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Abstract

Background: Childhood represents an important life stage for establishment of physical activity (PA) habits. Parents
are assumed to play an important role in influencing children’s PA. Earlier reviews have mainly focused on parental
modelling, encouragement, and support for PA, rather than the actual PA levels of parents. Therefore, the purpose

of this review was to systematically summarize the evidence on the relationship between parent and child PA.

Methods: Papers were identified using electronic databases and manual searches of reference lists. Papers
reporting on associations between objectively measured child PA and at least one measure of parental PA were
included. The quality of the papers was assessed using a modified version of the ROBINS-I tool. For interpretation of
the results across studies, we produced albatross plots for all studies combined and by age-groups, sex of the
parents, sex of the child, methodology of assessment of parental PA, and type of PA.

Results: Thirty-nine papers were included with sample size of parent-child dyads ranging from 15 to 1267 (mean =
319 dyads, median =227 dyads). The majority of studies were published from 2008 to 2018 and used accelerometry
to assess PA. Most of the studies were classified as having moderate, serious, or critical risk of bias. The albatross
plot for all studies combined showed that the clear majority of studies observed a positive relationship between
parent and child PA. The plot suggested an average magnitude of correlation across studies to be around 0.13, and
the overall impression was that this was fairly similar across child age-groups and gender of parent-child dyads.
Studies using objective assessment of parental PA showed stronger relationship between parent and child PA
compared with studies using self-report (average magnitude of correlation around 0.16 vs 0.04 respectively). No
clear evidence was found for the strength of relationship being dependent on type of PA measure of parent and
child (total PA, moderate-to-vigorous PA, steps), however, the relationship for light PA appeared weaker.

Conclusion: This systematic review showed that the clear majority of studies observed a weak positive relationship
between parent and child PA regardless of age of the child, the gender of the parent-child dyad, and type of PA.

Trial registration: Registration in PROSPERO: CRD42019093462.
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Introduction

Physical inactivity has been identified as the fourth lead-
ing risk factor for global mortality by the World Health
Organization (WHO) [1], and therefore, it has become
an increasingly important topic in health promotion and
health research [2]. Recent reports have estimated that
globally, only one third of adults [2] and one third of
children [3] reach the level of physical activity (PA) ne-
cessary to prevent health problems, as defined by the
WHO [1]. The importance of regular engagement in PA
is well-established in prevention of many non-
communicable diseases [4] and for quality of life [5].

A complexity of physiological, psychosocial, familial,
and environmental factors are potential determinants of
PA behaviours in early life [6], and childhood represents
an important life stage for establishment of PA behav-
iours, because these behaviours tend to track into adult-
hood [7]. In the family context, parents are assumed to
play an important role in influencing children’s PA [8,
9]. Earlier reviews have summarised the evidence on as-
sociations between parental socioeconomic/sociodemo-
graphic factors, e.g. educational level, employment
status, number of parents in the family [10], or parents’
self-reported behavioural and psychosocial support for
child PA such as parental style, encouragement, and be-
lief [8, 11, 12] and child PA. The results from these re-
views have been mixed and inconclusive [8—12].

Many studies have relied purely on self- or parent-
reported child PA rather than objective measures [8, 10,
11, 13], despite concerns over the reliability and validity
[14]. Similar concerns have been raised when self-
reports are used for determining general type, amount,
intensity, and bout duration of PA among adults, how-
ever to a lesser degree [15, 16].

To further advance the understanding in this field, the
purpose of this study was to systematically summarize
the current research evidence on the relationship be-
tween PA levels of parents and children. Here, we define
childhood as the age from 0 to 17 years.

Method

This systematic review adheres to the PRISMA state-
ment for systematic reviews (see Additional file 1) [17,
18] and is registered in PROSPERO (CRD42019093462).

Literature search and search strategy

We searched the following electronic bibliographic data-
bases for relevant studies: PubMed, EMBASE (from
1947-April 2018), PsycINFO, SPORTSDiscus, and The
Cochrane Library (Cochrane Database of Systematic Re-
views, Cochrane Central Register of Controlled Trials
(CENTRAL), Cochrane Methodology Register) in March
2018.
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A search strategy combining medical subject headings
(MeSH and Emtree) and text words related to PA, par-
ents, and children (Additional file 2) was developed by
all authors from examining literature for common ter-
minology utilized by published articles [11] and by con-
sulting a health science librarian. The research terms
were adapted to each specific database to ensure
consistency of systematic searches (e.g. MeSH for
PubMed and Emtree for Embase). Additional studies
were identified through hand screening of reference lists
of earlier reviews to ensure that no relevant articles were
overlooked.

All potential references were imported into EndNote™
X8, and duplicates were removed. After removing the
duplicates, all references were imported into Covidence
(www.covidence.org) for further screening. The full
screening protocol was repeated for all articles identified

(Fig. 1).

Eligibility for inclusion

Inclusion criteria were: 1) studies must report findings
for at least one parent-child dyad. Included children
should be between 0 and 17 years old. Parents could be
biological or foster parents or any other legal guardians;
2) studies must report associations between parent and
child PA. Child PA must be measured objectively using
accelerometers or pedometers. Parent PA may be mea-
sured either objectively using accelerometers or pedome-
ters or by self-report; 3) observational studies including
cross-sectional data. Experimental studies were included
if they reported cross-sectional data on the control and
the intervention group; and 4) studies reported in Eng-
lish, Danish, Norwegian, or Swedish were read in their
original languages.

Article selection

The titles and/or abstracts of studies were screened in-
dependently by two authors (TLP and LBM) to identify
studies that potentially met the inclusion criteria. A third
author (RJ) made the final decision in case of conflicting
results. If the title and/or the abstract suggested that a
study was eligible, a full text copy of the article was ob-
tained. Two authors (TLP and LBM) independently
screened the full text of the included articles. Any dis-
agreement over the eligibility of particular studies was
resolved through discussion with a third author (R]).
Neither of the review authors were blinded to the jour-
nal titles.

Data extraction

For the data extraction, we developed one tool for descrip-
tive data and another tool for quality assessment. For de-
scriptive data, we used a standardized, pre-piloted form,
for which two authors (TLP and LBM) independently
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Fig. 1 PRISMA flow diagram for the search and inclusion process for identification of articles

extracted data from the included studies (Table 1). The fol-
lowing data were extracted: author and year of publication,
country of study, study design, age of children, family struc-
ture, measurement methods of parent and child PA, and re-
ported associations for child PA. We also extracted
objectively measured level of PA as 1) counts per epoch,
and/or 2) an estimate of total time spent in moderate-to-
vigorous physical activity (MVPA), and/or 3) steps per day.

Quality assessment

For quality assessment of the selected studies, we devel-
oped a tool by modifying ROBINS-I [56] to fit our study
question. The ROBINS-I items chosen were those which
best captured the internal validity of the included articles
(Additional file 3) [56]. The quality assessment tool then
covered three domains: selection bias, information bias,
and risk of bias in selection of the reported results. Be-
cause we were unable to conduct conventional meta-
analysis, we added a judgement of risk of a type 2 error
to the quality assessment tool. We judged the risk of
type 2 error on the basis of a power calculation made by
one of the authors (AG). It showed that to achieve a
power of 80% to detect a correlation coefficient of 0.2

between parent and child PA with an alpha of 5%, at
least 200 child-parent dyads were necessary.

The rest of the quality assessment was based on an ap-
praisal of individual aspects of a study’s design, conduct,
and analyses. Two authors (TLP and LBM) used the
quality assessment tool to extract data from the included
studies and for assessment of study quality and evidence
synthesis. Each of the three ROBINS-I domains: selec-
tion bias, information bias, and risk of bias in selection
of the reported results were scored using the ROBINS-I
categories: low, moderate, serious, or critical risk of bias
or no information [56]. Information bias in relation to
objectively measured PA were scored by one of the au-
thors (JCB) with great expertise in this field. Judgement
of overall risk of bias was done across bias domains
guided by the ROBINS-I recommendation (Add-
itional file 4) [56].

Synthesis of results

The included studies were too heterogeneous for con-
ducting meta-analysis, because effect estimates were pro-
vided in non-homogeneous measures such as correlation
coefficients, odds ratios, and regression coefficients and
with insufficient information to calculate a homogenous



(2020) 17:67 Page 4 of 16

Petersen et al. International Journal of Behavioral Nutrition and Physical Activity

(+) 000=4 aleuuonsanb + J91RWOPad 0S5y MA 13 lemibig [PUOIDDS [97]
HalelIES :5d21S PIYD-IDYION  XeUIBA/I919WOPad 0S5 M 19%[emIBIg Xeude J2Yow Jo/puUe Jayiey pue uaipjiyd K91-8 [lerd =SS0l ‘|e 13 1qodef
K90
F90L
skog W
(+) 200 =d A €90 VSN -
VAW PlIY>-1o4ied F901 110¢ -
) 100=d 1913WO0I9[RD0e SHIB W [euOND3s [57] e 18
HaleIE'S WAAN PIIUYD-19YI0N ydeiomy | LN /1919wol]edde ydeiomy [N 12Uk} puUe Jayiow pue pjiyd K11-6 St =SS0 J9PwwanS
wopbury
(+) L¥0=d pauun -
VAN Uos-1ualed 0107 -
(+) 8650=d 1212WoJa|2d0e [PUODDS €1
S1eISPON VAW J21ybnep-iusied ydeioioy /1918wois|dde ydeionoy syualed pue uaIpiyd K9 6€1 -S040 ‘|e 19 ober
VSN -
=g 0L0¢ -
(+) 900=d dJleUUONS3ND ALAIDY [e2ISAY4 [euoieuIRly| FLYLWN [E¥{elisEN izd
SNousS VdAN 121ybnep-1usied 9U| /1919WOIR[902. 19|/ [9pow ydeiondy uelpsenb/iualed auO pue Yinoa K/L-11L o/ -SS01D)  '|e 19 JSjZUSH
(=) €€0=d
Vd P10} UOS-1udied
(-) €€0=d
VAN Uos-1ualed wopbury
(+) L£0=d pauun -
Yd €101 Ja1ybnep-1usied K690 0107 -
(+) 6€0=d FLEB N (€]
lcalilp) DYdAW J921ybnep-1ualed  UIPUUONSINY) /I212UOI[9d2e N ]1D YdeiDndy syualed pue uaipjiyd K6—/ 76 [eulpnibuol  |e 19 JayslH
puejeaz
‘sal|lwiey Juaied-a|buls woly speAq MaN -
‘Saljludey Jualed-0m) WOy Spent | 0107 -
(+) 100=d ‘sionbaied [PUOID3S [ca
91RIDPOIN Vd |B101 p|iyd-1ualed 1919W0J3|9D. [BDDY /I912UI0I9[9DE [edNDY AKrewnd pue piiyd = 89 =SS0l e 19 JBAIO
(+) ¥50=d snudA -
sdas piiyd-19yie 900¢ -
(=) 220=d 2ieuuonssnb + Ia1owopad JaxemibIp Xewe, [PUOID3S (1] ;1@
SNOUaS 'sd23s piyo-1syloy  /aireuuonsanb + sa1awopad JayjemibIp Xewe suelplenb/siualed pue pliyds suQ KZ1-01 og -S040 SopIedNoT
VSN -
¢00¢ -
(+) L20=d (0]
(B3O L,V dA Ja1ybnep-iuaied 2I1PUUONSIND/I0NUOW 91/ [9POW VSD palyads-uoN A81-9 §9  [eulpnibuoT ‘e 19 sljles
VSN -
L1661 -
(+) 600=d (61]
HaleIES Vd [B101 P|IYD-1ayle4  J919WOIS|9DDY dJeY[eD) /I913W0I]9DDY DelljeD) syualed [ed1bojolq oMy pue pliyd K/t 66 [eUIPNIBUOT | 19 2I0ON
N Apnis
sulewop Vd Saualed pue s uip|iyd ‘spekp Jo Anunod
SSOJDB SEIq  UD3MIQ UOIBIDOSSE JO (—/+) Uondallp uwlpIyd  pIyd ubisap JEEYN
4O S1 |[eIRAD pue anjea-d paienojed U0 pauoday s1ualed/UBIp|IYd 1 Vd JO JUSWINSeI|N 2IN10N1S Ajlude Jo 2By  -1uaied Apnig loyiny

POM3IAR] SAIPNIS JO SBI JO MSH JO 1UBLISSAsSe pue eiep aARdidsad L djqel



(2020) 17:67 Page 5 of 16

Petersen et al. International Journal of Behavioral Nutrition and Physical Activity

() L00=4d A pauun -
VAN PlIY>-1o4ied wwoF09 ¥710¢C -
(+) L00=d 1919Wo0J3j930R S W [PUOIDAS [e€]
91eI9POIN VAAW PIYD-I9YION  XE1D Ydeininoy/Ja1auwoiajadde X§ |9 ydeiondy  Jaaibaledaualed auo 1ses| 1e pue ualpjiyd K9-g 159 -$501) ‘|e 19 ober
eljensny -
710¢ -
(+) L00=d AvTFv¥8 [eUOnN>9s [ce]
HalelIE'S :sd1s plIyd-1ayieq  Jsrewopad Oz Xeulea /i91ewopad 00z Xeules 12Uk} Jo/pue Jayiow pue piyd 1sapl0 WA Z1-S 0/ -S040 ‘e 19 pAof
wopbury
pauun -
Ao v10¢ -
(+) 000=d SJjeuuonssnb FlyY N [euonoaes [LE] 1o
31eISPON Vd1 PlIYy2-124yion + JOMUOW LBSYNDY/I0NUOW LBSYNDY PIIYD pue 1Yo\ Ky GG -S040 [GENEETE
Syuow
0CF/8l1
LW
syuowl
0L¥88
W
SyIuow
0OL+9¢ elensny -
LW €10¢ -
() 000=d Asmns eljensny syuow [0€]
SNOUSS 5Vd1 PIIY2-Isyion SAIDY Y /1913WO0I[Re 11D ydeiondy speAp uaied-pjiyD L81-S¢ €51 |euipnybuot e 12 ynieuy
(+) S00=d
:sda1s uos-1ayie A
(+) T00=d YOFETCL
:sdais Jarybnep-sayie skogq
() 000=d A epeue) -
:sd21S UOS-I9UYI0N ueipienb b3 SOFVLL €107 -
(+) €00=d (pa1ydads 10 1ualed e Se palyIuSp! Sem OyMm Jap|o SIBb W [BUONID3S l67]
HaleIE'S :sda1s Jarybnep-1syion 10U) I212UWOPad/(palypads J0u) Ia1auwopad 10 abe Jo sieak oz Jspuodsal e pue pliyd K61-5 €87 -S040 ‘e 19 Bred
wopbury
payun
/pueRi| -
alleuuonsanb Dyd z107 -
(+) 000=d  -2Id JO UOISI9A LOYS B + 12)2WO0I3|30e || D K/EW [87] e 1@
MO Vd |e101 pjiyd-1uaied ydeionoy/1919uwois@dde |19 Yydeiondy syualed pue uaipjiyd Kep—¢ 8G  |eulpnibuoT 19AMQ,0
() 950=d VSN -
VdA Pliyp-1uased A60 LLOZ -
(+) L0000=d J919Wols[edoe N1 1D FCY N [BUODIS a
91eISPOWN WA PlIYd-1usied ydeinnoy/iaiswolsjedde N |19 ydelondoy uelplenb |ebajausled pue uaip|iyd K G—¢ 08 -$501D ‘le 19 zIny
(+) 6€0=d aouel -
'sdals pjiyd-1ay1ed L10¢ -
N Apnis
sulewop Vd Saualed pue s uip|iyd ‘spekp Jo Anunod
SSOJDB SEIq  UD3MIQ UOIBIDOSSE JO (—/+) Uondallp uwlpIyd  pIyd ubisap JEEYN
4O S1 |[eIRAD pue anjea-d paienojed U0 pauoday s1ualed/UBIp|IYd 1 Vd JO JUSWINSeI|N 2IN10N1S Ajlude Jo 2By  -1uaied Apnig loyiny

(PaNUIUOD) PIMBIARL SAIPNIS JO SBI JO S JO 1UBISSAsSe pue eiep aARdIdSaJ L djqel



(2020) 17:67 Page 6 of 16

Petersen et al. International Journal of Behavioral Nutrition and Physical Activity

(+) 6C0=d ASMINS eljensny aAndy &y Aoy Ll [euons9s (Ly]
SNoOLSS VAN J1ybnep-isyiop /1919W0J3[930e || 1D ydeininoy sjualed Y10g pue uaipiyd K s-¢ oSy =501 [e 19 Nogqy
(+) 100=d eljensNy -
Vd1 PlIY2-19LIoN 910¢ -
(=) ££0=d [eUonI9s (ov]
[eanu> VAAN PIIYD-ISYION 2J1PUUONSIND/SI0UUOW LBSYIDY 1uajed aUO pue plIyd SUQ A p—¢ yrd) -$50JD) ‘[ 19 3NNeuH
(+) 000=d
:sdo1s uos-1ayre Koz'|
(H) 000=d F /501
:sdais Jarybnep-sayie skog ognday
(+) 000=d Aegl y2s7) -
:sda1s UOS-ISYIOWN Fy0l S10T -
(+) 000=d SUIB W [euons9s lo€] e 10
SNOLSS :sda1s Ja3ybnep-1ayion 1919Wopad xeweA/1919wopad xewex syualed pue uaipjiyd AZ1-6 (874 -SS01D) punwbis
(+) 00 =d
Vd PIIY>-Iayled
(+) c€0=d
"Vd [€101 plIYd-Iotyie SpuelsyleN
(+) 0v0=d -
VAW PIY-ISLION £90 sloz -
() vLo=d alleuuonsanb FLEW [BUORDS (8€]
21RI9PON 'Vd [e101 pPlIY2-12Ylop HSYNDS/J219WoI9]928 jowdel | sjualed pue ualp|iyd e 0€C 501D ‘[e 19 ewsifis
VSN -
S S10¢ -
(+) 000=d J213WOIR|928 NZ1D 1ualed suo pue  FECLL W [PUOIDDS L€l
LRI VdAW Pliya-1usied ydesondy/ia1auoIsRde W19 ydeionoy pIYy> suo Ay1-8 €6v $S0ID B9 9L
Agl epeue) -
(+) 000=d 1913W0I8J8228 +XE1D/XELD Ydeiondy FLELW [eUORI9S S10¢ -
S1eIopow VdAW PIIY>-1ayled /1219Wi0I31320€ +X€[9/XE1D Ydeiondy Jualed auo pue pip aUO A 9L-|| 86 Ss0D  [9€] e Nl
(+) 80 = d (Suym) VSN -
(+) 8T0=d (oune) K691 sloz -
(+) 000 = d (UedLy) WA1SAS 9DUE||ISAINS 101D XslY FO0CL W [eUORI9S (sel
[eanuD VdAN Ja1ybnep-1uaied |PIOINRYSG/I912WIOIB[RIIE +XE D Ydeinnoy pib e yum saljiwe A 1-01 e 501D ‘|e 19 ueoung
Aozl
F/501
skoq Jljgnday
Aegt 232D -
Fi70L ¥10¢ -
(+) 000=d SpIb W [euonaas [re] e 1o
SNOLSS :sda1s pliyd-1uaied Jo19Wopad xeweA/i919uwopad Xewea siuased pue uslp|iyD £21-6 She -ss01)  eropunwibig
A
Y0¥ 09
skoq wopbury
N Apnis
sulewop Vd Saualed pue s uip|iyd ‘spekp Jo Anunod
SSOJOE SBIG  U99MIS( UOIRIDOSSe JO (—/+) UONIaIIp ualipiiyd  pIyd ubisop Jeap
4O S1 |[eIRAD pue anjea-d paienojed U0 pauoday s1ualed/UBIp|IYd 1 Vd JO JUSWINSeI|N 2IN10N1S Ajlude Jo 2By  -1uaied Apnig loyiny

(PaNUIUOD) PIMBIARL SAIPNIS JO SBI JO S JO 1UBISSAsSe pue eiep aARdIdSaJ L djqel



(2020) 17:67 Page 7 of 16

Petersen et al. International Journal of Behavioral Nutrition and Physical Activity

(+) S00=d A
VAN Ja1ybnep-1ayied YOF6 W wopbury
() 500=4d A pauun -
VAN UOS-IYI0 1919Wo0J3j930e YOF9 N /10T -
() 670=d 19-XE1OM A6-8 l6v]
91RISPOIN VAN 421ybnep-1syiopy  ydelnioy /1919Wola|9d3e | g-XE1OM ydeininoy 1uaied SUO 15B3| 1B PUB UAJIP|IYD  PUR 9-G €771 [RUIpn1BuUOT ‘|e 19 ober
epeue)) -
/10T -
(-) /650=d alleuuonsanb + 1s1wWo AELg W [PUOIDSS [8¥] ‘e 1@
HaleIEIS Vd [P101 plyoudied  -pad do1s-DS 0zald/le1awopad deis-Ds 0zald palidads-UoN KOQL—/ Sl -S504D) mipelyd
ASAING A VSN -
(+) 100=d  Ul[esH UeIpeur) oy + Jo1SWO0IS[928 X¢|DHM 66CL—0L [eUONOSS £10T -[£¥]
21RI9POIN VAAW PIIYD-ISYION ydeinidy/191aWoIs|d0e X¢ |OM Ydeionoy sisylow pue ualpiyd A 666-¢ S5 -SS01D) ‘|e 19 buos
A€o
FepLdn wopbury
-MOJIO} W psauun -
A€o0 L10T -
(=) 0€0=d J19WoIR[Edde W19 ydeionoy FCOLW (O]
21eISPON ‘Vd €101 pliya-1ayied /1913W0i3}832e W1 19 Yydeiondy siuased pue pjiyd AolL-6 90F [eulpnubuoT  [e 33 umolg
() 010=d epeur) -
VYdAIN Uos-1ualed /10T -
(+) 000=d ASAINS YyjeaH uelpeue) ay| A8 W [euonS9s [Sy] e 1e
91eIDPOIN VAW J21ybnep-lusied  + J319WOIS[9OIR [ED11DY/I919WOIS[800. [PINDY peAp pjiya-ualed [esibojolg A1l-9  8z€l -5501) 19nb1len
wopbury
psauun -
£10C -
Ao [v]
(+) 5000=d J912Wo0I3|208 XE 19 ydeionoy FLO9W [PUOIIDS ‘|8 19 DIOON
SNOLSS Vd |B101 p|iyd-1uaied /1919W0J3]920e X£| D Ydeinndy syualed pue uaipjiyd K9-G /901l -S040 -Uowo|0S
VSN -
A60 910¢ -
(+) 6000=d 1912WO0J3|9d08 [eD1DY FO6 N [PUOND3S [e¥] e 1@
91RIDPOIN VAW PIIYD-19yre /1919W0IJ9D0R [EDIDY  Uelpienb [ebaj/ausied auo pue pliyd auQ KOolL-/ 661 -S501) KeunAPW
epeue) -
2JIBUUONSINY SID49X3 dWI| 3INSI9T UIPOD) 3y 9107 -
(+) 9c0=4d + Ja1pwopad 71-(DS) N0 sdaig pajeasun [PUOIDAS [y
HaleIE'S :sda1s pliys-1ualed /1219Wopad 71-(DS) 1uNnoD) sdaig pajeasun siualed pue ualp|iyD Kg-/ ovy -SS0JD) [P 19 suJeals
(-) s80=d
VAN UoS-1ayied
(+) 6£0=d
VAN J21ybnep-1ayie
(+) S00=d eljensny -
VdAW UOs-JIsYloN KoL TN 910¢ -
N Apnis
sulewop Vd Saualed pue s uip|iyd ‘spekp Jo Anunod
SSOJDB SEIq  UD3MIQ UOIBIDOSSE JO (—/+) Uondallp uwlpIyd  pIyd ubisap JEEYN
4O S1 |[eIRAD pue anjea-d paienojed U0 pauoday s1ualed/UBIp|IYd 1 Vd JO JUSWINSeI|N 2IN10N1S Ajlude Jo 2By  -1uaied Apnig loyiny

(PaNUIUOD) PIMBIARL SAIPNIS JO SBI JO S JO 1UBISSAsSe pue eiep aARdIdSaJ L djqel



(2020) 17:67 Page 8 of 16

Petersen et al. International Journal of Behavioral Nutrition and Physical Activity

Auanoe [eaisAyd 1ybi| vd7, ‘Alande |esisAyd snolobin-ol-sresspow VAW, ‘Auanoe [edisAyd snotobiA g, ‘ueaw Wqy ‘Aunnoe [ed1sAyd vd,

K0 epeue) -
(+) S6C0=d ASNINS sainsesy YiesH uelpe FOLW [euonI9s 810C -
21eI9PON VAN PIIYP-IUSIRd  -UBD 3y /493002 |g-Xe1OM Ydeiondy sjuated pue uaipjiyd Az-1 4 -5s01) [Ly] ‘e 19 997
(+) ¥£00=d
‘Vd [B101 Plly-isyied
(+) tc0=d
VdAW PIIY>-Iayieq
(+) 0C0=d stuow
'Vd €103 PIIY2-19YioW S euIy> -
(+) €00=d 1915WO0J[900e FG/S N [PUOIDDS 8107 -
21eI9pPOW VAN PIYD-IRYIOW  XE1D Ydesondy/ia1auois|adde Xe 19 ydeinnoy ue|pient [e6aj e pue pjiy>d A9-g YA¢4 -ss01)  [SS] e 18 nX
(+) S0L0=d epeued -
VAAW PIIY2-49 10N A 680 810C -
(-) $800=d FOLEW [eUonI9S [S]
21RI9POWN Vd1 PIIY2-I2yioW 1215WO0J3|9D28 [PD11DY /1213WOIR|9DI8 (DY Jayiow pue piyd A G-6C 24 =501 |e 19 Aquey
ellensny -
A580 £10C -
(+) £10=d J213WouR|P2e X£ |9 ydeionoy FLTWN [PUONDDS [€5]
91eISPON 'Vd [€10} PIIY2-I9LioW /1913Wol8}a3%e X¢19 Ydeionoy aylow pue uaippiys Ae-1 90¢ -SS01D  |e 12 3nieuy
VSN -
£60 L10T -
(+) 000=d 1213W0I332€ +X€ 1D 10 X€1D ydeionoy FOEW [eUORI9S [cs]
91RISPOW Vd7 pllyo-1uied /I919W0I3[IOe +XE 1D IO XE1D ydeiondy ualed pue pjiyd As-z €00l -S01)  [e 19 upyjleg
VSN -
AL £10C -
(+) 8£0=d 1919Wolsjedde |g-Xg |9 ydeionay FYEW [euonsss [16] e 30
SNousS VdAW PIIY>-ISYIoN /1913Wolsjedde |g-xe|9 Ydeionoy JoLpow pue piys Ag-1 Al ) psuobn|g
ASW
AGeW
syuow
(=) 1810=d 0CW eljesasny -
Vd1 Pliy>-1ay1ed A £10C -
() z00=4d ASAINS eljRAISNY SANDY 3y | G-syuow [PUOIDDS [05]
91RISPON WVAAW PIIYD-Jayreq /1919W0J3[930e | 1D ydeionoy J2y1e) pue pjiyd> wog 1514 0z ovl -$S01D) [P 13 YS|em
(+) 1€0=d
VAN UOS-Jayre
N Apnis
sulewop Vd Saualed pue s uip|iyd ‘spekp Jo Anunod
SSOJOE SBIG  U99MIS( UOIRIDOSSe JO (—/+) UONIaIIp ualipiiyd  ppIyd ubisop Jeap
4O S1 |[elRAQ pue anjea-d patendjed U0 pauoday s1ualed/UaIp|IYd 1 Vd JO JUSWINSea|\ 2IN10NIS Ajlude Jo 29by  -1uaied Apnig loyiny

(PaNUIUOD) PIMBIARL SAIPNIS JO SBI JO S JO JUBLISSAsSe pue eiep aARdIdSaJ L djqel



Petersen et al. International Journal of Behavioral Nutrition and Physical Activity

effect size across all studies. To assist the interpretation
of the results across studies, we therefore produced alba-
tross plots [57] for all studies combined and by age-
group (preschool-aged versus school-aged children), sex
of parents (maternal, paternal, unspecified), sex of the
child (boy, girl, unspecified), methodology of assessment
of parent PA (objective, self-report), and type of PA
measure examined (MVPA, steps, total PA, light PA
(LPA)). An albatross plot is a scatter plot of each indi-
vidual study size (sample size) against p-values (two-
sided) from the effect estimates. The plot provides the
possibility to interpret contours of estimated standard-
ized effects size (here standardized to correlation coeffi-
cients) for a given p-value and study size for each
individual study and for the overall relationship across
studies [57]. To obtain data for making these plots, we
extracted p-values, sample size, and estimate of effect for
each study. If studies did not report exact p-values, we
estimated these based on the sample size and size of ef-
fect (e.g. Pearson’s correlation). Also, if a study included
multiple p-values from analyses of different PA out-
comes (e.g. weekend and weekday estimates), we com-
bined these for calculation of the study’s p-value for the
albatross plot using available formulas [58]. For the alba-
tross plot for all studies combined and for those studies
reporting on the parent-child relationship in multiple
ways, we prioritized to include estimates of association
from 1) analysis reporting on a measure of total PA (pri-
oritized in the order: total volume, time in MVPA, other
PA measures); 2) objective assessment over self-report of
parental PA; and 3) estimates obtained from analysis of
non-specific gender of parent and child if the study re-
ported on parent-child relationship in PA in multiple
combinations of parent-child dyads. Duncan et al. [35]
reported on the parent-child relationship in sub-groups
of ethnicity of the child, which were independent obser-
vations, and these were treated as separate data points
(one for each ethnic group) in the plots.

Results

A total of 4205 articles were identified through database
searching (Fig. 1). After removing duplicates, 2276 papers
remained. Eight additional papers were identified through
screening of references in other reviews [8-12, 59-61].
After the screening of abstracts, 82 papers were selected
for full text screening. In the full text screening, 43 studies
were excluded either because they did not report associa-
tions between parent and child PA or did not use objective
measures to assess child PA. Finally, 39 studies met the in-
clusion criteria for the current review (Fig. 1).

Characteristics of the included studies
The characteristics of the included studies are presented
in Table 1. The majority (n = 36) were published within
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the last 10 years (2009-2018). Half of the studies were
conducted in the US or Canada (rz =19) [19, 20, 24, 25,
27, 29, 31, 35-37, 42, 43, 45, 47, 48, 51, 52, 54, 62], and
the rest were carried out in Europe (n=12) [13, 21, 23,
26, 28, 33, 34, 38, 44, 46, 49, 63], Australia (7 =6) [30,
32, 40, 50, 53, 64], New Zealand (# =1) [22], or China
(n =1) [65]. The majority of the studies were cross-
sectional (n =31), while the rest had a longitudinal de-
sign. Reporting of sampling and recruitment were lack-
ing or unclear in many of the papers, but it seemed that
recruitment of participants in almost half of the studies
were done for other research purposes than examination
of PA (e.g. studies on obesity in children) [28]. Many
studies used non-probability sampling and recruited via
e.g. fliers or newspapers.

The age of the children in the included studies ranged
from 3.5 months to 18 years. Twenty-five studies exam-
ined school-aged children (7-18years) [13, 19-21, 23—
26, 29, 32, 34—37, 39, 42—-46, 48, 49, 55] and fourteen fo-
cused on preschool-aged children (0—6 years) [22, 27, 28,
30, 31, 38, 40, 41, 47, 50-52, 54, 66], of which two stud-
ies [30, 41] were on infants/toddlers aged 3.5 months—
20 months.

Sample size of parent-child dyads ranged from 15 to
1328 (mean = 319 dyads, median = 227 dyads). Inclusion
criteria for 15 of the studies were cohabiting mothers
and fathers and participation of both parents [13, 19,
21-23, 25, 28, 32, 34, 38, 39, 41, 42, 44, 66]. Details on
each included paper regarding the family structure of
parents and children are included in Table 1.

PA measurement and outcomes

Thirty-one studies applied accelerometers to assess child
PA [13, 19, 20, 22-25, 27, 28, 30, 31, 33, 35-38, 40, 41,
43-47, 49-55, 66]. Of these, twenty-one studies used ac-
celerometers also for parent PA [13, 19, 22, 25, 27, 28,
31, 33, 36, 37, 43-47, 49, 51, 52-55], while ten of the
studies used questionnaires [23, 24, 35, 38, 40, 41, 50,
66]. Eight studies used pedometers for both children and
parents [21, 26, 29, 32, 34, 39, 42, 48]. Of these, three
combined pedometers and questionnaires to assess par-
ent and child PA [21, 42, 48].

The majority of the included studies (n =32) used an
average of total PA time as one outcome in the statistical
analyses [13, 19, 20, 22-24, 26-30, 32-39, 41-44, 46,
48-50, 52, 54, 55, 64], while 18 reported MVPA and a
few used LPA. The nine studies using pedometers re-
ported steps per day.

Four studies looked at both the total day and specific
time intervals of the day [21, 31, 40, 45], while two studies
only examined specific time intervals of the day [25, 53].
Two studies analysed the time where parent and child
were engaging in PA together [47, 51]. Fourteen studies
distinguished between PA time of weekdays versus
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weekend days [25, 26, 28, 30, 33, 34, 36, 39, 43, 45, 51, 52,
55]. Because of a very limited number of homogenous es-
timates of relationship in PA between parents and chil-
dren across studies in relation to time of the day and time
of the week, analyses were not meaningful.

Reporting of the data reduction from raw accelerom-
eter data to processed PA outcomes was either absent or
revealed a non-homogeneous use of thresholds (e.g. five
different thresholds for child MVPA), epoch lengths,
non-wear-time, and definition of a “valid day” (Add-
itional file 4).

Associations between parent and child PA

We made albatross plots across studies (data points) to
visually provide the estimated sizes of the relationships
standardized to a correlation coefficient and to estimate
the average magnitude and range of correlations. In the
thirty-nine studies, 41 analyses provided some measures
of the association between parent and child PA. The de-
scriptive data used for the plots and the results are pre-
sented in Table 2.

The overall albatross plot that combined the 39 studies
(Fig. 2) revealed that the clear majority, i.e. 35 of 41 data
points, observed a positive relationship between parent
and child PA mostly with a correlation coefficient be-
tween 0.10—0.20. The plot suggested an average magni-
tude of correlation across studies to be around 0.13, and
the overall impression was that this was fairly similar
across age-groups. When dividing the studies into two
groups scoring low or moderate risk of bias or serious or
critical risk of bias, the plot suggested an average magni-
tude of 0.15 and 0.11, respectively (Additional file 5).

Also when using data on different methods (Add-
itional file 6), different intensities of PA (Additional files
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7, 8,9 and 10), and different gender combinations (Add-
itional files 11, 12, 13 and 14), most of the albatross
plots showed a positive relationship between parent and
child PA. However, objective measures of parent PA
suggested a higher average magnitude of correlation
(0.16) than studies using self-report to measure parental
PA (0.04) (Additional file 6).

PA outcomes varied across studies, but MVPA was
most frequently used (n=20). The albatross plot sug-
gested an average magnitude of correlation across stud-
ies to be around 0.13, with the strongest association for
the age-group 0-6 years (Additional file 7). Only studies
in preschool-aged children (n = 6) looked at the relation-
ship between LPA of parents and children. The plot gave
an average magnitude of correlation across studies as
low as 0.03 (Additional file 8). Ten studies used total PA
as outcome (Additional file 9). Seven of these were con-
ducted in generally small samples of preschoolers. The
average magnitude of correlation across studies were
0.11. Two out of the three studies conducted in school-
aged children showed a negative association between the
total PA of parents and children. Seven studies used
pedometer derived steps as PA outcome (Add-
itional file 10). They were conducted in school-aged chil-
dren and observed a positive association between parent
and child. The albatross plot suggested an average mag-
nitude of correlation across studies to be around 0.18.

Gender specific sub-group analyses showed a positive
relation between parent and child PA regardless of gen-
der and type of child PA. For father-child PA (n=15),
the plot showed an average magnitude of correlation to
be around 0.12 (Additional file 11), while the average
magnitude of correlation between mother and child PA
was 0.13 (Additional file 12). The albatross plots both

Table 2 Descriptive data and results of associations of parent-child PA? from albatross plots

N studies N data points N total participants Average magnitude of correlation (range)

All studies identified 39 41 11,553 0.13 (—0.26-0.40)
Low or moderate risk of bias 19 19 6735 5 (=0.19-040
Serious or critical risk of bias 20 22 5140 1 (-0.26-0.36)
Parent-son 9 9 3344 0.12 (<0.11-0.29)
Parent-daughter 10 12 3886 .12 (=0.12-0.28)
Mother-child 18 18 5051 .13 (—=0.26-0.34)
Father-child 15 15 4069 .12 (—=0.19-0.36)
Total PA 10 10 2394 1 (=0.14-0.30)
Moderate to vigorous PA 20 22 6604 .13 (=0.19-0.40)
Light PA 6 6 200 .03 (-033-0.23)
Steps 7 7 1584 .18 (0.04-0.31)

Objectively assessed parent PA 29 29 9258 .16 (=0.14-0.40)
Self-reported parent PA 10 12 2526 04 (—0.26-0.28)

PA Physical activity
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for parent-son and parent-daughter PA showed an aver-
age magnitude of correlation of around 0.12 (Add-
itional files 13 and 14).

Age of child

Overall, studies in school-aged children had larger
sample sizes than studies in preschool-aged children.
Most of the studies on preschool-aged children (0-6
years) looked at mother-child dyads. They reported
on MVPA, LPA, or total PA and found a positive but
weak association between parent and child PA. There
was a tendency that studies with small sample sizes
(n <200 parent-child dyads) reported the strongest
associations.

Among the studies examining the relationship be-
tween parents’ and school-aged children’s (7-18
years) PA, the majority were conducted in the youn-
gest age-group (7-11years). The studies in school-
aged children mainly reported on steps or MVPA
and different gender combinations (e.g. father-child,
mother-child, or parent-daughter) and reported a
weak association.
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Quality assessment

The overall assessment scores for the quality of the 39
studies included in the present review are presented in
Table 1. Only one study [28] was judged as having low
risk of bias while eighteen [13, 22, 27, 31, 36, 38, 40, 41,
43, 45, 46, 49, 50, 52, 54, 55, 67, 68] were considered as
having moderate risk of bias. Fifteen studies [19, 21, 24—
26, 29, 30, 32, 34, 39, 42, 44, 48, 51, 66] were categorized
as having serious risk of bias, whereas five studies [20,
23, 35, 37, 40] were judged as having critical risk of bias.
The nine studies measuring child PA using pedometers
were assessed as having serious or critical risk of bias,
whereas the majority (n = 19) of the accelerometer stud-
ies had moderate risk of bias. Due to small sample size,
i.e. 15-200 parent-child dyads, twenty-one studies were
assessed as having risk of type 2 error [13, 19-23, 25,
27-30, 32, 36, 40, 41, 43, 48, 50, 51, 54, 68].

Amongst the three domains covered by the quality as-
sessment tool, especially the domain on information bias
was judged to have moderate to serious risk of bias due
to poor transparency in the description of reduction of
raw accelerometer data and lack of information about
the parent-child dyad by biology and gender. In the

500
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|
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Fig. 2 The overall albatross plot for the 39 included studies
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selection bias domain, ten studies [20, 23-25, 32, 35, 37,
44, 51, 66] were judged to have serious to critical risk of
bias because sampling and recruitment procedures did
not reflect the target population (Additional file 4).

Discussion

The main purpose of this review was to systematically
summarize the current research evidence on the rela-
tionship between parent and child PA. The clear major-
ity of the 39 included studies observed a positive
relationship between parent and child PA regardless of
the age of the child, the gender of the parent-child dyad,
and the PA outcome. The size of the estimated positive
relationship was considered weak in most studies with a
correlation between parent and child PA between 0.10
and 0.20. Generally, the quality assessment of the in-
cluded studies indicated that this field of research de-
serves better quality in all aspects of methodology to
decrease the risk of bias.

The systematic review provides several key points on
the relationship between parent and child PA. First, we
found little evidence across studies to suggest a gender-
differentiated size of resemblance in PA between parents
and their children. This could indicate that fathers and
mother’s modelling of PA behaviour is similar or that
the choice of activity-related context in which to interact
with their children tend to be alike. Second, although
some previous studies have suggested that the associ-
ation between the time that parents and children spend
engaged in PA are stronger in young- and middle child-
hood compared to adolescence [12], we could not find
support for this when comparing estimates of correlation
across studies with different age-groups. Considering
that adolescence is considered a period with greater peer
influence this is somewhat surprising, yet, further studies
directly comparing the effect of child age is necessary to
conclude with more confidence. Thirdly, considering the
tendency for a positive but weak relationship between
parent and child PA across studies, strategies to promote
child PA by modeling the behaviour by parents may
therefore only have limited effect. Despite a weak rela-
tionship, parents may still play important roles in influ-
encing their children’s PA by encouragement and
support (i.e. support organized sport participation).
Many factors are assumed to influence child PA, such as
biological, psychological, social, environmental, policy-
related, and global components. As part of this, family is
believed to play a role for the PA of family members.
However, in recognition of the complex and multidi-
mensional nature of PA behaviour, the parental influ-
ence may be relatively weak. Finally, an important
finding in our systematic review was that the relation-
ship between parent and child PA was stronger in stud-
ies judged to have low or moderate risk of bias

(2020) 17:67 Page 12 of 16

compared to serious or critical risk of bias, and in stud-
ies using objectively measures to assess parental PA
compared to studies using subjective measures. These
methodological factors are discussed further below.

Measurement and data reduction

Our sub-group analyses indicated that methodological
differences between studies explain some of the hetero-
geneity of the results of the present review. One of our
inclusion criteria was the use of objective measurement
of child PA. The use of objective methods to asses PA
has substantially increased the opportunity to obtain
measurements of different kinds of PA in regard to the
pattern, frequency, intensity, duration, and volume of
children’s PA. Further, when studies in children have
used objective measures of PA, strong associations with
health outcomes (e.g. adiposity and blood pressure) have
been reported [69]. In adults, self-report instruments
such as questionnaires have shown reasonable validity
and reliability for determining intensity, type, amount,
and bout duration of PA [70] and was therefore accepted
as method for measurement of PA in parents.

Although objective measurement tools are more ac-
curate in the quantification of PA than self-reporting
methods [70], there are still several methodological chal-
lenges in using e.g. accelerometers to assess parent and
child PA. In the included studies, five different thresh-
olds were used for the assessment of time spent in
MVPA, which clearly illustrates the lack of consensus in
this field [71]. Seven studies failed to report the thresh-
olds used. Some calibration studies recommend age-
specific cut point while others recommend the use of
the same cut point for all age-groups [72-75]. The use
of cut points is a simple method for estimating time
spent in different intensity domains, however, it could
add substantial misclassification among the individual
intensity domains [74]. The cut points used for identify-
ing MVPA in the included studies ranged widely from
1672 to 3200 counts per minute. Thus, the time spent in
MVPA with the cut point provided with one study [72]
could be identified as LPA with the cut-point provided
with another study [76]. Some of the studies used the
same threshold for children and parents [28, 31] while
across studies, the same cut point for MVPA was used
in very young children (3.5-18.7 months) and older chil-
dren (5-18years) [29, 30]. Using the same threshold
across age-groups may not result in meaningful differ-
ences in MVPA and may influence the size of the esti-
mated parent/child PA relationship. The poor parent/
child relationship identified with LPA as compared with
MVPA warrants further investigation and highlights the
possibility that the choice of cut points for LPA and
MVPA could explain differences between studies.
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The optimal selection of epoch length is important for
the accurate assessment of time spent in MVPA [77, 78].
The studies included in this review used an epoch length
ranging from 5 to 60s with a majority of studies using
the same epoch length for both children and parents. A
review by Migueles et al. [71] discussed the use of differ-
ent epoch length for the assessment of PA in children.
The natural PA behaviour of younger children is often
frequent bursts of PA for short duration, hence a shorter
epoch length might be more appropriate and may pre-
vent intermittent MVPA from being misclassified as
LPA [79]. However, it is not only the sporadic nature of
children’s activity but also the intermittent character of
adult PA that makes epoch length a significant factor on
the interpretation of accelerometer data [80].

The participants enrolled in the majority of the studies
included in this review were instructed to remove the
activity monitor during water activities and during sleep.
Dealing with periods of not wearing the activity monitor
is important for accurate assessment of PA [71, 78, 81,
82]. This has to be dealt with in the data reduction
process and the definition of non-wear-time, in the use
of methods to account for it, and in ensuring minimum
amount of data (hours) required for a valid day. Never-
theless, the largest portion of the included studies did
not report how they defined non-wear-time, the defin-
ition of a valid day, or how many days of valid days they
required for inclusion into the analysis. As noted by
Aadland et al. [83], stringent requirement apply for a
valid day (hours) or a valid week (days) produces more
reliable data, but could also lead to sample loss.
Migueles et al. [71] recommended evaluating different
criteria (sample size and reliability of the measure) in
order to identify the best compromise. As suggested in a
previous review by Trost et al. [73], a minimum of 4
days of valid data is recommended. Overall, these im-
portant choices in data reduction when using accelero-
metry may have contribute to differences in estimated
size of relationship between the included studies.

In this review, half of the studies used questionnaires
to estimate parental PA. Questionnaires may pose ser-
ious limitations because they provide less accurate esti-
mates of PA levels than those obtained by objective
methods [72, 84, 85]. In addition, because the degree of
the relationship between objective and self-report mea-
sures of PA is only moderate [86], there may be a sub-
stantial amount of variance not shared by the two
methods, and therefore objective and self-report mea-
sures are not interchangeable. As such, the methods
used can also influence the associations of PA, thereby
impairing the generalisation of the findings obtained
with the use of one or the other method [87]. Our alba-
tross plots of different methods (self-report versus ob-
jective) used for assessment of parental PA (Additional
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file 6) showed evidence of discordant sizes of relation-
ship in PA between parent and child with higher correla-
tions observed in studies using objective methods. This
suggests that the choice of method to assess PA in both
parents and children is important and should be the
same for both groups.

Selection bias

In the quality assessment domain ‘selection bias’, it was
observed that some of the included studies recruited
participants by the use of media advertisements or post-
ers or included participants who already were volunteer-
ing in another research project. The lack of population-
based recruitment and missing information on partici-
pating rate may have induced selection bias arising from
selecting participants into the study, and the non-
probability sampling could have produced bias in the as-
sociations between parent and child PA. Also, this could
have lowered the external validity [88]. Nevertheless, the
information needed to generalize findings and to poten-
tially identify sources of bias were lacking in the majority
of the included studies. This is unfortunate, because it
influences the interpretation of the results, and makes it
difficult to identify potential gaps for further investiga-
tion [88].

The transparency of the operationalisation and inclu-
sion of parents varied across studies. Some studies in-
cluded only biological parent-child dyads, while others
used a broader understanding of the concept of family
and included e.g. stepparents, grandparents, or foster
parents. Several studies that recruited both fathers and
mothers ended up including only one parent and one
child — generally mother-child dyads — in their final ana-
lyses without a clear explanation for the choice. The lack
of transparency in the operationalisation makes it diffi-
cult to compare studies.

The albatross plots regarding gender specific sub-
group analyses on all types of child PA showed a positive
relation between parent and child regardless of gender.
However, the sample sizes were small and therefore, the
analyses on the association between mother and child
PA were at risk of type 2 bias.

Strengths and limitations

A strength of this review is that we identified and re-
trieved studies using a broad search strategy that in-
cluded five databases, which limits the possibility that
we have missed published studies. However, we only in-
cluded studies in English or Scandinavian languages and,
research on this topic may have been published in other
languages. Unfortunately, the retrieved data did not
allow meta-analysis but instead we incorporated a quan-
titative graphical synthesis of the results using correl-
ation as the standardized effect estimate. This provided
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us with the possibility to interpret the scatter of esti-
mated correlation coefficients for a given p-value and
study size for each individual study and for the overall
relationship across studies. However, it is important to
note that the estimated average magnitude of correlation
was not based on a weighted average of the variance of
each study estimate and the between study variance as
in a random effect-meta analysis. This review examined
associations and therefore, causal relationships could not
be inferred.

Implications for research and conclusion

This review has identified areas needing further investi-
gation. Although parental modelling has been well ac-
cepted as a possible mechanism for child engagement in
PA [9], our main finding of a weak correlation between
the level of parent and child PA suggests that we should
develop a deeper understanding of associations and
mechanisms. Additional dimensions worth examining
may be activity types such as sitting, standing, running,
and cycling. To broaden the understanding of PA in the
familial context, taking siblings into consideration could
also be fruitful.

The methodological weaknesses revealed in the
present review should be tackled in future research.
Therefore, we recommend greater transparency in every
step of the research process including statement of
methodological decisions regarding data reduction (e.g.
thresholds for PA intensities, choice of epoch length,
and criteria for the definition of a valid day) [79]. In
addition, studies incorporating larger study samples may
provide additional power to uncover potential associa-
tions not yet revealed.

This review showed that the clear majority of the in-
cluded studies observed a weak positive relationship be-
tween parent and child PA regardless of age of the child,
the gender of the parent-child dyad, and type of PA. De-
veloping a better understanding of parental influence on
child PA is important for identifying effective strategies
for increasing children’s PA that could contribute to
positive effects on health and well-being. Therefore,
more research of high quality is needed in this field.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512966-020-00966-z.

Additional file 1. PRISMA 2009 checklist.

Additional file 2. Search strategy.

Additional file 3. Modified ROBINS-I tool.

Additional file 4. Overall risk of bias judgement.

Additional file 5. All studies identified (albatross plot risk of bias).
Additional file 6. All studies identified (albatross plot method).

(2020) 17:67 Page 14 of 16

Additional file 7. Moderate and vigorous physical activity of child
(albatross plot).

Additional file 8. Light physical activity of child (albatross plot).
Additional file 9. Total physical activity of child (albatross plot).
Additional file 10. Number of steps of child (albatross plot).

Additional file 11. Father-child relationship (all types of child physical
activity) (albatross plot).

Additional file 12. Mother-child relationship (all types of child physical
activity) (albatross plot).

Additional file 13. Parent-son relationship (all types of child physical ac-
tivity) (albatross plot).

Additional file 14. Parent-daughter relationship (all types of child phys-
ical activity) (albatross plot).

Abbreviations
LPA: Light physical activity; MVPA: Moderate-to-vigorous physical activity;
PA: Physical activity; WHO: World Health Organization

Acknowledgements
The authors would like to thank librarian Peter Tvaermose Nielsen for his
support.

Authors’ contributions

TLP, RJ, and AG designed the review protocol. TLP and LBM conducted the
database search. TLP and LBM independently performed the screening of
articles and examined the titles and abstracts of the identified references to
exclude articles out of scope. Any disagreements on study inclusions were
resolved through discussion with one other author (RJ or AG) to reach
consensus. TLP and LBM assessed the eligible papers and extracted data.
Any disagreements on the data extraction were resolved with a third author
(RJ)). JCB assessed the quality of the objective measure methods. TLP and AG
extracted the data for the albatross plots, and AG made the plots. All authors
(TLP, LBM, JCB, RJ, AG) discussed the findings, contributed to the present
paper, and agreed on the final version. The authors read and approved the
final manuscript.

Funding

This work was supported by the University of Southern Denmark, University
College Absalon, Region Zealand, and Edith & Henrik Henriksens Mindelegat.
The funders had no role in the study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Availability of data and materials
All data generated and analysed in this study are included in the present
article and its supplementary information files.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Sports Science and Clinical Biomechanics, Research Unit for
Exercise Epidemiology, Centre of Research in Childhood Health, University of
Southern Denmark, Campusvej 55, DK-5230 Odense M, Denmark.
?Lolland-Falster Health Study, Centre for Epidemiological Research, Nykabing
F. Hospital, Fjordvej 15, 4800 Nykgbing F, Denmark. *University College
Absalon, Region Zealand, Bispegade 5, 4800 Nykgbing F, Denmark.
“Department of Physiotherapy and Occupational Therapy, Nykabing F.
Hospital, Fjordvej 15, Nykebing F 4800, Denmark.


https://doi.org/10.1186/s12966-020-00966-z
https://doi.org/10.1186/s12966-020-00966-z

Petersen et al. International Journal of Behavioral Nutrition and Physical Activity

Received: 13 January 2020 Accepted: 1 May 2020
Published online: 18 May 2020

References

1.

20.

21.

22.

23.

24.

World Health Organization. Global strategy on diet, physical activity and
health; 2019. https//www.who.int/dietphysicalactivity/pa/en/, https.//www.
who.int/dietphysicalactivity/factsheet_inactivity/en/. Accessed 7 May 2019.
Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient
physical activity from 2001 to 2016: a pooled analysis of 358 population-
based surveys with 1:9 million participants. Lancet. 2018,6:1077-85.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Global
physical activity levels: surveillance progress, pitfalls, and prospects. Lancet.
2012;380:247.57.

DER W, Nicol CW, SSD B. Health benefits of physical activity: the evidence.
CMAJ. 2006;174(6):801-9.

Bize R, Johnson JA, Plotnikoff RC. Physical activity level and health-related
quality of life in the general adult population: a systematic review. Prev
Med. 2007;45(6):401-15.

Kohl HW, Hobbs KE. Development of physical activity behaviors among
children and adolescents. Pediatrics. 1998;101(Suppl 2):549.

Craigiea AMMJ, Rugg-Gunna AJ, Lakea AA, Mathers JC, Adamson AJ. Raised
adolescent body mass index predicts the development of adiposity and a
Central distribution of body fat in adulthood: a longitudinal study. Obes
Facts. 2009;2:150-6.

Trost GS, Loprinzi PD. Parental influences on physical activity behavior in
children and adolescents: a brief review. Am J Lifestyle Med. 2011,5(2):171-
81.

Gustafson SL, Rhodes RE. Parental correlates of physical activity in children
and early adolescents. Sports Med (Auckland, NZ). 2006;36(1):79-97.

Lim C, Biddle SJ. Longitudinal and prospective studies of parental correlates
of physical activity in young people: a systematic review. Int J Sport Exerc
Psychol. 2012;10(3):211-20.

Edwardson CL, Gorely T. Parental influences on different types and
intensities of physical activity in youth: a systematic review. Psychol Sport
Exerc. 2010;11(6):522-35.

Yao CA, Rhodes RE. Parental correlates in child and adolescent physical
activity: a meta-analysis. Int J Behav Nutr Phys Act. 2015;12:10.

Jago R, Fox KR, Page AS, Brockman R, Thompson JL. Parent and child
physical activity and sedentary time: do active parents foster active
children? BMC Public Health. 2010;10:194.

Vanhees LLJ, Philippaerts R, Martens M, Huygens W, Troosters T, Beunen G.
How to assess physical activity? How to assess physical fitness? Eur J
Cardiovasc Prev Rehab. 2005;12:102-14.

Haskell WL. Physical activity by self-report: a brief history and future issues. J
Phys Act Health. 2012,9:55-10.

Sallis JF, Saelens BE. Assessment of physical activity by self-report: status,
limitations, and future directions. Res Q Exerc Sport. 2000;71(sup2):1-14.
Moher DSL, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, et al.
PRISMA-P group. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015 statement. BioMed Central. 2015;4:1.
Liberati AAD, Tetzlaff J, Mulrow C, Getzsche PC, loannidis JP, Clarke M, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate health care interventions: explanation and
elaboration. PLoS Med. 2009;6:7.

Moore LL, Lombardi DA, White MJ, Campbell JL, Oliveria SA, Ellison RC.
Influence of parents’ physical activity levels on activity levels of young
children. J Pediatr. 1991;118(2):215-9.

Sallis JF, Taylor WC, Dowda M, Freedson PS, Pate RR. Correlates of vigorous
physical activity for children in grades 1 through 12: comparing parent-
reported and objectively measured physical activity. Pediatr Exerc Sci. 2002;
14:30-44.

Loucaides CA, Jago R. Correlates of pedometer-assessed physical activity in
Cypriot elementary school children. J Phys Act Health. 2006;3(3):267-76.
Oliver M, Shoefield GM, Schluter PJ. Parent influences on preschoolers’
objectively assessed physical activity. J Sci Med Sport. 2010;13:403-9.
Fisher A, Saxton J, Hill C, Webber L, Purslow L, Wardle J. Psychosocial
correlates of objectively measured physical activity in children. Eur J Pub
Health. 2011;21(2):145-50.

Heitzler CD, Lytle LA, Erickson DJ, Barr-Anderson D, Sirard JR, Story M.
Evaluating a model of youth physical activity. Am J Health Behav. 2010;
34(5):593-606.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

(2020) 17:67 Page 15 of 16

Fuemmeler BF, Anderson CB, Masse LC. Parent-child relationship of directly
measured physical activity. Int J Behav Nutr Phys Act. 2011,8:17.

Jacobi D, Caille A, Borys JM, Lommez A, Couet C, Charles MA. Parent-
offspring correlations in pedometer-assessed physical activity. PLoS One.
2011,6(12):229195.

Ruiz R, Gesell SB, Buchowski MS, Lambert W, Barkin SL. The relationship
between hispanic parents and their preschool-aged children's physical
activity. Pediatrics. 2011;127(5):888-95.

O'Dwyer MV, Fairclough SJ, Knowles Z, Stratton G. Effect of a family focused
active play intervention on sedentary time and physical activity in preschool
children. Int J Behav Nutr Phys Act. 2012;9:117.

Craig CL, Cameron C, Tudor-Locke C. Relationship between parent and child
pedometer-determined physical activity: a sub-study of the CANPLAY
surveillance study. Int J Behav Nutr Phys Act. 2013;10:8.

Hnatiuk J, Salmon J, Campbell KJ, Ridgers ND, Hesketh KD. Early childhood
predictors of toddlers’ physical activity: longitudinal findings from the
Melbourne INFANT program. Int J Behav Nutr Phys Act. 2013;10:123.
Hesketh KR, Goodfellow L, Ekelund U, McMinn AM, Godfrey KM, Inskip HM,
et al. Activity levels in mothers and their preschool children. Pediatrics.
2014;133(4):e973-€80.

Lloyd AB, Lubans DR, Plotnikoff RC, Collins CE, Morgan PJ. Maternal and
paternal parenting practices and their influence on children's adiposity,
screen-time, diet and physical activity. Appetite. 2014;79:149-57.

Jago R, Sebire SJ, Wood L, Pool L, Zahra J, Thompson JL, et al. Associations
between objectively assessed child and parental physical activity: a cross-
sectional study of families with 5-6 year old children. BMC Public Health.
2014;14:655.

Sigmundova D, Sigmund E, Vokacova J, Kopkova J. Parent-child associations
in pedometer-determined physical activity and sedentary behaviour on
weekdays and weekends in random samples of families in the Czech
Republic. Int J Environ Res Public Health. 2014;11(7):7163-81.

Duncan SC, Strycker LA, Chaumeton NR. Personal, family, and peer
correlates of general and sport physical activity among African American,
Latino, and White girls. J Health Disparities Res Pract. 2015;8(2):12-28.

Tu AW, Watts AW, Masse LC. Parent-adolescent patterns of physical activity,
sedentary behaviors and sleep among a sample of overweight and obese
adolescents. J Phys Act Health. 2015;12(11):1469-76.

Tate EB, Shah A, Jones M, Pentz MA, Liao Y, Dunton G. Toward a better
understanding of the link between parent and child physical activity levels:
the moderating role of parental encouragement. J Phys Act Health. 2015;
12(9):1238-44.

Sijtsma A, Sauer PJ, Corpeleijn E. Parental correlations of physical activity
and body mass index in young children-the GECKO Drenthe cohort. Int J
Behav Nutr Phys Act. 2015;12:132.

Sigmund E, Sigmundova D, Badura P, Voracova J. Relationship between
Czech parent and child pedometer-assessed weekday and weekend
physical activity and screen time. Cent Eur J Public Health. 2015;23(Suppl):
$83-90.

Hnatiuk JA, Hesketh KR, van Sluijs EM. Correlates of home and
neighbourhood-based physical activity in UK 3-4-year-old children. Eur J
Pub Health. 2016;26(6):947-53.

Lee EY, Hesketh KD, Rhodes RE, Rinaldi CM, Spence JC, Carson V. Role of
parental and environmental characteristics in toddlers’ physical activity and
screen time: Bayesian analysis of structural equation models. Int J Behav
Nutr Phys Act. 2018;15(1):17.

Stearns JA, Rhodes R, Ball GD, Boule N, Veugelers PJ, Cutumisu N, et al. A
cross-sectional study of the relationship between parents’ and children's
physical activity. BMC Public Health. 2016;16(1):1129.

McMurray RG, Berry DC, Schwartz TA, Hall EG, Neal MN, Li S, et al.
Relationships of physical activity and sedentary time in obese parent-child
dyads: a cross-sectional study. BMC Public Health. 2016;16:124 dio: https://
doi.org/10.1186/512889-016-2795-5.

Solomon-Moore E, Sebire SJ, Thompson JL, Zahra J, Lawlor DA, Jago R. Are
parents’ motivations to exercise and intention to engage in regular family-
based activity associated with both adult and child physical activity? BMJ
Open Sport Exerc Med. 2016;2(1):¢000137.

Garriguet D, Colley R, Bushnik T. Parent-child association in physical activity
and sedentary behaviour. Health Rep. 2017,28(6):3-11.

Brown HE, Corder K, Atkin AJ, van Sluijs EMF. Childhood predictors of
adolescent behaviour: the prospective association of familial factors with
meeting physical activity guidelines. Prev Med Rep. 2017;6:221-7.


https://www.who.int/dietphysicalactivity/pa/en/
https://www.who.int/dietphysicalactivity/factsheet_inactivity/en/
https://www.who.int/dietphysicalactivity/factsheet_inactivity/en/
https://doi.org/10.1186/s12889-016-2795-5
https://doi.org/10.1186/s12889-016-2795-5

Petersen et al. International Journal of Behavioral Nutrition and Physical Activity

47.
48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Song M, Dieckmann NF, Stoyles S, Kim Y, Lumeng JC. Associations between
mother's and children's moderate-to-vigorous physical activity and
sedentary time in the family context. Prev Med Rep. 2017,8:197-203.
Chiarlitti NA, Kolen AM. Parental influences and the relationship to their
Children’s physical activity levels. Int J Exerc Sci. 2017;10(2):205-12.

Jago R, Solomon-Moore E, Macdonald-Wallis C, Thompson JL, Lawlor DA,
Sebire SJ. Association of parents’ and children’s physical activity and
sedentary time in year 4 (8-9) and change between year 1 (5-6) and year 4:
a longitudinal study. Int J Behav Nutr Phys Act. 2017;14(1):110.

Walsh AD, Crawford D, Cameron AJ, Campbell KJ, Hesketh KD. Associations
between the physical activity levels of fathers and their children at 20
months, 3.5 and five years of age. BMC Public Health. 2017;17(1):628.
Dlugonski D, DuBose KD, Rider P. Accelerometer-measured patterns of
shared physical activity among mother-young child dyads. J Phys Act
Health. 2017;14(10):808-14.

Barkin SL, Lamichhane AP, Banda JA, JaKa MM, Buchowski MS, Evenson KR,
et al. Parent’s physical activity associated with preschooler activity in
underserved populations. Am J Prev Med. 2017,52(4):424-32.

Hnatiuk JA, Ridgers ND, Salmon J, Hesketh KD. Maternal correlates of young
children's physical activity across periods of the day. J Sci Med Sport. 2017;
20(2):178-83.

Maltby AM, Vanderloo LM, Tucker P. Exploring mothers’ influence on
preschoolers’ physical activity and sedentary time: a cross sectional study.
Matern Child Health J. 2018;22(7):978-85.

Xu C, Quan M, Zhang H, Zhou C, Chen P. Impact of parents’ physical activity
on preschool children’s physical activity: a cross-sectional study. PeerJ. 2018;
2:4405.

Sterne JAC, Herndn MA, Reeves BC, Savovi¢ J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ. 2016;355:14919. https://doi.org/10.1136/bmj.i4919.
Harrison S, Jones HE, Martin RM, Lewis S, Higgins JPT. The albatross plot: a
novel graphical tool for presenting results of diversely reported studies in a
systematic review. Res Synth Methods. 2017;8:281-9.

Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to meta-
analysis. Chichester: Wiley; 2009.

Hutchens A, Lee RE. Parenting practices and Children’s physical activity: an
integrative review. J Sch Nurs. 2018;34(1):68-85.

Blewitt C, Bergmeier H, Macdonald JA, Olsson CA, Skouteris H. Associations
between parent-child relationship quality and obesogenic risk in
adolescence: a systematic review of recent literature. Obes Rev. 2016;17(7):
612-22.

Neshteruk CD, Nezami BT, Nino-Tapias G, Davison KK, Ward DS. The
influence of fathers on children’s physical activity: a review of the literature
from 2009 to 2015. Prev Med. 2017;102:12-9.

Lee CG, Park S, Yoo S. The longitudinal effect of parental support during
adolescence on the trajectory of sport participation from adolescence
through young adulthood. J Sport Health Sci. 2018;7(1):109-19.

Sigmund E, Badura P, Vokacova J, Sigmundova D. Parent-child relationship
of pedometer-assessed physical activity and proxy-reported screen time in
Czech families with preschoolers. Int J Environ Res Public Health. 2016;13:5.
Abbott G, Hnatiuk J, Timperio A, Salmon J, Best K, Hesketh KD. Cross-
sectional and longitudinal associations between parents’ and preschoolers’
physical activity and television viewing: the HAPPY study. J Phys Act Health.
2016;13:269-74.

Xu H, Wen LM, Hardy LL, Rissel C. Mothers' perceived neighbourhood
environment and outdoor play of 2- to 3.5-year-old children: findings from
the healthy beginnings trial. Int J Environ Res Public Health. 2017;14(9):1082.
Abbott G, Salmon J, Timperio A, Kneebone K, Hnatiuk J, Hesketh K. Cross-
sectional and longitudinal associations between parents' and preschoolers’
physical activity and TV viewing. Obes Res Clin Pract. 2013;2:e113.

Jago R, Thompson JL, Sebire SJ, Wood L, Pool L, Zahra J, et al. Cross-
sectional associations between the screen-time of parents and young
children: differences by parent and child gender and day of the week. Int J
Behav Nutr Phys Act. 2014;11:54.

Song M, Corwyn RF, Bradley RH, Lumeng JC. Temperament and physical
activity in childhood. J Phys Act Health. 2017;14(11):837-44.

Steele RM, Brage S, Corder K, Wareham NJ, Ekelund U. Physical activity,
cardiorespiratory fitness, and the metabolic syndrome in youth. J Appl
Physiol (1985). 2008;105(1):342-51.

Shephard RJ. Limits to the measurement of habitual physical activity by
questionnaires. Br J Sports Med. 2003;37:197-2006.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

(2020) 17:67 Page 16 of 16

Migueles JH, Cadenas-Sanchez C, Ekelund U, Nystrém CD, Mora-Gonzalez J,
Lof M, et al. Accelerometer data collection and processing criteria to assess
physical activity and other outcomes: a systematic review and practical
considerations. Sports Med (Auckland, NZ). 2017;47(9):1821-45.

Freedson P, Pober D, Janz KF. Calibration of Acceleromter output for
children. Med Sci Sports Exerc. 2005;1:523-30.

Trost GS, Mclver KL, Pate RR. Conducting accelerometer-based activity
assessments in field-based research. Med Sci Sports Exerc. 2005;37:531-43.
Kim Y, Beets MW, Welk GJ. Everything you wanted to know about selecting
the “right” Actigraph accelerometer cut-point for youth, but: a systematic
review. J Sci Med Sport. 2012;15:311-21.

Trost GS, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer
cut points for predicting activity intensity in youth. Med Sci Sports Exerc.
2011;43(7):1360.

Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two
objetive measures of physical activity for children. J Sports Sci. 2008;26:14.
Nilsson A, Ekelund U, Yngve A, Sjostrom M. Assessing physical activity
among children with accelerometers using different time sampling intervals
and placements. Pediatr Exerc Sci. 2002;14(1):87.

Colley R, Connor Gorber S, Tremblay MS. Quality control and data reduction
procedures for accelerometry-derived measures of physical activity. Health
Rep. 2010;21(1):63.

Ward DS, Everson KR, Vaughn A, Rodgers AB, Troiano RP. Accelerometer use
in physical activity: Best practices and research recommendations. Med Sci
Sports Exerc. 2005;37:5582-58.

Orme M, Wijndaele K, Sharp SJ, Westgate K, Ekelund U, Brage S. Combined
influence of epoch length, cut-point and bout durantion on accelerometry-
derived physical activity. Int J Behav Nutr Phys Act. 2014;11:34.

Esliger DW, Copeland JL, Barnes JD, Tremblay MS. Standardizing and
optimizing the use of accelerometer data for free-living physical activity
monitoring. J Phys Act Health. 2005;2(3):366-83.

Keadle SK, Shiroma EJ, Freedson PS, Lee IM. Impact of accelerometer data
processing decisions on the sample size, wear time and physical activity
level of a large cohort study. BMC Public Health. 2014;14:1210.

Aadland E, Ylvisdker E. Reliability of objectively measured sedentary time
and physical activity in adults. PLoS One. 2015;10(7):e0133296.

Westerterp KR. Assessment of physical activity: a critical appraisal. Eur J Appl
Physiol. 2009;105(6):823-8.

Ekelund U, Tomkinson G, Armstrong N. What proportion of youth are
physically active? Measurement issues, levels and recent time trends. Br J
Sports Med. 2011;45(11):859-65.

Kohl HW, Fulton J, Caspersen CJ. Assessment of physical activity among
children and adolescents: a review and synthesis. Prev Med. 2000;31:554-76.
Dishman RK, Darracott CR, Lambert LT. Failure to generalize determinants of
self-reported physical activity to motion sensor. Med Sci Sports Exerc. 1992;
24:904-10.

Demark-Wahnefried W, Bowen DJ, Jabson JM, Paskett ED. Scientific bias
arising from sampling, selective recruitment, and attrition: the case for
improved reporting. Cancer epidemiology biomarkers &mp. Prevention.
2011;20(3):415-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1136/bmj.i4919

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Introduction
	Method
	Literature search and search strategy
	Eligibility for inclusion
	Article selection
	Data extraction
	Quality assessment
	Synthesis of results

	Results
	Characteristics of the included studies
	PA measurement and outcomes
	Associations between parent and child PA
	Age of child
	Quality assessment

	Discussion
	Measurement and data reduction
	Selection bias
	Strengths and limitations
	Implications for research and conclusion


	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

