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Regular exercise is good for us – in many ways

✓ Improved 

cardiorespiratory 

and muscular 
fitness

✓ Lower risk of type 2 

diabetes

✓ Lower risk of 

metabolic 

syndrome

✓ Lower risk of early 
death>= 150 min/week moderate/vigorous PA = ACTIVE

< 150 min/week moderate/vigorous PA = INSUFFICIENTLY ACTIVE



BUT…. population participation levels are low and 
have been unchanged in 22 yrs!
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Source: Chau et al. Aust NZ J Public Health 2017 12699
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WORSE STILL…. ~2/5ths of Australian adults are INACTIVE

Source: Chau et al. Aust NZ J Public Health 2017 12699



Chronic Disease: Australia’s Biggest Health Challenge

Source: AIHW: Australia’s Health 2016 Fact Sheet 

❋ Arthritis

❋ Asthma

❋ Back pain and problems

❋ Cancer

❋ Cardiovascular disease (CVD)

❋ Chronic obstructive pulmonary disease

❋ Diabetes 

❋ Mental health conditions



Our Changing World



Source: Ng & Popkin (2012) Obesity Rev: 13: 659-680

Overall physical activity levels are rapidly declining



Is the 30 minutes/moderate-to-vigorous intensity recommendation sufficient, 
given the diminishing background of activity?

30 
mins

30 
mins

Occupational

Domestic

Travel



activPAL3 and Actigraph data 

from 739 Australian adults aged 

35+ years from the AusDiab3 

study

Sitting is now the predominant waking behaviour (AusDiab)

Source: Healy et al. 2015 Eur Heart J 36 (39) 2643-9

Moderate-vigorous	intensity	activity

Light	intensity	activity

Sitting	in	<30	min	bouts

Prolonged	sitting	in	≥30	min	bouts

5.0	hours

4.2	hours

6.2	hours

0.6	hours



HIGH SITTING IS ASSOCIATED WITH INCREASED CVD RISK

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

HIGH sitters 

Sitting: 2.5 h/day

Sitting: 12.5 h/day

LOW 
sitters

V’S



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% CIs of the pooled hazard ratio (HR)
for adversecardiovascular events by duration of sedentary time. The size of each data marker indicates study size.

> 10 hrs/d = DANGER ZONE for CVD Risk

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



Bellettiere J, Winkler EAH, Chastin SFM, Kerr J, Owen N, et al. (2017) Associations of 
sitting accumulation patterns with cardio-metabolic risk biomarkers in Australian adults. 
PLOS ONE 12(6): e0180119

Frequently interrupted sitting patterns are beneficially 
associated with cardio-metabolic risk biomarkers 

Interrupted Patterns Vs Prolonged Sitting Patterns

Beneficial associations for:
✓ BMI
✓ Waist circumference
✓ Triglycerides
✓ Fasting glucose
✓ 2hr post-load glucose



activPAL3 data from 739 

Australian adults aged 

35+ years from the 

AusDiab3 study

Total Sitting Time & Prolonged Sitting

Unpublished AusDiab findings

5.0 hours

4.2 hours

62%

8%

30%

>10 h/d

7-10 h/d

<7 h/d

>4 h/d

2-4 h/d

<2 h/d

42%

7%
51%

Proportion of population total sitting

for:

Proportion of population accumulating

proloŶged sittiŶg iŶ ≥30 ŵiŶ bouts totalliŶg:



↓ BLOOD 
FLOW

↓ MUSCLE ACTIVITY

POSTURE (GRAVITY) ↓ ENERGY EXPENDITURE

METABOLISM

↓ GLUCOSE 
UPTAKE

↓ LIPID 
METABOLISM

VASCULAR

↑ CLOTTING 
FACTORS

↓ ENDOTHELIAL 
FUNCTION

DEFINING ATTRIBUTES OF 
SITTING



Only very high volumes of MVPA provide protection

5
min/day

25-35
min/day

50-65
min/day

60-75
min/day

moderate intensity physical activity

daily sitting time

1,005,791 participants
follow up: 2 to 18 years

Ekelund et al. 2016 The Lancet 388: 1302-10 



MVPA

SEDENTARY

LIGHT 

ACTIVITY

Increasing Daily Overall PA: A ‘whole of day’ approach
‘Sitting Less AND Moving More’ 

Unhealthy Behaviour
Healthy Behaviours

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



If not sitting –
then what?

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

Sitting to standing –
benefits for fasting 
glucose, HDL-C,
triglycerides

Sitting to stepping –
benefits for BMI, waist 
circumference, 
triglycerides, 2hr 
glucose



What are the feasible ‘counter-measures’?

Solutions



~5-8 hours

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

Experimentally Interrupting Sitting Time

Uninterrupted sitting (control)



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

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



= Interruptions from sitting

SIT) Uninterrupted Sitting

LW) Sitting + Walking

SRA) Sitting + SRA's

Standardised meal

Blood collection B B B B B B B B B B B B B B B B

Blood pressure P P P P P P P P

Perceived fatigue F F F F F

CGMS Device inserted 0730. Data collection from 0900 to 0700 (22-hr)

2 3 4 5 6 7

1200 1400 1600

Time (hr)

0800 1000

-1 0 1

Randomised, three-condition, cross-over trial

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

• ~1 week washout between conditions

• Diet, physical activity & medications strictly controlled

Light intensity walking 
– LW:
3 min @ 3.2km/h every 
30 min



SIT

LW

SRA

= LW / SRA vs SIT (P<0.001)

= SRA vs SIT / LW (P<0.001)

LW  39%

SRA 39%

LW  36%

SRA  37%

LW  27%

SRA 30%

LW NS

SRA 40%

Results: ⇩ postprandial responses

Source: Dempsey et al. Diabetes Care 2016 



S le e p in gE v e n in gL a b o ra to ry
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≥ ϭϬ mmol = 
hyperglycemia

Results: ⇩ hyperglycemia (CGM)

Dempsey et al.

Diabetologia 2017



Results: ⇩ BP & plasma NE

1 = LW / SRA 
vs SIT (P<0.05)

1 = SRA vs 

LW (P<0.05)

SIT

LW

SRA

Source: Dempsey et al. 2016. Journal of Hypertension



Lipid Classes and Subclasses

Grace M et al. JCEM 2017

Results: Lipidomics



Phosphatidylethanolamine
(PE)

Lysoalkylphosphatidylcholine
(LPC[O])
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% Change from baseline

Triacylglycerol
(TG)

Diacylglcyerol
(DG)

Alkenylphosphatidylcholine
(PC[P])

Phosphatidylserine
(PS)

Lipid Classes and Subclasses

INFLAMMATION

PLATELET

ACTIVATION

ANTIOXIDANT

CAPACITY

Grace M et al. JCEM 2017



Results: Subjective Fatigue
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Dempsey et al. - manuscript under review



Could prolonged sitting be bad for brain health’?

Michael Wheeler

Wheeler M et al. Alzheimer’s & Dementia Trans Res Clin Int 2017: 3: 291-300
See also: Article in The Conversation



RISE & RECHARGE – THE APP

www.riserecharge.com

Activity Tracker



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



Acknowledgements

Dr Genevieve Healy
Uni of Queensland

Prof Neville OwenMichael Wheeler
PhD Student

Dr Paddy Dempsey Dr Robyn LarsenDr Megan Grace



Thank You For Listening

Physical Activity Laboratory
Baker Heart & Diabetes Institute

david.dunstan@baker.edu.au



Spare Slides







‘Prolonger’ ‘Breaker’

Sedentary
CPM < 100

Not sedentary
CPM 100+

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

Prolonged Sitting – Particularly Hazardous

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. 



The Concept of ‘Peripatetic Balance’



9 Hrs

7 Hrs

NEUTRAL 8 Hrs
( 1.0 hrs) 8 Hrs

( 1.0 hrs)

☺

7 Hrs
( 2.0 hrs)

9 Hrs
( 2.0 hrs)

Peripatetic
From Greek Aristotle origins peripatein,

“to move around, and or/perambulate”





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)✵ Not taking insulin & HbA1c < 10%✵ Physically inactive (< 2.5 hr/wk)

SITTING - 14 hrs/day

EXERCISE - 1.1 h/day of sitting replaced by

mod/vig cycling

SIT LESS - 4.7 hr/d of sitting replaced by

2.5 hr standing and 2.2 hr light

intensity walking



Breaking up sitting time with standing and light walking 
has beneficial effects on insulin resistance and glucose 
metabolism


