
increase PA counselling to cancer survivors
(Cancer related and unrelated)

* Develop system within the _ | |
hospital to provide exercise » Provide cancer survivors materials

counselling and education developed together with oncologist
- Refer cancer patients to * Develop evidence that exercise Is

i neficial for cancer survivor
exercise specialist if necessary beneficial for cancer survivors

 Develop evidence-based exercise program for cancer survivors based on
cancer survivors characteristics

 Develop exercise guideline for cancer survivors
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Colorectal cancer survivors
Breast cancer survivors
Stomach cancer survivors ;
Children with cancers

Patients with hematopoietic stem cell trlnspla@‘gtlon
Prostate cancer survivors
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Before surgery

During recovery from surgery

During chemotherapy

During hematopoietic stem cell transplantation
After completion of cancer therapy
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Free Humankind from Disease and Suffering




Surgeons, oncologists, public health, nurses, exercise specialists



Cancer Prevention Center, Yonsel Cancer Center
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Our Research Team

(Cancer Prevention Center)
=  '.: -"- - - -

Between year 04. 0—2018.03

We provided exercise counseling and education to total
2,302 cancer survivors



Special Thanks to Jihye Park, Ph.D

Dr. Seung Il Kim, Yonsel Cancer Center (Breast Cancer Surgeon)
Dr. Nam Kyu Kim, Yonsel Cancer Center (Colorectal Cancer Surgeon)



Theory of planned behavior

Enough convincing evidence showing that exercise is
beneficial and safe for cancer patients

/ My fellow oncologists think | should recommend to our cancer

survivors

@avioral belief

@mative belief

Behavior

| may not have enough time to teach exercise to my patients

but | know where to send them. This is easy.

Helping oncologists to change their PA recommendation behavior



