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ABSTRACT

Objective/background: The inverse relationship between sleep duration and body mass index (BMI) has
been well established and appears to be stronger among boys than girls. However, less is known about
the mechanisms responsible for this sex-specific link. The main aim of the current study was to examine
the sex-specific interaction between food responsiveness and sleep duration in explaining BMI among
children. This sex-specific moderation will give more insight into a possible underlying food intake
mechanism.
Patients/methods: In total, 206 caregivers filled out questionnaires on child's sleep duration and food
responsiveness (49.5% boys; mean age = 9.5 years; standard deviation = 1.4 years). Child's weight and
height were measured, after which age- and sex-specific standardized BMI values (referred to as zBMI
here) were calculated. Descriptive statistics and regression analysis were conducted. A potential signif-
icant three-way interaction was further examined using simple slopes analysis and slope difference tests.
Results: A significant inverse correlation was found between sleep duration and zBMI for boys, but not
for girls. Moreover, a significant and robust three-way interaction between sex, food responsiveness and
sleep duration explaining child's zBMI was found. Slope difference tests indicate that the sleep—BMI
slopes only significantly differed between high-food-responsive boys and high-food-responsive girls and
between high-food-responsive boys and low-food-responsive boys.
Conclusions: These findings suggest that increased food intake might be a mechanism explaining the
inverse sleep—BMI link among boys.

© 2017 Published by Elsevier B.V.

1. Introduction

To date, increased food intake has proven to be a primary
mechanism following experimental sleep restriction in adults [4]

The inverse relationship between sleep duration and body mass
index (BMI) has been well established [1], and found to be stronger
in boys than in girls [2]. Moreover, findings of a recent systematic
review of randomized controlled trials indicate that successfully
increased sleep duration has the potential to prevent excessive
weight gain in children [3]. Together, these findings underscore the
importance of sleep duration for BMI among children. However,
less is known about the mechanisms that are responsible for this
potential sex-specific link between sleep duration and BMI among
children.
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and some research suggests that it also is an important mecha-
nism among children [5]. Reduced sleep duration may lower
secretion of leptin, a hormone produced by adipocytes, which may
induce hunger feelings, increased food intake, and subsequent in-
creases in BMI [6,7]. Notably, leptin levels are generally lower
among boys compared to girls [8] and one previous study found
that sleep duration was positively correlated with morning leptin
levels in boys only [9]. These findings may suggest that boys are
more vulnerable to (further) decreasing leptin levels and subse-
quent increased hunger feelings, food intake and BMI after reduced
sleep duration compared to girls.

If sex-specific differences in leptin-induced food intake after
reduced sleep duration indeed explains the stronger inverse
sleep—BMI relationship among boys, then one would expect that
food responsiveness influences this relationship, particularly
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among boys. Food responsiveness refers to one's predominantly
genetic susceptibility to the hedonistic qualities of food cues and
lack of internal cues for hunger [10]. Notably, the influence of food
responsiveness on the inverse sleep—BMI link among boys may not
only be explained by their heightened vulnerability to decreasing
leptin levels after reduced sleep duration, but also by their
increased willingness to make greater efforts to get (food) rewards
than girls [11].

To the best of our knowledge, the sex-specific influence of food
responsiveness on the relationship between sleep and BMI has not
been examined before, and it is important to examine as it may
shed more light on a potential food intake mechanism explaining
the sleep—BMI relation in children. Hence, the main aim of the
current study is to examine the sex-specific interaction between
food responsiveness and sleep duration in explaining BMI among
children. We expect that the negative association between sleep
duration and BMI will be stronger for food-responsive-boys than
for girls.

2. Material and methods
2.1. Procedures and participants

Fourteen primary schools in the southern and middle part of the
Netherlands participated in this study, between April 2014 and July
2016. Invitation letters for this study were handed out to fourth
through eight graders (children between the ages of 7 and 12 years)
at schools. Enclosed was an informed consent form, through which
caregivers could give permission to participate, and the caregiver's
questionnaire. The study protocol was approved by the IRB of the
Radboud University, Nijmegen, the Netherlands (code number:
ECSW2013-1811-143).

The total number of received consent forms was 216 (partici-
pation rate of approximately 20—25%). In total, 206 cases with
complete data were available for analyses (ie 186 questionnaires
were completed by mothers, 19 by fathers, and one by a grand-
mother). Children's mean age was 9.5 (standard deviation, SD = 1.4)
years.

2.2. Measures

2.2.1. Sleep duration

Child's sleep duration was assessed by asking the caregiver to
indicate what time their child usually goes to bed and wakes up,
separately for nights before working days and weekend days. Mean
sleep duration per night was calculated for each child.

2.2.2. Food responsiveness

Child food responsiveness (eg “My child is always asking for
food”) as reported by caregivers was measured with the Food
Responsiveness subscale (five items on a five-point Likert-type
item scale from O (Never) to 4 (Always)) of the Children's Eating
Behavior Questionnaire [12,13]. In the current study, Cronbach's
alpha was 0.78.

2.2.3. Child zBMI values

Trained students and research assistants visited the primary
schools to measure children's weight (Seca 803) and height (Seca
Leicester 213). Each child's BMI (in kg/m?) was then recoded into
age- and sex-specific standardized BMI values (referred to as zBMI
in this manuscript) and compared to the national reference popu-
lation [14].

2.3. Data analyses

Our data comply with the suggested guidelines for normality,
linearity and homoscedasticity [ 15]. IBM SPSS statistics 23 was used
to perform univariate descriptive and correlational analyses. Bivar-
iate correlations were conducted for boys and girls separately to
assess associations between child sleep duration, food responsive-
ness, zBMI, and potential covariates (ie child's age, caregiver's edu-
cation level and ethnicity). The regression analyses were performed
in the R statistical program [16]. A potential significant three-way
interaction between sleep duration, sex, and food responsiveness
on child's zBMI was further examined with simple slopes analysis
[17] and slope difference tests [ 18] using the “pequod” package [19].

3. Results

Background characteristics (Mean (M) and Standard Deviation
(SD)) and correlations of the key study variables and potential cova-
riates are depicted in Table 1. Child sleep duration was negatively
associated with child's zBMI for boys, but not for girls. Food respon-
siveness was positively associated with child's zBMI for both boys
(r=0.30)and girls (r=0.33). Child's age and caregiver's education and
ethnicity correlated significantly with child's zBMI (all p < 0.05) and
were therefore added to the moderation analysis as control variables.

The moderation analysis showed a significant three-way inter-
action between sex, food responsiveness, and sleep duration on
child's zBMI (b = 0.35, standard error (SE) = 0.14, t = 2.37,
p = 0.019). This interaction remained significant in a reduced model
without covariates (b = 0.40, SE = 0.15, t = 2.69, p = 0.008). The
simple slopes are visually represented in Fig. 1. Simple slopes
analysis revealed that the inverse sleep—BMI relation was only
statistically significant among high-food-responsive boys
(b = -0.51, SE = 0.16, t = —3.17, p = 0.002), but not among low-
food-responsive boys (b = —0.08, SE = 0.13, t = —0.59, p = 0.558)
and girls (low food responsiveness: b = —0.29, SE = 0.18, t = —1.66,
p = 0.098; high food responsiveness: b = —0.04, SE = 0.15,
t = —0.25, p = 0.801). Slope difference tests indicate that the
sleep—BMI slopes differed between high-food-responsive boys and
high-food-responsive girls (t = 2.21, p = 0.028) and between high-
food-responsive boys and low-food-responsive boys (t = 2.17,
p = 0.031). None of the other comparisons were significant.

4. Discussion

The negative relationship between sleep duration and BMI is
well established, and growing evidence suggests this link is causal.
However, less is known about the mechanisms responsible for this
link. The current study found evidence for two moderators that in
interaction may give some insight into why shorter sleep duration
may lead to a higher BMI in children. Less sleep was only signifi-
cantly associated with higher zBMI among boys with higher food
responsiveness, and not among lower-food-responsive boys and
among girls. This suggests that, in line with some first experimental
findings among children [5], increased food intake might be a
mechanism explaining the inverse sleep—BMI link among boys.

Notably, the inverse sleep—BMI association that differed be-
tween high- and low-food-responsive boys and between high-
food-responsive boys and high-food-responsive girls may be
explained by sex-specific vulnerabilities to leptin-induced
increased food intake after reduced sleep duration [9]. In addi-
tion, boys also make higher efforts to get (food) rewards [11] and
may thus also more actively search for food rewards in case of
heightened food responsiveness compared to girls, particularly
when they are sleep deprived. Although we found rather similar
correlations between food responsiveness and BMI for boys and
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Table 1
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Means, standard deviations, and bivariate correlations between child sleep duration, food responsiveness, age- and sex-specific standardized body mass index (zBMI) values

and potential covariates for boys (N = 102) and girls (N = 104).

1 2 3 4 5 6
1. Child sleep duration (mean h/day) — -0.12 -0.15 —0.28* -0.03 0.08
2. Food responsiveness (0—4) 0.01 - 0.06 -0.09 0.21*
0.33%*
3. zBMI values —0.28"* 0.30** — —0.181 0.32%**
0.32%**
4. Child age (months) - 0.06 - —0.04 -0.15
0.57*** 0.32***
5. Caregiver education? 0.02 0.06 —0.18! —0.08 — -0.171
6. Caregiver ethnicity” -0.17 0.10 0.13 0.03 -0.06 —
Boys Mean 10.60 0.82 -0.15 11444 - —
Standard deviation 0.61 0.61 1.22 15.44 - -
Girls Mean 10.79 0.97 -0.16 113.96 — -
Standard deviation 0.51 0.66 1.10 16.31 - -

***p < 0.001, **p < 0.01, *p < 0.05, p < 0.10. Correlations below the diagonal are for boys, correlations above the diagonal are for girls; for caregiver's education (as reported by
questionnaire completer) there were two missing values; point-biserial correlations were run for caregiver education and ethnicity.

2 1 = Low level of education (primary school, pre-vocational school, and lower general secondary education): n = 19 (9.3%); 2 = medium level of education (higher general
secondary education, pre-university secondary education, and intermediate vocational education): n = 98 (48.0%); 3 = High level of education (higher vocational education

and university): N = 87 (42.6%).

b 1 = Dutch origin (both caregivers born in the Netherlands): N = 179 (86.9%); 2 = non-Dutch origin (one or both caregivers born outside the Netherlands: N = 27 (13.1%)).

0.5
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Fig. 1. Simple slopes describing child's age- and sex-specific standardized BMI (zBMI) predicted by the three-way interaction between child's sleep duration, food responsiveness

(FR) and sex.

girls, it should be noted that previous research has reported
stronger positive associations between food responsiveness and
BMI among boys compared to girls [20].

Although our findings are new, they are limited by the cross-
sectional design, meaning that no causal inferences can be made.
Moreover, we used a self-report survey to assess average sleep
duration, as has been used widely in epidemiological research. A
sleep diary may give more valid insight into how much people have
actually slept during the night [21]. It should be noted, however,
that we asked about average time points of going to bed and
waking up, separately for week and weekend days. These questions
have been argued to have the advantage because they are some-
what less biased than simple recall questions about average hours
of sleep [22] and are also used in validated sleep questionnaires
to assess children's sleep duration [23]. Finally, our participation

rate is relatively low, but rather comparable to other studies using
active consent procedures [24].

To conclude, the sex-specific interaction of food responsiveness
moderating the sleep—BMI relation is interesting and future
experimental research should further examine the proposed
gender-specific mechanisms (ie higher efforts to get rewards and
reduced leptin levels) explaining this interaction. Moreover, future
prospective research should further examine the causal order of
effects and alternative models (eg sleep duration—food responsi-
veness—BMI with moderated mediation by sex).
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