
Review

Are children's activity levels determined by their genes or environment?
A systematic review of twin studies☆

Abigail Fisher, Lee Smith ⁎, Cornelia H.M. van Jaarsveld, Alexia Sawyer, Jane Wardle
Cancer Research UK Health Behaviour Research Centre, Department of Epidemiology and Public Health, University College London, United Kingdom

a b s t r a c ta r t i c l e i n f o

Available online 16 June 2015

Keywords:
Twin
Child
Activity
Genetic
Environment

Context. The importance of physical activity to paediatric health warrants investigation into its determinants.
Objectivemeasurement allows a robust examination of genetic and environmental influences on physical activity.

Objective. To systematically review the evidence on the extent of genetic and environmental influence on
children's objectively-measured activity levels from twin studies.

Data sources and search terms.Medline, EMBASE, PsycINFO, Health and Psychosocial Instruments and all Ovid
Databases. Search terms: “accelerometer” OR “actometer” OR “motion sensor” OR “heart rate monitor” OR
“physical activity energy expenditure”AND “twin”. Limited to Human, English language and children (0–18 years).

Results. Seven sets of analyses were included in the review. Six analyses examined children's daily-life activity
and found that the shared environment had a strong influence on activity levels (weighted mean 60%), with a
smaller contribution from genetic factors (weighted mean 21%). Two analyses examined short-term, self-
directed activity in a standard environment and found a smaller shared environment effect (weighted mean
25%) and a larger genetic estimate (weighted mean 45%).

Conclusions. Although genetic influences may be expressed when children have brief opportunities for auton-
omous activity, activity levels in daily-life are predominantly explained by environmental factors. Future research
should aim to identify key environmental drivers of childhood activity.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Regular participation in physical activity is protective against many
chronic diseases including cardiovascular disease, some cancers, and di-
abetes (Booth et al., 2002; Cooper et al., 2005, 2006). There is evidence
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that activity ‘tracks’ from childhood into adult life, with active children
being more likely to become active adults (Craigie et al., 2011; Telama
et al., 2005). Childhood physical activity is therefore important for
health over the life-course. However, surprisingly little is known about
the causes of variation between children's levels of physical activity.

Several studies have demonstrated that physical activity levels aggre-
gatewithin families (Craig et al., 2013; Freedson and Evenson, 1991; Jago
et al., 2010;Moore et al., 1991; Spinath et al., 2002).Most have depended
on self-report or parent-reportmeasures. The three studies that used ob-
jective measures of free-living activity found inconsistent effects. One
study found that 4–7 year olds with two active parents were around
six times more likely to be sufficiently active than those whose parents
were sedentary (Moore et al., 1991). Similarly, a large study of 539
parent–child pairs found that children with more active mothers or
fathers were more likely to be active themselves (Craig et al., 2013).
However, another study measuring activity over 3 days found no
parent–child correlations for activity levels (Jago et al., 2010); it is
possible that a shorter measurement period (compared with 7+ days
in the former studies) reduced the reliability of these results.

Studies of parent–child resemblance cannot distinguish between ge-
netic interpretations (e.g. activity level is a heritable trait) and environ-
mental interpretations (e.g. children's activity is influenced by parental
modelling). However, twin studies make it possible to estimate the rel-
ative extent of genetic and environmental influence by comparing the
similarity between genetically identical pairs (monozygotic; MZ) and
fraternal pairs (dizygotic; DZ) who share on average, half of their segre-
gating genes (Plomin et al., 2008). In addition, by assessing the extent to
which twin similarity exceeds the correlation expected by the heritabil-
ity of the trait, it is possible to divide the environmental component into
the shared environment effect (which makes twins reared in the same
homemore similar) and the non-shared (or unique) environment effect
(which makes the children different from one another).

Most twin studies on physical activity have used data from adult
twin cohorts and have relied on self-reported measures of physical ac-
tivity. This literature was reviewed by Beunen and Thomas (1999)
who concluded that heritability of self-reported sports participation
ranged from 35 to 85%, while the heritability of self-reported daily
physical activity was slightly lower, at 29–62%. Two large twin studies
published since this review have supported the conclusion that there
is a moderate-to-strong genetic influence on adult physical activity
(Stubbe et al., 2005, 2006), although one study that used the criterion
of meeting adult guidelines for physical activity (≥150 min per week)
found that the environmental effect predominated and the genetic
effect was non-significant (Duncan et al., 2008).

Fewer adult studies have used objective measures of physical activ-
ity. A small exploratory study using accelerometers in 20 twin pairs
suggested strong genetic influence of 78% (57–87%) on free-living
daily physical activity (Joosen et al., 2005). A larger study involving
225 twin pairs, which measured activity over a 6 hour period in a con-
trolled setting in which participants carried out a variety of tasks, such
as psychological testing, role playing and giving presentations, found
that the genetic effect explained almost half of the variation (Spinath
et al., 2002).

In infants and young children there are a number of studies using
parent-reported activity (often from activity subscales on temperament
questionnaires), which generally suggest a slightly lower genetic influ-
ence (in the region of 19–40%, as reviewed in Hwang and Rothbart,
2003). However, parent-reported child activity can be unreliable
(Corder et al., 2009), and a particular critique of its use in twin studies
is the possibility of ‘contrast bias’where parents over-report the differ-
ences between their DZ twins, or ‘assimilation bias’, whereby parents
over-report the similarity of their MZ twins (Neale and Stevenson,
1989; Saudino, 2003; Saudino et al., 2000). These biases are indicated
when DZ correlations are less than half of the MZ correlations and
they generate inflated heritability estimates (Neale and Stevenson,
1989; Saudino, 2003; Saudino et al., 2000).

Objective measurements of physical activity avoid contrast or
assimilation bias and provide more robust estimates of genetic and
environmental effects. This paper systematically reviews paediatric
twin studies that have used objective measures to quantify the
extent of genetic and environmental influences on physical activity.

Materials and methods

Literature search

The following databases were searched simultaneously for peer-
reviewed journals; Medline, PsycINFO, EMBASE, Health and Psychoso-
cial Instruments and all OVID Databases in April 2015. Results were lim-
ited to human, English language and “all child” (0 to 18 years). Searched
terms usedwere “twin”AND “accelerometer”OR “actometer”OR “heart
rate monitor” OR “physical activity energy expenditure” OR “motion
sensor.” A total of 3134 papers were identified. Titles and abstracts
were scanned for relevance by three reviewers (AF, AS, LS), after remov-
ing papers based on title 74 were carried forward to abstract screening.
Seven potentially eligible papers were identified. References lists of
these papers were searched for relevant articles and reference lists of
those papers and so on until no more articles could be identified. Four
additional papers were included. Eleven papers were taken forward to
full text review (Fig. 1).

We identified eleven papers that provided heritability estimates of
objectively-measured activity in children, but two sets of reports used
the same twin samplewith data examined in differentways. One set re-
ported analyses of accelerometer data in one paper (Wood et al., 2007)
and analyses of a composite index of accelerometer plus subjective
measures in another (Wood et al., 2008). The other set reported

Initial search 
(3854 titles)

Limited to 0-18 years 
(3592 titles)

Limited to English Language 
(3492 titles)

Limited to humans 
(3308 titles)

Duplicates removed
(3134 titles) 

Removed based on title
(74 titles)

Removed based on abstract
(7 titles) 

Removed based on full text 
review

(7 titles) 

Reference searches of remaining 
abstracts produced 4 additional 

papers
(11 titles)

Fig. 1. Flow of citations.
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