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ABSTRACT 

Purpose: Research conducted on the general population indicates self-reported measures of 

physical activity and sedentary behaviour are inaccurate when compared with objective 

measures, however it is not clear if this also applies to cancer survivors. In this study we 

compared accelerometer-based and self-reported measures of moderate- to vigorous-intensity 

physical activity (MVPA) and sedentary time among colon cancer survivors.  

Methods: A total of 176 colon cancer survivors, recruited from the Western Australia and 

Alberta cancer registries, wore an Actigraph GT3X+ accelerometer for seven days and 

completed self-reported questions about recent MVPA (Godin Leisure-Time Exercise 

Questionnaire) and usual sedentary time (Marshall Domain-Specific Sitting Questionnaire). 

Accelerometer data were processed using 60 second epochs and summarised using Freedson 

cutpoints. Spearman’s rho and intraclass correlation coefficients (ICCs) were used to assess 

correlation and agreement for daily MVPA and sedentary time estimates from the two methods.  

Results: Total mean minutes per day spent in MVPA was 12 minutes based on accelerometer 

data and 26 minutes based on self-reported data (PDifference<0.01). Correlation between the 

methods was fair (rho=0.51), however agreement was poor (ICC=0.33). Mean daily time spent 

sedentary was similar in both methods (~8.5 hours), however both correlation and agreement 

were poor (rho=0.19, ICC=0.16).  

Conclusions: We found fair correlation but poor agreement between the self-reported and 

accelerometer-based assessments of MVPA used in this study. For sedentary time, both 

correlation and agreement between the two methods were poor. Studies of colon cancer survivors 

using these self-report measures are likely to have a considerable amount of exposure 

misclassification. 

Keywords: Physical activity; sedentary time; validity; accelerometer; colon cancer 
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INTRODUCTION 

There is strong evidence that moderate to vigorous-intensity physical activity (MVPA; aerobic 

activity that requires moderate to hard physical effort and increases breathing and heart rates) has 

a range of positive physical and psychosocial benefits for cancer survivors [1, 2]. Recent 

research indicates sedentary behaviour (waking activities that require very low energy 

expenditure and are performed while sitting or reclining [3]) may be associated with poorer 

physical and psychosocial health in cancer survivors [4]. Given the associations observed 

between MVPA and sedentary behaviour and a range of outcomes in cancer survivors, it is 

important to establish the validity of self-reported measures of these behaviours. 

Research conducted on the general population has suggested self-reported measures of physical 

activity and sedentary behaviour are inaccurate when compared with objective measures, such as 

estimates derived from accelerometers (electronic devices that measure the quantity and intensity 

of movement) [5-8]. The results of studies concerning the psychometric properties of 

measurement instruments cannot be systematically generalized to other populations, so it is 

important to establish the validity of physical activity and sedentary behaviour questionnaires in 

different populations [8, 9]. However few studies have compared self-reported and objective 

measures of physical activity and sedentary behaviour in cancer survivors, a population which is 

older, has a greater proportion of females, and has more comorbidity than the general population 

[10].  

The few studies that have compared self-reported and objective measures of physical activity in 

cancer survivors provide mixed results, with some finding acceptable agreement between self-

reported and accelerometer-derived physical activity [11-14], and others finding poor agreement 
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[13, 15, 16]. Only two studies have investigated agreement between self-reported and 

accelerometer-derived sedentary behaviour in cancer survivors, with both finding poor to fair 

agreement [13, 15]. These studies have generally had small sample sizes (<100 participants) and 

have been conducted in different cancer survivor populations, so it is difficult to draw any 

conclusions from this research. 

The aim of this study was to compare accelerometer-based and self-reported measures of recent 

moderate- to vigorous-intensity physical activity (MVPA) and sedentary time in colon cancer 

survivors. Only one previous study has compared self-reported and objective measures of 

physical activity in colorectal or colon cancer survivors, with the results indicating poor 

agreement [16]. 

METHODS 

This study was conducted within the Accurate Measurement of Physical Activity in Colon 

Cancer Survivors Study (the ACCEL-Colon Study), a cross-sectional study that was conducted 

in Western Australia (WA) and Alberta, Canada in 2012 [17]. A total of 181 colon cancer 

survivors (15.1% response rate), recruited from the WA and Alberta Cancer Registries, wore an 

Actigraph® GT3X+ accelerometer for seven consecutive days and completed a self-administered 

questionnaire that included questions about recent physical activity and sedentary time. The 

Actigraph® GT3X+ accelerometer is generally considered to be the ‘gold standard’ for 

measuring MVPA. Participants were asked to complete the questionnaire before wearing the 

accelerometer.  

The participants were aged between 27 and 82 (median=65 years), were 12 to 29 months post-

diagnosis (median=19 months), were not currently undergoing any adjuvant therapy, and had 
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been diagnosed with a Stage I (30%), II (29%) or III (40%) colon cancer. Just over half (54%) 

were male, and just over half (51%) were from Alberta. The participants were predominantly 

Caucasian (97%), in a married/common-law/de-facto relationship (78%), and overweight (44%) 

or obese (22%), Most participants had a post-school qualification (69%) and were not in the 

workforce (61%). 

This study received approval from human research ethics committees at Alberta Health Services, 

Athabasca University, the WA Department of Health and The University of WA, and all 

participants gave informed written consent. 

Self-reported data 

Recreational physical activity in the past month was assessed using a modified version of the 

Leisure Score Index of the Godin Leisure-Time Exercise Questionnaire [18]. Participants were 

asked to report the average number of times per week in the past month that they engaged in a 

bout of leisure-time physical activity lasting ten or more minutes, and the average duration of 

these bouts. This was asked for each of vigorous-, moderate- and light-intensity recreational 

physical activity. The questionnaire defined: vigorous-intensity activities as causing rapid 

heartbeat and sweating (example activities included aerobics and jogging); moderate-intensity 

activities as causing light sweating but not being exhausting (examples included brisk walking 

and pilates); and light-intensity activities as requiring minimal effort and no sweating (examples 

included easy walking and lawn bowling). As the vast majority of light-intensity physical 

activity is likely to be performed in the household and occupational domains, which this 

questionnaire does not measure, light-intensity physical activity was not included in this analysis. 
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Data from the vigorous- and moderate-intensity questions were summed to calculate the average 

time spent per day in MVPA. Bout duration for moderate- and vigorous-intensity physical 

activity was truncated at 180 minutes [19]. 

Usual time spent sitting was assessed using the Marshall Domain-Specific Sitting Questionnaire 

[20]. Participants were asked to report the amount of time they usually spend sitting on weekdays 

and weekends in each of five domains: travelling to/from work; at work; watching television; 

using a computer at home; and leisure time (excluding watching television). For both weekdays 

and weekends the total duration of sitting was truncated at 1080 minutes (18 hours) [21].  

Accelerometer data 

The accelerometer data were processed using 60-second epochs. A cutoff of <100 counts per 

minute (CPM) was used to categorize sedentary time [22], while commonly accepted cutoffs 

were used to differentiate light-intensity activity (100-1,951 CPM) from MVPA (≥1952 CPM) 

[23]. To be considered valid, days of data collection required ≥600 minutes of wear time and no 

excessive counts (i.e., >20,000 CPM). A period of ≥60 consecutive minutes of zero counts 

(allowing for ≤2 minutes of observations of <50 CPM) was defined as non-wear time [22]. As 

the self-report method asked respondents to only record bouts of physical activity of ≥10 

minutes, only MVPA bouts of ≥10 minutes were taken into account in accelerometer-derived 

estimates of MVPA. We allowed for one interruption of ≤2 minutes in our definition of a 10 

minute bout of MVPA. 

 Statistical analysis 

We used paired t-tests to compare daily averages of MVPA, moderate-intensity physical activity, 

vigorous-intensity physical activity and sedentary time obtained from the two methods. Rank-
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order correlation between the methods was assessed using Spearman’s rho, while agreement 

between the methods was assessed using two-way random effects intraclass correlation 

coefficients (ICC).We also calculated the proportion of participants for whom the estimated daily 

time on both methods was within five and ten minutes for MVPA, and within one and two hours 

for sedentary time. For MVPA, we used the kappa-statistic to assess agreement between the 

methods when classifying participants as meeting or not meeting physical activity guidelines 

(i.e., ≥150 minutes of MVPA per week),  

Exploratory stratified analyses were conducted to determine whether rank-order correlation 

and/or agreement between the two methods may have been influenced by sex, age 

(younger/older than 65 years), study location (Australia/Canada), education (high school 

only/post-school qualification), marital status, body mass index (normal 

weight/overweight/obese), cancer stage, or comorbidity. 

The following cut-off points were used to interpret the rho, ICC and kappa values: <0.4=poor; 

0.4–0.59=fair; 0.6-0.74=good; ≥0.75=excellent. All analyses were conducted using Stata 13.1 

(StataCorp, College Station TX). 

RESULTS 

The estimated mean minutes per day spent in MVPA was significantly higher for self-reported 

data than for accelerometer data (23.0 and 12.5 minutes respectively) (Table 1). In 41.4% of 

participants the estimated minutes of MVPA per day was within five minutes on the two 

methods, while estimated daily minutes of MVPA was within 10 minutes for 54.7% of the 

participants (data not shown). Rank-order correlation between the methods was fair (rho=0.51), 

however agreement was poor (ICC=0.33) (Table 2). The proportion of participants meeting 
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physical activity guidelines based on self-reported data and accelerometer data was 37.6% and 

24.3% respectively; agreement between the methods on this measure was poor (kappa=0.32).  

Agreement between the two methods for MVPA was slightly stronger among participants who 

were female, aged 65 years or older, unmarried, had a normal BMI, and had no comorbidity 

(Table 2). Both correlation and agreement were much stronger for moderate-intensity physical 

activity than for vigorous-intensity physical activity (Table 2). 

Mean sedentary time was similar in both methods (8.5 hours and 8.7 hours based on 

accelerometer and self-reported data respectively) (Table 1). However estimated daily sedentary 

time was within one hour on the two methods in only 16.6% of the participants, and within two 

hours for 42.0% of the participants. Rank-order correlation and agreement were poor (rho=0.19; 

ICC=0.16) (Table 2). Agreement between the methods for sedentary time was slightly stronger 

among participants who were female, had a post-school qualification, were unmarried, and had 

no comorbidity (Table 2). 

No meaningful effects on the agreement between the methods were observed when we: 

standardised the accelerometer-derived estimates of MVPA and sedentary time for wear-time; 

used total MVPA instead of bouts of 10 or more minutes; or used a different cutpoint [24] to 

determine accelerometer-derived MVPA (data not shown). Using only sedentary bouts of 20 or 

more minutes in the accelerometer-derived estimates of sedentary time decreased the correlation 

and agreement between the methods (rho=0.10, ICC=0.04). 

DISCUSSION  

The results of this study suggest that there is fair correlation and poor agreement between the 

self-reported and accelerometer-based assessments of MVPA used in this study, but poor 
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correlation and agreement for sedentary time. ICCs between the two methods were 0.33 and 0.16 

for MVPA and sedentary time respectively, far below the recommended acceptable cut-off of 

0.5 [25]. For around 50% of the participants the difference between self-reported and 

accelerometer-derived estimates of MVPA and sedentary time was greater than 10 minutes and 2 

hours respectively. This divergence suggests that studies of colon cancer survivors using these 

self-report measures of MVPA and/or sedentary time are likely to have a considerable amount of 

exposure misclassification, which may lead to biased results.  

Our results are consistent with some previous studies in cancer survivors that have also found 

poor to fair agreement between self-reported and accelerometer-derived physical activity [13, 15, 

16], although other studies have found acceptable agreement [11-14]. Two further studies, while 

not formally assessing validity, have found that cancer survivors over-report MVPA when 

compared with accelerometer data [26, 27]. The one previous study conducted among colon or 

colorectal cancer survivors also found poor to fair agreement between self-reported and 

accelerometer-derived physical activity [16]. 

Given the results of previous research, along with the findings of our study, we agree with the 

recent assertion that accelerometers are arguably the best measures of physical activity and 

sedentary behaviour in cancer-based studies [28]. This is highly dependent on the study question 

and practical considerations however [28]. For example, studies relying solely on accelerometer-

based physical activity and sedentary time may not be able to provide important information 

about the context and domain in which physical activity and sedentary time occur, are likely to 

underestimate time spent in certain physical activities (e.g. swimming and cycling), and are 

unlikely to be able to obtain measures of strength/resistance training. 
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The choice between accelerometers and self-report may also depend on whether a particular 

study wants to obtain an absolute or relative measure of physical activity. As has been commonly 

found for self-reported physical activity questionnaires, in this study we found that agreement 

between the methods was higher when ranking participants from highest to lowest amount of 

MVPA per day than when quantifying daily MVPA time [8]. This suggests that the self-report 

method used in this study is able to distinguish between participants with the highest and lowest 

levels of MVPA, and therefore has acceptable correlation for use in studies relying on relative 

levels of physical activity (such as those examining associations between MVPA and a particular 

outcome). This is unlikely to be the case for self-reported sedentary time however, as the poor 

rank-order correlation and absolute agreement between accelerometer-derived and self-reported 

estimates of sedentary time observed in this study is consistent with the results of previous 

studies conducted in the general population [7, 8] and cancer survivors [13, 15]. 

There are several methodological factors that may have contributed to the poor agreement found 

between the two methods. Firstly, while the self-report physical activity questionnaire only asks 

about physical activity performed in the recreational domain, the accelerometer captures physical 

activity in all domains. Future research should assess the validity of questionnaires that measure 

‘total’ physical activity in populations of cancer survivors. Secondly, although the accelerometer 

used in this study is generally considered to be the ‘gold standard’ when it comes to measuring 

MVPA, it is likely to underestimate time spent in some activities [28]. For sedentary time, 

limitations of both methods may have resulted in overestimates of the actual time spent sitting. 

For self-reported sedentary time it is possible that there was some overlap (‘double counting’) of 

sedentary behaviours, so summing these behaviours into a single ‘daily sitting time’ variable 

may have lead to an overestimation [20]. With regards to the accelerometer, the ‘counts per 
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minute’ approach used to identify sedentary time likely includes periods of stationary standing as 

well as sitting, thus resulting in inflated daily sedentary time estimates. A thigh-worn device that 

can detect body posture and distinguish between sitting and standing, such as the ActivPAL, 

would have been a better objective measure of sitting time than the accelerometer used in this 

study. Finally, the two methods did not capture information about physical activity and sedentary 

time in identical time periods. For MVPA, participants were asked to self-report their average 

leisure-time physical activity levels over the past month, then to wear the accelerometer for 

seven days. For sedentary time, the questionnaire asked about ‘usual’ time spent sitting, and it is 

possible that the participant did not consider the period in which they wore the accelerometer as 

‘usual’. 

This study has some limitations that should be taken into account. Although we observed some 

subgroup differences, these stratified analyses were exploratory in nature as our sample was not 

large enough to draw any firm conclusions regarding differences in agreement by various factors. 

Previous research indicates that the validity of self-reported measures of physical activity may be 

influenced by demographic and behavioural factors [6, 29], and more research is needed in this 

area, particularly for sedentary behaviour. A further limitation is the low response rate and the 

exclusion of Stage IV cancer survivors. It is possible that people who did not take part in this 

study, and/or those with Stage IV colon cancer, may have lower levels of physical activity than 

those who did take part, so our sample may not be representative of the true population of colon 

cancer survivors. Our results may also not be generalisable to other cancer types. 

In summary, we found fair correlation but poor agreement between the self-reported and 

accelerometer-based assessments of MVPA used in this study conducted among colon cancer 

survivors. For sedentary time, both correlation and agreement between the two methods were 
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poor. Accelerometers are likely to be the best measures of physical activity and sedentary 

behaviour in colon cancer survivors (particularly in studies wishing to obtain an ‘absolute’ 

measure of these behaviours), although this is highly dependent on the aims of the study. 
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Table 1. Accelerometer-derived and self-reported estimates of daily moderate-to-vigorous 

intensity physical activity (MVPA) and sedentary time in colon cancer survivors 

 Mean Minutes of Physical Activity (95% CI)  

Method MVPA 

Moderate-

Intensity 

Vigorous-

Intensity 

Mean Hours of Sedentary 

Time (95% CI) 

Accelerometer 12.5 (9.8-15.1) 11.5 (9.0-14.0) 0.5 (0.2-0.8) 8.7 (8.5-9.0) 

Self-Report 23.0 (18.5-27.5) 17.1 (13.3-20.9) 5.9 (3.7-8.1) 8.5 (8.0-9.0) 

Mean Difference -10.6 (-14.8, -

6.4) 

-5.5 (-9.2, -1.9) -5.4 (-7.6, -3.3) 0.3 (-0.3, 0.8) 

PDifference <0.01 <0.01 <0.01 0.33 
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Table 2. Correlation and agreement between accelerometer-derived and self-reported 

estimates of moderate-to-vigorous intensity physical activity (MVPA) and sedentary time in 

colon cancer survivors, overall and by subgroup 

 MVPA Sedentary Time 

 rho  ICC (95% CI) rho ICC (95% CI) 

All Participants 0.51 0.33 (0.18-0.46) 0.19 0.16 (0.01-0.30) 

Moderate-Intensity PA only 0.44 0.34 (0.20-0.46) - - 

Vigorous Intensity PA only 0.17 0.03 (-0.10-0.16) - - 

Sex     

Male 0.56 0.25 (0.06-0.42) 0.09 0.11 (-0.09-0.30) 

Female 0.46 0.43 (0.24-0.59) 0.25 0.20 (-0.02-0.40) 

Age     

<65 years 0.45 0.22 (0.02-0.41) 0.19 0.18 (-0.03-0.38) 

≥65 years 0.55 0.40 (0.20-0.57) 0.21 0.15 (-0.04-0.34) 

Location     

Alberta, Canada 0.44 0.33 (0.13-0.49) 0.21 0.19 (-0.02-0.38) 

Western Australia 0.57 0.33 (0.13-0.51) 0.15 0.11 (-0.09-0.31) 

Education Level     

High School Only 0.39 0.35 (0.10-0.55) 0.11 0.05 (-0.22-0.31) 

Post-school qualification 0.53 0.31 (0.13-0.47) 0.22 0.22 (0.05-0.38) 

Marital Status     

Not Married 0.53 0.45 (0.16-0.66) 0.18 0.25 (-0.08-0.52) 

Married/De-facto 0.50 0.27 (0.11-0.42) 0.18 0.13 (-0.03-0.29) 
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Body Mass Index     

Normal 0.47 0.48 (0.26-0.66) 0.21 0.14 (-0.10-0.37) 

Overweight 0.57 0.27 (0.06-0.46) 0.16 0.15 (-0.08-0.36) 

Obese 0.46 0.14 (-0.14-0.41) 0.12 0.12 (-0.21-0.42) 

Stage     

1 0.60 0.43 (0.18-0.62) 0.09 0.06 (-0.23-0.33) 

2 0.42 0.19 (-0.07-0.42) 0.11 0.13 (-0.15-0.38) 

3 0.51 0.36 (0.13-0.55) 0.26 0.22 (-0.02-0.43) 

Self-Reported Comorbidity     

None 0.47 0.45 (0.25-0.62) 0.30 0.24 (0.01-0.45) 

One or more 0.53 0.25 (0.06-0.42) 0.11 0.10 (-0.09-0.28) 
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