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Multivariate pattern analysis

* What is it and why do we need it?
* How can it be applied to accelerometry intensity spectra?
* What have we learned?



Limitations of the traditional analytic approach to
determine associations with accelerometry PA data

 Studies have primarily used blunt descriptions of PA, mainly total PA, MVPA, and/or SED
- this practice may lead to loss of information and residual confounding

* Due to multicollinearity of PA variables, multiple variables should not be included in the
same statistical model when applying ordinary least squares linear regression

* The whole specter of PA intensities should be included, possibly using a
greater resolution than the commonly used gross intensity categories
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Poitras et al, Appl Physiol Nutr Metab 2016; van der Ploeg et al, Int J Behav Nutr Phys Act 2017; Pedisic, Kinesiology 2014



Multivariate pattern analysis

* |s a dimension reduction method

e Uses latent variable modelling, rather similar
to Principal Component Analysis (PCA), but

* Multivariate pattern analysis maximizes
variance between many explanatory
variables and an outcome

- D

 PCA maximizes variance among the
explanatory variables

Rajalahti & Kvalheim, Int J Pharm 2011; Rajalahti et al, ] Proteome Res 2010, Wold et al, SIAM J Sci Comput 1984
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Background: Physical activity is a comerstone for promoting good metabolic health in children, but it is heavily
debated which intensities (including sedentary time) are most influential. A fundamental limitation to current
evidence for this relationship is the reliance on analytic approaches that cannot handle collinear variables. The aim
of the present study was to determine the physical activity signature related to metabolic health in children, by
investigating the association pattern for the whole spectrum of physical activity intensities using multivariate

Methods: We used a sample of 841 children (age 102 + 03 years, BMI 18.0 +3.0; 50% boys) from the Active
Srnarter Kids study, who provided valid data on accelerometry (ActiGraph GT3X+) and several indices of metabolic
health (aerobic fitness, abdominal fatness, insulin sensitivity, lipid metabolism, blood pressure) that were used to
create a composite metabolic health score. We created 16 physical activity variables covering the whole intensity
spectrum (from 0-100 to = 8000 counts per minute) and used multivariate pattern analysis to analyze the data
Results: Physical activity intensities in the vigorous range (5000-7000 counts per minute) were most strongly
associated with metabolic health. Moderate intensity physical activity was weakly related to health, and sedentary
time and light physical activity were not related to health

Conclusions: This study is the first to determine the multivariate physical activity signature related to metabolic
health in children across the whole intensity spectrum. This novel approach shows that vigorous physical activity is
strongest related to metabolic health. We recommend future studies adapt a multivariate analytic approach to
further develop the field of physical activity epidemiology

Trial registration: The study was registered in Clinicaltrials.gov (wwaw.clinicaltrials.gov) 7th of April 2014 with

Keywords: Multivariate pattern analysis, Metabolic risk factors, Pediatric, Childhood, Accelerometer, Intensity

Background

Physical activity (PA) is a cornerstone for promoting
good metabolic health in children [1, 2]. Specifically,
moderate-to-vigorous PA (MVPA) has consistently been
associated with single risk factors as well as with com-
posite measures of metabolic health in childhood [1-4].
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Additionally, sedentary time (SED), defined as time
spent sitting or reclined with an energy consumption
minimally above resting values (< 1.5 metabolic equiva-
lents) [5], has received great attention for possibly being
detrimental to child health beyond overall PA or
MVPA [6-8]. However, the evidence for an influence
of SED beyond MVPA on metabolic health in chil-
dren is weak [3, 9].

The majority of pediatric studies investigating rela-
tionships between PA and metabolic health have been
limited to investigating associations for MVPA and
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Fig. 1 The multivariate PA signature associated with a composite metabolic health score in children displayed as a selectivity ratio (SR) plot. The
PLS regression model includes 3 components, R? = 13.3%, and is adjusted for age and sex. The SR for each variable is calculated as the ratio of
explained to residual variance on the predictive (target projected) component. A negative bar implies that increased PA are associated with

better metabolic health
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2 types of information are useful
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Accelerometer epoch setting is decisive for associations between physical activity

and metabolic health in children
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ABSTRACT

When analysing physical activity (PA) levels using accelerometry, the epoch setting is critical to capture
intensity-specific PA correctly. The aim of the present study was to investigate the PA intensity signatures
related to metabolic health in children using different epoch settings. A sample of 841 Norwegian
children (age 10.2 = 0.3 years; BMI 18.0 + 3.0; 50% boys) provided data on accelerometry (ActiGraph
GT3X+) and several indices of metabolic health (aerobic fitness, abdominal fatness, insulin sensitivity,
lipid metabolism, blood pressure) that were used to create a composite metabolic health score. We
created intensity spectra from 0-99 to = 10000 counts per minute (cpm) for files aggregated using 1, 10,
and 60-second epoch periods and used multivariate pattern analysis to analyse the data. The association
patterns with metabolic health differed substantially between epoch settings. The intensity intervals
most strongly associated with metabolic health were 7000-8000 cpm for data analysed using 1-second
epoch, 5500-6500 cpm for dataanalysed using 10-second epoch, and 4000-5000 cpm analysed using 60-
second epoch. Aggregation of data over different epoch periods has a clear impact on how PA intensities
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in the moderate and vigorous range are associated with childhood metabolic health.

Introduction

Moderate-to-vigorous physical activity (MVPA) has consis-
tently been associated with metabolic health outcomes in
childhood (Ekelund, Luan, & Sherar et al, 2012; Janssen &
LeBlanc, 2010; Poitras et al., 2016). Because clustering of risk
factors for cardiovascular disease is evident already in child-
hood (Andersen, Lauersen, & Brend et al., 2015), and tracks into
adulthood (Camhi & Katzmarzyk, 2010), knowledge of how
physical activity (PA) and particularly how different intensities
of PA relates to metabolic health in children is needed.
However, the evidence for the association between intensity-
specific PA and metabolic health is limited by several analytic
challenges. First, restricting exposure variables to MVPA and
sedentary time (SED) (Janssen & LeBlanc, 2010), probably to
avoid collinearity, causes a loss of information, increases sus-
ceptibility to residual confounding, and ignores the possible
influence of other PA intensities on health outcomes (i.e, light
(LPA), moderate (MPA), vigorous (VPA), and very vigorous
intensity PA) (Janssen & LeBlanc, 2010; Poitras et al, 2016;
van der Ploeg & Hillsdon, 2017). Second, what kind of activities
and which intensities are captured as MVPA by accelerometry
depends on the data reduction algorithms and scoring proto-
cols applied, which leads to confusion in interpreting results
from studies using different methodology (Cain, Sallis,
Conway, Van Dyck, & Calhoon, 2013; Migueles et al, 2017).
Specifically, the choice of epoch durations used to aggregate
data and the choice of cut points used to score data have
a profound influence on the resulting levels of intensity-

specific PA (Banda et al, 2016; Froberg, Berg, Larsson,
Boldemann, & Raustorp, 2017).

Children's PA is characterised by sporadic and intermittent
bursts of PA generally lasting less than 10 seconds (Aadland,
Andersen, Anderssen, Resaland, & Kvalheim, 2018; Bailey et al.,
1995; Rowlands, Pilgrim, & Eston, 2008; Sanders, Cliff, &
Lonsdale, 2014). Because the vast majority of bouts in the
light to vigorous intensity range has a duration of only some
few seconds when analysed at 1-second epoch (Aadland,
Andersen, Anderssen, Resaland, & Kvalheim, 2018; Sanders
et al, 2014), summation of PA over longer epochs leads to
loss of time spent in the lower and higher end of the intensity
spectrum, as these intensities are averaged over a long period.
Thus, SED, VPA, and MVPA are consistently underestimated
and LPA overestimated, when epoch duration increases from
1 to 60 seconds (Aadland, Andersen, Anderssen, Resaland, &
Kvalheim 2018; Banda et al, 2016; Froberg et al, 2017;
Nettlefold et al, 2016; Nilsson, Ekelund, Yngve, & Sostrom,
2002 Sanders et al, 2014; Vale, Santos, Silva, Soares-
Miranda, & Mota, 2009), suggesting that short epoch settings
are recommended to capture PA correctly. Furthermore, MPA
is less affected than VPA (Banda et al, 2016; Froberg et al.,
2017; Nilsson et al,, 2002; Vale et al, 2009) or show a pattern
contrary to VPA (Froberg et al, 2017; Nettlefold et al., 2016;
Sanders et al, 2014), when aggregating data over longer
epochs. These effects mask the specific levels, and thus health
influence of VPA, when summing these intensities into MVPA.
The influence of epoch settings on PA levels also depends on
the applied PA intensity cut points, because the specific effect
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METHODOLOGY

Multicollinear physical activity
accelerometry data and associations to
cardiometabolic health: challenges, pitfalls,
and potential solutions
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Abstract

Background: The analysis of associations between accelerometer-derived physical activity (PA) intensities and
cardiometabolic health is a major challenge due to multicolinearity between the explanatory variables. This
challenge has facilitated the application of different analytic approaches within the field. The aim of the present
study was to compare association pattems of PA intensities with cardiometabolic health in children obtained from
multiple linear regression, compositional data analysis, and multivariate pattem analysis.

Methods: A sample of 841 children (age 102+ 03 years; BMI 18.0 30; 50% boys) provided valid accelerometry
and cardiometabolic health data. Accelerometry (ActiGraph GT3X+) data were characterized into traditional (four PA
intensity variables) and more detailed categories (23 PA intensity variables covering the intensity spectrum; 0-99 to
210000 counts per minute). Several indices of cardiometabolic health were used to create a composite
cardiometabolic health score. Multiple linear regression and multivariate pattern analyses were used to analyze both
raw and compositional data

Results: Besides a consistent negative (favorable) association between vigorous PA and the cardiometabolic health
measure using the traditional description of PA data, associations between PA intensities and cardiometabolic
health differed substantially depending on the analytic approaches used. Multiple linear regression lead 1o instable
and spurious associations, while compositional data analysis showed distorted association patterns. Multivariate
pattem analysis appeared to handle the raw PA data correctly, leading to more plausible interpretations of the
associations between PA intensities and cardiometabolic health.

Conclusions: Future studies should consider multivariate pattern analysis without any transformation of PA data
when exammining relationships between PA intensity pattems and health outcomes.

Trial registration: The study was registered in Clinicaltrialsgov 7th of April 2014 with identification nurnber
NCT02132494.

Keywords: Multivariate pattern analysis, Compositional data analysis, Multiple linear regression, Multicollinearity,
Statistics, Children, Accelerometer, Intensity
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More information from accelerometry
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1. Introduction are small to moderate (n < 540 among the 56 studies included in the
most recent systematic review and meta-analysis by Wiersma et al
(2020)). Given the weak associations sought uncovered, such sample
sizes will inherently lead to instable association estimates and hetero-

Physical activity intensity (counts per minute)

Overweight and obesity are major health concemns globally (The
Global Burden of Disease 2015 Obesity Collaborators, 2017) and

develop in many cases from an early age (Monteiro and Victora, 2003).
While there is convincing evidence of a negative association for physical
activity (PA) with adiposity and metabolic health in school-aged chil-
dren and youth (Poitras et al., 2016; Ekelund et al., 2012; Aadland et al.,
2018a; Jimenez-Pavon et al., 2010; Cooper et al., 2015), the evidence for
such an association in younger children is weaker and mixed (Carson
et al., 2017; Bingham et al., 2016; Wiersma et al., 2020). These findings
suggest the association between PA and adiposity develops over time,
but it is uncertain when this relationship starts to emerge.

The conflicting evidence regarding the association between PA and
adiposity in preschool-aged children probably results from several lim-
itations of the prevailing literature. First, sample sizes of existing studies

geneity among study conclusions.

Second, while Wiersma et al. (Wiersma et al., 2020), in line with
other systematic reviews (Carson et al., 2017; Bingham et al., 2016),
generally found no association between PA and body mass index (BMI),
significant associations were observed for percentage body fat and
weight status (normal weight versus overweight or obese). The stronger
association with weight status (a dichotomous variable) than with BMI
(a continuous variable) is unexpected given the loss of information
resulting from categorization, an approach which is generally not rec-
ommended (Altman and Royston, 2006; Dawson and Weiss, 2012),
Similarly, many studies apply a dichotomized PA variable of whether
children achieve the guideline amount of PA or not. Thus, application of
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Fig. 1. The multivariate physical activity signature associated with body mass index in preschoolers. Results are reported as multivariate correlation coefficients
from a joint model including all 51 physical activity intensities from the triaxial accelerometry (explained variance 11.1%, 6 PLS components). Correlations co-
efficients can be interpreted equivalent to bivariate correlations, though they are derived from the full multivariate model.

Explained variance

e Uniaxial intensity spectrum:
* Triaxial intensity spectrum:

6.2%
11.1%
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ARTICLE INFO ABSTRACT

Keywords: There is solid evidence for an association between physical activity and metabalic health outcomes in children
Multivariate pattern analysis and youth, but for methodological reasons most studies describe the intensity spectrum using only a few sum-
Metabolic risk factors mary measures. We aimed to determine the multivariate physical activity intensity signature associated with
Pediatric metabolic health in a large and diverse sample of children and youth, by investigating the association pattern for

:‘c::::mer the entire physical intensity spectrum. We used pooled data from 11 studies and 11,853 participants aged
Intensity 5.8-18.4 years included in the International Children's Accelerometry Database. We derived 14 accelerometry-

ICAD derived (ActiGraph) physical activity variables covering the intensity spectrum (from 0-99 to = 8000 counts per
minute). To handle the multicollinearity among these variables, we used multivariate pattern analysis to es-
tablish the associations with indices of metabolic health (abdominal fatness, insulin sensitivity, lipid metabolism,
blood pressure). A composite metabolic health score was used as the main outcome variable. Associations with
the composite metabolic health score were weak for sedentary time and light physical activity, but gradually
strengthened with increasing time spent in moderate and vigorous intensities (up to 4000-5000 counts per
minute). Association patterns were fairly consistent across sex and age groups, but varied across different me-
tabolic health outcomes. This novel analytic approach suggests that vigorous intensity, rather than less intense
activities or sedentary behavior, are related to metaholic health in children and youth.

1. Introduction activity (PA) and metabolic health outcomes in children. While asso-
ciations are evident for moderate-to-vigorous PA (MVPA) and vigorous
There Is clear evidence of favorable associations between physical PA (VPA), associations appears to be weak for light PA (LPA) and

* Corresponding author at: Western Norway University of Applied Sciences, Faculty of Education, Arts and Sports, Department of Sport, Food and Natural Sciences,
Campus Sogndal, Box 133, 6851 Sogndal, Norway.
E-mail addresses: ivind.aadland@hvl.no (E. Aadland), olav.kvalheim@uib.no (O.M. Kvalheim), bjorge.h.hansen@uia.no (B.H. Hansen),
susi.kriemlerwiget@uzh.ch (S. Kriemler), mathias.ried-larsen@regionh.dk (M. Ried-Larsen), nwedderkopp@health.sdu.dk (N. Wedderkopp),
Isardinha@fmh.utl.pt (L.B. Sardinha), nemoller@health.sdu.dk (N.C. Mpller), s.a.anderssen@nih.no (S.A. Anderssen), kate.northstone@bristol.ac.uk (K. Northstone),
lars.bo.andersen@hvl.no (L.B. Andersen).

https://doi.org/10.101 pmed.2020.106266

Received 24 May 2020; Received in revised form 24 August 2020; Accepted 21 September 2020
Available online 02 October 2020

0091-7435/ @ 2020 Published by Elsevier Inc.

0.40 - 0.40 -

"a- Boys, 6-12 years Boys 12-18 years
£ 0.20 - R? = 3.7%, n = 1064 0.20 R?=3.3%, n =917
8 0.00 0.00
)
g -0.20 -0.20
-
Q -040 -0.40
el
J
- 060 -0.60
o9
=
-0.80 -0.80
Lo
2 £ 100 -1.00
SE ow 0.40
B 0 Girls 6-12 years Girls 12-18 years
Q99 020 R? = 7.0%, n = 1127 G R? = 3.4%, n = 997
Q
W g 0.00 - 0.00 -
=
g -0.20 - -0.20 -
E -0.40 - -0.40 -
=
(S -0.60 - -0.60 -
o
5 -0.80 - -0.80 -
—
-1.00 - -1.00
=] L= - I~ e = I = T~ O~ ) I~ } =4} L= = = I L I I e - = =}
1898528338¢88838 2 3332883828838¢
88gg22323s3gn §§§§§§§§6§§6~
SRZ3Z238388 EX8 3588388

Physical activity intensity (counts per minute)

Fig. 2. The multivariate physical activity signatures associated with metabolic health by sex and age. The composite score includes waist circumference to
height ratio, systolic blood pressure, homeostasis model assessment of insulin resistance, total to high-density lipoprotein cholesterol ratio, and triglyceride (a lower
score is more favorable). The PLS regression models are adjusted for age and sex and include two, one, four, and one components, respectively, for 6-12-year-old
boys, 12-18-year-old boys, 6-12-year-old girls, and 12-18-year-old girls. The selectivity ratio for each variable is the explained to total variance of the predictive
(target projected) component. A negative bar implies that increased physical activity is associated with better metabolic health. R® = explained variance.
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The Multivariate Physical Activity
Signatures Associated With
Self-Regulation, Executive Function,

and Early Academic Learning in
3-5-Year-0Ild Children

Kristoffer Buene Vabo™, Katrine Nyvoll Aadland’, Steven James Howard® and
Eivind Aadland’

'Department of Spart, Food, and Natural Sciences, Facutty of Education, Arts, and Sports, Western Nonway University of
Applied Sciences, Bergen, Norway, *Early Start and School of Education, University of Wollongong, Wollongong, NSW,
Australia

The evidence regarding associations between intensity-specific physical activity and
cognitive and learning cutcomes in preschoolers is inconsistent and limited by low sample
sizes and analytical approaches that cannot handle the multicollinearity among multiple
physical activity intensity variables. We aimed to determine the multivariate physical activity
intensity signatures associated with self-regulation, executive function, and early academic
learning in preschool children aged 3-5years. A 711 Norwegian preschool children (mean
age 4.6years, 52% boys) provided valid data on physical activity (ActiGraph GT3X+),
self-regulation, executive function, and early academic learning during 2019-2020.
Multivariate pattern analysis was used to determine associations between uniaxial and
triaxial intensity spectra (time spent in intensities from 0-989 to >15,000 counts per minute)
and the outcomes in the total sample and in subgroups split by sex and age (median
split). Uniaxial data led to the highest explained variances (R?) and were reported as the
primary findings. We found significant association patterns between physical activity and
numeracy (R°=4.28%) and inhibition {F?=1.48%) in the total sample. The associations
with numeracy were negative for time spent sedentary (0-99 counts per minute) and
positive for time spent in moderate to vigorous intensities (= 1,000 counts per minute).
The associations with inhibition were positive for time spent sedentary (-89 counts per
minute) and in vigorous intensities (> 8,500 counts per minute) and negative for time spent
in low to moderate intensities (100-3,499 counts per minute). Associations with numeracy
were stronger in boys (R =5.58%) and older children (R*=7.27%), and associations with
inhibition were stronger in girls (R%=3.12%) and older children (R?=3.33%). In conclusion,
we found weak associations with numeracy and inhibition across the physical activity
intensity spectrum in preschool children.
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ARTICLE INFO ABSTRACT

‘Accelerometers provide detailed data about physical activity (PA) across the full intensity spectrum. However,
when examining associations with health, results are often aggregated to only a few summary measures [e.g.
Sedentary time spent “sedentary” or “moderate-to-vigorous” intensity PA]. Using multivariare pattern analysis, which can
Aoee ernmeter handle collinear exposure variables, we examined asociations between the full PA intensity spectrum and

cardiometabolic risk (CMR) in a population- based sample of middle-aged to older adults. Participants (n — 3660;

Physieal activity

e et disene mean + 5D age = 69 - Oy and BMI = 26.7 - 4.2 kg/m’ 55% female) from the EPIC Norfolk study (UK) with
Adiposity valid accelerometry (ActiGraph-GTIM) data were included. We used multivariate pattem analysis with partial
Cardiometabolic least squares regression to examine cross-sectional multivariate associations (r) across the full PA intensity
Mulsivariate pactern analysis spectrum [minutes /day at 0-5000 countz-per-minute (cpm); 5 & epoch] with a continuous VIR score (reflecting
Calineasicy waist, blood pressure, lipid, and glucose metabolism). Models were sex-suatified and adjusted for potential

confounders. There was a positive (detrimental) association between PA and CMR at 0-12 cpm (maximally-
adjusted r = 0.08 (95%CI 0.06-0.10). PA was negatively (favourably) associated with CMR at all intensities
above 13 cpm ranging between r ~ —0.09 (0.07-0.12) at 800-999 cpm and r = —0.14 (0.11-0.16) at 75-99 and
4000-4999 cpm. The strongest favourable associations were from 50 to 800 cpm (r = 0.10-0.12) in men, but
from 2500 cpm (r— 0.18-0.20) in women; with higher proportions of model explained variance for women (R”
= 7.4% vs. 2.39%). Most of the PA intensity spectrum was beneficially associated with CMR in middle-aged to
older adults, even at intensities lower than what has waditionally been considered “sedentary” or “light-in-
tensity” activity. This supports encouragement of PA at almost any intensity in this age-group.

1. Introduction to model together. Although compositional data analysis approaches can

address co-dependency of PA intensities, it remains common to collapse

Recent research utilising wearable devices (accelerometers) has
shown physical activity (PA) intensity may play a role in mortality risk
over and above total PA volume (Strain et al., 2020). Accelerometers
provide high resolution time-stamped data on both total PA volume and
across the full spectrum of PA intensities (Doherty et al., 2017; Golubic
etal., 2014; Berkemeyer et al., 2016; Lindsay et al., 2019). However, one
barrier to investigating the full PA intensity spectrum in relation to
health outcomes is that time spent at different intensities are highly
correlated with each other (ie. multicollinearity) and thus chall

detailed PA intensity information into broad summary variables (e.g.
time spent in moderate-to-vigorous intensity activity, sedentary time)
using pre-defined cutpoints to give behavioural and biological meaning
(Whitaker et al, 2019; Swindell et al, 2018; Powell et al, 2018;
LaMonte et al, 2017; Alessa et al, 2017; Brocklebank et al., 2015;
Henson et al., 2013; Healy et al., 2008; Healy et al., 2007). While this
approach can lead to more easily interpretable messages, it can lead to
loss of information and, importantly, pre-supposes which intensities are
most important to examine with respect to health, rather than letting
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Fig. 2. Multivariate PA intensity profile associated with the CMR score. Multivariate correlation coefficients with 95% Cls from the multivariate model including m = 22 PA intensity variables are displayed for the
whole sample (panels a and c) and by sex (panels b and d). Physical activity variables are shown for 5 s (panels a and b) and 60 s (panels ¢ and d) epoch resolution. Model 1 adjusted for age and sex. Model 2 additionally
adjusted for potential confounders (education level, smoking status, alcohol intake, baseline history of diabetes, anti-hypertensive and dyslipidaemia medications, and prevalent heart disease/stroke). Sex-specific
models are based on model 2 (with no adjustment for sex). The number of PLS components and total explained variance (R®) for each model are also displayed. A negative bar implies a more favourable associa-
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Abstract

Background: The analysis of associations between accelerometer-derived physical activity (PA) intensities and
cardiometabolic health is a major challenge due to multicollinearity between the explanatory variables. This
challenge has faciliated the application of different analytic approaches within the field. The aim of the present
study was to compare association pattems of PA intensities with cardiometabolic health in children obtained from
multiple linear regression, compositional data analysis, and multivariate pattem analysis.

Methods: A sample of 841 children (age 102+ 0.3 years; BMI 18.0+ 3.0; 509 boys) provided valid accelerometry
and cardiometabolic health data. Accelerometry (ActiGraph GT3X+) data were characterized into traditional (four PA
intensity variables) and more detailed categories (23 PA intensity variables covering the intensity spectrum; 0-99 to
210,000 counts per minute). Several indices of cardiometabolic health were used to create a composite
cardiometabolic health score. Multiple linear regression and multivariate pattern analyses were used to analyze both
raw and compuositional data

Results: Besides a consistent negative (favorable) association between vigorous PA and the cardiometabolic health
measure using the traditional description of PA data, associations between PA intensities and cardiometabolic
health differed substantially depending on the analytic approaches used. Multiple linear regression lead to instable
and spurious associations, while compaositiona data analysis showed distorted association patterns. Multivariate
pattem analysis appeared to handle the raw PA data correctly, leading to more plausible interpretations of the
associations between PA intensities and cardiometabolic health.

Conclusions: Future studies should consider multivariate pattern analysis without any transformation of PA data
when examining relationships between PA intensity pattems and health outcomes.

Trial registration: The study was registered in Clinicaltrials.gov 7th of April 2014 with identification number
NCT02132494

Keywords: Multivariate pattern analysis, Compositional data analysis, Multiple linear regression, Multicollinearity,
Statistics, Children, Accelerometer, Intensity
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of explained to total variance on the predictive (target projected) component. R? = explained variance of the model




2 challenges for interpretation

* Use of «selectivity ratio» as the statistic
for reporting associations
* Unknown for many researchers

* Introduced «multivariate correlation coefficients»
* Interpretation is equivalent to bivariate correlations

e Associations are not independent

e Searching for independent associations make less
sense when variables are highly correlated

* PA variables from accelerometry profiles do not provide
unique information — variables are not separable




How does interpretation
of associations from
multivariate pattern
analysis models differ
from linear regression
models?
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Abstract: Associations between multicollinear accelerometry-derived physical activity (PA) data and
cardiometabolic health in children needs to be analyzed using an approach that can handle collinearity
among the explanatory variables. The aim of this paper is to provide readers a tutorial overview of
interpretation of multivariate pattern analysis models using PA accelerometry data that reveals the
associations to cardiometabolic health. A total of 841 children (age 10.2 + 0.3 years) provided valid
data on accelerometry (ActiGraph GT3X+) and six indices of cardiometabolic health that were used
to create a composite score. We used a high-resolution PA description including 23 intensity variables
covering the intensity spectrum (from 0-99 to =10000 counts per minute), and multivariate pattern
analysis to analyze data. We report different statistical measures of the multivariate associations
between PA and cardiometabolic health and use decentile groups of PA as a basis for discussing
the meaning and impact of multicollinearity. We show that for high-resolution accelerometry data;
considering all explanatory variables is crucial to obtain a correct interpretation of associations to
cardiometabolic health; which is otherwise strongly confounded by multicollinearity in the dataset.
Thus; multivariate pattern analysis challenges the traditional interpretation of findings from linear
regression models assuming independent explanatory variables

Keywords: multivariate pattern analysis; multiple linear regression; multicollinearity; statistics;
cardiometabolic health; children; accelerometer; intensity




Table 4. Mean time (min/day) spent in PA intensities according to decentiles of time spent in

7000-7999 cpm.
Physical Activity Decentiles of 7000-7999 cpm
enstytem). 1 2 s a4 s 6 7 s s 1 ma  What multicollinearity mean:
Boys
0-99 647 624 605 602 586 586 573 583 569 554 593
100-999 611 682 716 697 722 686 700 734 735 735 702
1000-1999 365 415 429 436 453 427 446 462 473 481 439 ]
2000-2999 29 260 275 276 291 278 300 300 313  33.0 285 1 min
3000-3999 151 172 185 195 209 201 221 222 235 258
4000-4999 82 100 108 124 133 129 144 149 161 184
5000-5999 44 5.7 6.2 7.3 8.0 8.0 9.1 97 10.7
6000-6999 28 37 42 48 5.4 5 6.5 ) ]
7000-7999 155 223 259  3.02 341 220 | a7 8 mins VPA in total
8000-8999 091 133 155 183 207 - 257 |
9000-9999 064 094 109 131 150 166 179  2.02
>10000 283 421 580 657 833 859 829 972
2000-3999 380 432 460 471 500 52.1
>4000 213 281 322 372 420 | 430 469 | 511
Girls A
0-99 646 624 620 607 597 587 604 590 567 567 601
100-999 61.6 667 698 663 710 664 714 722 721 761 694
1000-1999 349 389 404 386 426 408 422 438 482 207 415
2000-2999 207 232 244 237 266 264 270 287 274 318 260 1 min
3000-3999 132 152 164 165 180 182 192 199 195 231
4000-4999 72 8.7 9.6 100 107 111 118 123 126 151
5000-5999 38 49 5.6 5.8 6.5 6.8 7.1 76 7.8 9.7
6000—6999 24 32 3.7 3.9 45 5.1 55 S : . . .
70007999 138 193 227 248 282 [ 305)] 3338 370 | 401 ] 505  3.00 6 mins VPA in total
8000-8999 082 120 133 150 172 womd 205 232 kemasged 324 186
9000-9999 058 087 09 107 122 136 145 171 187 230 134
>10000 250 501 506 484 716 647 715 949 1150 1222 :
2000-3999 339 384 408 402 446 oy 462 486 a9 4500 439
>4000 162 208 235 248 275 308 331 26 282

The variable in bold indicates the basis for construction of decentiles.




We have learned that multivariate pattern analysis ...

* |s suitable to model multicollinear accelerometry datasets
with any number of variables

* Provide 2 types of information that is useful
— association pattern and total model fit

» Often lead to better association models (higher explained variance)
for higher resolution (triaxial) intensity spectrum, but not always...

* May be a good tool to compare methods or groups, although
testing of moderation (interactions) is difficult

* Can be applied to both cross-sectional and longitudinal data
e Can be applied to «raw» and compositional data

* May be difficult to interpret (is different from linear regression)
— does NOT estimate independent associations

* Need afood method for covariate adjustment
— have developed «confounder projection»



mvpa - multivariate pattern analysis

Sh1 NY from GStudio

Load dataset

Browse... No file selected

Select method -

Name of new dataset

Select response

v Verify and store current dataframe

Available valid datasets

Use as current dataset

[J Consider dataset deletion

Load demo dataset

& Datasets

Q, Inspection i Principal component analysis %" Confounder projection L PLS-R / Selectivty Ratios

Current dataset Valid dataset

X Download (.tsv) Copy to clipboard

How to work with mvpaShiny

(1) Load your own dataset or the demo dataset
(optional) Scale, transform or subset the dataset

(2) Name it

(3) Select the response variable

(4) Validate its integrity and make it an available dataset
(5) Apply the available methods (tabs) to the dataset

Select variables

Remove Keep Undo last operation

Select objects

Reset dataframe



The way forward

* Multivariate pattern analysis can provide a nuanced and complete
picture of association patterns between accelerometry-derived PA
data and diverse outcomes and contribute to advance our
understanding of the importance of PA for health and development

e Future research should apply multivariate pattern analysis
* In various populations
* Invarious study designs
* Using various outcomes
* In direct comparisons with other approaches



Thank you for listening!
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coauthors that made this research possible!
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