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Abstract

Aim: To compile a literature overview of physical activity in children with CHD and to critically
evaluate the methodology used for physical activity assessment. Methods: A review of the liter-
ature was performed using PubMed to identify studies examining accelerometer and subjec-
tively assessed physical activity in children and adolescents with CHD. Result: A total of 15
studies were included (6 studies using subjective measures and 9 articles using accelerometers
for the assessment of physical activity). The patients generally failed to meet the recommen-
dations of physical activity. When compared to healthy controls, the results were widely diver-
gent in the subjectively assessed measures and the accelerometer-based studies showed a
tendency of no difference in physical activity. Neither subjective methods nor accelerome-
ter-based studies reported any difference in physical activity in general, in relation to the
severity of the heart disease. Conclusion: Methodological variation and limitations in the assess-
ment of physical activity largely explain the divergent results and the inability to establish
differences in physical activity between children with CHD of different severity and compared
to healthy controls. Methodological knowledge and guidelines are provided for improved
assessment of physical activity using accelerometers in clinical research.

o A physically active lifestyle is important for health and development in all children.

o Methodological variations and limitations in previous research interfere with the ability to
establish whether the physical activity patterns in children with CHD differ compared to
healthy controls, or due to the severity of the heart disease.

« By supporting methodological understanding and providing guidelines for physical activity
assessment using accelerometers, this review targets improved knowledge about the physical
activity patterns in children with CHD.

« The outcome of physical activity assessment using accelerometer is affected by measurement
protocol, device settings, body placement (e.g. hip, thigh, wrist), raw data processing, value
calibration method, and statistical methods.

The incidence of CHD is approximately 8 out of 1000 live births.! However, the survival rate
has radically improved due to advances in clinical care and surgical techniques.>” A recently
published, nationwide Swedish study shows that since the beginning of this century, over
97% of children born with CHD can be expected to reach adulthood. Still a relatively high mor-
tality is associated with the most complex diagnoses, especially during the first years of life.*
Among survivors, the severity of the CHD determines the physical capacity and complications
experienced later in life.>”’

The severity of the CHD may be divided into three broad categories (four categories may also
be applied).”® The most severe category includes complex CHD for which the long-term prog-
nosis is uncertain, with serious complications and a peak oxygen uptake at 30 ml/kg/minute or
lower, for example, univentricular heart lesions, pulmonary atresia with ventricular septal
defect, and major aortopulmonary collaterals. The moderately severe category includes individ-
uals treated with surgery and/or catheter intervention, who are followed up regularly due to risk
for further complications and have a peak oxygen uptake varying around 40 ml/kg/minute, for
example, transposition of great arteries, tetralogy of Fallot, and aortic stenosis. The mild severity
category consists of individuals who are treated once with surgery or catheter intervention, are in
most cases no longer followed up due to low risk of further complications, and may have a peak
oxygen uptake similar to individuals with no CHD, that is, 40 ml/kg/minute or higher.
Individuals with CHD have lower peak oxygen uptake than their healthy peers, especially those
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Cardiology in the Young

with more severe heart defects. Lower peak oxygen uptake is asso-
ciated with lower cardiovascular health, academic achievement,
and well-being.’

Concerns have been raised about the increased risk of being
overweight and having additional cardiometabolic disease later
in life in patients with CHD and the risk is even higher with more
severe CHD.!%!2 Due to limitations in physical capacity,®’ but also
because of restrictions from parents and caregivers and low self-
efficacy,!? it may be assumed that children and adolescents with
CHD are less physically active than children and adolescents in
general. This creates a need to focus on aspects of health-related
quality of life, physical activity, and prevention of acquired cardio-
vascular disease in this group of patients. As physical activity,
sports participation, and aerobic fitness have been acknowledged
as crucial for health and development in children and adolescents,
their promotion has been emphasised by international cardiology
associations.!>!*1> A recent review conducted by Caterini et al'®
especially argued for the importance of actively promoting physical
activity in the younger CHD population for fostering a healthy,
active lifestyle and also highlights the existing evidence gap in lack
of models for implementing strategic physical activity in CHD
populations as well as reliable and valid wearable technology for
increasing and measure physical activity.

Acosta-Dighero et al'” and Van Deutekom and Lewandowski'®
provided recent reviews of original studies using either subjective or
objective methods to assess physical activity in children and adoles-
cents with CHD. These reviews suggest similar physical activity level
in children and adolescents with CHD compared to healthy con-
trols, or in relation to the severity of the CHD, although several
inconsistencies between studies were reported. This finding is some-
what unexpected, considering the physical limitations and other
restrictions reported in children and adolescents with CHD.
However, a deeper and more critical analysis of the measurement
methodological limitations was missing from these review studies.
This knowledge is crucial for explaining the unexpected finding,
in order to determine the methodological progression required in
future assessment of physical activity in clinical research.

Assessment of physical activity is mainly divided into two areas:
subjective and objective measures. Former research of physical
activity was primarily conducted using subjective methods like
interviews and questionnaires as they are considered to be cost effi-
cient, easily administrated, accessible, and is claimed to put little
strain on patients.'® However, extensive methodological limita-
tions such as recall ability, memory, age, language, perception,
understanding, and overestimation of both quantity and intensity
of the performed physical activity have been identified, especially
in the younger populations, causing poor reliability and valid-
ity.1>1924In 2013, the American Heart Association stated: . . . use
of self-reports is recommended only when more objective mea-
sures cannot be obtained”.!® Thus, the quantification of physical
activity is now merely performed using objective measures.

Objective devices to assess physical activity involve pedometers,
accelerometers, heart rate monitors, multisensors (e.g. acceleration,
heart rate, heat, sweat), indirect calorimetry, and doubly labelled
water. Indirect calorimetry and doubly labelled water are considered
golden standards of objective physical activity measures.
Nevertheless, they are expensive and resource-intensive, thus not
very convenient in most physical activity studies.”® As an alternative,
accelerometers are considered as cheap, well developed, and easy to
use, showing greater validity than subjective measures.?%%%%7
However, even if being the most frequently used and evaluated
objective method for assessing physical activity,”® the use of
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accelerometers to assess physical activity holds certain limitations.
Generally, there is a lack of knowledge regarding the field and func-
tion of accelerometers, how the specific settings and data manage-
ment affect the outcome, and how these may be the source of
measurement errors. Many accelerometer-based studies also fail
to provide a transparency in the settings and data processing used,
preventing others to uncover impacts on the measurement outcome
or possible underlying measurement errors. In addition, the meth-
odological transparency by the manufacturer may be quite low.
Epoch lengths (time resolution of physical activity measures inves-
tigated), cut-points (threshold markers for the classification of
physical activity intensity categories), and raw data filtration method
represent three major issues that are seen to especially affect the out-
come of the accelerometer-assessed physical activity.>>?* Thus, even
if the results are presented equally, the parameters may imply dis-
similar aspects of the assessed physical activity, complicating com-
parisons of the physical activity measure.’

The first objective of this study was to compile and organise the
existing studies assessing physical activity in children and adoles-
cents with CHD by subjective and objective (accelerometers)
methods. The second objective was to critically evaluate the physi-
cal activity measurement methodology in the accelerometer stud-
ies and the consequences on results and conclusions. An important
outcome from the second objective was to provide guidelines on
the assessment of physical activity using accelerometers, in order
to improve clinical research.

A literature search and a data extraction were performed between
April 2020 and October 2020 in PubMed database. Two separate
searches were conducted. The first search concerned subjectively
assessed physical activity and the second search concerned accel-
erometer-assessed physical activity. We combined the following
search terms in search one: Congenital heart disease OR defect,
acquired heart defect OR disease, physical activity, exercise, chil-
dren OR adolescents OR youth, surveys and questionnaires OR
self-scattered OR self-reported OR subjective OR questionnaire;
and search two: Congenital heart OR disease OR defect, acquired
heart defect OR disease, physical activity, exercise, children OR
adolescents OR youth, accelerometer OR accelerometry.

Inclusion and exclusion criteria are listed in Table 1. We included
original articles studying children or/and adolescents with treated
CHD, written in English, and published in peer-reviewed journals
with a quantified physical activity outcome. Articles published in
2000 and later were included for subjectively assessed physical
activity and 2009 and later for accelerometer-assessed physical
activity due to developmental aspects in accelerometers. The
patient group was set to children and adolescents with CHD
between 3 and 20 years. Articles studying patient groups with
known extensive health issues other than CHD were excluded.

Six articles were included for the subjectively assessed physical activ-
ity and nine for the accelerometer-assessed physical activity. Two of
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Table 1. Inclusion and exclusion criteria for searches

P. Skovdahl et al.

Inclusion criteria search 1

Exclusion criteria search 1

Measurement method:
subjectively assessed PA

Articles in English

Patient group age:
« >20 years
e <3years

Articles studying children/adolescents with treated
CHDs

Articles published in peer-reviewed journals

Quantified PA-based outcome/result

Patient group with known extensive health issues/diseases, chromosomal aberrations (e.g.,
Down’s syndrome), or neurological disabilities (severe cerebral paresis) that restricts the
possibility to being physically active

Articles published year 2000 or later

Inclusion criteria search 2

Exclusion criteria search 2

Measurement method:
accelerometer-assessed PA

Articles in English

Patient group age:
« >20 years
e <3years

Articles studying children/adolescents with treated
CHDs

Articles published in peer-reviewed journals

Quantified PA-based outcome/result

Articles published year 2009 or later

Patient group with known extensive health issues/diseases, chromosomal aberrations (e.g.
Down’s syndrome), or neurological disabilities (severe cerebral paresis) that restricts the
possibility to being physically active

Number of hits, search 1 (n=95)

Excluded studies (n=68)

27 Potentially relevant studies
screened by title and abstract
abstracts and retrieved for full
text reading

Excluded studies (n=21)

Included studies (n=6)

Number of hits, search 2 (n=16)

Excluded studies (n=5)

11 Potentially relevant studies
screened by title and abstract
abstracts and retrieved for full
text reading

Excluded studies (n=2)

Figure 1. Flow chart of study
selection process.

Included studies (n=9)

the articles were included for both searches as they used both sub-
jectively and accelerometer-assessed physical activities. Figure 1
presents the article extraction. Two researchers reached consensus
regarding the included articles. An overview of the included articles
from the first and the second search is presented in Tables 2 and 3.

The study populations in the included studies differ substan-
tially. Physical activity results are reported from both populations
with mixed CHD,*'~*® from children and adolescents with one spe-
cific diagnosis,?” three specific diagnoses,*® from CHD as divided
by mild to severe CHD group (different specifications),**!
between specific CHD diagnosis** or between specific CHD diag-
nosis and as varied CHD group,* restricting comparisons and gen-
eralisation of the results.
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Six studies using subjectively assessed physical activity were included.
Two articles reported physical activity data in CHD children,*"*
one article compared different types of CHD and controls,* two studies
compared different types of CHD with control samples from external
databases,**! and one article compared children with Fontan circula-
tion to healthy controls.’” All of the six articles used different physical
activity assessment questionnaires: Physical Activity Questionnaire for
Older Children,*® Youth Risk Behavior Survey,*! International Physical
Activity Questionnaire-short version,*! “The New South Wales Schools
Fitness and physical activity Survey™, one question assessment,* and
self-reported physical activity regarding organised physical activity.”
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Unmatched controls from external data-

Limitations
base

group (17.9 + 10.4 hours/week vs
between CHD type groups

Reported PA sign. higher in CHD
group compared to control

14.1 + 8.9 hours/week)

No difference in hour/week

Main findings

PA outcome measure
Reported PA, hour/

week

running speed
Flamingo balance test
Sit-and-reach test
bolic score

Cardiorespiratory fitness
strength
Standing long-jump

Upper-limb isometric
40 m sprint test for max

Other measures
Physical fitness test
Blood analysis for meta-

AC

measure
Self-scattered PA:

Type of subjective
PAQ-C

Compared CHD severity
types and controls:
Control gr.: 6-12 years

n =520
CHD gr.: 6-14 years

Sample

VSD: n=19
COA:n=10
TOF: n=15
TGA: n=22

(Continued)

Zaqout et al.

2017

Author, year
Physical Activity Questionnaire for Older Children; PedsQL: Pediatric Quality of Life Inventory; QoL: quality of life; RR: respiratory rate; SBP: systolic blood pressure; SpO,: peripheral oxygen saturation; TGA: transposition of the great arteries; TOF: tetralogy of

Fallot; VPA: vigorous physical activity; VSD: ventricular septal defects

6MWT: 6-minute walk test; AC: accelerometry; COA: coarctation of aorta; DBP: diastolic blood pressure; HR: heart rate; IPAQ: International Physical Activity Questionnaire; PA: physical activity; PAQ-A: Physical Activity Questionnaire for Adolescents; PAQ-C:

Table 2.
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When looking at the comparison of children and adolescents
with CHD towards healthy controls, contrasting results were
present. Ray and Henry*' reported no significant difference in
physical activity between patient and control groups in children
with mild, moderate, and surgically treated CHD. Relatedly,
Lunt et al*’ reported lower physical activity in male patients with
mild and severe CHD and a similar trend in females, while as
Zaqout et al*® presented the opposite — a higher physical activity
in the overall CHD patient group (ventricular septal defect, coarc-
tation of aorta, transposition of great arteries, and tetralogy of
Fallot) when compared to controls. Hedlund et al*” presented sig-
nificantly lower physical exercise and significantly lower average
intensity on Borg scale in patients with Fontan circulation than
in healthy controls.

When comparing patients with different severity of CHD, two
studies reported no significant differences in physical activity, 043
whereas one failed to report the results for physical activity divided
by the different severity groups.*!

In the studies providing informative physical activity data,
Schaan et al*! reported low levels of patients in the “very active”
(24%) and “active” (32%) output variables. Brudy et al*® found
that the patients reported themselves as active 4.7 days/week, gen-
erally not meeting the World Health Organisation recommenda-
tions for children and adolescents in 60 minutes of moderate-to-
vigorous-physical-activity a day.* These results are similar to
those reported by Ray and Henry*! who reported that only 38%
of the patients were physically active for at least 60 minutes and
7 days a week. Similarly, Hedlund et al*’ reported a mean value
of self-reported physical exercise of 135 minutes/week, indicating
that the Fontan circulation patients generally fail to meet the
World Health Organisation recommendations of physical activity.
In contrast to these findings, both Zaqout et al** and Lunt et al*’
stated that most of the children and adolescents with CHD did
meet the World Health Organisation recommendations of physi-
cal activity.

In the accelerometer-based studies, nine articles were included
(Table 4), whereas six studies compared children and adolescents
with CHD towards healthy controls,**>>%38 two studies compared
types of CHD,**** and one study compared children and adoles-
cents with CHD to a healthy control group and type of CHD.*

Epoch lengths of 60 seconds were reported in three of the
articles,***7 30 seconds epoch lengths were listed in one study,*
15 seconds in two of the studies,*>*? and a 3 seconds epoch length
in one study.** Two of the included articles using accelerometer-
assessed physical activity did not report the epoch length used in
the study.?>*3

Eight articles reported the use of hip-worn accelerome-
ters,?>3538:394243 yhereas one reported using wrist-worn
accelerometers.?”

Considering the cut-points used for defining the physical activ-
ity intensity categories, three articles®’>*% reported using
Evenson®® cut-points for classification of physical activity inten-
sity categories, one article’® reported using Pate‘s?® cut-points,
one article®® reported using age-appropriate intensity levels from
a metabolic equivalent prediction equation*”*® for generating cut-
points, one article*” reported using Puyau*® cut-points but did not
submit how the threshold of moderate-to-vigorous-physical-
activity > 1600 counts per minute was calculated, one article®®
reported using the ActiReg monitor with calibration equation


https://doi.org/10.1017/S1047951121000627

(panunuo))

Q (shep
L pljeA jo Jaquinu ‘Aep pijeA)
BLI9}LID DINSE3W PljeA uMmousun ainseaw Aysuajul se
vd Suunided ainypuadxa A31aua pajeu
104 UoN)|03-e3EP SAep € Alup -13140 (£1¥) 1919W043]9208
I¥d 10} pa.isjsuely :sautod-1nd
sjujod-3nd pue ysoda umousun SIS Ul 9oUIBYIP Jo4 siseq/syutod-1n) €=U :"I3 |osu0)
9z|s a)dwes |jews oN ‘skoq ul dnoi3 jos3u0d Ivd uiom diH ye=u:48 aHD
3uipuey ueyy Jomoj Apuediiudis VdAIW Ul 33 p4023J shep € sleak Z1-6
elep €1y jo uondLdssp oN sem dnoJ3 gHD ul 331 33L 4Vdag e 331 pauodal-jjas y13ua) yoods umousun S]03u03 03 paipdwio) 6002 "|e 19 oey
spjo Jeak 8-g ul syooda $]0J3U0d
pu023s-GT 40} pajeiqijed Kep/sainuiw S ¥ THT
‘Josuas usom-diy Joy ‘syuaned Aep/sanuiw
sjulod-3nd pajesqiied-aid paijddy 09 ¥ 8pT :ueaw YdAW Gz =U 13 |013u0)
(sAep dnoug 6, UOSUDA] :s3ulod-1n) 0E=u
pljeA jo uaquinu ‘Aep pljen) Josauod pue dnou3 gHD UIoM ISLIM 43 uonerjed uejuo4
BLI9)LID DINSEAW PljeA umousun U9aM1aq VdA pue Vd VdA ‘VdIN (10spad) 100 pJodas shep , s1eah 0z-8 9T0¢
Spu02as 09 1e y13ua) yood3 ‘Vd 1810} Ul 9dUaJayIp ON ‘vd1 ‘a3s ‘vd el Vd pauodai-j9s y18ua) yoods puoaas-09 Sj03u03 03 paipdwio) ‘|e 38 pun)paH
sjuiod-3nd pajeds
spjo
Jedh 8-, ul sydpoda puodss-09 Vd o suon syyu0NENDS UONDIpaId
Joj pajeiqied ‘suiod-nd -epuswiwodal paydeal jus)jeainba d1jogelaw Tz =uU 3 jonuo)
pajeuqied-aid panddy  sjyuaned Jo 96T - Vd J0 eIA pajesqrie) :syuiod-1n) TZ=U 3 gHD
Ajeuonouny Jo SuUOepPUSWILLIODD 199W Kep pusyeam T ‘shepyasm sdnoi3
Aanss gHD 4oy Suipunodoe JoN j0U pIp syuaned 1Sop ¢ ‘Aep/sanoy 0T :sAep pljep 23e 921y} ojul
sdnoJ3 a3e Ja)jews dnoJ3 jos3u0d uwiom diH PapIAIp Sieak 6T-9
03Ul PAPIAIP UBYM J3]jewS pue dnoi8 gHD usamiaq a3s ‘vdA ‘vdi p4023J shep L sjo.3u0d
uans ‘Ajjeniul azis s)dwies Jjlews 19A3] Vd Ul 92UaIalIp ON :Aep/aanuiy y18ua) yoods puodas-og 03 H) paindwo) Z10T '|e 19 1jem3
pajejnd
sjujod-3nd pajeds -1ed sem (wdd) aynuiw uad
spio S1UN0d 09T < YdAW 40 p1o
Jeak 8T~ ul sy2ods puodas-09 -ysaiy} ayy moy Jwqgns jou
10} pajelqiied ‘syuiod-nd PIp ¢,S3ulod-1nd s,neAnd GE=u:AS
pajeiqiied-aid panddy (Auew moy :spjoysalyy syurod-1n) 1E=U:H01
9)qesedwodu] jod03o4d 3ul 3ui3ess jou) yd Jo suon Kep pudyeam T ‘sAepyaam pE=U 9L
-ssanoud ejep Jo Suuayied eyep -epuswiwodal 1aw Auepy 159) 9s12uaxa Ateuowindoipie) ¢ ‘Rep/sinoy QT :sAep pljep TE=U Sy
DV Wes ay3 Joj Junodde jouued sdnoJ3 adfy JUBWISSISSE ]IS J0joW SSOI9 p4023. shep L SIDaA ZT-t
- (eyep annew.ou paysiignd) /Ruanss gHD usamiaq YdAIN Ul VddvS) uiom diy $]043U02 puD
dnou3 josu0d jeusaixg 19/9] Wd Ul saouaJaylp oN  juads awiy |e303 ALsam alleuuonsanb Adediya-y19s ya3ua) yooda puodss-gT sadf} gHD paipdwo) LT0T ‘e 19 syueg
Sy=u
ole 19 dnosgd
uosspiny Agq pajeniens 1013u0d S1edk 9T T
pue padojanap sainseawl 19=u
Aysusqur 3unoipaad Joy dnoi3
o uonenba uoneuqieds yyum 1043u0d Siedk TT-6
S vd jo Jonuow 3aynoy :saulod-1n) GZ=u
S SUOIEPUSWIWIODDI 199W sAep / 8y} jo yoea uo :QHD $1edK 9T-HT
) jou pip syuaned 3sop awi} Jeam 9608< :shep pijep Ee=u
s Ayjeuonouny 1o dnoJ3 jos3u0d ayeidn p4023J shep L aHD SIedA TT-6
£ A1snss gHD Joj Sununodde 10N pue dno.i3 gHD usamiaq VdAW Ul Juads ZOA YIm 159) 9S1DU9XD Xel uiom diy sjo43u0d pasind Japuab 6002
= Y38ua) yooda puodas-9 19A3] Vd Ul S32UIBHIp ON aw ‘vd 12103} “Tvd uonedpiyed spods ul malAIRIU| y13ua) yoods puodas-09 pup abp 03 paipdwio) ‘|e 19 uoSspIAY
.MOIu suonejw Vd ‘suipulj urey 2Jnsesw aWo2INo vd saunseaw J3Y10 102010.1d DV o)dwes Kiyunod
° (1K) Joyany
8

S3IpPNIS Pase-Ia}aW0.a]9d0. JO suoiewl] pue s3uipuly ulew ‘spoylaw ‘g Yyoieas soisuaieleyd jo Alewwns °g ajqel

https://doi.org/10.1017/51047951121000627 Published online by Cambridge University Press


https://doi.org/10.1017/S1047951121000627

Wi} JeaMm M ‘S309)op |e3das JejndLudA :aSA ‘ANAoe |edisAyd snoloBIn ydA ‘Aianoe jedishyd 130l ivdl 30)jed jo A301ea30) 40 L ‘sauape 1eald ay3 jo uonisodsuedy iyo | ‘aanyipuadxs AS1au3 |30l :331 OLIudA 9)3uls
:AS “noineyaq Aiejuapas :q3s 4] Jo Ajenb 10D ‘Aiojuanul 8417 Jo AHjend) duelpad 1OSPad cuaJapiiyd Jap|O 404 adleuuonsand) AAIDY |ed1sAUd :D-DVd ‘SIUISa]0pYy 404 alieuuonsand) AUAIDY [ed1sAud ty-Dvd ‘Ausuaiul Ayanoe jedisAyd :yd (Ayanoe jesisAyd

:vd “Aunnoe jedisAyd snoso3in-ol-sresspow iy d AW ‘A3AnDe [edisAyd a1esapow iydiA ${Sel Jo Jusjeainba ojogelaw ;| Jp “Aunnoe jeaisAyd 31 ivd eareuuonsand) ANANDY |ed1sAyd [euoneuwsalu] :Qvdl sessip ueay :gH 2anipuadxs A31au3 :33 (Auanoe |edisAyd
Joj uonaaipaid pue Aoenbape jo suondedsad-jjas s,usip|iyd (¥dd¥SD ‘eLOR JO UOIILIDIBOD IYOD ‘Wid) [eldual 9d9jop Meay |e3uaduod :gHD 129Jap |e1das jeuie :aSy ‘A11aWoia]a0e Dy 53] Y|em 1nUIW-9 11 MIN9 ‘p4odal Aliane jedishyd Aep-2a1y) :yvdas

umouxun yj3ua) yood3
'spjo Jeak g-g ui sysods
puo023s-GT 40} pajeiqijed
sjujod-3nd pajeiqiyes-aid panddy
eLIR)ID
Kep J1n} pue sAkep pijea ma4
9)qesedwodu|
'|od0304d 3uissadoud ejep Jo
Suuayies eyep Dy awes ay3 Joy
1UNOJ2e Jouued - dseqelep |eu
-191Xd WOJ} S|0J3U0D paydlewun

P. Skovdahl et al.

vd jo

SUOI}EPUSWILIOdD 13W
j0u pip syuaned Auep
sdnou3 adAy gHD usamiaq
¥0 dnoid jos3uod pue
dnoi8 gHD usamiaq |an9)
VdAIN Ul S95U3J341p ON

VdAN

9102S
J1joqelaw Joj sishjeue pooig
159) Yoeal-pue-)Is
159) @duejeq oSuiwe)4

paads
Sujuuni xew Joj 3593 Juuds W of
dwn(-3uo) Suipuers
yr3ua3s oupwos! qui-saddn
ssauyly Alojesidsalolpie)
ssaully |ed1sAyd
J0Vd:Vd paJaneds-f|as

¢,UOSUaAT :sjulod-1n)
wiom diH

Kep puayaam T ‘sAepyaam
T ‘Rep/sinoy 9 :sAep pijep
umouun :ydud) yoodz

C=uyolL
ST=U:40L

0T =U :YOD

6T =U :dSA

s1edah $T1-9 48 gHD
0cs=u

siedh Z1-9 :'43 |osu0)
:5]0J3U03 pub

dnoub + sadAy Aiionas
aHD pa4bdwo)

LT0T '|e 38 Inobez

spjo Jeak 8-g uj syooda

pu023s-GT 40} pajeiqijed
sjujod-3nd pajeiqiyes-aid panddy
'Spu02as 09 e yi3ua) ysodz
23ueJ a3e apim
azis a)dwes Jjews
(uoisuapadAy jeuspe Aeuowind
pue ‘[||-| SSe]2 YHAN pue uoisusa)
-19dAy Areuownd Jo gH |enuald
-uod noyum AyyedoAwoipied
pajejos! ‘uoneljjed ueyuo4 pue
A3o)o1sAyd appuiuan 9)3uls) Ajuo
sasoudelp JuaIayip 924y} - aH
paJsinboe pue |ejusaduod yyog

suwn

Aiejuapas ul sdnoi3
U93MID(Q SDIUIIYPIP ON

uooud)ye dje| a3 Ul
aA132e s3] sem dnoi3 gHD

$]0J3U0d

ueyl YdAIW 40 sinoq

3uoj-03-wnipaw pue

1I0ys Jamaj ‘synoq diped
-ods asow pey dnoi3 gHD

$]0.43U02

ueyl YdAW Ssd] pue

vd1 awn asow Apued
-ij1udis yuads dnou3 gHD
91nujw Jad sunod
Vd Ul saduatapip dnoud
-usamiaq Juedyludis oN

(00:22-00:8T) Suiuana
pue ‘(00:8T-00:ST)
uoouJaye axe)
‘(00:5T-00:80) awn
]00yds-ul se + 00-¢¢
-00:80 Jnoy yoea
10} (2INUIW/SIUNOD
a8eJsane) susaned vd
(se1nuiw 0T<)
sinoq 3uo) 0}
wnipaw {(se1nuiw T
-G) AAnoe jo synoq
Moys {(se1nuiw G>)
Vd JO SUoIssas dipel
-ods :se s3noq VdAW
(spuodas
09/u011eJ9)9208 UBdW)
Aisusyul vd Allea

porad uoi329)102 eyep ay3 Sul
-Inp sanARde jedisAyd Jejnouand
-eJ1X3 10 SYods Je|NdLINJRIIXS
ul JUSWAA|0AUI syudiied Jo
uo[3eu|Ww.IS)dp 104 dileUUONSAIND
Ananoy ajqeyipop ayy pue
alleuuonsand AAIDY |ed1sAyd

5, UOSUAT
:syuiod-1n)
skep pijea
€ ‘ep/sinoy 0T :skep pijea
uiom diH
p4023J shep L
y13ua) yoods puodas-09

Zz=u 3 jonuo)
€=U 13 aHD
sieah 8T-8 5]0.3U02
03 (gH pa4inbop

pup [p31usbuod
410q) aHD 241>

-ads 924y} paindwo)

020C '1e 19 SHYM

sp|o Jeak g8-G U0} pajelqijed
sjujod-3nd pajeiqiyes-aid panddy
9z1s a)dwes jjews Ajannely

vd jo suon
-epuaWWOod3J paydeal
sjuaned Jo 98 - Vd j0

SUOI}ePUSWILIOdD] 19W
j0U pIp sjyuaned 1Sop
sdnoug adfy
A11anss gHD usamiaq
19A3] Yd Ul S9DUIBYIP ON

yoam/shep
9 < uo saulapind
Vd 03 duasaype ‘(%)
a3s Aep ‘vdA ‘vdAW
‘ep/syunod
‘Ivd u1 Juads swn
‘Ivd aAnejas ‘vd 1e3ol

(v-Ovd)
S)uaIsd|0pE 10 (J-OVd) USIPIIYD
J3P)O 40} dsreuuonsand AIAIDY
1e21sAyd parejdwod a)dwes-qns

5, UOSUAT
:syutod-1n)

Kep pudyoam T ‘shepyaom
€ ‘Rep/sinoy 0T :skep pijea
uiom diH
p4023J shep 1
y13us) yoods puodas-GT

6=U
:uedsuedy oeipie)
67 =U :QHD 2Jon3S
9C = U :dHD 93e9pon
9Z = U :QHD PIIN
sleak 6T-8
sadA1 MLionas
gHD paipdwo)

LTOC "|€ 19 SSOA

sjujod-3nd pajess ‘sysoda

pu029s-GT 40} pajeiqijed
sjujod-3nd pajeiqiyes-aid panddy
Auo aued jea1uan Yy

(shep

plieA jo Jaquinu ‘Aep pljen)
BLI9}LID DINSEAW PljeA UMouNun
JusWHNId3I paselq Aqissod
9z|s a)dwes |jews
91qesedwodu| od0304d
3uissanoud ejep 4o Suusyied
e1ep DY SWEeS 3Uj} J0j JUNOIde
jouuRd - (BIEP DARWLIOU Paysl|
-gnd) dnoJ3 j013u0d jeusaxy

vd jo
SUOI}epUSWILIOdD] 33W
j0U pIp syuaned 1Sop
dnoJ3 jos3u0d
pue dnoi8 gHD usamiaq
19A3] Yd Ul S92UIBYIP ON

«LM ‘a3S ‘vdA
VdAW ‘VdIW ‘Vd1 ‘VdL

pIys Jivyy
0 sygey yd payodal-juaied

9v°18d

:syulod-1n)

uiom diH

p4023J shep ,

y13ua) yoods puodas-¢

0T =Uu :43 j03u0)

0T =Uu 3 @HD

sieak G-¢

$]043U02 03 paipdwio)

GTOC '|e 39 du0lS

suonenwr

524

vd ‘sduipuy uiep

2Jnsea awo0d1no Yd

sainseaw Jayio

1020304d DY

9dwes

Aiunod
(1eak) soyany

(panunuo)) °€ a1qeL

https://doi.org/10.1017/51047951121000627 Published online by Cambridge University Press


https://doi.org/10.1017/S1047951121000627

Cardiology in the Young

for predicting intensity measures developed and evaluated by
Arvidsson et al,>® whereas one reported transferred accelerometer
(RT3) originated energy expenditure as intensity measure.*®

Similar physical activity levels were found between the patient
group and the healthy controls in the majority of the included accel-
erometer-based studies.’*>¥3%4243 I contrast, White et al®®
reported that the CHD group spent significantly more time in light
physical activity and less moderate-to-vigorous-physical-activity
than the healthy controls, typically engaging in more sporadic bouts
(<5 minutes), fewer short (5-10 minutes) and medium-to-long
(>10 minutes) bouts of moderate-to-vigorous-physical-activity than
the healthy controls. Similarly, Kao et al** observed significantly
lower levels of total energy expenditure in boys with CHD compared
to healthy controls, even if the reported moderate-to-vigorous-
physical-activity was similar between the groups.

The majority of the accelerometer-based studies reported that the
patients with CHD generally failed to meet the World Health
Organisation recommendations of physical activity in children and ado-
lescents.3>*+3>3%43 Banks et al*? recognised that the majority of the atrial
septal defect patients met the recommendations of physical activity, but
not the transposition of the great arteries, tetralogy of Fallot, or single ven-
tricle patients; however, they did not state the proportions. Hedlund
et al*’ studied the physical activity in Fontan circulation patients and
observed an average moderate-to-vigorous-physical-activity —of
148 minutes/day in the patient group, stating that they meet the
World Health Organisation recommendations of physical activity.

The main observation from all of the included studies was the con-
tradicting finding of similar physical activity levels in children and
adolescents with CHD compared to healthy controls, or due to the
severity of CHD. These results are in line with the previous two
review studies.!”!® Van Deutekom and Lewandowski'® raised
the concern about the low level of physical activity in the general
population, which could affect the possibility of detecting different
physical activity behaviour in children and adolescents with CHD.
Although this might be true, we argue for that the contradicting
findings and absence of group difference in physical activity are
largely explained by the methodological variations and limitations
in the assessment of physical activity. In order to comply with the
second objective of this study, and as it is recommended to use
objective methods before subjective methods for obtaining more
reliable assessment of physical activity,'” the discussion will mainly
focus on the accelerometer-based studies included.

As measurement errors in subjectively assessed physical activity have
been stated by earlier research, demonstrating poor reliability and val-
idity, especially in children,'>** a potential misclassification and a
variation among the results are seen as probable. Reports of both
no significant differences towards healthy controls,*! significantly
lower physical activity,”’*° and significantly higher physical activity
in the patient group*® were found. The inconsistent and widely diver-
gent findings may be a result of all six articles using different question-
naires for the assessment of physical activity. Dissimilar properties of
physical activity are thereby captured. Thus, stating general conclu-
sions or even comparing the physical activity outcome is seen as inap-
propriate. A similar verdict was reported by Acosta-Dighero et al.'”
and by Van Deutekom and Lewandowski.!8
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Concerning the accelerometer-based studies, the overall results
suggest that there are no differences in the physical activity levels
between children and adolescents with CHD compared to healthy
controls.?>3%37:39%4243 Gimilar finding was reported by Acosta-
Dighero et al'” and by Deutekom and Lewandowski.'* Two of
the studies showed contradicting results. Kao et al.>* reported
lower total energy expenditure in boys with CHD, indicating that
they move less than their healthy controls even if the reported
moderate-to-vigorous-physical-activity was similar between the
groups, whereas White et al.*® reported the patient group as spend-
ing less time in moderate-to-vigorous-physical-activity and engag-
ing in smaller bouts of moderate-to-vigorous-physical-activity
than the healthy controls. As the physical activity outcome is highly
dependent on the distinct settings made,?®*%°! a likely explanation
of the many cases of the unexpected “no-difference in PA” between
patients and healthy controls can be related to the irregularities in
the methodologies used in and between the studies.

Common variances in accelerometer-based studies regard matters
such as device placement, raw data processing, epoch lengths, value
calibrations, altered use of pre-calibrated cut-points, weekend-week-
day-criteria, number of valid days/hours-a-day/week, and handling of
sleep-time and non-wear time. The handling of these parameters is
often poorly described or completely lacking, making comparisons
between studies even more problematic. The lack of methodological
consensus within accelerometry makes it difficult, or even impossible,
to generalise and compare the results.23*°! In the following section,
we will go through the methodological issues of the included studies
and their consequences on the results. This will be performed by con-
sidering each issue separately.

As the activities of the arm not necessarily reflect the movements of
the rest of the body, the registered data differ between the hip- and
wrist-worn placement sites.>> Hip-worn sensors typically capture
movements that better reflect the whole-body energy consump-
tion,”® while wrist-worn sensors have been shown to be disposed
for misclassifying seated behaviours that are involving high levels
of upper body movement.”> One of the accelerometer-based studies
used a wrist-worn accelerometer but applied physical activity inten-
sity cut-points developed from a hip-worn accelerometer.’” The use
of wrist-worn accelerometers and the application of hip-worn accel-
erometer cut-points to wrist data reduce both study validity and
comparability to the other studies included in this review.

The epoch lengths are ranging from 3 to 60 seconds in the included
studies, with two of the studies failing to report the epoch length
used. The occurring epoch-length variances (and in many cases
long epoch lengths) may result in different estimates of physical
activity within the studied populations and thereby lead to dis-
torted interpretations. Previous research has stated significant
variation in physical activity volume and intensity using various
epoch lengths, showing a progressive decrease in time spent in
moderate-to-vigorous-physical-activity ~ with  longer epoch
lengths.?*>37>% Also, with the movement pattern of children being
highly intermittent, shorter epoch lengths have been recom-
mended as longer epochs fail to capture the executed physical
activity.?*% To demonstrate, in the study by White et al*® the
results showed similar amount of total physical activity measured
as ActiGraph counts per minute compared to the control group,
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similar time in sedentary behaviour (SED), more time in light
physical activity but somewhat less time in moderate-to-vigo-
rous-physical-activity. An epoch length of 60 seconds was used
in that study. Aadland et al*® showed that with 60-second epochs,
a large proportion of SED would be misclassified as light physical
activity, and vigorous physical activity would be misclassified as
light physical activity or moderate physical activity, but the total
physical activity would not be affected. Hence, the 60-second
epochs will not capture the variation in physical activity in children
and would distort/reduce expected group differences.

By calculating the relationship between accelerometer counts and
the criterion value over a fixed time frame (epoch length), thresh-
olds for the categorisation of physical activity (SED, light physical
activity, moderate physical activity, vigorous physical activity,
and moderate-to-vigorous-physical-activity) are generated.
Numerous pre-calibrated cut-points exist, and there is no consen-
sus in which one to use at what occasion, even if age-specific rec-
ommendations have been made?® With the included articles using
a variety of different cut-points, the classification of physical
activity intensity categorisation varies largely between them.
Banks et al*’ used a moderate-to-vigorous-physical-activity
threshold of >1600 counts per minute; Ewalt et al*> used age-
specific calibrated cut-points for moderate-to-vigorous-
physical-activity: 6-11years = >1400counts per minute,
12—15 years = 2221 counts per minute, and 16-19 years = 3001
counts per minute; Stone et al** used Pate!® moderate-to-vigo-
rous-physical-activity cut-points of >1680 counts per minute;
Hedlund et al.*” Voss et al.** White et al,*® and Zaqout et al** used
the Evenson cut-points*® of >2296 counts per minute for the
same physical activity intensity category. With different cut-
points being applied, the easiness to accumulate moderate-to-vig-
orous-physical-activity differs between the studies, not displaying
the same variations of physical activity within each physical activ-
ity intensity category even if results are presented in the same ter-
minology. Pre-calibrated cut-points are population specific as
body mass and age are important factors for the calculated
mechanical energy used in accelerometry. Thus, when applying
the cut-points, it is recommended to follow the same data gather-
ing and processing criteria upon the same age group that was uti-
lised in the original calibration study.

In many of the included studies using pre-calibrated cut-points,
the age group is not compatible with the age group used in the
original calibration study. Only one of the studies used the same
age-criteria.** Instead, Banks et al*! applied cut-points calibrated
for 7-18 year old on a population of 4-12 year old, and the
Evenson®® cut-points calibrated for 5-8 year old, were applied to
populations of 8-20 year old,*” 8-19 year old,* 8-18 year old,*®
and 6-14 year old.** Consequently, with children generally moving
with a bigger effort and a higher energy cost at a given activity than
older (and taller) individuals,”® the calibrated cut-points used
indistinguishably between the age groups will cause false estimates
of physical activity categorisation.

Modifications, or scaling, of pre-calibrated cut-points to fit the
chosen epoch length are frequently seen in accelerometer-based
research. However, a modification of cut-points alters physical activity
estimates.”®>>? Only one of the accelerometer-based articles used the
same epoch setting as in the original calibration study.** Banks
et al*? applied 15-second epochs on a cut-point calibrated for
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60-second epochs, Ewalt et al*? applied 30-second epochs on a cut-
point equation calibrated for 60-second epochs, Stone et al** applied
3-second epochs on a cut-point calibrated for 15-second epochs,
Hedlund et al*” applied 60-second epochs on a cut-point calibrated
for 15-second epochs, White et al*® applied 60-second epochs on a
cut-point calibrated for 15-second epochs, and Zaqout et al** did
not report used epochs on a cut-point calibrated for 15-second
epochs, leaving us only with speculations on the effect upon the result.

Taken the age, epoch length, and device placement criteria for
the usage of pre-calibrated cut-points all together, the divergent
settings will affect the between-study comparisons and decline
the internal validity of the measure within each study.

Metabolic equivalent of task (VO,ota1/ VOorest) is a frequently used
criterion measure of absolute physical activity intensity and is a
way of expressing the energy cost of task-specific physical activity
relative to body mass. Two articles reported calibrating cut-points
via energy expenditure equations of MPA corresponding to 3 met-
abolic equivalent of task®® or 4 metabolic equivalent of task.*?
Validating cut-points against indirect calorimetry can be problem-
atic as metabolic equivalent of task-calibrated cut-points are not
comparable between ages. Typically, a 3 metabolic equivalent of
task value is set for calibration of moderate physical activity thresh-
old in both children, adolescents, and adults. However, when chil-
dren walk at a speed of 5.6 km/hour, a metabolic equivalent of task
value of 4.3 is reached,®® whereas adults typically reach a metabolic
equivalent of task of 5.0 at the same speed.®! However, the internal
effort and energy cost of a child are greater. A child will consume
more O, per kg body weight,*® moving with higher step frequencies
than taller individuals at a given speed.®>%* Adding the fact that the
resting energy expenditure decreases with age® and metabolic
equivalent of task values for specific activities typically increase
with age (even more distinct at higher intensities),*®> the usage
of metabolic equivalent of task as a measure of effort across age
groups when calibrating cut-points can be distortive.

To enable direct comparison of age groups and achieve age-
equivalent measures of physical activity intensity categories (e.g.
light physical activity, moderate physical activity, vigorous physical
activity, moderate-to-vigorous-physical-activity), the VOjpe
(VOz0tal = VOostand» ml/kg/minute) has been recommended to
use as criterion measure for calibration of accelerometers.*®
When a child (shorter) and an adolescent (taller) attain the same
VOypet> they will move with the same metabolic effort, but with the
child generating less acceleration (or less mechanical work) as
moving at a slower speed than the adolescent. Hence, minutes
spent in, for example, vigorous physical activity will be directly
comparable between age groups from a metabolic effort perspec-
tive. In contrast, when a child and an adolescent move at the same
speed, they will generate similar acceleration (or mechanical work)
but with different metabolic efforts.

Nevertheless, the crude classification of physical activity used in
all studies included might cause a potential loss of information
from the collected acceleration data. Aadland et al®’ showed
how presenting physical activity as a high-resolution physical
activity intensity spectrum provides more comprehensive informa-
tion regarding the physical activity behaviour. By presenting physi-
cal activity as an intensity spectrum, the concern with studies using
different cut-points is resolved.
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Table 4. Detailed methodological considerations and guidelines for improving assessment of physical activity

Accelerometer aspect Explication, suggested improvement and considerations

Physical activity measure

Determine what type of physical activity measurement is of interest:
o Volume, frequency, duration, intensity
O Posture, activity type

Device placement

Device placements of both hip, wrist, and tight occur (back and chest are also seen, but infrequently used). Thigh-
and hip-worn sensors generally assess activities overall reflecting the energy consumption of the whole body and
are seen as good at stating the physical activity dimensions volume, frequency, duration, and intensity. Thigh place-
ment also enables the assessment of body position (e.g. sit, stand, lay down) and type of activity performed (e.g.
biking, walk, run), but demands good tape solutions for attachment of the accelerometer as it has shown a ten-
dency to be worn of during activity and change of clothes?>?®

The wrist placement captures different movement patterns compared to the other placements, typically misclassifying
seated behaviours involving high levels of upper body movement®

A concise instruction to wear the sensor 24 hours/day is seen to contribute to similar wear compliance between the
placement sites®®

Comparisons should only be considered when using the same measurement location

Data collection

Clear instructions to patients with pictures displaying body attachment facilitate good wear compliance.”®
Registration period protocols at 24 hours/day show higher wear time compliance compared to waking-hour proto-
cols™

7-day protocols are commonly used in physical activity research and are seen as sufficient for capturing normal
variation in physical activity. If more accuracy on individual level is required, more days should be included.?
Sampling frequencies should be sufficiently high to cover the movement frequencies, 30-100 Hz has been
recommended.? A higher sampling frequency will limit the number of days to record physical activity as it requires more
memory

A sampling amplitude at 8 g covers most human activities®®

Processing  Epoch length

The epoch is the aggregation of the physical activity measure investigated over a chosen time interval, creating
units of accelerometer measures (1-60 seconds)

Significant variations in time spent in different physical activity intensity categories have been confirmed when using
different epoch lengths?>>

Longer epochs will cause more reduced data, while shorter epoch lengths better capture the intensity distinctions
within the performed activity, showing more time in the extreme intensity categories (e.g. SED and VPA/VVPA)?>>
Shorter epochs have been recommended in measurement of children to better capture their inherent physical activity
movement pattern®

Raw data filtration
method

Frequency filters are commonly applied in order to reduce noise

The narrow raw data filtration method used (ActiGraph counts) is seen to acquire misclassifications of >90% when
compared to wider filters at the higher intensity spectra.” Interpretation of ActiGraph counts filtered acceleration is
therefore highly deceptive

A wider filter is recommended to better capture the physical activity performed, for example, frequency extended
method (FEM)®%7

Value calibration and Value calibration against a reference method (e.g. indirect calorimetry (VO,)) is performed in order to translate the
calibration of accelerometer measure to more established measures of physical activity intensity (e.g. EE, MET). Cut-points are
cut-points defined to create physical activity intensity categories.

If measured VO, is used as reference, it is recommended to apply VOynet (VO2g0ss-VO2stand, Ml/kg/minute) as it provides
an age-equivalent measure of metabolic intensity in order to compare physical activity between age groups®®

Itis recommended to follow the same data collection protocol, sample characteristics, and processing criteria as used in
the original calibration study when applying cut-points to a specific data set.?

Scaling of pre-calibrated cut-points to fit the chosen epoch length is seen to alter physical activity estimates®®>°

Inclusion criteria

Including too few measurement days will decrease the chance of capturing the individual physical activity behav-
iour, differences between groups and relationships between physical activity behaviours and health aspects, as
great within-individual variances in habitual physical activity exist?>™

Even if measured for several days, great variances typically occur in wear compliance, both in regard to whole days and
in weekdays/weekend days. Studies should state inclusion criteria in regard to wear time (8-10 hours/day), valid day
criteria (minimum of 4 days, >3weekdays, and >1 weekend day) as well as non-wear definition to enable tracking of time
that should not be involved in the activity analysis.’® For higher precision, more days and hour/days should be included.
Non-wear time (when the accelerometer is taken off) should be defined and sorted out to enable discrimination
between sedentary behaviour and when the accelerometer is not in use. A non-wear time of at least 60 minutes of zero
values is commonly used?®

Management of outcome Outcome/results are often presented as time spent in crude physical activity intensity categories (SED, LPA, MPA,
parameters VPA, and VWWPA)%®

It has been suggested to present and analyse the physical activity as a high-resolution physical activity intensity
spectrum74,75,77,78

Even if higher intensities appear particularly beneficial to health,” " they only account for a fraction of time spent in
physical activity when measured in minutes per day, even in very active individuals. The physical activity intensity
spectrum allows more detailed inspection of the physical activity and may reveal physical activity patterns otherwise
hidden when applying crude physical activity intensity categories

With cut-points varying greatly among studies, and scaling of cut-points to fit the wanted epoch length being performed,
the risk of confusion is assumed to be highly present when comparing and contrasting the results

(Continued)
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Table 4. (Continued)

Accelerometer aspect

Explication, suggested improvement and considerations

Notification - measure of
absolute intensity

« It is important to keep in mind that accelerometers primarily record mechanical, absolute work, translated to
meaningful terms via value calibration. The relative intensity measured in individuals is thereby not accounted for

« Absolute intensity can be seen as especially problematic when used for specific groups who possess biological or
physiological limitations, like the children and adolescents with CHDs. For example, running at a certain speed will
potentially be of greater effort for individuals with reduced capacity in the cardiovascular system compared to healthy
individuals, even if the same work is performed

EE, energy expenditure; MET, metabolic equivalent of task (EEioal/EE est); Crude intensity categories; SED, sedentary behaviour (<1.5 METSs); LPA, light physical activity (1.5-2.9 METs); MPA,
moderate physical activity (3.0-5.9 METs); VPA, vigorous physical activity (6.0-8.9 METs); VWPA, very vigorous physical activity (>9.0 METs); MVPA, moderate, vigorous, and very vigorous all

together

(@) Physical activity measure (c) Data collection (e) Inclusion criteria

Posture,
activity type

Instructions ——> Non-wear time ——>

Numberof —— 3 Validday — 3

Volume, intensity, measurement days

duration, frequency Valid week —— 3

Hours/day ————5
Valid measure ———

o >

Raw data filtration,
ActiGraph counts

Accelerometer
study protocol

Crude PA intensity — >
categories

Hip/waist — 5
_—

Thigh — 5
Body position, activity type

Continuous PA

Wrist —— > intensity spectrum

Back Value calibration

algorithms > Statistical analysis ———

Chest — >
Epoch length ——

(f) Management of
outcome parameters

(b) Device placement (d) Processing

Case scenario

The objective is to explore the physical activity intensity in children (6-12 years) and adolescents (13-18 years) with various CHD towards

age, gender and area-paired healthy controls. As the aim is to measure physical activity intensity and volume (a), a hip worn (b) sensor is chosen as

the data collected will represent overall body movement. The participant will be given written instructions to wear the sensor 24hours/day for 7
consecutive days and to practice their everyday life as usual. Sampling settings will be at 8g and 50Hz in order to capture relevant acceleration signals (c) .
When the data have been gathered, raw data will be processed through Frequency Extended Method filtration with an epoch length of 3 seconds to reduce
the information but still being able to asses the physical activity intensity variation in children (d). An inclusion criteria of 10 hours/day and at least 4 days of
measurement (>3weekdays and >1 weekend day), with removed non-wear time (60 minutes of zero values) will be set for valid measure (e). The results will
be presented both as a traditional crude physical activity classification (SED, LPA, MPA, VPA, VVPA and MVPA) categorization but preferably as a continuous
physical activity intensity spectrum for more detailed physical activity patterns (f).

Please note, this scenario reflects one methodological angle of approach in how to design an ideal accelerometer-based study for the assessment of
physical activity . Different designs may be required for different studies. Research design was not considered in this section.

Figure 2. Brief methodological considerations for tailoring a physical activity measure using accelerometers and a case scenario.

Even if seen as more reliable than subjective measures, acceler-
ometers have been shown to possess difficulties in capturing
intermittent and high intensity physical activity, generating a
decrease in counts even if activity is increasing (e.g. the “plateau”
effect).%%%7 The “plateau” occurs mainly as a result of the raw data
frequency filtration in the original, most commonly used
ActiGraph counts.®® This is believed to be particularly applicable
in the measurement of children as their general movement pat-
tern is sporadic and highly intermittent,”>*”% moving with a
higher step frequency at a given speed,’>*”*® consequently reduc-
ing the acceleration signal ever further. Processing the accelera-
tion through a wider filter improves the assessment of physical
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activity and reduces the age variances in gait patterns.®7°
Notably, when compared towards broader filters, the
ActiGraph counts showed a misclassification of >90% in the
higher intensity spectra.”’ Consequently, the capture of physical
activity intensities is considerably more accurate when processing
the acceleration through a wider filter. With the previous raw data
filtration being insulfficient, it is likely that the included studies
failed to capture the variance in physical activity at higher inten-
sity levels as interpretations of ActiGraph filtrated moderate-to-
vigorous-physical-activity are highly unreliable. Therefore, a pos-
sible larger difference in physical activity might be present
between the studied groups than the included studies imply, as
they rely on the narrow ActiGraph raw data filtration.
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When it comes to fulfilling the World Health Organisation recom-
mendation of >60 minutes per day of moderate-to-vigorous-physi-
cal-activity,** the included articles point towards an agreement:
children and adolescents with CHD generally fail to meet the rec-
ommended amount of physical activity, a result similar to that of
Acosta-Dighero et al'” and by Van Deutekom and Lewandowski.'®
However, the World Health Organisation guidelines are based
upon subjective measures of physical activity. The results from
the accelerometer-based studies regarding physical activity recom-
mendations should therefore be interpreted with caution as they are
based on different, incomparable methods. Further, the chosen cut-
points and epoch lengths will affect the ratio of individuals reaching
the physical activity recommendations as lower cut-points and
shorter epochs will accumulate more moderate-to-vigorous-
physical-activity; conversably, higher set cut-points and longer
epochs will accumulate less moderate-to-vigorous-physical-
activity.??*%7 The fulfillment of the physical activity recommenda-
tion is also dependent on how strict the criteria are, that is, if attaining
60 minutes of moderate-to-vigorous-physical-activity on most days
or as a daily average. For example, Voss et al* applied Evenson
cut-points on 15-second epoch data and the stricter criteria of fulfill-
ing the physical activity recommendation on most days; only 8% of
the patients were sufficiently physically active.

Further, difficulties may arise when attempting to implement
the World Health Organisation recommendations of physical
activity for healthy individuals on children and adolescents with
physical restrictions. The included articles contain a range of dif-
ferent types and severities of CHD, with various physician sub-
scribed (former) recommendations for engagement in physical
activity. Accelerometers measure absolute intensity, regardless of
the intensity relative to fitness level. A moderate intensity level
for an individual with a severe CHD might differ from the same
physical activity level for a healthy individual. In addition, the
cut-point for moderate intensity level might be set too low in gen-
eral, corresponding to normal walking speed rather than to brisk
walking speed in accordance with the original definition of mod-
erate-intense physical activity.”!

In summary, the methodological challenges, variances, and lim-
itations might explain why we generally fail to see a difference
between the groups even when a larger difference in physical activ-
ity is to be expected. We need to control for the discussed param-
eters and strive towards agreement between the methods used for
enabling future comparisons and interpretation of the results. As
long as there is no consensus concerning accelerometer protocols
and settings, research protocols will be designed unequally, making
between-study comparisons highly questionable. To enable further
research on the effect of interventions, strategies, and models for
promoting physical activity in CHD populations, valid and reliable
baseline measures of physical activity patterns in CHD populations
are needed. Interdisciplinary collaborations are advantageous
when implementing accelerometry into clinical research for assess-
ing valuable and accurate assessments of physical activity and
thereby improve the quality of clinical physical activity research.

Figure 2 (a-f) presents a brief overview of methodological con-
siderations for tailoring a physical activity measure using acceler-
ometers together with a case scenario with implementation of the
methodological steps of the accelerometer study protocol. More
detailed information, concepts, and guidelines are provided in
Table 4. Complementary information about existing methods
may be provided in the work by Voss and Harris.”
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Previous research has been unable to establish whether the physical
activity patterns in children with CHD differ to healthy controls, or
due to the severity of CHD. These results are largely explained by
methodological variation and limitations in the assessment of
physical activity. This review provides methodological knowledge
and guidelines for improved assessment of physical activity using
accelerometers in clinical research.
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