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ABSTRACT

Background and Aims: By investigating differences in lifestyle behaviours and BMI in sibling
pairs, family-level confounding is minimized and causal inference is improved, compared to crosssectional studies of unrelated children. Thus, we aimed to investigate within-sibling pair differences
in different lifestyle behaviours and differences in BMI z-scores in children and adolescents.
Methods and Results: We examined three groups of sibling pairs 1) all same-sex sibling pairs with
maximum 4 years age difference (n=1209 pairs from 1072 families in 8 countries, mean age 10.7
years, standard deviation 2.4 years), 2) sibling pairs discordant for overweight (n=262) and 3) twin
pairs (n=85). Usual dietary intake was estimated by 24-h recalls and time spent in light (LPA) and
moderate-to-vigorous physical activity (MVPA) was measured by accelerometers. Screen time,
sleep and dieting for weight loss were assessed by questionnaires.
Within all 3 groups of sibling pairs, more time in MVPA was associated with lower BMI z-score.
Higher energy intake was associated with higher BMI z-score within twin pairs and within all
sibling pairs who were not currently dieting for weight loss. Regarding LPA, screen time or sleep
duration, no or inconsistent associations were observed for the three groups of sibling pairs.
Conclusions: MVPA and energy intake were associated with BMI differences within sibling and
twin pairs growing up in the same home, thus independent of family-level confounding factors.
Future studies should explore whether genetic variants regulating appetite or energy expenditure
behaviours account for weight differences in sibling pairs.

Keywords: overweight-discordant, sibling pairs, twin pairs, body mass index, energy intake,
MVPA
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INTRODUCTION
Child and adolescent overweight and obesity are major health problems with numerous negative
health consequences. These include immediate physiological1 and psychological consequences2, as
well as an adverse impact on adult health3. Obesity tracks in families4, and arises from a
combination of genetic and environmental factors that interact to promote the overweight
phenotype5. Twin and family studies suggest that genetic factors account for a large proportion of
individual differences in body weight and obesity, with the remaining variance explained by shared
and unique environmental factors6,7.
Both energy intake and energy expenditure related behaviours need to be considered as possible
proximal risk factors of childhood obesity. The multi-national cross-sectional International Study of
Childhood Obesity, Lifestyle and the Environment (ISCOLE) has identified moderate-to-vigorous
physical activity (MVPA), sleep duration and television (TV) viewing as important correlates of
childhood obesity among 9-11 year old children8. The European multi-centre IDEFICS
(Identification and prevention of dietary- and lifestyle-induced health effects in children and
infants) and I.Family studies examined children aged 2-17 years and indicated energy intake9, sleep
duration10, TV viewing11 and physical activity (PA)12 as potential correlates of anthropometric
markers or risk factors for childhood overweight.
Most previous investigations studied individual children, requiring adjustment for a range of
measured familial confounding factors such as socioeconomic status or maternal weight status.
Despite the fact that siblings share a substantial part of their family environment and genetic
variability - on average, 50% of their segregating genes - lifestyle behaviours may be non-shared
between siblings. The family-based recruitment in I.Family allows us to investigate the association
between lifestyle behaviours and body mass index (BMI) z-scores within sibling pairs and to
explore which behaviours distinguish same-sex sibling pairs discordant for overweight. The
advantage of the sibling design is that it inherently controls for a range of measured but also
unmeasured familial factors that same-sex siblings share13, such as parental characteristics, family
size, gender-specific socialisation, family and neighbourhood food environment, or shared friends.
Twin pairs, as a special case of sibling pairs share additional factors, such as age, maternal age at
birth or maternal food intake during pregnancy, and monozygotic twins are genetically identical at
the DNA sequence level. Thus, the aim of the present study was to investigate associations between
lifestyle behaviours and BMI z-score within sibling pairs, therefore minimizing family-level
confounding compared to studies of unrelated children.
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METHODS
Participants
The sibling pairs were participants of the I.Family study and were examined in 2013/2014. The
families were recruited from Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain, and
Sweden14. Ethics approval was obtained from responsible committees in each country in accordance
with the ethical standards of the 1964 Declaration of Helsinki and its later amendments. All parents
or legal guardians of the participating minor children gave written informed consent. Children older
than 16 years provided written informed consent, while children aged 12 and over gave a simplified
written consent. Younger children gave oral consent for examinations and sample collection.
Children could consent to single components of the study while abstaining from others.

Measurements
Examinations
Anthropometric parameters were measured in fasting condition and light clothing (underwear, Tshirts). Weight was measured using an electronic scale (Tanita BC 418 MA scale and a prototype of
the TANITA BC 420 MA scale for children under 6 years with smaller feet; TANITA Europe
GmbH, Sindelfingen, Germany). Height was measured barefoot and to the nearest 0.1 cm using a
Seca 225 or Seca 213 stadiometer (Seca GmbH & KG, Birmingham, UK) in accordance with
international standards for anthropometric assessment and weight (kg)15. Waist circumference (WC)
was measured to the nearest 0.1 cm in upright position with relaxed abdomen at the midpoint
between the lowest rib margin and the iliac crest)15. BMI was calculated by dividing body weight in
kilograms by body height squared. Age and sex-specific BMI z-scores were computed according to
Cole et al.16. Weight status was defined as recommended by the extended International Obesity
Task Force (IOTF) cut-offs for thinness, overweight and obesity in children17.

Questionnaire and interview data
The questionnaires were originally developed in English and translated into local languages. The
quality of translations was checked by back-translations. Parents or guardians completed a “child
questionnaire” for children below the age of 12 years. Children 12 years or older completed a selfadministered “teen questionnaire”. Information on dieting was assessed by asking whether the child
is currently on a weight loss diet (Yes vs. No). Information on screen time was assessed separately
5

for weekend and weekdays by asking how many hours per day (hrs/d) the child usually spends
watching television (including videos or DVDs) and/or sitting in front of a computer or game
console. Screen time was assessed as the sum of hours spent in front of a television and/or
computer. Daily sleep duration was calculated by summing up the hours of nocturnal sleep duration
and napping duration (hrs/d). Screen time and sleep were weighted to account for weekday and
weekend values. Age at menarche and voice mutation status were self-reported in children 8 years
and older (pre-pubertal or pubertal) and classified as pubertal if menarche has already occurred in
girls or if voice alterations have already started or were completed in boys (Yes vs. No). The parent
or legal guardian took part in an interview on kinship and household composition using Computer
Assisted Telephone Interviewing, Computer Assisted Personal Interviewing, face-to-face interview
or pen-and-paper versions. The interview inquired about the relatedness of all persons living in the
same household.

Accelerometer data
Physical activity was objectively measured by uniaxial accelerometry using Actigraph models
(GT1M and ActiTrainer; Actigraph, Pensacola, Florida, USA)18. The accelerometers were attached
to the right hip with an elastic belt. Each child was verbally instructed to wear the device for at least
3 days during waking hours, except when showering or swimming. Parents were given written
instructions on how to use the accelerometer and were asked to complete diaries to record non-wear
times of the device. Time spent in MVPA is based on cleaned accelerometer data that only contains
measurements that have passed the minimum inclusion criteria of at least 8 hours wear-time per day
for at least 3 days. The sample interval was set to an epoch of 15 seconds. Non-wear time was
defined as 20 min or more of consecutive zero counts. The average activity level of the children was
defined by counts per minute (cpm). The average activity level of the children was defined by
counts per minute (cpm). Light PA was defined as >100 and < 2296 cpm and MVPA was defined as
> 2296 cpm based on the cut-off values for school-aged children proposed by Evenson et al.19. The
cumulative duration for MVPA was expressed as minutes per day.

Dietary intake data
Dietary intake was assessed using a 24-hour dietary recall (24HDR) assessment program, called
‘Self-Administered Children, Adolescents and Adult Nutrition Assessment’ (SACANA)20,21, a web
based instrument based on the validated ‘Self-Administered Children and Infant Nutrition
6

Assessment’ (SACINA) offline version22. SACANA is an interactive tool that assesses information
on amount and type of all foods and drinks that were consumed during the previous day, starting
with the first intake after waking up in the morning and ending with the last intake prior to going to
sleep. Standardized food images were used to assist portion size estimation as well as probing
questions regarding usual combinations of foods such as bread and bread spreads. Country-specific
food composition tables (FCT) were used to match simple foods or European homogeneous multiingredient foods typically consumed in the different countries23. Children 11 years and above
completed a self-administered 24HDR whereas parents were asked to proxy report the intake for
younger children and/or assist children in filling in the 24HDR24. The participants were encouraged
to complete repeated 24HDRs, including two weekdays and one weekend day, but the actual
availability of 24HDRs varied among children between 1 and 12 days (mean number of days = 1.9
days). Each recall day was classified as under-reported, plausibly reported and over-reported energy
intake according to age- and sex-specific Goldberg cut-offs25 adapted for children26. In the
following, misreporting refers to both under- and over-reporting of total energy intake.
For the whole study population and for the subjects with plausible reports of energy intake, the
individual usual energy intake was estimated based on the validated NCI method separately for
boys and girls27,28. The advantage of the NCI method is its ability to take into account the
intraindividual variation following a skewed distribution and to incorporate covariates. All models
considered the day of the week, the interview sequence, age and country as covariates.
For more details on the specifications of the models for the usual intake estimation see Hebestreit et
al.29 .

Inclusion criteria for sibling pairs
Figure 1 provides details of our sample of siblings and of both subsamples. From the 4,298 sibling
pairs in I.Family, we excluded opposite-sex sibling pairs (n=2,110) because the focus on same-sex
siblings controls for gender differences in biological and social characteristics that are ubiquitous
and controlling for these by design brings more power to the analyses. We further excluded samesex sibling pairs with an age difference greater than 4 years (n=784), leaving 1,404 same-sex sibling
pairs with a maximum age difference of 4 years. Since there were 116 pairs with missing data on all
lifestyle behaviours (screen time, sleep, accelerometry and 24HDR) and 79 pairs with missing
dieting information, the final sample for the analysis included 1,209 same-sex sibling pairs (53%
boy-boy pairs). Among these, we identified two subsets of children 1) siblings pairs discordant for
overweight (n=262) and 2) 79 twin pairs and 2 triplet sets (n=85 multiple birth pairs). Twins were
7

identified by the same birth dates, and therefore include a mixture of monozygotic and dizygotic
twins because zygosity information is not available. In case that there was more than one discordant
sibling pair for overweight in a family, we retained the most discordant pair. Overweight
discordance was defined as one sibling being overweight or obese and the other being underweight
or normal-weight as previously defined30,31. Throughout the manuscript, discordance for overweight
will therefore include obesity if applicable. However, because this definition may include sibling
pairs where one sibling meets the definition for overweight and his/her sibling does not but is on the
borderline for overweight, we added an arbitrary minimum difference of at least 10 BMI percentiles
between the sibling pairs. As it was possible for children to opt out from single examination
modules, the actual number of sibling pairs varied for the different lifestyle behaviours. The number
of sibling pairs with available data for screen time, sleep, accelerometry and 24HDR is shown in
Table 1.

Statistical analysis
Basic characteristics are shown for all sibling pairs, sibling pairs discordant for overweight and twin
pairs separately. Each individual in a pair of siblings or twins was randomly assigned as sibling 1 or
sibling 2. The within-pair differences in lifestyle behaviours and BMI z-scores were calculated by
subtracting the value of one sibling from that of the other sibling (i.e. value of sibling 1 minus value
of sibling 2). Mixed linear regression was used to examine the association between within-pair
differences in lifestyle behaviours and differences in BMI z-scores adjusting for sex, differences in
age, and differences in height. Because the analysis of all sibling pairs may include more than one
sibling pair per family, these models were further adjusted for family as a random effect. A positive
association of within-pair differences means that children with higher values for a lifestyle
behaviour (e.g. energy intake) also have higher BMI z-scores compared to their sibling, while a
negative association of within-pair differences means that children with higher values for a lifestyle
behaviour (e.g. MVPA) have lower BMI z-scores than their respective sibling.
We carefully evaluated the energy intake-BMI association. First, we analysed the energy intakeBMI association among all sibling pairs who reported their energy intakes. Next, we repeated the
same model with additional adjustment for dieting/misreporting status of the sibling pairs. Finally,
we repeated the analysis only among sibling pairs where both siblings were not currently dieting
and then among those who had plausible reports of energy intake. Dieting status of the sibling pairs
was coded as follows: “0” if both siblings were not currently dieting, “1” if sibling 1 was currently
dieting and sibling 2 not, “2” if sibling 2 was currently dieting and sibling 1 not, or “3” if both
8

siblings were currently dieting. Misreporting of the sibling pairs was coded as "0" if energy reports
of both siblings were implausible, “1” if sibling 1 was implausible, “2” if sibling 2 was implausible
and “3” if energy reports of both siblings were plausible.
We tested the effect of further adjustment for mean age and mean BMI of the siblings, and for
differences in pubertal status. Because interactions of main exposures with sex of the sibling pair
were not significant, all results are presented for boy-boy and girl-girl sibling pairs combined. In the
overall sample, sensitivity analysis excluding half- and stepsiblings and/or multiple birth pairs did
not change the effect estimates. All mixed models were carried out among all same-sex siblings
close in age and within that group the following two subsets 1) sibling pairs discordant for
overweight and 2) twin pairs. All analyses were performed with Stata 13.1 (Stata Corporation,
College Station, TX, USA http://www.stata.com).

RESULTS
Descriptive characteristics of the sibling pair groups
The general characteristics of all same-sex sibling pairs, sibling pairs discordant for overweight and
twin pairs separately is shown in Table 1. Approximately half of the sibling pairs were boy-boy
pairs and about half were girl-girl pairs. Most sibling pairs were identified in Cyprus, Italy and
Germany. Cyprus also displayed the largest number of overweight-discordant sibling pairs and twin
pairs. On average, the overweight-discordant siblings pairs tended to have a higher and the twin
pairs a lower BMI z-score than all sibling pairs. Mean accelerometer wear-time was 12.2-12.4 hours
per day in the sibling pair groups.
Out of the 1209 sibling pairs, 981 (81%) were concordant for dieting status and 228 (19%) were
discordant for dieting status. Only 39 pairs (3%) were such that both siblings were currently on a
weight loss diet. Out of the 491 sibling pairs with 24HDR data, 295 (60%) pairs reported plausible
energy intakes, 58 (11.8%) were concordant for misreporting and 138 (28%) were discordant for
misreporting, of which the vast majority (131) was discordant for underreporting. Over-reporting
was negligible and only reported by 7 siblings in total.
Overweight-discordant pairs
Among the 262 sibling pairs discordant for overweight, most pairs were non-overweight vs.
overweight sibling pairs (n=194), whereas fewer pairs were composed of normal-weight vs. obese
sibling pairs (n=60). A minority of leaner siblings were underweight with an overweight sibling
9

(n=8). Among the 262 sibling pairs discordant for overweight, 129 pairs had an older overweight
sibling, 124 pairs had a younger overweight sibling and 9 pairs were twin pairs.
BMI z-score was by definition higher in siblings with overweight (mean ± SD: 1.89 ± 0.45) than in
their non-overweight (mean ± SD: 0.24 ± 0.63) siblings. Overweight siblings tended to be taller
(mean ± SD: 148 ± 17.1 cm) than their non-overweight siblings (mean ± SD: 145 ± 17.9 cm). Age
did not differ between siblings discordant for overweight (mean ± SD: 10.9 ± 0.2 years for both
siblings). Mean screen time per day was 2.5 (SD: 1.5) hours per day in siblings with overweight and
2.3 (SD: 1.4) hours per day in their non-overweight siblings. Mean time spent in MVPA was 32
minutes (SD: 19.3) and 39 (SD: 26.4) minutes per day in overweight and non-overweight siblings,
respectively. Mean energy intake per day was 1639 (SD: 323) kcal in siblings with overweight and
1614 (SD: 310) kcal in their non-overweight sibling. A substantial proportion (37%) of the siblings
with overweight reported to be currently on a weight loss diet, while only 11% of the nonoverweight siblings were currently dieting. Neither the leaner nor the heavier siblings within
overweight-discordant pairs over-reported their energy intakes.

Lifestyle behaviours and BMI z-score differences in the sibling pair groups
Table 2 shows the associations between the different lifestyle behaviours and BMI z-score
differences within the 3 groups of sibling pairs adjusted for sex, differences in height and
differences in age. Higher screen time was associated with higher BMI z-scores within all sibling
pairs. Within-pair differences in screen time were not related to differences in BMI z-score within
overweight-discordant sibling pairs or twin pairs, however, 41% of the twin pairs did not differ in
screen time (Table 2). Sleep duration was not significantly related to BMI-z scores differences
within any of the 3 sibling groups. More time spent in MVPA was associated with lower BMI zscore within all 3 groups of sibling pairs.
Among all reporters of energy intake, higher energy intake was related to higher BMI z-score only
within twin pairs. After adjustment for misreporting status of the sibling pairs, higher energy intake
was related to higher BMI z-score within all 3 groups of sibling pairs. Energy intake was related to
higher BMI z-score within all sibling and twin pairs who were not currently dieting (Table 3).
In a model that considered both MVPA and energy intake simultaneously, within-pair differences in
MVPA remained positively associated with BMI z-score differences within overweight-discordant
sibling pairs (β=-0.30, p=0.018 for 10 minute difference in MVPA). Within twin pairs, within-pair
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differences in energy intake remained associated with differences in BMI z-score (β=0.11, p=0.024
for 100 kcal difference in energy intake).

DISCUSSION
The present study investigated lifestyle behaviours in relation to BMI differences within same-sex
sibling pairs in the I.Family study, as well as overweight-discordant sibling pairs and twin pairs.
More time spent in MVPA was consistently associated with lower BMI z-score within all 3 groups
of sibling pairs. Higher energy intake was associated with higher BMI z-score within twin pairs,
and within sibling pairs who were not currently dieting for weight loss.
Eating and physical activity behaviours can be partly shared by siblings, for example, by parents
deciding which foods are available at home or by eating at the same dinner table; however, they
may also be to some extent unshared, as each child has unique experiences that may make children
in the same family behave dissimilar to one another. For example, emotional over-eating and undereating is mainly shaped by the family home environment; however there are also non-shared
environmental influence on emotional eating in early childhood32. Another example is parenting
feeding practices; while parents generally tend to use similar feeding practices with each of their
children, they may also have different interactions with each of their children regarding food
especially when they are concerned differentially about their children´s weight status33.
In previous observational studies, there is a lack of consistency in research findings that assessed
the relationship between energy intake and weight status in children or adolescents34,35. More
convincing evidence comes from experimental studies of sibling pairs where children with
overweight were shown to be prone to overeating as compared to their normal-weight siblings. In a
sample of 19 sibling pairs discordant for overweight, Roemmich et al.36 reported that siblings with
overweight consumed greater amounts of energy during a laboratory visit with controlled
consumption of a single food. In the same study, sibling differences in accelerometer-derived
MVPA predicted differences in BMI z-score among children with a mean age of 12 years. In
previous experimental studies, it was suggested that siblings with overweight show impaired shortterm energy compensation ability and greater susceptibility to eating in the absence of hunger in
response to external food cues. In the experiment by Kral et al30, siblings with overweight
undercompensated and therefore overate after an energy-dense preload, whereas normal-weight
siblings showed more accurate energy compensation. In line with these former experimental studies
in siblings, our results show that this does not only apply to short-term energy compensation, but
11

also that sibling pairs that differ in usual energy intake and are not currently on a weight loss diet
differ in their BMI z-scores. We further show that dieting behaviours are common in children and
adolescence, and deliberate underreporting of energy due to dieting needs to be considered in future
observational studies of energy intake and BMI.
Of note, energy intake was positively associated with BMI z-score within twin pairs regardless of
whether energy misreporting and dieting were considered or not. In contrast to sibling pairs, twin
pairs are matched for age and additionally share prenatal factors and special twin environments, and
in case of MZ twins they share the same DNA sequence. As twins resemble one another in virtually
all human traits and characteristics that can be measured37, twin pairs are likely more similar to each
other than sibling pairs in a whole range of factors that could be confounders in the energy-BMI
association (including but not limited to dieting and misreporting behaviour). Ruling out
confounding by these additional factors inherently shared by co-twins might explain why the twin
comparison design turned out to be a more powerful approach for detecting the energy-BMI
association than the sibling comparison design. In line with our findings, earlier twin studies among
adults have also reported that overweight co-twins eat more38 and have higher energy intakes (due
to higher hunger and disinhibition scores)39 than normal-weight co-twins.
The selection of appropriate methods to best identify misreporters and to account for them in the
analysis is an on-going debate. Some studies have suggested that attempts to lose weight confound
the relationship between nutrition behaviours and BMI40 and controlling for dieting alone reduces
the inverse energy intake-BMI association by approximately 20%41. More commonly, studies have
suggested to exclude subjects who report implausible energy intakes42 or statistically adjust for the
different reporting groups43. In a previous investigation of the IDEFICS sample, Börnhorst et al.44
compared several statistical approaches to evaluate misreporting of energy and dietary intake in
children. While negligence of misreporting masked or even reversed some of the diet–obesity
associations, adjustment for the reporting group revealed a positive association between energy
intake and overweight/obesity in children44. The I.Family study presents the third examination of
these IDEFICS children, to which the children´s siblings were also invited to participate. This
allowed us to examine lifestyle behaviours in relation to BMI within families. The results are
consistent with the aforementioned previous IDEFICS investigation and further show that the
positive energy-BMI association remains even after controlling for familial-level confounding
factors, shared pre-natal environmental factors and a larger fraction of genetic factors shared within
sibling and twin pairs.
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The primary strength of this study is the family recruitment that enabled us to study whether
lifestyle behaviours differ among sibling pairs living and growing up in the same household. The
novel aspect of the sibling design is that the number of confounding factors is drastically reduced,
as this design minimizes family-level confounding factors and therefore improves causal inference
compared to cross-sectional study designs of unrelated children. Parental socioeconomic status is an
example of an environmental factor that siblings in the same family share. We have chosen sibling
pairs close in age to reduce age-related confounding. The siblings with overweight were taller, a
finding that is consistent with earlier studies of overweight-discordant sibling30. The present study
benefits from the availability of a whole range of lifestyle behaviours measured according to a
standardized protocol, with partly objective methods, in a considerably larger number of sibling
pairs than in previous studies. However, as it was possible to opt out from single examination
modules, the actual number of sibling pairs varied for the different lifestyle-related behaviours. This
also resulted in a rather small number of siblings that were discordant for overweight. In spite of the
lower statistical power in the overweight-discordant pairs, the size of the associations was often
larger in discordant siblings than in the analysis including all sibling pairs, probably due to the
larger contrast in exposure and outcome. Our data also included a subset of twin pairs of unknown
zygosity, allowing us to account for a larger proportion of genetic variation and pregnancy-related
factors shared by co-twins. For dietary assessment, we used a computer-assisted instrument that
included standardized photographs, multiple plausibility checks, and prompting questions that
facilitated reporting of accurate portion sizes and complete recalls.
This study is not without limitations. Most importantly, the cross-sectional design does not allow
for testing whether the observed lifestyle differences between sibling pairs are causes or
consequences of their increased weight. We acknowledge the absence of genotype data. Differences
within sibling pairs for quite heritable traits such as BMI7 may be explained by unique
environmental experiences or genetic variation – in our study it is impossible to distinguish between
the two owing the absence of genetic data. While misreporting is present in all self-report dietary
assessment tools, multiple 24-h recalls provide better estimates of absolute dietary intakes than
FFQs45. In general, our results support the use of measurement error corrections for recall-based
methods to ascertain usual energy intake, but it must be acknowledged that children and adolescents
present a special challenge. The use of body weight-dependent equations to estimate energy
requirements (such as the Goldberg method) could have overestimated the effect size for the
association of energy intake and BMI as a result of selection bias46. Thus, correcting for external
predictors of misreporting such as dietary restrained has been recommended as an alternative
13

approach to account for misreporting when BMI is the outcome variable47. Thus, we also analysed
the energy-BMI association stratified by dieting status of the sibling pairs and found that energy
intake and BMI z-score were positively associated within sibling pairs who were not currently
dieting for weight loss.
In conclusion, MVPA was the behaviour most consistently associated with BMI differences within
sibling pairs growing up in the same home. Energy intake was positively associated with BMI zscore differences within twin pairs and within all sibling pairs who were not dieting for weight loss.
This finding is consistent with previous sibling studies on short-term energy regulation, but has so
far proven difficult to show in observational studies of children. Thus, dieting behaviours need to be
considered when examining the relationship between energy intake and BMI in future observational
studies of children and adolescence. Future studies should further explore whether genetic variants
regulating appetite or energy expenditure behaviours distinguish sibling pairs that are discordant for
overweight or obesity.
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Figure title: Flow chart depicting the identification of all same-sex sibling pairs in the I.Family
study and two subsets of these children (overweight-discordant sibling pairs and twin pairs).
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All sibling pairs in
I.Family
n = 4,298 sibling
pairs

Excluded because:
 Opposite-sex
sibling pairs
(n = 2,110 pairs)
 Age difference ˃
4 years
(n = 784 pairs)

All same-sex
sibling pairs close
in age
n = 1,404 pairs

All same-sex
sibling pairs close
in age with data
on at least one
behaviour

Excluded because:
 Missing data for
all lifestyle
behaviours (n =
116 pairs)
 Missing data for
dieting (n=79)

n = 1,209 pairs

All same-sex
sibling pairs
discordant for
overweight or
obesity
n = 262 pairs

All same-sex
multiple birth
pairs
(79 twin pairs and
2 triplet sets)
n = 85 pairs

First subset
of children

Second
subset of
children

Table 1: General characteristics of the sibling pair groups
All sibling pairs

Sibling pairs discordant Twin pairs1
for overweight

Italy

180 (14.9)

48 (18.3)

9 (10.6)

Estonia

127 (10.5)

16 (6.1)

13 (15.3)

Cyprus

343 (28.4)

94 (35.9)

24 (28.4)

Belgium

58 (4.8)

6 (2.3)

1 (1.2)

Sweden

110 (9.1)

9 (3.4)

4 (4.7)

Germany

174 (14.4)

41 (15.7)

17 (20.0)

Hungary

157 (13.0)

35 (13.4)

8 (9.4)

Spain

60 (5.0)

13 (5.0)

9 (10.6)

Number of sibling pairs

1209

262

85

Number of boy and girl pairs

639/570

131/131

43/42

Number of families

1072

262

79

Mean age, years (min, max)

10.7 (3.2, 17.1)

10.9 (3.8, 16.7)

10.7 (3.2, 15.9)

Mean BMI z-score (min, max)

0.45 (-3.50, 3.75)

1.07 (-0.74, 2.28)

0.15 (-2.22, 3.07)

Mean BMI percentile (min, max)

0.61 (0.00, 1.00)

0.78 (0.47, 0.94)

0.53 (0.02, 1.00)

Number of sibling pairs

1116

240

79

Mean screen time, hrs/d (min, max)

2.2 (0.04, 8)

2.4 (0.2, 8)

2.0 (0.07, 6.2)

Country (n, %)

BMI z-score data

Screen time data

1

Sleep data
Number of sibling pairs

1153

249

81

Mean sleep duration, hrs/d (min, max)

9.5 (5.8, 15.5)

9.4 (5.8, 15.5)

9.5 (7.9, 12.5)

Number of sibling pairs

476

103

37

Mean accelerometer wear time, hrs/d (min, max)

12.4 (8.3, 18.3)

12.4 (9.0, 15.8)

12.2 (10.6, 14.0)

Mean time spent in MVPA, min/d (min, max)

39 (3, 117)

35 (5, 116)

36 (3, 71)

Mean time spent in LPA, min/d (min, max)

323 (147, 502)

317 (185, 457)

308 (166, 420)

Number of sibling pairs

491

90

42

Mean energy intake, kcal/d (min, max)

1629 (888, 2453)

1627 (937, 2453)

1590 (888, 2277)

Number of sibling pairs

361

63

28

Mean energy intake, kcal/d (min, max)

1799 (1351, 2424)

1843 (1422, 2370)

1824 (1352, 2299)

Accelerometer data

24-h dietary recall data
Pairs with reported energy intake

Pairs with plausible reported energy intake

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity, LPA, light physical activity.
1

including 6 pairs from triplets

2

Table 2: Linear mixed models for the associations of within-pair differences (Δ) in lifestyle
behaviours and ΔBMI z-score (outcome) within 3 sibling pair groups
Independent variables
(separate models)

n

β

SE

95% CI

P-value

1116

0.08

0.02

0.03, 0.12

0.002

240

0.13

0.07

0.00, 0.27

0.055

79

-0.09

0.07

-0.23, 0.04

0.168

1153

-0.06

0.03

-0.12, 0.01

0.077

249

-0.11

0.08

-0.27, 0.05

0.185

81

0.21

0.16

-0.10, 0.52

0.182

476

-0.05

0.02

-0.09, -0.00

0.034

103

-0.23

0.08

-0.37, -0.08

0.003

37

-0.07

0.02

-0.11,-0.02

0.002

476

0.01

0.01

-0.01, 0.03

0.253

103

-0.01

0.03

-0.07, 0.05

0.663

37

-0.01

0.02

-0.05, 0.02

0.418

ΔScreen time, hrs/d
All sibling pairs
Sibling pairs discordant for
overweight
Twin pairs1
ΔSleep duration, hrs/d
All sibling pairs
Sibling pairs discordant for
overweight
Twin pairs1
ΔTime spent in MVPA,
10 min/d
All sibling pairs
Sibling pairs discordant for
overweight
Twin pairs1
ΔTime spent in LPA,
10 min/d
All sibling pairs
Sibling pairs discordant for
overweight
Twin pairs1

The model is adjusted for sex, within-pair differences in age and within-pair differences in
height. Country and family are included as random effects, if applicable.
Abbreviations: BMI, body mass index; n, number of sibling pairs; β, regression coefficient;
SE, standard error; CI, confidence interval; MVPA, moderate-to-vigorous physical activity;
LPA, light physical activity.
1
including 6 pairs from triplets

3

Table 3: Linear mixed models for the associations of within-pair differences (Δ) in energy
intake (per 100 kcal/d) and ΔBMI z-score (outcome) within 3 sibling pair groups considering
dieting and misreporting
n

β

SE

95% CI

P-value

All sibling pairs

491

0.03

0.02

0.00, 0.06

0.09

Sibling pairs discordant for overweight

90

0.03

0.06

-0.09, 0.15 0.60

Twin pairs1

42

0.13

0.03

0.07, 0.19

<0.001

All sibling pairs

491

0.03

0.02

0.00, 0.06

0.06

Sibling pairs discordant for overweight

90

0.05

0.05

-0.05, 0.15 0.31

Twin pairs1

42

0.10

0.03

0.04, 0.17

0.002

All sibling pairs

491

0.06

0.02

0.02, 0.09

0.001

Sibling pairs discordant for overweight

90

0.14

0.05

0.04, 0.25

0.007

Twin pairs1

42

0.14

0.03

0.07, 0.20

<0.001

All sibling pairs

392

0.03

0.02

0.00, 0.07

0.046

Sibling pairs discordant for overweight

50

0.06

0.06

-0.07, 0.18 0.37

Twin pairs1

35

0.10

0.02

0.06, 0.15

<0.001

All sibling pairs

361

0.12

0.03

0.05, 0.19

0.001

Sibling pairs discordant for overweight

63

0.20

0.11

-0.01, 0.41 0.062

Twin pairs1

28

0.19

0.08

0.03, 0.35

Independent variables (separate models)
Model unadjusted for misreporting or dieting
status

Model adjusted for dieting status

Model adjusted for misreporting status

Model among sibling pairs who are not dieting

Model among sibling pairs with plausible
energy reports

0.018

All models are adjusting for sex, within-pair differences in age and within-pair differences in
height. Country and family are included as random effects, if applicable.
Dieting status of the sibling pairs was coded as “0” if both siblings were not dieting, “1” if
sibling 1 was dieting, “2” if sibling 2 was dieting and “3” if both siblings were dieting.
Misreporting of the sibling pairs was coded as "0" if energy reports of both siblings were
implausible, “1” if sibling 1 was implausible, “2” if sibling 2 was implausible and “3” if
energy reports of both siblings were plausible.
Abbreviations: BMI, body mass index; n, number of sibling pairs; β, regression coefficient;
SE, standard error; CI, confidence interval.
1
including 6 pairs from triplets
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