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Sleep 
11pm 

Awake 
7 am 

    

Work on  
computer 

4 hrs 

Transport to 
work 

45 mins 

Lunch 
30 mins 

Evening 
meal 

30 mins 

Breakfast 
15 mins 

Work on  
computer 

3.5 hrs 
Transport  
From work 

45 mins 

Watch TV 
4 hrs 

Sitting Opportunities 15.5 hrs 

Exercise – 30 min 



Sedentary behaviour 

METs 

1 

2 

3 

4 

0.9: Sleeping 

1.0: Sitting quietly (watching TV) 
1.5: Sitting (talking) 
1.8: Sitting (desk work) 

2.5: Slow walking 

3.8: Brisk walking 

Sedentary 

Light 

Moderate 

Ainsworth BE, et al. Med Sci Sport Exer. 2000;32:S498–S516 

2.0: Standing 

Public Health Physical  
Activity Guidelines: time 
spent in moderate-
vigorous activity 



Sitting induces muscular inactivity 

SITTING 

4 STEPS 
GETTING OUT 
OF A CHAIR 

STANDING 

Hamilton, M.T., Hamilton, D.G. and Zderic, T.W. (2007). Role of low energy expenditure and sitting in 
obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease.  Diabetes, 56, 2655-2667  



rapidly-strengthening evidence base modest evidence base limited evidence base 

6. using the relevant evidence to inform programs and policy 

3. characterising prevalence and variations of sitting time in populations 

4. identifying the determinants of sitting time 

5. developing and testing interventions to influence sitting time 

1. Identifying relationships of sitting time with health outcomes 

2. measuring sitting time 

Sedentary  behaviour and health: a traffic-light system for the 
status of the science 

Owen, N., Sugiyama, T., Eakin, E.G., Gardiner, P.A., Tremblay, M.S. and Sallis JF. (2011). Adults’ sedentary 
behavior: Determinants and interventions. American Journal of Preventive Medicine, 41, 189-196.  
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population-based observational and cohort study 1999/2000 
(n=11,247) and 2004/2005 (n=9,303) 
  
aim to estimate national prevalence of diabetes and its 
precursors in Australian adults ≥ 25 years  

Australian Diabetes, Obesity & 
Lifestyle Study *  
 
AusDiab1, AusDiab2 (AusDiab3, 2011-12) 
  

* www.bakeridi.edu.au/ausdiab 



AusDiab1  - TV time: summary of cross-sectional 
findings 

TV time in AusDiab1 associated with: 
 

 Abnormal glucose metabolism 1 

 Metabolic syndrome 2 

 Elevated 2-h plasma glucose 3, 4 and other glycaemic 
measures 3  

 Associations independent of leisure-time physical 
activity 

 Associations generally stronger for women than for men 

 1 Dunstan et al., Diabetes Care 2004;   2 Dunstan et al., Diabetologia 2005;   3 Dunstan et al., 
Diabetes Care 2007;  4 Healy et al., Diabetes Care 2007 



AusDiab2: overall sitting time and biomarkers 
Waist Circumference

84

86

88

96

98

100

102

Q1 Q2 Q3 Q4

        Women (P<0.01)
        Men (P<0.01)








Quartiles of Sitting Time

W
ai

st
 C

ir
cu

m
fe

re
nc

e 
(c

m
)









Fasting Serum Insulin

45

50

55

60

65

70

75

Q1 Q2 Q3 Q4





Women (P<0.01)
Men (P=0.01)

Quartiles of Sitting Time

In
su

lin
 (p

m
ol

/L
) 



Fasting Serum Triglycerides

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

Q1 Q2 Q3 Q4



Women (P<0.01)
Men(P<0.01)








 



Quartiles of Sitting Time

Tr
ig

ly
ce

ri
de

s 
(m

m
ol

/L
)



Fasting HDL-Cholesterol

1.15

1.25

1.35

1.45

1.55

1.65

Q1 Q2 Q3 Q4



Women (P=0.01)
Men (P>0.01)

Quartiles of Sitting Time

H
D

L-
C

ho
le

st
er

ol
 (m

m
ol

/L
)






2-hr Post Load Plasma Glucose

5.4

5.6

5.8

6.0

6.2

Q1 Q2 Q3 Q4



Women (P=0.02)
Men (P=0.10)

Quartiles of Sitting Time

2-
hr

 P
os

t L
oa

d 
Pl

as
m

a 
G

lu
co

se
 (m

m
ol

/L
)

Systolic Blood Pressure

114

116

118

120

122

124

126

128

130

Q1 Q2 Q3 Q4

Women (P=0.35)
Men (P<0.01)

Quartiles of Sitting Time

Sy
st

ol
ic

 B
lo

od
 P

re
ss

ur
e 

(m
m

 H
g)






Thorp et al. Deleterious associations of sitting time and television viewing time with cardio-metabolic risk 
biomarkers: AusDiab 2004-2005. Diabetes Care 2010;33(2):327-334 
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Device-based measurement of movement and 
posture 

Accelerometer 
Inclinometer 

The ‘market dominator’ 
from whose output 
(counts of  less than 100 
pm) we infer ‘sedentary’ 
time 

From whose output 
we  can  derive  
posture-based indices 
of ‘sitting’ time 



You can be ‘active’, but mostly sit 

The ‘Active’ Couch Potato 

Mean mod-to-vigorous time = 31 mins/day 
% Waking hours spent in Sedentary = 71% 
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Morning 

Night 
Sedentary 

Light 

Moderate/vigorous 

Activity 
Intensity 

Energy 
Expenditure 

Very Low 

Very High 



Sedentary time 
9.3 hrs/day (60%) 

Moderate-vigorous activities 
0.7 hrs/day (5%) 

Light-intensity 
6.5 hrs/day (35%) 

Healy, G.N., Wijndaele, K., Dunstan, D.W., Shaw, J.E., Salmon, J, Zimmet, P.Z. and Owen, N. (2008). 
Objectively-measured sedentary time, physical activity and metabolic risk: the AusDiab study. Diabetes Care,  
31, 369-71  

Mix of working & 
non-working adults 
aged 30-87 years 

How adults’ overall daily movement patterns are 
distributed over physically-active and sedentary time 



The ‘breaks in sedentary time’ hypothesis 
 
 Breaking-up sedentary time (with frequent transitions from sitting to 

standing) has beneficial associations biomarkers (independent of total 
sedentary time) 

 

 

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.  

“Prolonger” “Breaker” 

Sedentary 
CPM < 100 

Not sedentary 
CPM 100+ 



Sedentary time & breaks in sedentary time: NHANES 
2003-2006 

Adjusted for age, sex, race/ethnicity, moderate-vigorous intensity activity + other potential confounders   
Breaks in sedentary time additionally adjusted for total sedentary time  

4.3cm difference 

Sedentary time: detrimental 
HDL-C,  triglycerides, insulin,  
HOMA-%B, HOMA-%S 

Breaks: beneficial 
Waist circumference, HDL-C,      
C-reactive protein 

Healy G.N., Matthews, C.E., Dunstan, D.W., Winkler, E.A.H., Owen, N. (2011). Sedentary time and cardio-
metabolic biomarkers in US adults: NHANES 2003-06. European Heart Journal, 32, 590-597 



rapidly-strengthening evidence base modest evidence base limited evidence base 

6. using the relevant evidence to inform programs and policy 

3. characterising prevalence and variations of sitting time in populations 

4. identifying the determinants of sitting time 

5. developing and testing interventions to influence sitting time 

1. Identifying relationships of sitting time with health outcomes 

2. measuring sitting time 

Owen, N., Sugiyama, T., Eakin, E.G., Gardiner, P.A., Tremblay, M.S. and Sallis JF. (2011). Adults’ sedentary 
behavior: Determinants and interventions. American Journal of Preventive Medicine, 41, 189-196.  

 



The range of variation in adults’ sedentary time 
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Quartiles of sedentary time. Based on 1 week of accelerometer data in 1712 adults, these stacked 
column graphs show the allocation of waking hours spent sedentary, in light activity, and in 
exercise, from the lower to the upper quartile of overall sedentary time; data from the National 
Health and Nutrition Examination Survey. 

Owen, N., Sparling P.B., Healy G.N., Dunstan D.W. and Matthews C.E.  (2010). Emerging evidence on a new 

health risk.  Mayo Clinic Proceedings, 85, 1138-1141. 
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Multiple dimensions of influence on behaviour 
 
Behaviour-specific models are needed 
 
Environments can directly influence behaviour 
 
Behavior settings – ‘restrict the range of behaviors, by promoting 
and sometimes demanding certain actions and by discouraging or 
prohibiting others...’ 

Ecological Models for Health Behaviours 

Sallis, J. F. Owen, N. and Fisher, E.B. (2008). Ecological models of health behavior.  In K. Glanz, B. K. 
Rimer and K. Viswanath. (Eds.). Health Behavior and Health Education: Theory, Research, and Practice.  
(pp. 465 – 482). Fourth Edition, San Francisco, Jossey-Bass. 
 



Thinking about multiple influences on physically-
active and sedentary time 

Intrapersonal 
biological 

psychological 
skills 

Interpersonal 

Physical Environment 

Policy Context 

our 
conventional  

‘comfort zone’  
for causation 

and explanation    



Ecological Model of Four Domains of Sedentary Behavior 
 

 
 
 
 
 
 
 

Behavior: Active Living Domains 
 
 

Perceived Environment 
 
 

Intrapersonal 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 07-20-05 

Social Cultural 
Environment 

Advocacy by 
individuals & 
organizations 

Social climate, 
safety, crime,  
norms, culture 

Interpersonal 
modeling, 

social support, 
prompts to sit, 

awkwardness of 
standing 

Social norms 
Perceived crime 

Leisure 
Time 

Household 

Transport 

Occupation 

     Neighborhood 
      - poor ped/bike facilities                 
   -aesthetics 
- traffic safety 

                  Recreation  
                Environment 
           Seating in Parks 
          Park design to  
       promote sitting 
     Screen-based  
    entertain; movies,  
  game arcades 
Sport spectatorship 

     Home Environment 
  Electronic entertainment;             
      passive/active 
        Remote controls 
           Labor-saving devices 
              Furniture for sitting/reclining 

Neighborhood 
- walkability 
      - ped/bike facilities 
          - parking 
               -transit 
                    -traffic 

Info promoting SB  
during transport 
 - safety signage 
   - radio ads & news 
      - billboards  
       (TV, movies, sports) 

          Workplace Environment               
             Furniture designed  
             for sitting              
             Neighborhood  
             walkability 
             Parking 
           Transit access 
        Building design 
      Stair design 
  Ped/Bike Facilities 

Healthcare: counseling, info 
Mass media - news, ads 
Sports spectating 
Informal discussions 

Weather 
Topography 
Air quality 

Transport policies 
Energy policies 

Media regulations 
Health sector policies 
Business practices 

  Requirements for           
  seated work   

               OHS codes 
             Rules for breaks                         
           Zoning codes 
         Building codes 
      Parking regulations 
   Transportation 
   investments 
         

Negative       
           perceptions 
       of “active” environments:                
    unsafe, uncomfortable,  
unattractive, inconvenient 

Information 
Environment 

Natural 
Environment 

         School Environment 
         Neighborhood walkability 
       Ped/bike facilities 
      Facilities 
     PE program 
    Walk to School 
    program                           Requirements for sitting 

                    PE & recess policies 
         Facility & policy access policies 
Safe Routes to School funding 

Demographics 
Biological 

Psychological 
Family Situation 

Price of electricity 
   Incentives for energy 
     conservation zoning 
       codes 

           SB not assessed in health care 
       Sidewalk requirements 

                      Transport investments 
               & Regulations 

                Public recreation  
            Investments 
            Park design policies 
 

Sedentary Behavior Domains 
 

Perceived Environment 

Intrapersonal 

Behavior Settings: 
Access & Characteristics 

Policy Environment 
  Zoning codes 
           Development  

Regulations  
     (sidewalk requirements) 

                           Transport investments 
                                       Traffic demand 
                                       management 
                                                Parking regulations 
                                                 Developer incentives 

Cues for sitting, 
purpose of 
furniture/desk 

Comfort, convenience  
  of labor saving devices,       
      attractiveness of  
          sedentary  
             entertainment  

negative 
perceptions of 
active transport 
facilities; positive 
perception of 
motorized facilities 

Owen, N., Sugiyama, T., Eakin, E.G., Gardiner, P.A., Tremblay, M.S. and Sallis JF. (2011). Adults’ sedentary 
behavior: Determinants and interventions. American Journal of Preventive Medicine, 41, 189-196.  

 



Unstandardised regression coefficients (and 95% confidence intervals); differences in TV viewing time (min/day) 
compared to the reference category (low walkability) 
 

Sugiyama, T., Salmon, J., Dunstan, D., Bauman, A. and Owen, N. (2007). Associations of neighborhood walkability with TV 
viewing time among Australian adults. American Journal of Preventive Medicine, 33, 444–449. 
 

TV time and neighbourhood walkability 



Australia (Adelaide): TV time significantly lower among 
women in high-walkable neighbourhoods 
 
USA (Baltimore and Seattle): Overall sedentary time 
(accelerometer assessed), TV time and time sitting in cars 
significantly lower for men and women high-walkable 
neighbourhoods 
 
Belgium (Ghent): Overall sedentary time (accelerometer 
assessed) significantly higher  for men and women high-
walkable neighbourhoods 
 

Sedentary time and neighborhood walkability; an 
emerging scientific puzzle 

Sugiyama, et al .(2007). Associations of neighborhood walkability with TV viewing time among Australian 
adults. American Journal of Preventive Medicine, 33, 444–449;  Kozo et al. (under review);  Van Dyck, et al. 
(2010). Neighborhood walkability and sedentary time in Belgian adults. American Journal of Preventive 
Medicine, 39, 25-32. 
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Understanding the acute metabolic effects of 
prolonged sitting in adults 

  The IDLE Breaks study 
 

Project Grant: 2009-2011 
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Graphic thanks to Medical Billing & Coding http://www.medicalbillingandcoding.org/sitting-kills/' 

http://www.medicalbillingandcoding.org/sitting-kills/�


http://www.heartfoundation.org.au/Healthy_Living/Physical_Activity/Pages/default.aspx 





ACSM Position Stand: Guidance for Prescribing 
Exercise (2011) – Sedentary Behaviour   

1. Sitting = television watching, computer use, and sitting in a 
car or at a desk. 

2. Spending long periods of sitting =  
– CHD mortality, depression, increased waist circumference, elevated 

blood pressure, worsened chronic disease biomarkers such as blood 
glucose, insulin, and lipoproteins 

3. Sitting is detrimental even among in individuals who meet 
current physical activity recommendations 

4. “health and fitness professionals should be concerned 
about the amount of time clients spend in activities such as 
television watching and sitting at a desk” 





Re-analyses of prospective epidemiological data sets, treating 
sitting time as distinct exposure variable? 
  
Valid and reliable self-report AND device-based measures for 
epidemiological, genetic and behavioral studies 
 
Characterizing sedentary behavior variables: total time; 
breaks; prolonged bouts; sedentary/light balance; 
sedentary/moderate balance; time-of-day variations    
  
 

Sedentary behavior and cancer: research opportunities 



 
Sedentary behavior/microcirculation relationships (e.g., kidneys; 
retina) as potential markers of inflammation  
 
What amounts and intensities of moderate and/or vigorous activity 
might be protective, in the presence of prolonged sitting time? 
 
Identifying potential pathways through gene-expression studies. 
 
Genetic variations that may underlie predispositions to sit, and/or 
greater risk susceptibility 
  
 
 

Sedentary behavior and cancer: research opportunities 



Feasibility of reducing and/or breaking up prolonged sitting, for 
different groups (younger, older, cancer-type survivors) in different 
settings (workplace, domestic, transit)? 
 
If intervention trials find significant changes in sitting time indices, are 
there improvements in relevant biomarkers? 
 
Mortality outcomes require considerable patience and are solid and 
categorical:  but, device-based data with biomarker and gene-
expression changes allow acute and medium-term intervention impacts 
on pathways to be examined  
 
 
  
 
 

Sedentary behavior and cancer: research opportunities 



 

Sedentary time indices in built-environment/physical activity studies  
(IPEN 11-country study; the ‘Belgian paradox’)  
 
Evidence on behavioural, adiposity and biomarker changes from 
‘natural experiments’ (height-adjustable workstations; community 
infrastructure initiatives)  
 
Strong behavioral criteria to guide environmental, organizational and 
policy initiatives on ‘too much sitting’ (dose-response data from device-
based measurement, with biomarker and mortality outcomes) 
 
 

Sedentary behavior and cancer: research opportunities 



THANK YOU FOR YOUR INTEREST 
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