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Abstract 
Background: The health benefits of moderate-to-vigorous physical activity (MVPA) are well established, as are the 
detrimental impacts of excess sedentary time. Less is known about the benefits of activity undertaken at intensities 
between sedentary and moderate. This study examines how average daily minutes spent in each movement 
intensity and average daily steps accumulated in each intensity band varied across population groups by age and 
sex. It also examines the associations between movement intensities and health indicators. 

Data and Methods: The Actical accelerometer subsample data, household data and clinic data of the Canadian 
Health Measures Survey (2007 to 2019) were used for this analysis. Light-intensity physical activity (LPA) was 
subdivided into three intensities based on tertiles: low, mid and high. 

Results: Females and older adults accumulated fewer minutes of physical activity and fewer steps than their 
counterparts, in mid LPA, high LPA, and MVPA. After adjusting for MVPA and covariates, minutes and steps spent 
in mid LPA were significantly associated with reduced odds of having cardiovascular disease (CVD), two or more 
chronic conditions, and poor or fair general health, while minutes and steps in high LPA were significantly associated 
with reduced odds of having CVD. 
Interpretations: While spending time in MVPA is positive for health, this study suggests that increasing daily 
minutes and steps in higher intensity LPA is also associated with health benefits. This study is consistent with 
previous studies that show that all movement is beneficial, including LPA, particularly when it replaces sedentary 
behaviour. 
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hypertension, general health 
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What is already known on this subject? 
• Less than half of Canadian adults meet the moderate-to-vigorous physical activity (MVPA) 

recommendations, and about one-quarter meet current recommendations for sedentary 
behaviour.  

• While the benefits of MVPA and the detrimental impacts of sedentary time are well 
established, less is known about the health effects of light-intensity physical activity (LPA). 

What does this study add? 
• Most daily steps are accumulated during LPA. 

• Females and older adults accumulate fewer minutes and steps in mid and high LPA and 
MVPA. 

• Mid and high LPA appear sufficient to confer health benefits in adults, with mid LPA 
representing a “tipping point” where protective associations begin, showing at least similar 
effects to MVPA. 

• Examining LPA as a single intensity range may mask important findings showing that mid and 
high LPA are associated with health benefits. 

Introduction 

On average, 46% of Canadian adults obtain the recommended 150 minutes per week of moderate-to-
vigorous physical activity (MVPA), and 26% meet the sedentary behaviour recommendations (less than 
9 hours per day of sedentary time measured by device1 and 3 hours or less per day of self-reported 
recreational screen time).2 The health benefits of MVPA are well established3 as are the detrimental 
impacts of excess sedentary time.4 Less is known about the benefits of activity undertaken at intensities 
between sedentary and moderate. The Canadian Health Measures Survey (CHMS) collected Actical 
accelerometer data from 2007 to 2019 on representative samples of people living in the 10 Canadian 
provinces. Descriptive profiles of movement during waking hours using the CHMS accelerometer data 
have historically focused on MVPA and sedentary time.5-7 Light-intensity physical activity (LPA), the range 
of incidental movement that occurs throughout the day between sedentary and moderate-intensity 
activities (i.e., between 1.6 and 2.9 metabolic equivalents of task [METs], like slow walking or stepping, 
household shores and light gardening), has received relatively less attention in the research literature.8  

Males generally accumulate more MVPA than females, with a 10-percentage-point difference in 
adherence to the MVPA recommendation.9 Average daily step counts, another metric captured by the 
accelerometers, has not been the focus of CHMS analyses or physical activity surveillance in Canada. 
Daily step counts are an increasingly popular indicator of physical activity given the increasing popularity 
of smartwatches, smartphones, and other wearables that capture these metrics. Average daily step 
counts capture total daily movement across the day accumulated at various intensities. From 2007 to 
2009, adult males accumulated an average of 9,544 steps per day and females accumulated an average 
of 8,385 steps per day. There is presently no published daily step count benchmark in Canada and 
globally. About one-third of Canadian adults accumulated 10,000 steps per day from 2007 to 2009, with 
older adults less likely than younger adults to get this amount.5 From 2022 to 2024, 32% of Canadian 
adults were accumulating 7,500 steps per day.10 
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There is presently no benchmark to define a healthy dose of LPA. The Canadian 24-Hour Movement 
Guidelines include recommendations for physical activity (MVPA and strength training), sedentary 
behaviour (screen time and sitting time) and sleep1 (www.csep.ca). In addition to a specific 
recommendation for the amount of MVPA that should be obtained, the guidelines mention that adults 
should accumulate “several hours of light physical activities, including standing” daily. At the time the 
guidelines were developed, there was not enough evidence to set a specific threshold for LPA. Possible 
explanations for why research on LPA and its role in health is less common include the low variation 
between individuals in average daily minutes of LPA, the difficulty in recall of these activities (before the 
use of accelerometers), and the lack of a clear and consistent association between LPA and health. Most 
Canadian adults accumulate about three to four hours per day of LPA, with little variation by sex, age 
group, or body mass index (BMI) category.5 Systematic reviews have concluded that LPA is inversely 
associated with all-cause mortality and favourably associated with indicators of cardiometabolic health, 
even after adjustment for MVPA.11, 12 Other studies have not observed an association between LPA and 
health once MVPA was considered.13, 14 Another study found that transferring time from sedentary 
behaviour to LPA was beneficial only among older adults (aged 50 to 79 years) and those who were 
overweight or obese.15 Similarly, consensus on a daily step count threshold is difficult given that the dose-
response relationship for steps differs by the outcome of interest.16 Research is mixed, with one study 
reporting that about 2,700 daily steps can lead to mortality benefits and cardiovascular disease (CVD) 
benefits, with progressive risk reductions up to about 7,000 to 9,000 daily steps.17 Other research has 
suggested that important risk reductions can be obtained with 4,000 to 5,000 steps per day.18 

MVPA refers to movement that significantly raises one’s heart rate or breathing with an energy 
expenditure of 3.0 METs or higher. Current Canadian population-level accelerometer analyses rely on 
uniform cut-points applied to device-recorded acceleration data to identify periods when people are 
engaged in MVPA. This one-size-fits-all approach is based on absolute intensity and can misclassify 
relative movement intensity for some individuals.19 To illustrate, a person with obesity moves less 
efficiently than someone of normal weight, meaning they expend more energy for the same acceleration 
of movement. For people with obesity, time spent moving at lower intensities may be classified as LPA 
by an absolute accelerometer cut-point, yet could represent a relative state of exertion more consistent 
with MVPA. This can also be true for older adults, people with chronic health conditions, people with low 
fitness, and people with gait difficulties. Previous studies that solely focused on device-measured MVPA 
may therefore have missed an important source of daily movement in a large proportion of the population. 
This study aimed to better understand the distribution of device-measured LPA in the Canadian adult 
population and its potential role in promoting health. 

The specific objectives of this study were to (1) examine how average daily minutes of each movement 
intensity (i.e., sedentary, LPA and MVPA) and average daily steps accumulated in each intensity band 
vary across age, and sex groups, and (2) examine associations between movement intensities and health 
indicators. For this study, LPA was further subdivided using tertiles into three intensities (low, mid, and 
high) to better understand the nuances of this broad intensity band. 

Methods 

Data source 

Data are from Statistics Canada’s CHMS, a repeated cross-sectional, nationally representative survey 
that collects self-reported and directly measured health information from the Canadian population aged 
3 to 79 years (aged 6 to 79 in Cycle 1) living in private dwellings in the 10 provinces. People living in the 
three territories or on reserves and settlements in the provinces, the institutionalized population, residents 

http://www.csep.ca/
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of certain remote regions, and full-time members of the Canadian Armed Forces are excluded (about 4% 
of the Canadian population). A questionnaire on sociodemographic characteristics and health behaviours 
was administered at the respondent’s home. This was followed by an appointment at a mobile 
examination centre, where additional questions were asked, a series of physical measurements (e.g., 
height, weight, and blood pressure) was administered, and accelerometers were provided to participants. 
The accelerometer subsample data, household data, and clinic data from cycles 1 to 6 (2007 to 2019) of 
the CHMS were pooled and used for the present analysis. Data from Cycle 7 (2022 to 2024) were not 
comparable and were excluded because of a change in accelerometer. Data were collected from March 
2007 to February 2009 (Cycle 1), August 2009 to November 2011 (Cycle 2), January 2012 to December 
2013 (Cycle 3), January 2014 to December 2015 (Cycle 4), January 2016 to December 2017 (Cycle 5), 
and January 2018 to December 2019 (Cycle 6). The scope of the study was limited to adults aged 18 to 
79 years with valid accelerometer-measured physical activity and step count pooled data (n = 15,217).20 
The response rate for the CHMS was 38% (reflecting the analytical requirement of having at least four 
valid days of accelerometer data).20 

Accelerometer-measured physical activity  

During their mobile examination centre visit, all ambulatory respondents were provided with an Actical 
accelerometer (Philips Respironics, Oregon, United States) to wear on an elasticized belt over the right 
hip during their waking hours for seven consecutive days. A valid day was defined as having at least 10 
hours of wear time, and only participants with at least four valid days of data were included in this analysis. 
Wear time was determined by subtracting non-wear time from 24 hours. Non-wear time was defined as 
at least 60 consecutive minutes of zero counts, with allowance for one to two minutes of counts between 
0 and 100. Details of the accelerometer data reduction and analytical procedures are available 
elsewhere.21 

Derivation of accelerometer movement variables 

Total time on each valid day spent on sedentary activity, LPA and MVPA was determined based on 
published cut-points: minutes accumulated under 100 counts per minute (cpm) for sedentary time, 
minutes accumulated from 100 to 1,534 cpm for LPA, and minutes accumulated at or above 1,535 cpm 
for MVPA.22, 23 For the current study, the LPA band was further divided into absolute tertiles, as shown in 
Figure 1: low LPA (100 to 578 cpm), mid LPA (579 to 1,056 cpm), and high LPA (1,057 to 1,534 cpm). 
The average daily time spent at each intensity was calculated as the total number of minutes for all valid 
days, divided by the number of valid days. To account for possible variation in wear time, estimates for 
all intensities (sedentary, low LPA, mid LPA, high LPA and MVPA) were also converted into the 
percentage of waking hours. The sum of steps accumulated within each intensity band was derived. 
While the concept of sedentary does not typically include stepping, accelerometry analysis is designed 
in a way that allows some steps to be accumulated when an accelerometer threshold denotes sedentary 
intensity. Data are aggregated to 60-second intervals, meaning that some steps can be accumulated 
within a portion of a minute that also contains little or no movement—a situation where the accelerometer 
will classify the minute as sedentary (i.e., less than 100 cpm) and a small number of steps will be 
accumulated. Adherence to the physical activity recommendation from the guidelines was assessed 
based on respondents with a weekly sum of at least 150 minutes of MVPA.1  
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Health indicators 

Health indicators included the self-reported presence of two or more chronic conditions and general 
health. Respondents were instructed to include only health conditions that had lasted or were expected 
to last at least six months and that had been diagnosed by a health professional. The chronic conditions 
module included the following conditions: asthma, respiratory conditions, fibromyalgia, arthritis, back 
problems, high blood pressure, high cholesterol, chronic bronchitis, emphysema, chronic obstructive 
pulmonary disease, diabetes, heart disease, heart attack, cancer, effects of a stroke, thyroid disease, 
mood disorder, kidney dysfunction, liver or gallbladder problems, hepatitis, and any other chronic health 
conditions not already asked about. High blood pressure, type 2 diabetes, and CVD (including having 
been diagnosed with heart disease, having had a heart attack or suffering from the effects of a stroke) 
were also examined as separate conditions because of mechanistic evidence linking lower intensity 
movement and disruption to sedentary behaviour to better cardiometabolic health.12, 24, 25 Self-rated 
general health was dichotomized into fair or poor versus good, very good, or excellent.  

Sociodemographic covariates 

Covariates were chosen based on their known associations with physical activity and indicators of health, 
and on data availability. Sex (male or female) and age were reported during the visit to the mobile 
examination centre. Three age groups were created: 18 to 39, 40 to 59, and 60 to 79 years. The highest 
level of respondent educational attainment was categorized as less than a secondary school education, 
secondary school graduation, and a postsecondary degree or diploma. Marital status was dichotomized 
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into married or common-law versus single, widowed, separated or divorced. Adjusted household income 
quintiles were derived by using a modified version of the equivalence score method, where total 
household income is adjusted by a weight factor based on the number of people in the household.26 
Smoking status was dichotomized into daily smoker or not, and alcohol consumption was dichotomized 
into regular drinker (two to three times per month or more) or not. Daily frequency of fruit and vegetable 
consumption was used as a proxy for diet quality.27 BMI was derived from measured height and weight 
and categorized as normal or underweight (less than 25.0 kg/m2), overweight (25.0 to 29.9 kg/m2), and 
obese (30.0 kg/m2 or more).28 

Statistical analysis 

Average daily minutes and steps accumulated within each intensity band (sedentary, all LPA, low LPA, 
mid LPA, high LPA and MVPA) were examined by sex and age group. The percentage of waking hours 
in each intensity was also examined by sex and age group. Logistic regression analyses assessed the 
association between average daily minutes and steps of each intensity band and health indicators. 
Models were created for each health indicator separately using each intensity as a single predictor. To 
generate meaningful odds ratios, daily time was transformed into 10-minute units, and daily steps were 
transformed into 1,000-step units. Logistic regressions were performed for the whole sample. Models 
were (1) not adjusted, then adjusted for (2) average daily MVPA and (3) average daily MVPA and 
covariates.  

To account for the survey’s complex sampling design, all analyses were weighted using the combined 
accelerometer subsample survey weights from CHMS cycles 1 to 6, as generated by Statistics Canada.20 
Variance estimation (95% confidence intervals) was assessed using the replicate weights generated by 
Statistics Canada, and the denominator degrees of freedom were defined as 68. Analyses were 
conducted using R version 4.4.1. All analyses, figure and charts were generated using the survey, srvyr 
and ggplot2 packages in R.  

Results 

An overview of the sample distribution by different characteristics is presented in Table 1. About one-
quarter of the population was in the obese category, and 57% did not meet the physical activity 
recommendation. Almost 40% of individuals had two or more chronic conditions. Average daily minutes 
and average daily steps accumulated in sedentary activity, LPA (all, low, mid, and high) and MVPA are 
presented in Table 2. Females and older adults had fewer minutes and steps than their counterparts  in 
mid LPA, high LPA, and MVPA. 
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Chart 1a shows the percentage of waking hours spent in each intensity band. For both sexes, older adults 
spent a larger proportion of their waking hours sedentary than those in younger age groups, and a smaller 
proportion in low, mid, and high LPA and MVPA. Chart 1b shows the daily steps accumulated in each 
intensity band. More than half of daily steps were accumulated in the LPA band (i.e., low, mid and high 
LPA combined). For older adults, about half of daily steps were accumulated in sedentary activity and 
low LPA, while for adults in the two younger age groups, most of the steps were accumulated in mid LPA, 
high LPA and MVPA. For each age group, females accumulated fewer daily steps than males. 
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The odds ratios of having CVD, type 2 diabetes, hypertension, two or more chronic conditions, and poor 
or fair general health for each additional 10-minute increase in time spent in each activity intensity is 
presented in Chart 2. The odds ratios for low LPA were similar to those of all LPA, with mid LPA appearing 
to be the level where more meaningful associations start to emerge. After adjustment for MVPA and 
covariates, mid LPA was significantly associated with reduced odds of having CVD, hypertension, two or 
more chronic conditions, and poor or fair general health, while high LPA was significantly associated with 
reduced odds of having CVD. MVPA was associated with reduced odds of having all conditions and poor 
or fair general health. The odds ratios for high LPA were significantly lower than those of MVPA for CVD, 
hypertension, and two or more chronic conditions (i.e., denoting a greater decrease in the likelihood of 
having the health indicators); however, once adjusted for MVPA, the odds ratios for high LPA were 
attenuated.  
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Models using steps accumulated at each intensity (Chart 3) showed greater variability in the estimates 
than for minutes of activity intensity, but overall, the same patterns were observed. Similar to minutes, it 
seems that higher intensities on the LPA band were associated with lower odds of having any of the 
health indicators. After adjusting for MVPA and covariates, steps in mid LPA were significantly associated 
with lower odds of having CVD, two or more chronic conditions, and poor or fair general health, while 
steps in high LPA were statistically significant for CVD. Steps in MVPA were associated with reduced 
odds of having all conditions and poor or fair general health. Also, the odds ratios for steps in high LPA 
were significantly lower than those of steps in MVPA for having CVD, hypertension, and two or more 
chronic conditions, but the effects weakened after adjusting high LPA for MVPA. Note that the odds ratios 
are expressed for every 1,000-step increase for each intensity. The 1,000-step increase is high for 
sedentary activity, and this could explain why there was a large increase in the odds of having each 
health indicator for sedentary activity for the first two models (i.e., not adjusted and adjusted for MVPA). 
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Discussion 

This study found that average daily minutes and average daily steps accumulated in each physical activity 
intensity band varied across sex and age groups. Further subdividing LPA into three intensities (low, mid 
and high), in addition to sedentary activity and MVPA, uncovered that within the LPA band, higher 
intensities (i.e., mid and high LPA) tend to be more positively associated with better health indicators. In 
other words, examining LPA as a single intensity range masks important health benefits that appear to 
be more strongly associated with the top end of the LPA intensity range. On average, females and older 
adults accumulated fewer minutes and steps in mid LPA, high LPA, and MVPA than their counterparts. 
Consistent with prior research,7 older adults allocated a greater proportion of their waking time to 
sedentary behaviours compared with younger adults. Also, about half of their daily steps were 
accumulated in sedentary activity and low LPA. Note that the published definition of sedentary behaviour 
does not directly align with step accumulation.29 Indeed, accelerometer processing methods, particularly 
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the use of the 100 cpm threshold, can still classify some step accumulation as occurring during what the 
accelerometer defines as sedentary time. 

This study also examined the associations between activity intensities (sedentary activity, all LPA, low 
LPA, mid LPA, high LPA and MVPA) and selected health indicators (CVD, type 2 diabetes, hypertension, 
two or more chronic conditions, and poor or fair general health). While more time in sedentary behaviour 
was associated with increased odds of adverse health outcomes, as observed in other studies,4 this study 
confirmed that more time moving at a light intensity can be beneficial for health.11, 12, 15, 18, 19 Namely, mid 
LPA appeared to represent the tipping point at which protective associations emerged, with the odds of 
the health indicator decreasing as minutes and steps accumulated at this intensity and higher increased. 
Across all examined health indicators, odds ratios for mid LPA were comparable to those observed for 
MVPA, whereas those for high LPA were often lower, suggesting that both mid and high LPA may be 
intense enough to confer health benefit for adults. Similar to other studies,13, 14 associations between LPA 
and health were often rendered non-statistically significant after adjustment for MVPA and covariates, to 
various degrees, depending on the health indicator. This is because a 10-minute increase of MVPA 
represents a larger dose of expended energy than a 10-minute increase of LPA. Including MVPA in the 
model without standardizing intensities to equivalent energy expenditure can diminish the effect of lower 
intensities. Also, for individuals with lower movement efficiency or fitness, a given activity may require 
greater energy expenditure and represent a higher relative intensity, such that activities classified as light 
intensity may still provide meaningful health benefits. Absolute volumes ignore the importance of relative 
intensity, whereby some subgroups may require more relative effort to engage in activities at lower 
absolute intensities.19 

Public health implications 

Experts support the need for thinking of movement as a 24-hour paradigm that includes LPA.30-33 They 
also recognize the importance of promoting LPA, with a push to define a specific LPA dose 
recommendation in future guidelines.18 However, further work is needed to better understand how to 
characterize this range of movement intensity that captures a broad range of activities and its importance 
for health. 

LPA represents a more accessible form of physical activity for many, especially those who currently do 
not engage in any MVPA.18 Indeed, it is easier to transition from sedentary behaviour to LPA than from 
sedentary behaviour to MVPA, and the dose-response curve shows that the greatest benefit of movement 
comes at the very bottom (i.e., going from no physical activity to a little bit).18, 19 The historical focus of 
the field of physical activity epidemiology on the link between MVPA and good health has evolved in a 
new direction that acknowledges that the whole day matters.31-33 This newer approach emphasizes 
simplified messages (e.g., “sit less, move more, and more often”19) and easy-to-interpret metrics that 
individuals are familiar with (e.g., step counts from smartwatches and smartphones17) and that can be 
capitalized upon to enhance future guidelines. 

Because step counts are accumulated across all intensity bands (i.e., from sedentary activity to MVPA), 
it is critical to characterize their distribution and health implications to inform the development of future 
physical activity recommendations. While getting many daily steps from MVPA is positive for health, this 
study suggests that increasing daily steps in mid and high LPA is also associated with health benefits. 
However, given the cross-sectional nature of the CHMS, causality between physical activity and health 
could not be determined. 
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Limitations and strengths 

The classification of LPA into low, mid and high categories based on tertiles was data-driven. These 
thresholds were intended solely for exploratory use within this study and should not be regarded as 
universally applicable cut-points. However, the use of tertiles allowed a clearer understanding of the LPA 
range and the association of finer ranges of LPA with the health indicators. 

Since the CHMS is a cross-sectional study, all associations reported in this paper are cross-sectional 
and don’t allow for talking about causality or directionality. 

Also, it was not possible to develop a multivariate regression model with all intensities in the model at the 
same time because of high correlation between the different intensities of physical activity. One 
movement variable was included in the models at a time (or two variables when models were adjusted 
for MVPA) to avoid multicollinearity issues. 

Moreover, the independent variables in the regression models were converted to 10-minute and 1,000-
step units because these scales are most meaningful for interpreting MVPA intensity. While this scaling 
is less intuitive for sedentary activity, the same units were applied to all intensities to maintain consistency 
across models.  

Finally, for the odds ratio estimates, the confidence intervals tended to be wider when high LPA was used 
as the model’s independent variable. This can be explained by the fact that only about 6.6% of total LPA 
time falls within this tertile and that step counts in the high LPA band account for only 16.1% of total LPA 
steps. On average, high LPA represents fewer minutes and steps than MVPA.  

Conclusion 

In conclusion, this study highlights that LPA represents a significant portion of daily waking time and that 
within this intensity band there is variability in the associations with health indicators. While MVPA is 
associated with health benefits, LPA may represent a more accessible form of physical activity for many 
adults. Health messaging could reinforce that all movement is beneficial, including lower intensities of 
physical activity, especially in place of being sedentary. 
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