Fat and lean tissue accretion in relation to reward motivation in

children

De Decker Annelies?, De Clercq Bart®, Verbeken Sandra®, Wells Jonathan C. K.¢, Braet

Caroline®, Michels Nathalie?, De Henauw Stefaan?, Sioen Isabelle?

Author affiliations:

8Department of Public Health, Faculty of Medicine and Health Sciences, Ghent University, De Pintelaan 185 UZ
4K3, 9000 Gent, Belgium. Annelies.DeDecker@UGent.Be, Isabelle.Sioen@UGent.Be,
Nathalie.Michels@UGent.Be, Stefaan.DeHenauw@UGent.Be.

®Department of Developmental, Personality and Social Psychology, Faculty of Psychology and Educational

Sciences, Ghent University, Henri Dunantlaan 2, 9000 Gent, Belgium. Sandra.Verbeken@UGent.Be,

Caroline.Braet@UGent.Be.
“Childhood Nutrition Research Centre, Institute of Child Health, University College of London, 30 Guilford

Street, WC1N 1EH, London, United Kingdom. Jonathan.Wells@UCL.ac.UK.

Corresponding author:

De Decker Annelies

Annelies.DeDecker@UGent.Be


mailto:Annelies.DeDecker@UGent.Be
mailto:Isabelle.Sioen@UGent.Be
mailto:Nathalie.Michels@UGent.Be
mailto:Sandra.Verbeken@UGent.Be
mailto:Annelies.DeDecker@UGent.Be

Abstract

‘Reward sensitivity’ explains inter-individual differences in the motivation to obtain rewards when
reward cues are perceived. This psychobiological trait has been linked to higher consumption of palatable food
when exposed to palatable food cues. The current study aims to examine if reward sensitivity explains
differences in patterns of fat and lean tissue accretion over time in children. A longitudinal observational study
with measurement waves in 2011 (baseline), 2012, 2013, and 2015 was conducted. The sample was a
population-based Flemish cohort of children (n=446, 50% boys and 5.5 to 12 years at baseline; 38.8% of the
baseline sample also participated in 2015). Baseline reward sensitivity of the children was assessed by parent
ratings on the Drive subscale of the Behavioral Inhibition System/Behavioral Approach System scales. Age- and
sex-independent Fat and Lean Mass Index z-scores (zFMI and zLMI respectively) were computed for each study
wave based on air-displacement plethysmography. In girls, but not boys, reward sensitivity was positively
associated with the baseline zFMI and zLMI (95% confidence intervals of unstandardized estimates: 0.01 to 0.11
and 0.01 to 0.10 respectively, P values 0.01 and 0.02 respectively). Further, reward sensitivity explained 14.8%
and 11.6% of the change in girls’ zFMI and zLMI respectively over four years: the zFMI and zLMI increased
and decreased respectively in high reward sensitive girls (95% confidence intervals of unstandardized estimates:
0.01 to 0.11 and -0.12 to -0.01 respectively, P values 0.01 and 0.02 respectively). Hence, girls high in reward
sensitivity had significantly higher adiposity gain over four years parallel with lower increase in lean mass than
was expected on the basis of their age and height. These results may help to identify appropriate targets for

interventions for obesity prevention.
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Introduction®
The psychobiological trait ‘Reward sensitivity’ (RS) explains inter-individual differences in motivation

to approach rewards in response to reward-predicting-cues (Carver & White, 1994). Rewards can be presents,

! Abbreviations: RS, reward sensitivity; BMI, Body Mass Index; FMI, Fat Mass Index; LMI, Lean Mass Index;
zBMI, standard deviation score of BMI based on Flemish reference curves; zFMI, standard deviation score of
FMI based on British reference curves; zLMI, standard deviation score of LMI based on British reference
curves; BIS/BAS, Behavioral Inhibition System/Behavioral Approach System; AIC, Akiake’s Information
Criterion.
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money, social factors (e.g. appraisal), palatable foods (such as sweet and fat rich foods) etc. Individuals learn
that the possibility to obtain rewards is associated with certain cues (objects, pictures, smells etc.). These cues
can trigger a motivated state in individuals that aims to generate behavior to approach and obtain the associated
reward. Applied to palatable food, cues associated with the consumption of palatable food can evoke the
tendency to approach and consume these foods, even in the absence of homeostatic hunger (Johnson, 2013).
Individuals high in RS have a stronger tendency to approach and obtain rewards when perceiving reward-
predicting-cues (Carver & White, 1994). Therefore, it has been proposed that RS contributes to the variability in
adiposity gain in contexts in which food cues are highly present in the daily living environment (e.g. billboards,
commercials, vending machines) (Davis, Strachan, & Berkson, 2004).

Considering the current high overweight and obesity prevalence in childhood (Lobstein, Baur, & Uauy,
2004) and its tracking into adulthood (Singh, Mulder, Twisk, van, & Chinapaw, 2008), the development of
effective childhood obesity prevention strategies is of great importance. To identify appropriate targets for
obesity prevention interventions, confirming and quantifying the association between RS and adiposity gain in
children is critical. Different approaches to measure inter-individual differences in cue-triggered reward
motivation exist, e.g. neuro-imaging techniques, laboratory-based behavioral tasks, and questionnaires that
measure RS to all kinds of reward, i.e. ‘general RS’, as well as specifically to palatable food reward (Carnell,
Benson, Pryor, & Driggin, 2013). To use the information on this association for preventive purposes, the RS
measure needs to be easily and practically applicable, and inexpensive; therefore, it is advisable to use
questionnaires.

Using a general RS questionnaire, cross-sectional studies have reported higher consumption of palatable
food (De Cock et al., 2016; De Decker et al., 2016; Paquet et al., 2010), food cravings (Franken & Muris, 2005),
over-eating (Davis et al., 2007), and overweight (Davis & Fox, 2008; De Decker et al., 2016; Dietrich,
Federbusch, Grellmann, Villringer, & Horstmann, 2014; Verbeken, Braet, Lammertyn, Goossens, & Moens,
2012) with higher RS. Some of these studies differentiated by sex and reported that this relation was primarily
present in females (De Cock et al., 2016; Dietrich et al., 2014). To confirm that higher scores on a general RS
questionnaire indeed increase the risk of excess adiposity gain, longitudinal studies are needed but these are as
far as we know absent. Therefore, the current study aimed to examine if inter-individual differences in general
RS explain differences in fat and lean tissue accretion in children, and if the relation between RS and fat and lean
tissue accretion differs in boys versus girls. The consideration of fat and lean tissue accretion instead of weight

gain is an important advantage of this study, since lean tissue accretion can importantly contribute to weight gain
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(Wells, 2000). A positive association between RS and fat as well as between RS and lean tissue accretion over

time was hypothesized, and it was hypothesized that this relation was stronger in girls.

Methods

Participants and procedure

Participants were 446 Dutch-speaking Belgian children (50% boys) aged 5.5 to 12 years at baseline (i.e.
2011). Baseline data on parental reports of children’s RS as well as measurements of children’s body
composition in 2011, 2012, 2013, and 2015 were used (figure 1). For all these study waves, children (in most
cases accompanied by at least one parent) attended the survey center at a prefixed appointment, on which body
composition measurements of the child were conducted and parental questionnaires were filled in. If no parent
accompanied the child, one of the parents completed the questionnaires at home.

The children were recruited by random cluster design (all children of twelve primary schools of Aalter
were contacted) for the longitudinal “Children’s Body Composition and Stress” (ChiBS) study (Michels et al.,
2012), with study surveys in 2010, 2011, and 2012. Data from 2010 were not used since RS was assessed for the
first time in 2011. All children measured in the ChiBS study were invited via mail, email and, if no response,
telephone calls to participate in the follow-up study “Rewarding-FOod ChoicES” (Forces), which is part of the

REWARD-project (www.rewardstudy.be), with study surveys in 2013 and 2015. All participants for which

baseline RS data were present were included in the current study (i.e. 446 of the 455 children that participated in
the ChiBS survey of 2011).

The ChiBS and Forces studies were conducted according to the guidelines laid down in the Declaration
of Helsinki and approved by the Ethics Committee of Ghent University Hospital. Written informed consent was

obtained from all parents, and all children gave verbal assent.

Measures

RS. The Behavioral Inhibition System (BIS) and Behavioral Approach System (BAS) scales (Carver &
White, 1994) measure a person’s behavioral and affective responses to (predicted) punishments and rewards

respectively. The BAS scale consists of three subscales, i.e. Fun Seeking (measures the inclination to seek out
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new rewarding situations), Reward Responsiveness (measures positive affect and excitability when obtaining
reward), and Drive (measures the strength of pursuit to obtain reward in response to reward-predicting cues; e.g.
our child does everything to get the things that he/she wants). Hence, the Drive subscale is most strongly linked
to the RS concept as described in the introduction section. Additionally, of the three BAS subscales, Drive has
the highest internal consistency (De Cock et al., 2016; Vervoort et al., 2015) and correlates most strongly with
neural responses to food reward cues in multiple loci of the brain reward circuitry (r ~ 0.8) (Beaver et al., 2006).
Therefore, the term RS in the text below refers to the sum score of the four items of the Drive subscale, which
were scored on a 4-point Likert scale (1=not true; 2=somewhat true; 3=true, 4=very true; total range on Drive
subscale: 4-16). Because the youngest children of the cohort were too young to answer the questionnaire
themselves, parents answered a Dutch parent version of the BIS/BAS scale (Vervoort et al., 2015). The
Cronbach alpha of RS in the current study (0.85) was comparable with the alpha reported by Vervoort et al. (i.e.
0.85) in children and adolescents aged 2-18 years (Vervoort et al., 2015).

Body composition. At least 2h before the measurement, children were asked to refrain from physical

activity and food. Height was measured to the nearest 0.1cm. Body weight was measured with the BOD POD®
balance, and body volume with the BOD POD® air-displacement plethysmography device (Software version
4.2.4, Life Measurement, Inc., Concord, California, USA), both using standardized procedures (McCrory,
Gomez, Bernauer, & Mole, 1995). In accordance to the manufacturer’s guidelines, the BOD POD® was
calibrated daily and at each measurement, and children wore tight-fitting bathing suits with swimming caps
during the measurement. Thoracic gas volume was predicted by the software with a validated child-specific
equation (Fields, Hull, Cheline, Yao, & Higgins, 2004). Using weight, body volume, and thoracic gas volume,
body density was calculated and converted into fat and lean masses using child-specific conversion factors
(Wells et al., 2010). Then, fat and lean mass (kilogram) were divided by height squared (meter?) to calculate fat
mass index (FMI) and lean mass index (LMI), each in the same kilogram/meter® units as body mass index
(BMI). Since no Flemish FMI and LMI reference curves for children are available, British reference curves were
used to compute age- and sex-independent standard deviation scores of FMI (zFMI) and LMI (zLMI) (Wells et
al., 2012). For descriptive purposes, also BMI was calculated and z-scores were computed based on Flemish

reference curves (Roelants, Hauspie, & Hoppenbrouwers, 2009).

Data analyses
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The two-sided level of significance was set at p<0.05. Descriptive analyses were performed using
PASW Statistical Program version 20.0 (SPSS, IBM, IL, USA). Unpaired t-tests were conducted to test sex
differences on age, RS, zFMI, and zLMI. To test drop-out differences, participants versus non-participants were
compared on sex with a chi-square test and on age, RS, zFMI and zLMI with unpaired t-tests.

Longitudinal multilevel analyses were conducted in Mplus version 7.20 to examine change in zFMI and
zZLMI across time (Muthén & Muthén, 1998-2012). All models were calibrated using the default maximum
likelihood estimation with robust standard errors. Multilevel modelling has significant advantages over
traditional repeated measure techniques, since this does not require balanced data (i.e. number of available
measurements do not have to be the same for all individuals) (Hox, 2010). A two-level model was used, with the
repeated measures on the four time points at the lowest level (i.e. time level), and individual child parameters at
the highest level (i.e. child level).

Preliminary multilevel analyses showed that sex significantly moderated the main effect of RS on zFMI.
Furthermore, zLMI followed a different pattern in boys versus girls over time (Table 1), possibly due to slight
differences in the accretion of lean mass between Flemish and British children. Therefore, the multilevel
analyses were performed separately for boys and girls.

Four parallel series of incremental models were conducted, i.e. series for girls’ zZFMI change, series for
girls’ zLMI change, series for boys’ zFMI change and series for boys’ zLMI change. The incremental models,
identical for each series, are explained in the following. Model 1 contained only the measurement occasion
(time, split up in three time dummies) on the time level; this model provides the intraclass correlation (Hox,
2010). In model 2, the baseline centralized RS score (i.e. RS minus 9) was added on the child level. In model 3,
the coefficients of the time dummies were allowed to be random. This model allows to evaluate the significance
of the variance of the zFMI or zLMI slopes between time points (i.e. differences in the slopes of zFMI and zLMI
between children over the time spans baseline-2012, baseline-2013 or baseline-2015). In model 4, cross-level
interaction terms between RS and the time dummies were computed to assess whether RS explains differences in
the slopes of zFMI and zLMI between children over time. Akaike’s Information Criterion (AIC) was used to
assess if an incremental model fitted the data better than the previous model (Burnham & Anderson, 2002).
Parental education level was not included as covariate in the series of models since a preliminary t-test showed
no mean difference on RS between children of parents with and without a tertiary education degree (t=0.468,
p=0.640); age was not included as covariate since the outcomes zFMI and zLMI are age-independent parameters,

and moreover, inclusion of age did worsen the model fit. Hence, no covariates were included in the models.


https://www.researchgate.net/publication/44832436_Multilevel_Analysis_Techniques_and_Applications?el=1_x_8&enrichId=rgreq-83dc335739d47a9602d04049c6586c6e-XXX&enrichSource=Y292ZXJQYWdlOzMwOTE5NDU1ODtBUzo0MTgxMDg3OTY4ODI5NDZAMTQ3NjY5NjMxMzU4Ng==
https://www.researchgate.net/publication/44832436_Multilevel_Analysis_Techniques_and_Applications?el=1_x_8&enrichId=rgreq-83dc335739d47a9602d04049c6586c6e-XXX&enrichSource=Y292ZXJQYWdlOzMwOTE5NDU1ODtBUzo0MTgxMDg3OTY4ODI5NDZAMTQ3NjY5NjMxMzU4Ng==
https://www.researchgate.net/publication/256476402_Model_Selection_and_Multimodel_Inference_A_Practical_Information-Theoretic_Approach?el=1_x_8&enrichId=rgreq-83dc335739d47a9602d04049c6586c6e-XXX&enrichSource=Y292ZXJQYWdlOzMwOTE5NDU1ODtBUzo0MTgxMDg3OTY4ODI5NDZAMTQ3NjY5NjMxMzU4Ng==

To rule out bias due to drop-out, sensitivity analyses were conducted by repeating the series of models
on a subsample with zFMI and zLMI data at baseline and on the time point for which a significant cross-level
interaction was present. The latter requirement was set and not the requirement of data on all time points in order
to minimalize the reduction in sample size for the sensitivity analyses.

To illustrate the results graphically, the mean zFMI and zLMI of groups low and high in RS (lowest and

highest tertiles respectively) were plotted as function of time.

Results

Descriptive and drop-out statistics

Table 1 shows descriptive statistics and parameter comparisons by sex. Only for zLMI, significant sex
differences were present. Of the total study sample, 72.4% had minimum one tertiary educated parent, and
3.59% had missing data on parental education. At baseline, 8.1% of the children had overweight including
obesity according to the International Obesity Task Force definition (Cole & Lobstein, 2012).

Of the children with body composition data in 2011, (1) the baseline zFMI was significantly higher in
those who dropped out versus those who participated in 2013 (mean difference 0.24, 95% confidence interval
(CI) [0.07,0.42], p<0.01), and (2) the baseline age was significantly higher in those who dropped out versus
those who participated in 2013 (mean difference 0.48 years, 95% CI [0.21,0.75], p<0.01) and in 2015 (mean
difference 0.54 years, 95% CI [0.26,0.81], p<0.01). No other significant drop-out differences on RS, zFMI,
zLMI, age, and sex were found. Time-constraints and decreased motivation of older children to participate in the
study were the main responses of participants when the unwillingness to participate was questioned in telephone

calls.

Explanation of between-child variability in the slopes of zFMI and zLMI over time by RS

Girls. Based on the AIC, model 4 of both zFMI and zLMI had the best data fit (Table 2). The results of
model 4 demonstrated that RS significantly explained differences between girls (1) in baseline zFMI and zLMI,
which is indicated by the significant positive coefficient of RS: with every one unit increase in RS, the baseline

zFMI and zLMI of girls were 0.06 and 0.05 higher respectively; and (2) in the time slopes from baseline to 2015



of zFMI and zLMI, which is indicated by the significant interaction between time variable 2015 (reference time
2011) and RS: with every one unit increase in RS, the zFMI and zLMI change from 2011 to 2015 of girls were
0.06 higher and 0.07 lower respectively. RS explained 14.8% and 11.6% of the variance in the zFMI and zLMI
time slopes from baseline to 2015 (proportions are computed by subtracting the not rounded 2015-time slope
variance of model 4 from that of model 3, and then dividing by the variance of model 3). Figure 2 displays the
direction of these significant effects.

Sensitivity analyses on a subsample with body composition data on 2011 as well as 2015 (n=92, n
measurements=335) demonstrated a similar RS effect on the time slope from baseline to 2015 of zFMI (p=0.03)
and of zLMI, but the effect on zLMI was trend significant (p=0.09).

Besides these main findings, the intraclass correlation demonstrated that zFMI and zLMI were stable
characteristics over time: 84.8% and 76.3% of the differences on zFMI and zLMI respectively were due to
individual differences between girls, and consequently, only 15.2% and 23.7% of the differences on zFMI and
zLMI respectively were due to differences between the measurement occasions (Table 2, table note).
Additionally, variances in the zFMI and zLMI time slopes were only significant when the time span between the
measurements was the largest, i.e. from 2011 to 2015 (model 3).

Boys. Based on the AIC, model 3 had the best data fit (Table 3). RS did not significantly explain
baseline zFMI or zLMI nor differences in the time slopes of zFMI and zLMI between boys (model 4).

Besides these main findings, the intraclass correlation demonstrated that zFMI and zLMI were stable
characteristics over time: 71.7% and 78.2% of the differences on zFMI and zLMI respectively were due to
individual differences between boys, and consequently, 28.3% and 21.8% of the differences on zFMI and zLMI
respectively were due to differences between the measurement occasions (Table 3, table note). Additionally,

significant time slope variances on zFMI and zLMI were also only present between 2011 and 2015 (model 3).

Discussion

The current study is to our knowledge the first to examine the longitudinal association of scores on a
general RS-questionnaire with fat and lean tissue accretion in boys and girls. RS is a personality trait,
conceptualized here as a trait explaining differences in motivation to approach rewards in response to reward-

predicting-cues (Carver & White, 1994).
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Girls but not boys with higher baseline RS had a significantly higher baseline relative fat mass and also
experienced significantly more relative fat mass gain over time. These results suggest that natural variation in the
trait RS contributes to the difference between remaining or not remaining on the same FMI percentile curve
during growth in girls. However, the estimated increase in zFMI per unit increase in RS (i.e. 0.06), which equals
an increase of 2.54 percentiles for children with a baseline zFMI of zero, appears to be relatively minor. The
small change is possibly due to the use of a predominantly healthy-weight sample, resulting in less variety in
FMI. Nevertheless, the relation between RS and zFMI change was significant, even in this sample. Further, the
aim of the study was to identify appropriate targets for primary prevention of higher adiposity gain than expected
on the basis of a child’s age and height, and for this purpose, children that do not have a severe weight problem
yet are suitable targets. Furthermore, RS can differ within a population over 12 units, and hence, the change in
zFMI over time is estimated to differ with 0.72 points between girls at the lowest and highest extreme of RS.
Moreover, RS explained a considerable amount of the variance in the zFMI change over four years, namely
14.8%.

Hence, the current results suggest that RS is a risk factor of higher fat tissue accretion than expected on
the basis of their age and height. Thereby, RS was measured with a questionnaire that is easily and practically
applicable for prevention purposes. The suggested increased risk for high RS girls is assumed to be explained by
a higher vulnerability to palatable food cues in the environment (Paquet et al., 2010), followed by a higher
motivation to obtain the food and resulting in higher consumption of these energy-dense foods (De Cock et al.,
2016; De Decker et al., 2016). However, this was not tested in the current study.

The current results on the longitudinal association between a general RS-questionnaire and body
composition cannot be compared to other studies in children since as far as we know, this longitudinal
association has not been investigated yet. Cross-sectional studies on this association in children reported a
positive association with BMI but did not consider sex differences (De Decker et al., 2016; Verbeken et al.,
2012). In young adults, a longitudinal study did not find a significant relation between scores on a different
general RS-questionnaire and FMI increase, but no sex differences were tested (Finlayson, Cecil, Higgs, Hill, &
Hetherington, 2012). One cross-sectional study in adults did consider sex differences and reported a similar
finding, namely a positive association between RS and BMI in females but not males (Dietrich et al., 2009). As
mentioned in the introduction, researchers have attempted to understand or measure cue-triggered reward
motivation with various methods, other than general RS questionnaires. The to our knowledge available

longitudinal studies with one of these methods in children are described below, but comparison with the current
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results has limitations since the methods differ drastically and do not necessarily measure the same construct.
First, scores on a questionnaire that assesses to what extent a child is prepared to work towards obtaining food
were found to predict increases in FMI (Hill, Saxton, Webber, Blundell, & Wardle, 2009). In contrast with the
questionnaire used in the current study, the child questionnaire used in the study in children is less applicable for
prevention purposes since individual guidance is needed (Hill et al., 2009) and the validity is lower in younger
children (French, Epstein, Jeffery, Blundell, & Wardle, 2012). Second, no significant relation was found between
reward circuitry responsivity to palatable food cues and onset of overweight or obesity (Stice, Yokum, & Burger,
2013). However, both studies did not differentiate by sex. In sum, comparison of the current results with
previous studies is difficult due to the use of different measurement approaches and/or populations as well as the
lack of investigating sex-differences.

The most striking finding of the present study was that girls but not boys higher in RS exhibited higher
relative lean mass at baseline, but longitudinal higher relative loss of lean mass. This suggests that natural
variation in the trait RS also contributes to the difference between remaining or not remaining on the same LMI
percentile curve during growth in girls. Thereby, a 0.07 lower zLMI change over four years was seen with every
one unit increase in RS, which is equal to 1.99 percentiles for children with a baseline zLMI of zero. Although
this is rather minor, RS explained 11.6% of the variance in zLMI change, which indicates that even in a
predominantly healthy-weight sample, this trait may be relevant for body composition changes during growth.

There is a paucity of studies on this association. In a mixed sample of young adults, longitudinal
changes in LMI were not significantly associated with scores on a general RS questionnaire, but positively
associated with scores on a food-specific RS questionnaire (Finlayson et al., 2012). However, methodological
differences obstruct us from comparing these findings with the current results.

Generally, fat accretion is accompanied by lean mass accretion, since more muscle mass is needed to
carry a heavier body (Wells et al., 2006). However, in the current study, the opposite is seen. Since this outcome
has not been reported previously, explanations of this finding remain speculative. Possibilities are that high RS
girls are hampered in their activity level by the increasing adiposity or have a stronger decrease in physical
activity with age. Related to the latter is the trend of a much steeper decrease in physical activity with every year
of age in girls compared to boys (Corder et al., 2016). However, these speculations need to be confirmed in
future research, since this was not tested in the current study.

Underlying reasons for the sex-specific RS effect on zFMI and zLMI are not completely clear since

these were not investigated and sex differences in food reward and eating behavior still represent a developing
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line of research (Figlewicz, 2015). Literature suggests that biological factors may play a role. For example,
patterns of neural activation to palatable food-cues differ by sex (Asarian & Geary, 2013; Atalayer et al., 2014;
Uher, Treasure, Heining, Brammer, & Campbell, 2006). Another example is that the distribution of fat and lean
mass changes differentially in boys and girls during growth; e.g. in boys but not girls, lean mass accretion is the
primary target of weight gain during puberty since lean mass is a secondary sexual characteristic (Wells et al.,
2012; Wisniewski & Chernausek, 2009). Further, social factors may play a role. An example is the higher
internalization of societal pressure to modify physical appearance, the higher body dissatisfaction and the higher
drive for thinness in females compared to males (Yean et al., 2013). These factors compose a risk to develop
disordered eating behavior via increases in weight control intentions (Stice & Shaw, 2002).

Limitations of the study include the lack of information on puberty status, since this hampers the
interpretation of the changes in body composition: although the zFMI and zLMI parameters capture the average
sex-specific and percentile-specific alterations in the balance between fat and lean mass with age, children may
enter puberty earlier or later than average. Another limitation is the use of British FMI and LMI reference data
due to absence of Flemish reference data. Nonetheless, only minor differences between neighboring British and
Flemish populations were seen (standard deviation of zFMI and zLMI on all time points close to one in both
sexes). Comparable with the average zBMI based on Flemish reference scores, the average zFMI and zLMI were
slightly negative, probably due to an overrepresentation of children from highly educated parents and therefore,
healthier body composition. This is a limitation since it reduces the variation in zFMI and zLMI. Further, the
relatively high accretion of fat and low accretion of lean mass in high RS girls was not found over one or two
years, likely because it is harder to detect proper body composition trajectories over short time periods.
Additionally, a large amount of participants dropped-out during the study. Nevertheless, no drop-out differences
were present on the main outcomes (no significant difference between 2011 and 2015 on zFMI and zLMI) and
the sensitivity analyses confirmed the study findings. Next, the study did not consider food intake and physical
activity, and therefore, the interpretation of the results remains speculative. Future research should include these
factors and elucidate if the relation between RS and increased fat tissue accretion is mediated by food intake or
physical activity behavior. Moreover, it is critical that future research includes data on puberty.

Strengths of this study include the use of FMI and LMI based on air-displacement plethysmography.
This enabled us to capture the simultaneous zFMI increase and zLMI decrease in high RS girls. Due to these
opposite patterns, RS did not explain the net change in zBMI. Hence, the zBMI measure is incapable to capture

the less favorable body composition development seen in high RS girls, and therefore, it is not advised to use
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BMI in future research on this topic. Other strengths are the longitudinal design and modelling, the large
community sample of children, the differentiation by sex, and the use of the short Drive-subscale to measure RS,
which is applicable for prevention purposes. Additionally, scores on this subscale have been positively
associated with neural responsiveness in the brain reward system to food reward cues in young adults (Beaver et
al., 2006). In children, an association with responsiveness to food reward has to our knowledge not been
investigated yet, but a positive association between Drive-scores and neural responsiveness to monetary reward
has been reported in participants aged 8-27 years (Braams, van Duijvenvoorde, Peper, & Crone, 2015).

The current study findings suggest that girls but not boys high in RS are more vulnerable to unfavorable
body composition development, i.e. higher adiposity gain parallel with lower lean mass accretion than expected
on the basis of their age and height. The improved understanding on the contribution of a psychobiological trait
to the variability in adiposity gain in obesogenic environments may inform pediatricians, parents, and policy
makers, and support initiatives to better contain palatable food cues in the daily living environment of children.
Further, several scientists recommend a shift toward targeted preventive interventions that focus on particularly
vulnerable populations (e.g. Silveira et al. (2016)). The current study points out that girls high in RS might be
more vulnerable, and may encourage future research to elucidate which prevention approaches are most effective
for girls high in RS to timely reverse the unfavorable body composition development. For example, future
research may determine if strengthening inhibitory control skills is an effective approach for girls high in RS,

since good inhibitory control capacities are suggested to counteract reward-driven behavior (Appelhans, 2009).
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Figure legends

Figure 1. Number (N) of participants with RS data at baseline and body composition data at baseline and follow-

up.

Figure 2. The mean zFMI and zLMI of children low (lowest tertile, n girls=63, n boys=51) and high (highest
tertile, n girls=74, n boys=84) in RS are displayed. In girls but not boys, baseline zFMI and zLMI significantly
increased with RS, and the zFMI and zLMI change from 2011 to 2015 significantly differed by RS. The figure
illustrates an increase in zFMI and a decrease in zLMI in the high RS group. zFMI; standard deviation score of
Fat Mass Index based on British reference curves. zLMI; standard deviation score of Lean Mass Index based on

British reference curves. RS; reward sensitivity.
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Table 1. Descriptive statistics of age, RS and body composition variables

Year Boys Girls P value®
N Mean sd N Mean sd
Age (years) 2011 223 8.83 151 223 887 1.45 0.79
RS (range 4-16) 2011 223 8.90 2.90 223 8.44 2.80 0.09
zBMI 2011 222 -0.25 0.88 222 -0.16 0.99 0.30
2012 158 -0.34 0.89 160 -0.18 0.92 0.12
2013 110 -0.57 0.90 110 -0.36 0.95 0.10
2015 81 -046 087 92 -0.21 0.91 0.07
zZFMI 2011 222 -0.25 0.89 222 -0.42 1.02 0.07
2012 158 -0.33 0.94 160 -0.41 0.92 0.47
2013 110 -0.58 0.87 110 -0.69 0.97 0.38
2015 81 -0.28 0.95 92 -0.49 0.97 0.15
zLMI 2011 222 -0.25 1.04 222 -0.53 0.94 <0.01
2012 158 -0.31 0.98 160 -0.49 0.90 0.08
2013 110 -0.38 1.08 110 -0.43 0.98 0.69
2015 81 -0.70 1.08 92 -0.38 1.00 0.05

Sd; standard deviation. RS; reward sensitivity. zZBMI; standard deviation score of Body Mass Index

based on Flemish reference curves. zFMI; standard deviation score of Fat Mass Index based on British reference

curves. zLMI; standard deviation score of Lean Mass Index based on British reference curves.

P value of unpaired t-test between boys and girls.
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Table 2. Fixed and random effects of two series of four incremental multilevel models with zFMI and

zLMI as outcomes in girls (n=223, n measurements on the four time points=584)

Model 1
b (CI)

Model 2
b (CI)

Model 3
b (CI)

Model 4
b (CI)

Outcome: zFMI

Fixed effects
Intercept
Time-level
Time*
2012
2013
2015
Child-level
RSP
Cross-level interaction

-0.41 (-0.55,-0.28)***

-0.04 (-0.10, 0.03)
-0.18 (-0.27, -0.09)***
-0.09 (-0.22, 0.05)

Time® * RSP

2012

2013

2015
Random effects
Time-level variance
Child-level variance
Time® slope variance

0.15 (0.11, 0.19)***
0.86 (0.69, 1.03)***

-0.38 (-0.51, -0.24)***

-0.04 (-0.11, 0.03)
-0.18 (-0.27, -0.09)***
-0.09 (-0.22, 0.05)

0.07 (0.02, 0.11)**

0.15 (0.11, 0.19)***
0.83 (0.66, 1.00)***

-0.38 (-0.51, -0.25)***

-0.05 (-0.11, 0.02)
-0.18 (-0.28, -0.09)***
-0.09 (-0.22, 0.05)

0.06 (0.02, 0.11)**

0.11 (0.06, 0.15)***
0.86 (0.70, 1.03)***

-0.38 (-0.52, -0.25)***

-0.05 (-0.12, 0.02)
-0.18 (-0.27, -0.08)***
-0.06 (-0.19, 0.07)

0.06 (0.01, 0.11)*
-0.01 (-0.03, 0.02)
0.01 (-0.02, 0.04)

0.06 (0.01, 0.11)*

0.11 (0.06, 0.15)***
0.86 (0.70, 1.03)***

2012 <0.01 (-0.08, 0.09) <0.01 (-0.08, 0.09)
2013 0.02 (-0.07,0.11) 0.02 (-0.07,0.11)
2015 0.22 (0.05, 0.39)* 0.19 (0.03, 0.34)*
AIC 1162.70 1155.26 1134.50 1131.33
Outcome: zLMI
Fixed effects
Intercept  -0.53 (-0.65, -0.40)*** -0.50 (-0.63, -0.38)*** -0.50 (-0.62, -0.37)*** -0.50 (-0.62, -0.37)***
Time-level
Time*
2012 0.04 (-0.04,0.12) 0.04 (-0.04, 0.12) 0.03 (-0.05, 0.11) 0.04 (-0.04, 0.11)
2013 0.09 (-0.01, 0.20) 0.09 (-0.01, 0.20) 0.09 (-0.02, 0.19) 0.08 (-0.02, 0.19)
2015 0.18(0.02, 0.34)* 0.18 (0.01, 0.34)* 0.18 (0.02, 0.34)* 0.15(-0.01, 0.31)
Child-level
RS’ 0.045 (<0.01, 0.09)* 0.05 (0.01, 0.09)* 0.05 (0.01, 0.10)*
Cross-level interaction
Time® * RSP
2012 0.01 (-0.02, 0.03)
2013 -0.01 (-0.04, 0.03)
2015 -0.07 (-0.12, -0.01)*

Random effects
Time-level variance
Child-level variance
Time® slope variance
2012
2013
2015
AIC

0.21 (0.17, 0.25)***
0.68 (0.54, 0.83)***

1239.08

0.21 (0.17, 0.25)***
0.67 (0.53, 0.81)***

1236.12

0.14 (0.08, 0.21)***
0.69 (0.55, 0.82)***

<0.01 (-0.12, 0.12)
0.03 (-0.06, 0.12)
0.33 (0.14, 0.51)***
1208.69

0.14 (0.08, 0.21)***
0.68 (0.55, 0.82)***

<0.01 (-0.12, 0.12)
0.03 (-0.06, 0.12)
0.29 (0.11, 0.47)**
1207.49

b; unstandardized parameter estimate. Cl; 95% confidence interval. zFMI; standard deviation score of

Fat Mass Index based on British reference curves. zLMI; standard deviation score of Lean Mass Index based on

British reference curves. RS; reward sensitivity, centered. AIC; Akaike’s Information Criterion.

Intraclass correlation (=not rounded child level variance/(child+time level variance)) based on model 1

for zZFMI1=84.8%, for zLMI1=76.3%.
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*Reference time of time dummies is 2011. "Range -5 to 7.
*p<0.05, **p<0.01, ***p<0.001.
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Table 3. Fixed and random effects of two series of four incremental multilevel models with zFMI and

zLMI as outcomes in boys (=223, n measurements on the four time points=571)

Model 1
b (CI)

Model 2
b (CI)

Model 3
b (CI)

Model 4
b (CI)

Outcome: zFMI

Fixed effects
Intercept
Lowest level: time-level
Time?
2012 -0.03 (-0.12, 0.05)

2013 -0.19 (-0.31, -0.07)**

2015 0.08 (-0.10, 0.26)
Highest level: child-level
RSP
Cross-level interaction
Time® * RS
2012
2013
2015
Random effects
Time-level variance
Child-level variance
Time® slope variance

0.24 (0.18, 0.31)***
0.63 (0.48, 0.77)***

-0.26 (-0.38, -0.14)***

-0.26 (-0.38, -0.14)***

-0.03 (-0.11, 0.05)

-0.19 (-0.31, -0.07)**

0.08 (-0.10, 0.26)

0.01 (-0.03, 0.05)

0.24 (0.18, 0.31)***
0.63 (0.48, 0.77)***

-0.26 (-0.38, -0.14)***

-0.02 (-0.10, 0.05)
-0.17 (-0.29, -0.06)**
0.09 (-0.10, 0.27)

0.01 (-0.03, 0.05)

0.13 (0.06, 0.19)
0.69 (0.54, 0.85)

-0.26 (-0.38, -0.14)***

-0.02 (-0.10, 0.05)
-0.17 (-0.29, -0.05)**
0.09 (-0.10, 0.27)

0.01 (-0.03, 0.05)
0.01 (-0.02, 0.03)
<0.01 (-0.04, 0.04)

-0.02 (-0.08, 0.04)

0.13 (0.06, 0.19)
0.70 (0.54, 0.85)

2012 0.03 (-0.07, 0.12) 0.03 (-0.07, 0.12)
2013 0.13 (>-0.01, 0.26) 0.13 (>-0.01, 0.26)
2015 0.46 (0.11, 0.80)** 0.45 (0.09, 0.81)*
AlIC 1258.05 1259.92 1227.73 1232.52
Outcome: zLMI
Fixed effects
Intercept -0.25 (-0.38, -0.11)*** -0.25 (-0.38, -0.11)*** -0.24 (-0.38, -0.11)*** -0.24 (-0.38, -0.11)***
Lowest level: time-level
Time?
2012 -0.02 (-0.10, 0.07) -0.02 (-0.10, 0.07) -0.02 (-0.10, 0.06) -0.02 (-0.10, 0.06)
2013 -0.10(-0.21, 0.02) -0.10 (-0.21, 0.02) -0.10 (-0.21, 0.02) -0.10 (-0.21, 0.02)
2015 -0.50 (-0.66, -0.33)*** -0.50 (-0.66, -0.33)*** -0.50 (-0.66, -0.33)*** -0.50 (-0.67, -0.34)***
Highest level: child-level
RSP 0.03 (-0.02, 0.07) 0.03 (-0.02, 0.07) 0.03 (-0.02, 0.08)
Cross-level interaction
Time® * RSP
2012 -0.02 (-0.05, 0.01)
2013 <0.01 (-0.04, 0.04)
2015 -0.01 (-0.06, 0.04)

Random effects
Time-level variance
Child-level variance
Time® slope variance
2012
2013
2015
1280.48

0.22 (0.18, 0.25)***
0.88 (0.70, 1.05)***

AlIC

0.22 (0.18, 0.25)***
0.87 (0.70, 1.04)***

1280.97

0.16 (0.10, 0.21)***
0.89 (0.72, 1.06)***

0.01 (-0.09, 0.10)
0.07 (-0.03, 0.17)
0.28 (0.10, 0.46)**
1272.76

0.15 (0.10, 0.20)***
0.89 (0.72, 1.06)***

0.01 (-0.09, 0.10)
0.07 (-0.03, 0.17)
0.28 (0.10, 0.47)**
1272.76

b; unstandardized parameter estimate. Cl; 95% confidence interval. zFMI; standard deviation score of

Fat Mass Index based on British reference curves. zLMI; standard deviation score of Lean Mass Index based on

British reference curves. RS; reward sensitivity, centered. AIC; Akaike’s Information Criterion.

Intraclass correlation (=not rounded child level variance/(child+time level variance)) based on model 1

for zZFMI=71.7%, for zZLMI1=78.2%.
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“Reference time of time dummies is 2011. "Range -5 to 7.

*p<0.05, **p<0.01, ***p<0.001.
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