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Regular exercise is good for us — in many ways

v Improved
cardiorespiratory
and muscular
fitness

v" Lower risk of type 2
diabetes

v Lower risk of
metabolic
syndrome

v" Lower risk of early

>= 150 min/week moderate/vigorous PA = ACTIVE death
< 150 min/week moderate/vigorous PA = INSUFFICIENTLY ACTIVE (, Baker
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BUT.... population participation levels are low and
have been unchanged in 22 yrs!
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WORSE STILL.... ~2/5ths of Australian adults are INACTIVE
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Chronic Disease: Australia’s Biggest Health Challenge

% Arthritis

* Asthma

% Back pain and problems

* Cancer

% Cardiovascular disease (CVD)

% Chronic obstructive pulmonary disease
* Diabetes

* Mental health conditions

Source: AIHW: Australia’s Health 2016 Fact Sheet

In 2014-15, more than | | MillioN Australians had at
least one of eight selected chronic diseases.

Chronic diseases are associated with:
. morethan 7 1N 10 deaths

. around | 1IN 3 problems managed in general
practice

» more than ‘] in 3 potentially preventable
hospitalisations.

Almost | | N 3 (29%) people aged 65 and over report
having three or more chronic diseases, compared with
2.4% of people aged under 45.
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Overall physical activity levels are rapidly declining

B Active Leisure PA
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Is the 30 minutes/moderate-to-vigorous intensity recommendation sufficient,
given the diminishing background of activity?
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Sitting is now the predominant waking behaviour (AusDiab)

0.6Ghours

~

& ctiGraph

0/

5.0Ghours

4.2Fhours

activPAL3 and Actigraph data
from 739 Australian adults aged
35+ years from the AusDiab3

Light@ntensity@activity study

- Moderate-vigorouslntensityEactivity

B sitting@n®30@nintouts
B Prolonged®itting@nZ30@ninbouts
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Source: Healy et al. 2015 Eur Heart J 36 (39) 2643-9



HIGH SITTING IS ASSOCIATED WITH INCREASED CVD RISK

\il Highest vs lowest sedentary duration

Lower : Higher Weight,
Source HR (95% Cl) Risk : Risk %

HIGH Sitters Matthews et al,14 2014

™ White participants 1.75(1.24-2.48) 0.54
. /é\ i Slttlng 1 25 h/day Black participants 1.11 (0.93-1.33) 5.15
. Bjork Petersen et al,2014  1.07 (0.91-1.27) 6.36
Herber-Gast et al,11 2013 0.90(0.62-1.32) 1.68
Matthews et al, 1> 2012 1.06 (0.94-1.19) 13.19 Source:
: Borodulin et al,6 2015 1.45 (0.91-2.29) 0.43 Pandey A et
V S Kim et a['lz 2013 aI. JAMA
Men 1.06 (0.96-1.18) 17.04 Cardiology
Women 1.19 (1.06-1.34) 10.52 2016; 1(5) 575-
Chomistek et al,® 2013 1.15(1.05-1.25) 20.61 583
Patel et al,16 2010
Men 1.18 (1.08-1.30) 17.04
LOW Women 1.33(1.17-1.52) 6.73
SitterS Katzmarkzyk et al,122009  1.54(1.09-2.17) 0.71
Overall (12 =39.7%, P=.08) 1.14(1.09-1.19) 100

HR (95% Cl)



> 10 hrs/d = DANGER ZONE for CVD Risk

2.0+

- Included studies
— Spline
=-==-95%Cl

Source:
Pandey A et
al. JAMA
Cardiology
2016; 1(5) 575-
583

Pooled HR for CVD

0.5

0 2 4 6 8 10 12 14 16
Sedentary Time, h/d

Dose-Response Association Between Sedentary Time Duration and Risk for Cardiovascular Disease (CVD).
Dose-response associations are reported in the included studies and observed on pooled analysis. The

pooled analysis estimates are shown by spline (smoothed fit) and 95% Cls of the pooled hazard ratio (HR) ( , B a ker
for adversecardiovascular events by duration of sedentary time. The size of each data marker indicates study size.
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Frequently interrupted sitting patterns are beneshfi":"i“T;!l -
associated wiiycardio-rmetabolic risk biomarkers -
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Total Sitting Time & Prolonged Sitting

Proportion of population total sitting Proportion of population accumulating

for: prolonged sitting in 230 min bouts totalling: PAL3 data f 139
activ ata from

®<7h/d M <2 h/d Australian adults aged

M 7-10 h/d M) 4h/d 35+ years from the

™ >10h/d M >4 h/d AusDiabg3 study
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Unpublished AusDiab findings



POSTURE (GRAVITY)

DEFINING ATTRIBUTES OF
SITTING
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Only very high volumes of MVPA provide protection

Hazard ratio (95% Cl)

2.0
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Increasing Daily Overall PA: A ‘whole of day’ approach

‘Sitting Less AND Moving More’

MVPA

Unhealthy Behaviour
Healthy Behaviours f\ y

LIGHT
ACTIVITY SEDENTARY

e
* ctiGraph

Baker
Source: Dempsey et al. Curr Diab Rep 2014 14: 522 (’



Body Mass Index, kg/m?
sit to stand-

sit to step-
stand to step-

Waist circumference, cm
sit to stand
sit to step-
stand to step-

Fasting glucose, mmol/L
sit to stand
sit to step-
stand to step-

HDL cholesterol, mmol/L
sit to stand-
sit to step
stand to step-

Total/HDL cholesterol ratio

sit to stand-
sit to step-
stand to step-
Triglycerides, mmol/L
sit to stand-
sit to step-
stand to step-
2hr postload glucose, mmol/L
sit to stand-
sit to step-

stand to stepH
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RR = 0.99 (0.97, 1.02), p=0.528
RR = 0.90 (0.86, 0.95), p<0.001
RR = 0.91 (0.86, 0.96), p=0.002

p=-0.53 (-3.08, 2.05), p=0.508
B =-7.48 (-10.80, -4.17), p<0.001
B =-6.97 (-11.05, -2.89), p=0.001

RR = 0.98 (0.97, 1.00), p=0.047

RR = 0.98 (0.95, 1.02), p=0.348
RR = 1.00 (0.97, 1.04), p=0.965

B = 0.06 (0.02, 0.09), p=0.002
B = 0.10 (0.02, 0.18), p=0.014
B = 0.04 (-0.05, 0.14), p=0.373

RR = 0.94 (0.92, 0.97), p<0.001
RR = 0.97 (0.92, 1.03), p=0.306
RR = 1.04 (0.97, 1.11), p=0.322

RR =0.90 (0.87, 0.94), p<0.001
RR = 0.88 (0.78, 0.98), p=0.020
RR = 0.98 (0.86, 1.11), p=0.726

RR = 0.99 (0.96, 1.02), p=0.396
RR = 0.89 (0.84, 0.94), p<0.001
RR = 0.90 (0.84, 0.97), p=0.005

Associations (95% CI) per 2hrs/day reallocation

Source: Healy et al. Eur Heart J 2015 36: 2643-2649

If not sitting —
then what?

Sitting to standing —
benefits for fasting

glucose, HDL-C,
triglycerides

Sitting to stepping —
benefits for BMI, waist

circumference,
triglycerides, 2hr
glucose

Baker
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What are the feasible ‘counter-measures’?

° . ° - - -
ol S S, 1C i
. .
.
Wa know sitting too much s bad, and most of us intultively fee! a littie guitty a But what ex wrong in our bodies when we park
Ives for nearly eight hors per day, the average for a U.S. adult? Many ts, who de ain of prablems from head

Solutions

Active (reduced or non-sitting)




Experimentally Interrupting Sitting Time

"
o o

I— ~5-8 hours —I

| = Brief (~3-5 min)
‘breaks’ from sitting




Benefits for Type 2 Diabetes of Interrupting Prolonged
Sitting with Brief Bouts of Light Walking or Simple

Resistance Activities

PC Dempsey, RN Larsen, P Sethi, JW Sacre, NE Straznicky, ND
Cohen, E Cerin, GW Lambert, N Owen, BA Kingwell, DW Dunstan

Diabetes Care (2016) 39: 964-72




Randomised, three-condition, cross-over trial

« 24 men/women with type 2 diabetes (diet/metformin treated)

Light intensity walking
- LW:

3 min @ 3.2km/h every
30 min

¥ fity & medications strictly controlled

1000 1200 1400 1600
1 2 3 4 5 6 /

Simple Resistance Activities — SRA's
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F Body weight half-squats (20F$) XI-_3 == between si?,ggm p knee raises (20 s)

. '> Device inserted 0730. Data collection from 0900 to 0700 (22-hr) ®"®®=emum® )

| |=Interruptions from sitting




Results: [ postprandial responses
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Source: Dempsey et al. Diabetes Care 2016



Results: { hyperglycemia (CGM)

Laboratory Evening Sleeping

A |

laboratory

210 mmol =
hyperglycemia

Dempsey et al.
| e Diabetologia 2017

0900 1100 1300 1500 1700 1900 2100 2300 0100 0300 0500 0700
Time (h)
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Results: § BP & plasma_ I:l_
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ReSU |tS - Li pidOm iCS Lipid Classes and Subclasses mm SIT

Triacylglycerol B SRA
Diacylglycerol

Cholesteryl ester

Cholesterol
Phosphatidylglycerol
Phosphatidylserine
Lysophosphatidylinositol
Phosphatidylinositol
Lysophosphatidylethanolamine
Alkenylphosphatidylethanolamine
Alkylphosphatidylethanolamine
Phosphatidylethanolamine
Lysoalkylphosphatidylcholine
Lysophosphatidylcholine
Alkenylphosphatidylcholine
Alkylphosphatidylcholine
Phosphatidylcholine

Lipid Class or Subclass

Sphingomyelin

GM3 ganglioside
Trihexosylceramide
Dihexosylceramide
Monohexosylceramide

Ceramide

Dihydroceramide k
-40 -20 0 20 40 60 80 100 120 , Ba er

. HEART & DIADETES INSTITUTE
% Change from baseline

Grace M et al. JCEM 2017
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Lipid Classes and Subclasses

Triacylglycerol
(TG)

Diacylglcyerol
(DG)

Phosphatidylethanolamine
(PE)

Lysoalkylphosphatidylcholine
(LPC[O])

Phosphatidylserine .
(PS) |

J\

Alkenylphosphatidylcholine
(PCIP])

40  -20 0 20 40 60 80 100
Grace M et al. JCEM 2017 % Change from baseline

B SIT
LW
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=l INFLAMMATION
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ACTIVATION

ANTIOXIDANT
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Results: Subjective Fatigue

601

501

40

301

20"

Total Fatigue Score

10

Visit Date:| | |f| " M | | PPID:I:I:"jD Condition:SEDD WALKD SRAD
Time: Dhl:l 2h|:| 4h|:| 5.5h|:| ?.ShI:I

We are trying to find out about yvour level of vitality (energy and level of fatigue) throughout the testing
day. There are 18 items we would like you to respond to. This should take 1 minute of your time. Thanks!

DIRECTIONS: You are asked to mark with a single vertical dash on (and within) each of the following

horizontal lines to indicate how you are feeling RIGHT NOW.

notatall _
hungry

For example, suppose you have not eaten since yesterday.

Where would you mark the line below?

extremely

" hungry

You would probably mark the line closer to the "extremely hungry” end of the line.

This is where I put it:

i

[

notatall _ l . extremely
hungry ' " hungry
NOW PLEASE COMPLETE THE FOLLOWING ITEMS:
not at all extremely
tired tired
not at all _ _ extremely
sleepy = sleepy
notatall _ extremely
drowsy T drowsy
not at all extremely
fatigued ~  fatigued
notatall _ _ extremely
worn out ~ worn out

Dempsey et al. - manuscript under review

N

60 1
50 A
40
30
20 1

10

Total Fatigue Score

LW SRA SIT

Y%= SIT vs LW / SRA (P<0.05)

Y Baker
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Could prolonged sitting be bad for brain health’?

Glucose Control

Unhealthy Profile

[ 1 1

Intermittent Walking

Wheeler M et al. Alzheimer’s & Dementia Trans Res Clin Int 2017: 3: 291-300

See also: Article in The Conversation

Michael Wheeler

THE UNIVERSITY OF
WESTERN AUSTRALIA

€) Baker
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Take Home Messages

® Excessive sitting is highly prevalent across society
® There is strong evidence linking excessive sitting to CVD risk

® Solutions need to be sought to overcome the ‘normal’ state of
prolonged sitting in various contexts — particularly
workplace/schools

®* The Key Message: In addition to engaging in health-enhancing
exercise, people should be encouraged to minimise the time spent

in prolonged sitting and break up long periods of sitting as often as
possible

“Sit Less, Move More, More Often ', Baker
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Thank You For Listening

Physical Activity Laboratory
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Make Time for Break Time
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Move. Each week, Apple Watch

ests a new Move goal for how

calories to burn per day,

r recent history. Adjust it
up or down until it feels just right. You

close the Mov g when you meet

your personal active calorie burn

for the day.

This graphic illustrates how different amounts of activity influonce certain
much-studied indicators of cancer risk. Other factors like eating smart,
staying lean and not smoking also may lower cancer risk
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Exercise. Any activity performed at
the level of a brisk walk or above is

red exercise. And Apple W:
track of how much you do each
ven when it’s not in the context
of a dedicated workout. You close the
Exerdise ring when you reach the

commended 30 minutes of

globally

exercise a day.
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Stand. Apple Watch s

stand up and gives you credit when

s when you

you do. So you can minimize your

sedentary time throughout the day. If

you've been sitting too long, it

reminds you to get Up, You close the

Stand ring when you've steod for at

least one minute in 12 different hours

during the day.

10 Ways to
Sit Less At Work

on your
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GET UP & MOVE!

MAY 6, 2015

A.American Diabetes Association
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Diabetes Care Volume 39, November 2016 2065

AHA SCIENCE ADVISORY

Sedentary Behavior and Cardiovascular Morbidity
and Mortality

A Science Advisory From the American Heart Association

Sheri R. Colberg,” Ronald J. Sigal,®
Jane E. Yardley,? Michael C. Riddell,*
David W. Dunstan,” Paddy C. Dempsey,”

Physical Activity/Exercise and
Diabetes: A Position Statement of
the American Diabetes Association

Diabetes Care 2016;39:2065-2079 | DOI: 10.2337/dc16-1728

Edward S. Horton,® Kristin Castorino,” and
Deborah F. Tate®

Endorsed by The Obesity Society

Sofiya Alhassan, PhD BENEFITS OF AND
fﬁfﬁfa‘z:ﬁ:}fﬁ;ﬂ”ﬂ RECOMMENDATIONS FOR
FAHA I REDUCED SEDENTARY TIME
Peter T. Katzm PhD,
FirHA - CUHCLUSIU Ns Recommendations

Cora E. Lewis, MD, MSPH,

FAHA

Neville Owen, PhD

Cynthia K. Perry, PhD,
FNP, FAHA

Juned Siddigue, DrPH

Celina M. Yong, MD, MBA,
MSc

On behalf of the Physical
Activity Committee of
the Council on Lifestyle
and Cardiometabolic
Health; Council on Clini-
cal Cardiology; Council
on Epidemiclogy and
Prevention; Council on
Functional Genomics and
Translational Biology; and
Stroke Council

The evidence to date is suggestive, but not conclu-
sive, that sedentary behavior contributes to CVD and
diabetes mellitus risk. Nonetheless, there is evidence
to suggest that sedentary behavior could contribute
to excess morbidity and mortality. However, there cur-
rently is insufficient evidence on which to base specific
public health recommendations regarding the appropri-
ate limit to the amount of sedentary behavior required
to maximize CVD health benefits. Given the current
state of the science on sedentary behavior and in the
absence of sufficient data to recommend quantitative
guidelines, it is appropriate to promote the advisory,
“Sit less, move more.”

e All adults, and particularly those

with type 2 diabetes, should de-
crease the amount of time spent
in daily sedentary behavior. B
Prolonged sitting should be inter-
rupted with bouts of light activity
every 30 min for blood glucose
benefits, at least in adults with
type 2 diabetes. C

¢ The above two recommendations

are additional to, and not a re-
placement for, increased struc-
tured exercise and incidental
movement. C

)

Baker
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Prolonged Sitting — Particularly Hazardous

L Sedentary
CPM < 100

‘Prolonger’

CPM 100+

‘Breaker’

" Not sedentary

These two people have exactly
the same sedentary time

More breaks from sitting time associated
with lower average waist circumference,
BMI, triglycerides, and 2-hr plasma
glucose

Healy, G.N., Dunstan, D.W., Salmon, J., Cerin, E., Shaw,
J.E., Zimmet, P.Z. and Owen, N. (2008). Breaks in
sedentary time: Beneficial associations with metabolic risk.

Diabetes Care, 31, 661-666.
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The Concept of ‘Peripatetic Balance’

9 Hrs y
: M,
Peripatetic
Y From Greek Aristotle origins peripatein,
8 Hrs \f “to move around, and or/perambulate”
( , Lrve v
7 Hrs




A

e mh
“
Nasteadian Government
Departmcrt of 1eakh

Make your move - Sit less
Be active for life!

Australia’s Physical Activity and Sedentary
Behaviour Guidelines for Adults (18-64 years)

PHYSICAL ACTIVITY

Doing any physical activity is better than doing none. If you currently do no physical
activity, start by doing some, and gradually build up to the recommended amount.

Be active on most, preferably all, days every week.

Accumulate 150 to 300 minutes (2 % to 5 hours) of moderate intensity physical
activity or 75 to 150 minutes (1 % to 2 %2 hours) of vigorous intensity physical activity,
or an equivalent combination of both moderate and vigorous activities, each week.

Do muscle strengthening activities on at least 2 days each week.

SEDENTARY BEHAVIOUR

* Minimise the amount of time spent in prolonged sitting.
* Break up long periods of sitting as often as possible.



Breaking sitting with light activities vs structured exercise:
a randomised crossover study demonstrating benefits for

glycaemic control and insulin sensitivity in type 2 diabetes
BMFM Duvivier et al. Diabetologia (2017) 60: 490-98

% 19 adults with T2D (Age: 63+/- 9 yrs) Scraaning visit m Activity regimens (in randomized order)
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Breaking up sitting time with standing and light walking
has beneficial effects on insulin resistance and glucose

metabolism
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