
Garland SM1,2,3 Young EJ1,2 Sim Y1,3, Bennell K3 Wark JD3,4 

 
1 Royal Women’s Hospital, 2 Murdoch Children’s Research Institute, 3 University of 

Melbourne, 4 Royal Melbourne Hospital. 

 

 E4N Cité Internationale Universitaire Paris May 21 2013 



Why are we interested in physical activity? 

 Essential for health and general wellbeing 

 Positively interacts with other health behaviours 

 Inadequate physical activity is linked with many 

chronic conditions eg obesity, diabetes, arthritis.  

 Physical inactivity is the second largest contributor 

to the Australian burden of disease and injury 

- Women in particular face more barriers 

 

 

 

 

INTRODUCTION 
 



Targeted Demographics  

 Focus on women aged 18-25 years old 

 Behaviour and lifestyle choices made during this period lay a 

foundation for future health patterns 

 Major life transitions generally occur during this stage 

 Underrepresented in previous studies  

 

 

 

 

 

Trends in women’s health and behaviour by age 

Emerging nutritional and lifestyle risk factors for bone health in young women: a mixed longitudinal twin study. Christie JJ, N.C., 

Garland SM, Wark JD. Nutritional Influences on Bone health. Springer-Verlag London (2013 in press)  61-69 . 

INTRODUCTION 
 

ISBN: 978-1-4471-2768-0  



Challenges of measuring physical activity (interventions) 

 

 Usually self-reported:  questionnaires or diary 

 -  limitations: burdensome and may lead to poor compliance and bias 

 A non-invasive way to objectively measure duration 

 and intensity is desirable  

 

 

INTRODUCTION 
 



 

 To compare self-reported (subjective) with objectively measured 
physical activity levels using “SenseWear” in 18-25 years old women  

 

 

 

 SenseWear (SWA)  

 

 

 International Physical Activity Questionnaire (IPAQ) 

 Modified Active Australia Survey (MAAS) 

 

GENERAL AIM 

Objective Measure 

Subjective Measures 



SenseWear (SWA) – Activity Monitor 

 Measures:  

(1) Skin temperature  

(2) Heat flux 

(3) Galvanic skin response  

(4) Body movements 

(5) Steps 

(6) Sleep amount and pattern 

 Well validated in other 

populations but not in young 

Australians  

 

OBJECTIVE MEASURE 
 



1. To investigate concurrent validity of MAAS with IPAQ 

2. To determine test-retest reliability of MAAS 

3. To compare IPAQ and SWA 

4. To test the acceptability of SWA in young Victorian women 

 

 

 

1. Moderate correlation between IPAQ and MAAS 

2. High reliability for MAAS (test-retest)  
3. High correlation for IPAQ and SWA 

4. SenseWear will be an acceptable objective method for monitoring 
physical activity in young Victorian women 

 

 

 

RESEARCH GOALS 

HYPOTHESES 

MAAS: Modified Active Australia Survey 

IPAQ: International Physical Activity Questionnaire 

SWA: SenseWear Armband  



Overview 

METHODS 
 

Inclusion Criteria:   
 
(1) Female 
(2) 18-25 years old 
(3) Live in Victoria, Australia 
(4) Verbal and written consent 
(5) Complete the study 
procedures 
 
 
Withdrawn participants:  
 
(1) Develop discomfort with the 
armband 
(2) Unable to complete the study  

Study Procedures: 

70 Victorian women 18-25 years old 
cross recruited from previous studies 
and YFHI website (https://yfhi.org/) 

Complete online baseline physical 
activity questionnaire (MAAS and 

IPAQ) 

Wear SenseWear (SWA) monitor for 1 
week 

Complete identical follow-up physical 
activity questionnaire (MAAS and 

IPAQ) 

Young Female Health Initiative (Y-FHI) 

https://yfhi.org/
https://yfhi.org/


METHODS 
 

Continuous Variables:  
Metabolic equivalent scores (MET.min.week-1 )  
=  specific METs estimate * total minutes in a week 
 
1 MET = resting energy expenditure 
 
 
Categorical Variables:  
Low, Moderate or High based on the total continuous scores 
 
 
MAAS and IPAQ have different calculation of METs estimates and 
categorical criteria.  
 
IPAQ METs values and criteria were applied to SWA data 

Data Analysis 



RESULTS 
 Participants 

Flow chart of participants at different study 
stages 

Median Weight: 

62.5 kg  

(IQR = 14)  

 

36 completed data sets 

32 data sets for all analyses, 

except test-retest analysis of 

MAAS  

30 data sets for test-retest 

analysis of MAAS  

Median Height:  

165 cm  

(IQR = 8.5)   

Median age:  

21.5 years old  

(IQR = 3.25) 

 









RESULTS 
 

Follow-up IPAQ vs. Follow-up MAAS (n=32)  
Categorical outcomes: 

• 17 of the 32 cases (53%) 
were in agreement 
 

• ϰ = 0.29, p = 0.016 

      IPAQ (Followup)   

      Low 
Moderat

e 
High Total 

MAAS 

(Follow up) 

Low 

Count 7 1 0 8 

% within 

IPAQ 

(Followup) 

53.80% 16.70% 0.00% 25.00% 

Moderate 

Count 3 2 5 10 

% within 

IPAQ 

(Followup) 

23.10% 33.30% 38.50% 31.30% 

High 

Count 3 3 8 14 

% within 

IPAQ 

(Followup) 

23.10% 50.00% 61.50% 43.80% 

  Total 

Count 13 6 13 32 

% within 

IPAQ 

(Followup) 

100.00% 100.00% 100.00% 100.00% 

Cross Tabulation of categorical outcomes from MAAS and IPAQ follow-up 
questionnaires  

ϰ   - kappa coefficient 



RESULTS 
 

Follow-up IPAQ vs. Follow-up MAAS (n=32)  

Scatter plot of follow up questionnaires of 
both In IPAQ and In MAAS Scores  

Bland-Altman Plot of natural log 
transformed score showing the 
difference between follow-up IPAQ 
and MAAS, plotted against the mean  

Continuous outcomes: 

r = 0.77, p <0.0001 Mean difference of 1.51 (ln 0.41) 

r = 0.24, p =0.19 



Test-retest reliability of MAAS 
 (Baseline MAAS vs. Follow-up MAAS) (n=30)  
Categorical outcomes: 

• Median interval = 11.5 days 
(7-32 days)  

 
• 14 of the 30 cases (47%) 

were in agreement 
 
• Intraclass correlation 

(ICC)  = 0.44, 95% CI = 
0.10-0.69, p = 0.007 

 
• ϰ = 0.14, p = 0.24  

 

      MAAS (Baseline)   

      Low Moderate High Total 

MAAS 

(Followup) 

Low 

Count 3 1 3 7 

% within 

MAAS 

(Baseline) 

50.00% 20.00% 15.80% 23.30% 

Moderate 

Count 1 2 7 10 

% within 

MAAS 

(Baseline) 

16.70% 40.00% 36.80% 33.30% 

High 

Count 2 2 9 13 

% within 

MAAS 

(Baseline) 

33.30% 40.00% 47.40% 43.30% 

  Total 

Count 6 5 19 30 

% within 

MAAS 

(Baseline) 

100.00% 100.00% 100.00% 100.00% 

Cross tabulation of MAAS follow-up and baseline categorical levels  

RESULTS 
 



Test-retest reliability of MAAS 
 (Baseline MAAS vs. Follow-up MAAS) (n=30)  

Scatterplot of baseline and 
follow-up In MAAS scores  

Bland-Altman Plot of natural log 
transformed score showing the difference 
between baseline MAAS and follow-up 
MAAS, plotted against the mean  

Categorical outcomes: 

r = 0.53, p =0.003  Mean difference of 1.48 (ln 0.39) 

r = 0.02, p =0.91 

RESULTS 
 



IPAQ vs. SWA 
(n=32) 

Categorical outcomes: 

• Block ϰ = -0.07  
• Minute ϰ = -0.02 

SWA     IPAQ  
(1) Minute-by-minute Data   From follow-up 
questionnaire 
(2) Blocked Data  

RESULTS 
 



Scatterplot of Minute-by-minute and Block 
activities continuous scores obtained from 
SenseWear armband (n = 32) 
 

(r = 0.963, n = 32, p < 0.0001). 

 



IPAQ vs. SWA (n=32) 

Continuous outcomes: 

Scatterplot of SWA ln block scores 
and follow-up In IPAQ scores   

Scatterplot of SWA in minute scores 
and follow-up In IPAQ scores  

rb = -0.22, p = 0.230  rmin = -0.19, p = 0.301  

RESULTS 
 



IPAQ vs. SWA (n=32) 

Bland-Altman Plot of natural log 

transformed score (MET.min.week-1) showing 

the difference between SWA block and 

follow-up IPAQ, plotted against the mean 

Bland-Altman Plot of natural log transformed 

score  (MET.min.week-1) showing the difference 

between SWA minute and follow-up IPAQ, 

plotted against the mean 

Continuous outcomes: 

Mean difference of 1.45 (ln 0.37) 

r = -0.29, p <0.0001 

Mean difference of 2.39 (ln 0.87) 

r =-0.62, p=0 

RESULTS 
 



Compliance of (83.7%) (36 of 43)  

Acceptability of SWA (n=36)  
Participants’ experience of wearing the SenseWear armband  

Agreement to the following 3 out of 
12 statements: 

Scale from 1=“completely false” to 

5=“complete true 
Median 

 %(n) 

1 2 3 4 5 

"I exercised more than I otherwise would have, 
because of wearing the activity monitor" 

66.7% 

(24) 

22.2% 

(8) 

5.6% 

(2) 

2.8% 

(1) 

2.8% 

(1) 
1 

"I would prefer to record my physical activity 
for the last 7 days by completing a survey 
rather than wearing the activity monitor for 7 
days" 

63.9% 

(23) 

13.9% 

(5) 

13.9% 

(5) 

2.8% 

(1) 

5.6% 

(2) 
1 

"I would like to wear the activity monitor 
everyday if I could get real-time feedback of 
my physical activity and calories burned" 

11.1% 

(4) 

5.6% 

(2) 

30.6% 

(11) 

22.2% 

(8) 

30.6% 

(11) 
4 

RESULTS 
 



1. MAAS and IPAQ (Follow-up questionnaires) 
 Significant strong correlation between the subjective measures 

2. MAAS Retest 
 A significant, moderate positive linear correlation for overall minutes 

of activities 

 However no significant agreement was seen between the categorical 
outcomes 

 Consistent with other study 1 

3. Follow-up IPAQ and SWA  
 Poor agreement was seen between subjective and objective measures 

 A significant strong negative linear correlation was observed for 
SWA minute and IPAQ   

4. Acceptability of SWA  
 Good acceptability as a high compliance was attained 

 Majority of participants preferred wearing the SWA for 7 days over 
self-reporting their physical activity levels.  

Summary 
 

1  Brown, W.J., et al., Reliability and validity of a modified self‐administered version of the Active Australia physical activity survey in a 

sample of mid‐age women. Australian and New Zealand journal of public health, 2008. 32(6): p. 535-541. 



 First study that investigated the use of SWA and tested the 
correlation between it with IPAQ and MAAS in young Australian 
women 

 

 Informative for future studies about which measures could be 
used in young Australian women 

 
 

 Larger sample of young women and longer observation term with 
SWA (performed 65) 

 

Strengths and Future Directions 
 

 

 

 

 

 



 Findings from this study do not support the use of one 
assessment tool for physical activity over another. 

 

 Suggest the use of both subjective and objective assessment 
tool. 

 

 Suggest incorporating SWA in future studies  

 

CONCLUSION 
 



Pedometers: 

Pedometers count steps – 

but most of us only spend 

about 3% of our day 

walking. 

 

Accelerometers: 

Accelerometers measure 

movement – but not the 

calories burned when we’re 

lifting weights, watching TV 

or sleeping. 

 

Heart Rate Monitors-: 

Heart rate monitors 

measure calories burned 

while we’re physically 

active – but what about the 

rest of the time?  

SWA 
• Not water resistant 
• Expensive  
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