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Abstract 

Background: We compared the relation between neighborhood features and moderate to vigorous physical activity 
(MVPA) using linear regression analysis and the more novel compositional data analysis (CoDA). Compositional data 
analysis allows us to take the time children allocate to different movement behaviours during a 24‑hour time period 
into account.

Methodology: Data from youth participants (n = 409) in the QUALITY (QUebec Adipose and Lifestyle InvesTigation 
in Youth) cohort were included. Time spent in MVPA, light physical activity, sedentary behavior, and sleep (“24‑hour 
movement behaviours”) was measured using accelerometers. Neighborhood data were collected using a geographic 
information system and through direct observation. In CoDA models, we used orthogonal logratio coordinates, which 
allows for the association of neighbourhood walkability with MVPA to be estimated with respect to the average com‑
position of all other behaviours within a 24‑hour time frame. In baseline linear regression models, MVPA was regressed 
cross‑sectionally on neighborhood walkability. All models were stratified by sex, and controlled for BMI z‑scores, 
pubertal development, seasonal variation, parental education, and neighbourhood safety.

Results: Based on CoDA, girls who lived in more walkable neighborhoods had 10% higher daily MVPA (95% CI: 2%, 
19%), taking into account all other movement behaviours. Based on linear regression, girls who resided in more walk‑
able neighborhoods engaged in 4.2 (95% confidence interval [CI]: 1.2, 6.6) more minutes of MVPA per day on average 
than girls residing in less walkable neighborhoods.

Conclusions: Unlike with traditional linear models, all movement behaviours were included in a single model using 
CoDA, allowing for a more complete picture of the strength and direction of the association between neighbourhood 
Walkability and MVPA. Application of CoDA to investigate determinants of physical activity provides additional insight 
into potential mechanisms and the ways in which people allocate their time.
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Introduction
Only 9% of Canadian children aged 5–17 years meet 
guidelines of 60  min of moderate-to-vigorous physi-
cal activity (MVPA) per day [1]. Engaging in physical 
activity (PA) is essential to healthy development [2] and 
reduces risk of obesity in children [3].

Associations between MVPA and health outcomes 
are typically tested without accounting for time spent 
in competing behaviours [4–6]. Although there have 
been efforts to examine combinations of behaviours 
concomitantly [7], complementary movement behav-
iours are usually included as separate variables in a 
regression model [8, 9]. This more traditional approach 
has been criticized [10–12] for ignoring the co-depend-
ency of movement behaviours over a 24-hour period 
[10, 13]. Recently, Pedisic addressed this limitation 
using the Activity Balance conceptual model [10]. He 
proposed applying a novel statistical method, com-
positional regression (CoDA), which accounts for the 
co-dependent nature of these behaviours. In contrast 
to traditional regression methods, CoDA would ena-
ble the calculation of the relative contribution of each 
behaviour to a health outcome while also accounting 
for the 24-hour constraint for all behaviours combined.

Studies applying CoDA to 24-hour movement behav-
iour have primarily described the association between 
the proportion of time spent in different movement 
behaviours and health related outcomes [11–13]. For 
example, over a fixed time period, less time spent in SB 
allows for more opportunity to engage in MVPA [13].

Neighborhoods have been theorised to influ-
ence health outcomes through their institutions and 
resources, via stresses in the physical and social envi-
ronment, social capital, and social norms [14]. “Walk-
able” features of neighborhood built environments 
have been of particular interest as potential correlates 
of BMI and PA levels in children and youth [15–19], 
as walking has been shown to increase children’s daily 
MVPA levels [20, 21]. Features such as intersection 
density [15–17], residential density [16, 18, 19], average 
block length [15], mixed land use [15–18], road speeds 
[15, 17], traffic density [17], sidewalk coverage [15, 17, 
18], crime and safety [18], and access to parks and rec-
reation centres [17, 18] are often incorporated into a 
composite walkability score or index [22].

Studies of relations between walkable neighborhood 
features and PA among children and youth have pro-
duced mixed findings. Several systematic reviews exist 

on the subject, one concluding that walkability was one 
of the most supportive correlates of neighborhood fea-
tures and children’s PA [23] while another quantified 
this to have relatively trivial effects on MVPA [19]. Spe-
cifically, better neighborhood walkability and walking 
amenities were associated with increased daily MVPA of 
8 min ± 10% and 15 min ± 30% for children and adoles-
cents, respectively [24]. Others have reported that greater 
walkability is associated with a decrease in physical activ-
ity [15, 25]. However, these studies used self-reported PA 
which may have poorly measured the outcome of inter-
est in the youth population under study. Inconsistent 
findings may be due to a failure to account for key con-
founders and moderators including neighborhood socio-
economic status (SES) [16], age and sex, [24] in addition 
to inadequately accounting for the compositional proper-
ties of movement behaviours [12].

The objective of this study was to estimate associations 
between neighborhood walkability and children’s MVPA 
among children at high risk of obesity using both CoDA, 
and non-compositional linear regression. This work 
builds on Pedisic’s Activity Balance model, and a concep-
tual model of how the built and social environment influ-
ences children’s 24-hour movement behaviours proposed 
here (Fig.  1). Although we explore the relation between 
neighbourhood walkability and MVPA, we do so for illus-
trative purposes, with the focus primarily on the compar-
ison between conclusions derived from the two analytic 
methods in order to generate insights.

Methods
Participants
Data are from the QUebec Adipose and Lifestyle Inves-
Tigation in Youth (QUALITY) cohort [26], an ongoing 
longitudinal investigation of the natural history of obesity 
and cardiovascular risk in Quebec youth. Participants 
aged 8 to 10 years were recruited through schools. A 
detailed description of the study design and methods is 
available elsewhere [26]. In brief, at least one biological 
parent was required to be obese for study inclusion based 
on parent-reported measurements of weight, height, and 
waist circumference (i.e., body mass index [BMI] ≥ 30 kg/
m2 and/or waist circumference > 102  cm in men and 
> 88  cm in women). Among those eligible, 630 families 
completed baseline data collection during a research 
clinic visit between September 2005 and December 2008. 
Data collection included questionnaires completed by 
the child and both biological parents, and biological and 
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physiological measurements taken from the child. Writ-
ten informed consent was obtained from the parents, and 
assent was provided by the children. This analysis was 
restricted to the participants residing in the Montreal 
Metropolitan Area (n = 512) for which characteristics of 
the neighborhood environments were assessed.

Exposures
Two methods were used to measure potential neigh-
borhood walkability features: administrative data avail-
able from MEGAPHONE, a Montreal-based geographic 
information system (GIS), and data collected using in-
person neighborhood assessments. At baseline, the exact 
address of each participating child’s residence was geo-
coded. GIS indicators were computed for 1  km street 
network buffers centered on the participants’ residence 
(ego-centered areas) [27] via CanMap (DMTI Spatial 
Inc., Richmond Hill, Ontario, Canada) and 2006 Cana-
dian Census. In-person neighborhood observations were 
conducted by pairs of trained observers using an obser-
vation checklist adapted from existing assessment tools 
[28, 29] for a Canadian pediatric population. A total of 
43 built environment features for each of 10 street seg-
ments (mean: 8.7) located within the immediate residen-
tial environment underwent a detailed assessment.

Using principal component analysis, a one factor solu-
tion was sought, based on the scree test. This single 
component, which was labelled Walkability, accounted 
for 70% in the data’s variability and included the follow-
ing neighborhood indicators: (1) the number of three- or 
more- way intersections; (2) land use mix (residential, 
commercial, industrial, recreational, or other) [30]; (3) 
the number of parks; (4) the total length of streets with 
normal vehicular traffic at rush hour; (5) the proportion 
of the buffer area covered by parks, and (6) the number 

of segments with at least one sign of social disorder (such 
as graffiti, vandalism, litter, abandoned buildings/con-
struction), which was captured using in-person audits. 
Neighborhoods with higher Walkability generally had 
more intersections (rho = 0.82), greater mixed land use 
(rho = 0.71), more park area ratio (rho = 0.69), higher fre-
quency of parks (rho = 0.79), more streets with low vehic-
ular traffic (rho = 0.86), and more signs of social disorder 
(rho = 0.56) than neighborhoods low on Walkability. 
Given that Walkability was calculated as a standardised 
principal component, its arithmetic mean was 0 and its 
standard deviation was 1. Scores were standardized and 
are described in greater detail in the Supplement [22].

Outcomes
MVPA was measured using an accelerometer (Acti-
graph model 7184, Pensacola, Florida, USA) that was 
checked for calibration and fitted onto the child during 
the baseline visit and instructed to be worn at the hip 
for the following 7 consecutive days. Complying with 
established guidelines [31], only data from children with 
a minimum of 4 days with ≥ 10-hours of wear time per 
day were retained. All participants had at least 1 weekend 
day measured to be included in the analysis, with time 
being weighted to reflect activity patterns in a typical 
7-day week. Based on established cut-offs of counts per 
minute (CPM), SB, LPA, and MVPA were defined as: “< 
100 CPM (SB); 100–2295 CPM (LPA); and ≥ 2296 CPM 
(MVPA) [32]. The amount of time spent in each behav-
iour was averaged over a 7-day period. Mean sleep time 
was computed, based on the algorithm and with full-day 
data scans from the time when the accelerometer was 
removed at night until it was re-fitted in the morning. 
The four components of the 24-hour movement behav-
iour (sleep, SB, LPA, and MVPA) were standardized to 

Fig. 1 A conceptual model of the influence of the built and social environment on children’s 24‑hour movement behaviour
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a 24-hour day. This was done to correct for some non-
wear time. Non-wear time was defined as periods of 
60-minutes or more of “0” values were obtained, with 
1–2 accepted allowance periods (1–2 consecutive min-
utes < 100) and was considered in calculating 24-hour 
movement behaviours.

Covariates
Covariates were chosen based on existing literature [8, 
14, 20] and there were no missing values for covariates 
in this dataset. Child anthropometrics were measured 
using standardized protocols [26]. Children and parents 
were dressed in light indoor clothing, and a calibrated 
stadiometer and electronic scale were used to measure 
height and weight respectively. World Health Organiza-
tion age-and sex-specific BMI z-scores were computed 
[33]. Children were categorized as overweight and obese 
if their BMI z-score was ≥ 1 standard deviation from the 
mean [33]. Pubertal development stage was assessed by 
a nurse using the 5-stage Tanner scales [34, 35] and was 
dichotomized as pre-pubertal (Tanner 1) vs. puberty ini-
tiated (Tanner > 1).

Potential seasonal variation in PA was considered as a 
confounding variable using the month in which the accel-
erometer was fitted. The season variable was dichoto-
mized as accelerometer worn between the months of 
May and October inclusively (i.e., summer), versus not.

The highest level of completed education achieved by 
both parents was reported by the child’s parents at base-
line. Parental education was categorized as (1) both par-
ents completing secondary education or less, (2) at least 
one parent with a technical/vocational degree but neither 
with completed university degree, or (3) at least one par-
ent with a completed university degree.

Child’s perception of neighborhood safety was self-
reported at baseline by responding to the question: 
“There is no danger when I walk or bike around my 
neighborhood alone during the day”. Response options 
were provided on a Likert-type scale where 1 = true; 
2 = more or less true; 3 = more or less false: and; 4 = false. 
Responses were dichotomized (1 or 2 = 0; 3 or 4 = 1).

Statistical analyses
In order to examine the association between the Walk-
ability principal component and the participant’s MVPA, 
orthogonal logratio coordinates were used [36] with 
data collected at baseline (2005–2008, n = 409). A linear 
regression model for MVPA was also used to compare 
results between the compositional methodology and the 
linear regression approach. In all cases, child’s age, child’s 
BMI z-score, season, pubertal status, and parental educa-
tion were included as covariates in the models. Analyses 
were restricted to participants with valid accelerometer 
and complete data at baseline (n = 409).

Results were stratified by sex to address gender-related 
differences in MVPA as described in the literature [37, 
38]. Residual plots were examined for all models and 
residuals were normally distributed. Compositional 
means were calculated as opposed to arithmetic. Analy-
ses were conducted using R version 3.4.1 (R Foundation 
for Statistical Computing, Vienna, Austria) and packages 
combinat [39], compositions [40], cramer [41], energy 
[42], gtools [43], and robustbase [44].

Results
Baseline participant characteristics were compared 
between QUALITY cohort members included in and 
excluded from analyses (Table  1). There were no sig-
nificant differences between the groups except for sea-
son with excluded participants more likely to have 

Table 1 Baseline (2005–2008) participant characteristics and differences between included and excluded participants

SD standard deviation, n number; a: data available for only 36 excluded participants

Participant Characteristics Included (n = 409) Excluded (n = 103) P-value

Age, years, mean (SD) 9.6 (0.9) 9.6 (0.9) 0.54

Female sex, % (n) 46 (190) 42 (43) 0.39

PA measured in summer, % (n) 46 (190) 60 (62) 0.01

BMI z‑score, mean (SD) 1.0 (1.3) 1.2 (1.4) 0.23

Puberty initiated, % (n) 23 (95) 26 (27) 0.49

Walkability principal component, mean (SD) 0.0 (1.0) 0.1 (1.0) 0.59

At least 1 parent with a university degree, % (n) 53 (217) 53 (54) 0.94

Hours of sleep, mean (SD)a 10 (0.8) 10 (0.9) 0.62

Hours of sedentary time, mean (SD)a 6 (1.1) 6 (1.3) 0.21

Hours of light physical activity, mean (SD)a 7 (0.9) 7 (1.1) 0.26

Hours of moderate to vigorous physical activity, mean (SD)a 0.6 (0.3) 0.7 (0.3) 0.29
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participated during summer months due to incomplete 
accelerometry data. Summer participants were more 
likely to be missing data, potentially due to water-based 
activities requiring removal of accelerometer.

Results are presented for sex-specific MVPA using 
both the compositional orthogonal and linear approaches 
(Tables  2, 3, 4 and 5). Among girls, an increase of one 
unit in neighborhood Walkability (Table  2) was associ-
ated with a 10% increase in the proportion of the 24-hour 
period devoted to MVPA (10%; 95% CI: 2%, 19%).

Using the linear approach (Table 4), a one unit increase 
in the Walkability principal component was associated 
with 4.2 (95% CI: 1.2, 6.6) more minutes of girls’ daily 
MVPA. No meaningful associations were observed for 
boys using either approach.

Discussion
The aim of this study was to compare a compositional 
approach with a more traditional linear regression 
approach to examine associations between neighbour-
hood Walkability and MVPA. Compositional regression 
analysis showed that 8-10-year-old girls at high risk of 
obesity may be more likely to replace other movement 
behaviours with MVPA when they reside in more walk-
able environments. In contrast, as the linear regression 
approach is not designed to assess the relative domi-
nance of one movement behaviour in relation to the 
others, analyses were limited to single behaviours in 
separate models. Although boys engaged in more MVPA 
per day than the girls, no association was observed 
between neighborhood features and boys’ MVPA. While 
both CoDA and linear regression identified associa-
tions between MVPA and neighbourhood walkability, it 
is with the CoDA approach which we can fully observe 
how neighbourhood walkability influences MVPA as a 
proportion of the 24-hour day, which behaviours MVPA 
displaces, and how those changes in behavioural com-
position impact health outcomes [45]. In the case of this 
study, the 10% increase in MVPA found in 8-10-year-
old girls can be examined in the context of the 3%, 4%, 
and 3% decrease in sleep, sedentary behaviour, and 
LPA respectively (Table 2) resulting from an increase in 
neighbourhood Walkability. As they are part of the same 
model analyzing how the 24-hour day is partitioned 
according to movement behaviours, it can be determined 
that the increase in MVPA is coming from a relatively 
even decrease in times spent in other movement behav-
iours. Meanwhile, the linear models examine MVPA 
separately from other behaviours, and while the asso-
ciation can still, to some degree, be measured, the exact 
proportion of movement behaviours cannot. Measuring 
the change in proportions of movement behaviours is 
especially relevant for the development of interventions 

promoting an increase in MVPA as it allows for a more 
targeted approach in examining changes in behavioural 
patterns.

To our knowledge, this is the first study to examine 
associations between neighborhood walkability and 
MVPA among youth at high risk of obesity using a com-
positional approach. Although even a moderate increase 
in PA can garner health benefits among the least active, 
it is MVPA that is most important for health benefits 
among children [46]. Using a compositional approach, 
Talarico and Janssen demonstrated that relative to sleep, 
SB and MVPA, LPA were associated with increased BMI, 
waist circumference and fat mass index, while MVPA 
relative to the other behaviours was negatively associ-
ated with the obesity measures among children aged 
10–13 years living in Kingston, Canada [12]. Considering 
results from the present study, neighborhood walkability 
features may have important obesity-related health ben-
efits among girls at risk of obesity at the population level. 
Application of compositional data analysis in built envi-
ronment and PA studies may help to better understand 
how features of the built environment influence the ways 
in which people spend their time over a 24-hour period. 
While linear regression models do not take into account 
compositional properties of movement behaviour data, 
CoDA models allow for the interpretation of movement 
behaviours as proportions of a whole. Analyzing move-
ment behaviours using a compositional approach leads to 
not only a more nuanced understanding of how time is 
used and these behaviours interact, but also to a signifi-
cant paradigm shift in how MVPA and other movement 
behaviours are understood and interpreted [20]. Regard-
less of behaviours or interventions, time will always 
remain a finite resource. How much of the 24-hour day is 
spent on MVPA, will always be in proportion with other 
behaviours which needs to be factored into policy deci-
sions and interventions in order to design programs and 
environments that promote an ideal balance of move-
ment behaviours over the course of the day.

Beyond the obvious, CoDA has the potential to be a 
valuable analysis technique for intervention studies, espe-
cially those focused on increasing MVPA. With interven-
tions seeking to increase the portion of the time budget 
[35] spent in MVPA, CoDA analyses would provide the 
clearest picture of how an intervention changed how 
an individual or group spent their time, especially com-
pared with linear models. Time taken out of sedentary 
behaviour and put towards MVPA would have different 
health implications than time taken out of sleep or LPA 
to be put towards MVPA [13]. While MVPA is the move-
ment behaviour with the strongest association to obesity 
[12], it does not exist in a vacuum and the purpose of an 
MVPA intervention would not only be to increase MVPA 
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but to also promote the optimal combination of move-
ment behaviours throughout the 24-hour day. CoDA may 
be the best method to use here because, in one model, 
it demonstrates the entire balance of not just MVPA but 
all movement behaviours, making changes in said behav-
iours easier to understand and interpret.

Intensity zones (sleep, SP, LPA, MVPA) represent only 
one dimension of 24-hour movement behaviour [47]. 
Other dimensions include posture/activity type (reclin-
ing, sitting, standing, walking, running, cycling, and 
walking stairs), bout duration (short, moderate, or long), 
domain (sleep, work/school, and non-work), and biologi-
cal state (awake or asleep) [40]. Further studies analys-
ing the relationship between the built environment and 
24-hour movement behaviours would benefit from stud-
ying multiple dimensions of 24-hour movement behav-
iours in order to provide a more thorough and complex 
understanding of how individuals move through their 
environment throughout the day.

This study’s strengths include well defined and objec-
tively measured neighborhood features as well as accel-
erometer-derived movement behaviours. Using the 
compositional approach based on orthogonal logratio 
coordinates was another strength and a novel aspect of 
this study. This is a novel methodology in examining the 
association between neighborhood walkability features, 
as well as other built environment features and 24-hour 
movement behaviours.

This study had several limitations. Sleep time was esti-
mated as the time the accelerometer was removed at night 
to the time it was replaced in the morning and thus some 
non-wear time while awake might have been misclassified 
as sleep. Participants with valid accelerometer data were 
less likely to have had their PA measured during summer 
months than those who were not included, which may 
have biased results toward the null as participants may 
have been less physically active in their neighborhood dur-
ing non-summer months. Participants were not fitted with 

Table 3 Relationship of neighbourhood walkability and safety (explanatory variables) with 24‑hour movement behaviours (outcome 
variables) among boys (n = 219) aged 8–10 years: results of a compositional regression analysis with orthogonal logratio coordinates

PA Physical activity, CI Confidence Interval, BMI Body mass index, PC Principal component (standardized), MVPA Moderate-to-vigorous physical activity

Sleep (%) Sedentary Time (%) Light PA (%) MVPA (%)

Coefficient Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI

Age 0.49 ‑2.65 3.72 8.84 3.13 14.86 ‑1.68 ‑4.44 1.17 ‑7.00 ‑14.18 0.77

BMI z‑score 2.23 0.12 4.39 6.87 3.13 10.73 1.19 ‑0.70 3.11 ‑9.54 ‑14.20 ‑4.62

Summer (vs. Winter) ‑4.74 ‑9.90 0.72 ‑6.30 ‑14.77 3.02 ‑3.09 ‑7.83 1.89 15.61 0.38 33.14

Puberty initiated (vs. uninitiated) 4.71 ‑5.33 15.82 5.81 ‑10.87 25.62 ‑13.85 ‑21.33 ‑5.67 4.77 ‑18.86 35.28

At least 1 parent with a technical 
degree (vs. high school only)

‑1.96 ‑9.40 6.08 7.12 ‑6.33 22.51 ‑9.00 ‑15.42 ‑2.31 4.64 ‑14.32 27.80

At least 1 parent with a university 
degree (vs. high school only)

‑0.63 ‑6.20 5.28 ‑3.26 ‑12.32 6.73 3.14 ‑2.09 8.64 0.86 ‑12.88 16.76

Walkability PC − 0.0.43 ‑3.15 2.36 ‑0.46 ‑5.03 4.34 ‑0.93 ‑3.37 1.57 1.84 ‑5.06 9.24

Table 4 Relationship of neighbourhood walkability and safety (explanatory variables) with 24‑hour movement behaviours (outcome 
variables) among girls (n = 190) aged 8–10 years: results of a linear model approach

PA Physical activity, CI Confidence Interval, BMI Body mass index, PC Principal component

Sleep (hours) Sedentary Time (hours) Light PA (hours) MVPA (hours)

Coefficient Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI

(Intercept) 12.36 11.10 13.61 2.31 0.56 4.06 8.66 7.15 10.16 0.68 0.16 1.19

Age ‑0.18 ‑0.31 ‑0.04 0.37 0.18 0.56 ‑0.19 ‑0.35 ‑0.03 ‑0.00 ‑0.06 0.05

BMI z‑score ‑0.09 ‑0.17 ‑0.01 0.0. ‑0.08 0.13 0.06 ‑0.03 0.15 0.00 ‑0.03 0.04

Summer (vs Winter) 0.03 ‑0.17 0.23 ‑0.11 ‑0.39 0.16 ‑0.04 ‑0.28 0.20 0.12 0.04 0.20

Puberty initiated (vs uninitiated) 0.01 ‑0.25 0.27 0.52 0.16 0.88 ‑0.40 ‑0.70 ‑0.08 ‑0.14 ‑0.24 ‑0.03

At least 1 parent with a technical 
degree (vs high school only)

‑0.33 ‑0.57 ‑0.07 0.07 ‑0.30 0.43 0.23 ‑0.08 0.54 0.03 ‑0.07 0.14

At least 1 parent with a university 
degree (vs high school only)

0.26 0.06 0.46 ‑0.02 ‑0.30 0.26 ‑0.21 ‑0.45 0.02 ‑0.03 ‑0.12 0.05

Walkability PC 0.01 ‑0.11 0.10 ‑0.07 ‑0.22 0.08 0.00 ‑0.13 0.13 0.07 0.02 0.11
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global positioning systems, so data were not available on 
where they were engaging in their PA. Finally, this is a data-
driven exploratory study which is useful to help in guiding 
future research. Although this study did not include a rep-
resentative sample of children, results may be generaliz-
able to children who are overweight, obese, or at high risk 
of being so. As currently almost 30% of Canadian children 
5 to 17 years are overweight or obese [48], this represents a 
significant proportion of the pediatric population.

Conclusions
Both the compositional approach and linear models dem-
onstrate an association between an increase in MVPA 
relative to walkable neighbourhood features, but through 
CoDA it is also possible to observe the decrease in sleep, 
SB, and LPA relative to MVPA. Using the compositional 
data approach provided novel insight into the association 
between built environment features and the relative time 
spent in different activities over a 24-hour period and 
may be applicable to a wide range of studies examining 
the association between built environment features, and 
other determinants of behaviour, and 24-hour movement 
behaviours. Future research should confirm the find-
ings in a larger sex-stratified sample, analyze the effect of 
how parental perceptions of environmental safety impact 
24-hour movement behaviour in children, and repli-
cate the approach for other health behaviours. Explor-
ing other features of the built environment and 24-hour 
movement behaviours to gain a better insight into how 
the built environment impacts on the relative time chil-
dren spend in each activity over a day is warranted.
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