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Abstract

Background: Faster growth seems to be a common factor in several hypotheses
relating early life exposures to subsequent health. This study aims to investigate the
association between body mass index (BMI) trajectories during infancy/childhood and
later metabolic risk in order to identify sensitive periods of growth affecting health.

Methods: In a first step, BMI trajectories of 3301 European children that participated
in the multi-centre IDEFICS (ldentification and Prevention of Dietary and Lifestyle-
induced Health Effects in Children and Infants) study were modelled using linear-
spline mixed-effects models. The estimated random coefficients indicating initial
subject-specific BMI and rates of change in BMI over time were used as exposure
variables in a second step and related to a metabolic syndrome (MetS) score and its
single components based on conditional regression models (mean age at outcome
assessment: 8.5 yrs).

Results: All exposures under investigation, i.e. BMI at birth, rates of BMI change
during infancy (0 to <9 mths), early childhood (9 mths to <6 yrs) and later childhood
(=6 yrs) as well as current BMI z-score were significantly associated with the later
MetS score. Associations were strongest for the rate of BMI change in early
childhood (1.78 [1.66; 1.90]; B estimate and 99% confidence interval) and current
BMI z-score (1.16 [0.96; 1.38]) and less pronounced for BMI at birth (0.62 [0.47;
0.78]). Results slightly differed with regard to the single metabolic factors.

Conclusions: Starting from birth rapid BMI growth, especially in the time window of 9
mths to <6 yrs, is significantly related to later metabolic risk in children. Much of the
associations of early BMI growth may further be mediated through the effects on
subsequent BMI growth.
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Introduction

The foetal origins hypothesis suggests that foetal malnutrition and subsequent low
birth size or weight in conjunction with compensatory rapid growth increases the risk
of chronic diseases in adulthood [1-3]. Also early postnatal nutrition has been
proposed to have long-term health effects e.g. by promoting growth acceleration [4,
5]. The common denominator of several hypotheses relating early life exposures to
later health seems to be faster growth during infancy and childhood [4]. To date,
various associations between childhood trajectories of growth, including height,
weight or body mass index (BMI), and later outcomes such as non-alcoholic fatty
liver disease [6], asthma [7], hypertension [8-10], coronary heart disease [11, 12] and
other cardiovascular (metabolic) risk factors [13-15] have been reported. With regard
to BMI development during childhood, also the magnitude and timing of the infancy
peak and adiposity rebound were suggested to be related to later obesity and
metabolic factors [16-18]. Childhood obesity leads to alterations in metabolic
parameters which may subsequently increase the risk for adverse cardiovascular
outcomes, including the metabolic syndrome (MetS)[19]. The prevalence of the MetS
was shown to increase with severity of obesity already in children and adolescents
[19, 20]. But still, the relative importance of adiposity status at time of outcome
assessment compared to length/weight/BMI at birth or the trajectory of growth
remains uncertain. Also little is known on sensitive time windows in infancy and
childhood during which the later metabolic risk may be affected.

Therefore, this longitudinal study aims to investigate the associations of BMI
trajectories during infancy/childhood and current BMI with a metabolic risk score and
its single components (blood pressure, dyslipidaemia, central fat and insulin
resistance) in a large cohort of European children. Focus will be put on the different
periods of BMI growth (infancy, early childhood, later childhood) applying linear-
spline mixed effects models [21] in order to identify sensitive time windows during
which growth may have a stronger effect on the later metabolic risk.

Study population and methods

The IDEFICS (Identification and Prevention of Dietary- and Lifestyle-Induced Health
Effects in Children and Infants) cohort is a multi-centre population-based study
aiming to investigate and prevent the causes of diet- and lifestyle-related diseases in
2- to 9-year-old children. The baseline survey (T0) was conducted from September
2007 to May 2008 in eight European countries (Sweden, Germany, Hungary, ltaly,
Cyprus, Spain, Belgium, Estonia). In total, 16 228 children participated and fulfilled
the inclusion criteria of the IDEFICS study. Children were approached via schools
and kindergartens to facilitate equal enrolment of all social groups. The survey
included interviews with parents concerning lifestyle habits and dietary intakes as
well as physical examinations of the children. All measurements were taken using
standardised procedures in all eight countries. Details on the design and objectives
of the study can be obtained from Ahrens et al. [22, 23]. A follow-up survey (T1) was
conducted in 2009/2010 applying the same standardised assessments where 13 596
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children were enrolled (2555 newcomers; 11 041 children who had participated in
TO).

Anthropometric measurements

Height [cm] of the children was measured to the nearest 0.1 cm with a calibrated
stadiometer (Seca 225 stadiometer, Birmingham, UK), body weight [kg] was
measured in fasting state in light underwear on a calibrated scale and recorded to the
nearest 0.1 kg (Tanita BC 420 SMA, Tanita Europe GmbH, Sindelfingen, Germany).
BMI was calculated as weight [kg] divided by squared height [m]. The BMI at last
measurement (“current” BMI; measured at follow-up or, if missing due to loss to
follow-up, TO measurement) was converted to an age- and sex-specific z-score using
the extended IOTF criteria [24]. Waist circumference [cm] was measured in upright
position with relaxed abdomen and feet together, midway between the lowest rib
margin and the iliac crest to the nearest 0.1 cm (elastic tape: Seca 200).

Apart from the height and weight measured during the TO and T1 survey, historical
records of routine child visits including up to 35 additional height/weight
measurements throughout childhood were abstracted in ltaly, Cyprus, Belgium,
Germany, Hungary, Spain and linked to the survey data. Information was
supplemented by parentally reported birth weights and lengths in case
measurements of birth length/weight were not available in the records of routine child
visits.

Blood pressure

Blood pressure [mmHg] was measured with an automated oscillometric device
(Welch Allyn 4200B-E2, Welch Allyn Inc. NY, USA) where the cuff length was chosen
depending on the child’s arm circumference. After at least 5 minutes of resting in a
sitting position, two measurements were taken with two minutes interval in between,
plus a third one in case the first and second measurements differed by >5%. The
average of the two (or three) measurements was used in the subsequent analysis.

Blood collection

Fasting blood was collected either by venipuncture or by capillary sampling as
described in detail in Ahrens et al. [25]. To ensure that basic data on metabolic
disorders were available for as many children as possible a point-of-care analyser
(Cholestech LDX, Cholestech Corp.) was used to assess blood glucose, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol and triglycerides.
Blood samples were analysed centrally in a laboratory accredited by the International
Organization for Standardization 15189 using a luminescence immunoassay (AUTO-
GA Immulite 2000, Siemens, Eschborn, Germany) for insulin [ulU/ml]. The
homeostasis model assessment (HOMA) [26] was used as measure of insulin
resistance where HOMA was calculated as fasting insulin (ulU/ml) x fasting glucose
(mmol/l) / 22.5.
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Metabolic syndrome score

As levels of many health parameters change during childhood, a new score of cardio-
metabolic risk has been proposed by Ahrens et al. [25]. This score is constructed
applying a z-score standardisation to the four MetS components using recently
published reference values for young children [27-29]. Measures for (1) hypertension
(blood pressure; BP), (2) dyslipidaemia (lipid levels; LIPID), (3) central fat (waist
circumference; WAIST) and (4) insulin resistance (HOMA index; HOMA) are
combined into one continuous variable where a higher score suggests a higher
metabolic risk. For the BP z-score, the mean of the height-, age- and sex-specific z-
scores of diastolic and systolic blood pressure was calculated. For the LIPID z-score
the mean of the sex- and age-specific z-scores of triglycerides and HDL was used
where the latter was multiplied with -1 due to the inverse association with the
metabolic risk. The MetS score is calculated as the sum of the four z-scores
representing the four MetS components:

MetS score = BP z-score + LIPID z-score + WAIST z-score + HOMA z-score.

In general, the last available measurements were used for the MetS score
calculation.

Covariate information

Information on age (yrs), sex, country, pre-term delivery (yes vs. no), breast feeding
duration (mths), highest educational level of parents according to the International
Standard Classification of Education (ISCED), consumption frequency of junk food
(times/week; sum of five food frequency questionnaire variables for consumption of
sweetened drinks, chocolate, candy bars, candies, crisps, corn crisps, popcorn,
chocolate-based spreads, etc), consumption frequency of fruits and vegetables
(times/week; sum of five variables for fruit and vegetable consumption excluding
potatoes) was obtained from proxy-reported questionnaires collected during the
baseline and follow-up survey. Free-living physical activity was objectively measured
using Actigraph uniaxial accelerometers (either ActiTrainer or GT1M; Actigraph, LLC,
Pensacola, FL, USA) where minutes per day spent in moderate-to-vigorous physical
activity (MVPA) were calculated to adjust for physical activity. Covariates to be
included in the models relating BMI growth to the outcome variables were selected a
priori according to existing knowledge.

Analysis dataset

The flow chart in Figure 1 illustrates the number of height/weight measurements
available from the different sources and summarises the exclusion process leading to
the final analysis dataset. In total, 60 647 height/weight measurements of 12 700
children from the six countries that collected records from routine child visits were
available. The time points and numbers of measurements per child differed.
Implausible height/weight measurements (1666 values above/below age- and sex-
specific mean +/- 4 SD, 30 duplicates) and BMI values (597 values above/below
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mean +8 or -4 SD) were excluded. To account for collinearity of measurements taken
closely in time, a minimum time lag of 1 mth (for measurement taken below 6 mths of
age), 2 mths (measurement between 6 mths to 1.5 yrs) or 3 mths (measurements >
1.5 yrs), respectively, was imposed by random deletion of 6794 measurements taken
closer in time. The final dataset included only children with a minimum of 4
measurements on height and weight and information on delivery status (full-term vs.
pre-term) leading to a final analysis dataset of 29 418 height/weight measurements
from 3301 children for the growth model. Online resource A1 displays the number of
children with 4, 5, 6, etc. available BMI measurements.

Out of these 3301 children, 2264 provided the full set of variables required to
calculate the MetS score and its components (T1 values used in 1187 children; TO
values used in 1077 children) out of which 1381 had full covariate information.

Statistical analysis
Step 1: Selection and estimation of a growth model for BMI

Children’s BMI trajectories were modelled using linear-spline mixed-effects models
with two levels (measurement occasion and individual) allowing individuals to have
different intercepts and slopes, i.e. their own trajectory [21]. These models can easily
handle unbalanced data with a different number of measurements per child assessed
at different points in time. Moreover, such models allow for change in scale and
variance of BMI over time.

In a first step, all combinations of fractional polynomials with up to three powers of
age out of the following powers (-2, -1, -0.5, log, square root, 1,2,3) were estimated
to get an indication on the best knot point positions. The best fitting model was a
fractional polynomial with the following three powers: age', age?, log(age) (model
selection criteria: AIC). Based on visual inspection of this polynomial as well as
based on literature [30-33], two knot points for the linear-spline models were selected
at 9 mths and 6 yrs to account for the average ages at infancy peak and adiposity
rebound. Accordingly, starting with BMI at birth, three periods of growth were
modelled: 0 to 9 mths (S1: infancy), 9 mths to 6 yrs (S2: early childhood) and = 6 yrs
(S3; later childhood).

The growth model was adjusted for sex and delivery status (pre-term vs. full-term)
including interactions with the different splines, as well as for measured vs. reported
birth heights/weights (binary indicator). A formal description of the linear-spline
growth model is given in the online resource A2.

The model was estimated stratified by age group (aged 2-<6 yrs at last measurement
vs 26 yrs at last measurement). In the younger age group, the spline for the third
period (S3; indicating period = 6 yrs) was not added to the model as these children
obviously did not have measurements for this period. Models were checked for
residual confounding by plotting the occasion-level residuals against age and height.
Only minor differences comparing the distributions of residuals for lower/higher
heights and ages were observed such that there was no evidence of residual
confounding.
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The main purpose of step 1 was to reduce the dimensionality of the data and to
derive exposure measures that are comparable between study subjects despite the
differing ages at height/weight measurements and differing numbers of
measurements.

Step 2: Estimation of associations between BM| trajectories and MetS score and its
components

In the second step, the random intercepts and slopes estimated in the growth model
in step 1 were related to the MetS score and its components. These random subject-
specific coefficients indicate the deviations for child i from the average intercept (BMI
at birth) as well as from the average velocities (slopes) of BMI growth between 0 to 9
mths, 9 mths to 6 yrs and = 6 yrs (the latter only for children being = 6 yrs at last
measurement). The random coefficients were standardised to achieve comparability
of model estimates in the different periods and were then used as exposure
variables. Conditional linear regression models [34] were applied to estimate the total
effects (meaning the sum of direct and indirect effects) of BMI at birth, the rates of
change in the different growth periods (S1, S2, S3) as well as current BMI z-score
calculated according to the extended IOTF criteria [24] on the five outcomes (MetS
score, BP z-score, LIPID z-score, WAIST z-score, HOMA z-score) adjusting for
continuous age, sex, country and previous but not subsequent measurements of BMI
growth (models with basic adjustment; N=2264). For instance when analysing the
association between rate of BMI change in period S2 and an outcome, the model
was adjusted for BMI at birth and rate of BMI change in S1 but not in S3. All models
were analysed stratified by age group (< 6 vs. = 6 yrs) and also by age group and sex
(not adjusting for sex in the latter case).

All models were fitted again additionally adjusting for confounders occurring at the
same time or prior to the exposure, i.e. maximum ISCED level of parents was added
to all models. Breast feeding duration (mths) was added to all models except those
for BMI at birth. Junk food frequency (times/week), fruit and vegetable frequency
(times/week) and minutes per day spent in MVPA were added to models for the last
periods of growth (S2 for < 6 yr olds, S3 for = 6 yr olds) and for current BMI z-score
(models with full adjustment; N=1381). The latter models were additionally adjusted
for current height when BP z-score was the outcome of interest. Again models were
analysed stratified by age group (< 6 vs. = 6 yrs) but not by sex as the sample sizes
became too small to achieve stable model estimates. In a sensitivity analysis, all
models were run stratified for children delivered full-term vs. pre-term.

99% confidence intervals (Cl) were used (rather than the more usual 95%) to
account at least partially for multiple testing. All analyses were performed using SAS®
statistical software version 9.3 (SAS Institute, Inc., Cary, NC).
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Results

A description of the study populations with basic (N=2264) and full covariate
information (N=1381) including mean levels of the MetS score and its single
components by age group is given in Table 1. Both sexes were almost equally
distributed (51.6% [51.0%] boys, 48.4% [49%] girls; basic sample [sample with
covariate information in brackets]) whereas there was a much larger percentage of
children in the older compared to the younger age group (83.7% [87.6%] vs. 16.3%
[12.4%]). The mean MetS score was slightly higher in older children (0.5 [0.5] vs. 0.1
[-0.1]). Consistently, also mean values of the single components were in general
higher in the older children except for mean triglyceride levels in the basic sample. In
general, there were only minor differences comparing age, sex, and outcome
variables between the study samples with basic and full covariate information.

(please insert Table 1 here)

Results of the BMI growth model (step 1) are presented in online resources A3 and
A4. Associations between the random intercepts and slopes estimated based on the
BMI growth model and the metabolic outcomes (step 2) are presented in Table 2
(basic adjustment) and Table 3 (full adjustment). These effect estimates give the total
effects of the exposures on the outcome, meaning the sum of the direct and indirect
effects on the outcome. All exposures under investigation, i.e. BMI at birth, rates of
BMI change during infancy (S1), early (S2) and later childhood (S3) as well as
current BMI z-score were positively associated with the later MetS score.
Associations were strongest for the rate of BMI change in S2 and current BMI z-
score and least pronounced for BMI at birth and the rate of BMI change in S1 (see
Table 2). For instance, the change in the MetS score associated with a one standard
deviation increase in the rate of BMI change was 1.78 in period S2 but only 0.29 and
1.06 in periods S1 and S3, respectively (model for = 6 yr olds). The BP z-score was
not related to BMI at birth and rate of BMI change during S1 in < 6 yr olds, but
positively associated with BMI at birth and rates of BMI change during S1, S2, S3
and current BMI z-score in the older age group where associations were largest for
exposures closer in time and larger in boys compared to girls. There was evidence of
a positive association between HOMA z-score and rates of BMI change during S2,
S3 as well as with current BMI z-score where associations were strongest during S2.
For LIPID z-score, no association with BMI at birth, rate of BMI change during S3 or
with current BMI z-score was found but rates of BMI change during S1 and S2 were
positively associated with the LIPID z-score in the older age group (both in boys and
girls). No such association was found in the younger age group. All exposures
exhibited significant positive associations with the WAIST z-score, with strongest
associations for rates of BMI change in S2 as well as for current BMI z-score. Of all
the individual MetS components, associations were strongest with the WAIST z-
score.

After adjustment for additional covariates (Table 3), estimates changed only slightly,
in general. In < 6 yr olds, the estimate of the association of current BMI with blood
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pressure was slightly attenuated, with a wider confidence interval. When comparing
the results for children delivered full-term vs. pre-term (sensitivity analysis; see online
resource A5), no marked differences in the effect estimates were observed for any of
the outcomes in the older age group and only small differences in the younger age
group considering the reduced sample size in the pre-term delivery group.

(please insert Table 2 and 3 here)

Discussion

In this study, sophisticated statistical models were applied to investigate rates of BMI
change during childhood in relation to later metabolic risk. Greater BMI growth in all
periods under investigation was found to be related to a higher MetS score
conditional on previous BMI growth, BMI at birth and confounding factors and hence
seems to have adverse long-term effects on cardio-metabolic outcomes. The
strongest association was observed for the period of 9 mths to 6 yrs where the BMI
growth velocity is typically negative, i.e. BMI is expected to decrease. However, the
underlying mechanism is not completely understood yet and cannot be determined
based on the data at hand such that its investigation remains a task for future
research. Our results are in line with the “growth acceleration hypothesis” which
suggests rapid growth, especially during infancy but also during childhood, to
program the metabolic profile such that it becomes susceptible to obesity and other
components of metabolic syndrome [4].

Direct comparison with other studies is hampered by the limited number of studies
relating BMI growth to metabolic risk, but also due to the differences in statistical
methods applied, differences in ages at exposure/outcome assessment, choices of
outcome/exposure variables and differing study populations. This should be kept in
mind when comparing our results with previous research publications.

Ekelund et al. [35] recently reported positive associations between infancy weight
gain (0 to 6 mths) and a continuous metabolic risk score at age 17 in 128
adolescents where the association was not observed in early childhood (3-6 yrs). In
another small study by Leunissen et al. [36] rapid weight gain from 0 to 3 mths was
found to be associated with several cardio-metabolic risk factors in early adulthood
(18-24 yrs). Later periods of weight gain were not addressed in that study. Applying
linear-spline mixed effects models, Howe et al. [13] assessed associations between
ponderal index (PIl) (0-2 yrs) and BMI trajectories (2-10 yrs) during childhood and
several cardiovascular risk factors measured at age 15 in a UK cohort. BMI changes
in childhood, especially in later childhood, were found to be predictive for most
cardiovascular risk factors in adolescents but changes in Pl during early infancy were
not. Depending on the age at outcome assessment the time window of BMI change
having the largest association with the metabolic outcomes may vary which could
explain these slightly differing results. Also in our study, some associations were only
found in children aged = 6 yrs at outcome assessment, but not in the younger age
group. However, this may partly result from the smaller study sample leading to
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reduced statistical power and hence to greater instability in the estimates such that
the results in the younger age group must be interpreted with greater caution.

Howe et al. [13] further suggested some associations between PI/BMI changes and
cardiovascular risk factors being slightly stronger in boys compared to girls but also
pointed to the lack of studies comparing effects of BMI changes on metabolic risk
between sexes. In our study, stronger associations for boys compared to girls were
only observed for blood pressure.

In the present analysis, BMI at birth was unrelated to later blood pressure in the
younger age group and slightly positively related to blood pressure in the older age
group. As discussed in a recent review [37], several papers report negative
associations between birth weight and blood pressure, but the reported effects are
often (wrongly) adjusted for current weight yielding misleading conclusions [38]. For
this reason, we applied conditional regression models that were adjusted for previous
but not subsequent BMI measurements to estimate the total (direct plus indirect)
effects of the different exposures on the outcome. Consistently with our results,
Tilling et al. [8] reported associations between faster weight gain in early childhood
and blood pressure at age 6.5 but no association between birth weight and blood
pressure, applying similar statistical methods. Menezes et al. [39] observed birth
length to be positively related to blood pressure in early adolescence, but neither
birth weight nor ponderal index. So part of the inconsistent results may be due to the
use of different measures for growth status at birth. However, in one large study [40]
(N=25 874) the negative association between birth weight and later blood pressure
was reported to increase with age supporting the recently debated ‘amplification’
hypothesis [41]. Hence, another explanation of the differing results might be that the
age at outcome assessment in our study was too small.

In a study by Gardner et al. [42], cross-sectional and longitudinal associations
between different measures of obesity at 5 years and insulin resistance (at age 5 and
later ages) were investigated where longitudinal associations were much stronger
compared to cross-sectional associations. Consistently, we observed stronger
associations of the rate of BMI change between 9 mths and 6 yrs with later HOMA z-
score compared to the associations of BMI change in the third period (= 6 yrs) and of
current BMI (adjusting for previous changes in BMI and BMI at birth) with HOMA z-
score.

Only few studies investigated the long-term effects of BMI change or weight gain
during infancy and childhood on later lipid levels, with inconsistent results [13, 35,
36]. Whether the significant associations of rates of BMI change between 0 to 9 mths
and 9 mths to 6 yrs, but neither of BMI change in the third period (= 6 yrs) nor of
current BMI with LIPID z-score actually result from time-delayed effects of BMI
change on lipid levels needs to be further explored in future studies.

Various studies showed rapid growth in infancy and childhood to be a predictor of
overweight and obesity in later childhood, adolescence and adulthood [43, 44]. As
waist circumference and BMI are typically highly correlated [45], the strong
associations between rates of BMI change during infancy and childhood and later
waist circumference were expected. In this context, we also reviewed the relations
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between our derived growth measures and BMI at outcome assessment. When
adding current BMI to the models for BMI at birth and rate of BMI change between 0
to 9 mths and 9 mths to 6 yrs, associations were largely attenuated (data not shown).
This suggests that the associations between BMI at birth and changes of BMI during
childhood on later metabolic risk may be largely mediated by the later BMI status.
This means that not only the direct effects of early BMI growth but also the indirect
effects through its effects on future measurements may explain the associations with
the later MetS score. Apart from these potentially mediated effects, there may be
time-delayed effects, i.e. a time shift between the development of obesity and the
development of metabolic comorbidities. Results of the Earlybird study indicated that
most excess weight before puberty is gained prior to five years of age underpinning
the need to start obesity interventions already early in life [46].

Strengths and limitations

In this study, heights/weights were obtained from different sources (health records,
parentally reported birth weights/heights, measurements in IDEFICS study) and the
number of measurements differed among children. Furthermore, growth
measurements were not taken at the same ages and the age at outcome
assessment differed among children. These common problems in large cohort
studies were overcome by the use of linear spline mixed-effects models. However,
these models assume a piecewise linear relationship between age and BMI and
require the selection of knot points. Timing and magnitude of infancy peak and
adiposity rebound vary between children and have been suggested to be associated
with later obesity, blood pressure and metabolic risk [16-18, 30-32]. However, as the
ages of infancy peak and adiposity rebound are in general unknown for a single child,
from a public health perspective it would be more important to identify time windows
in childhood during which interventions are most promising. For this reason, we did
not model the association between timing or magnitude of adiposity rebound or
infancy peak and metabolic factors but focussed on the rates of BMI change (“BMI
growth”) in different time windows and their associations with later health risks. A
further subdivision, especially of the time window of 9 mths to 6 yrs, into smaller
periods of growth would have been desirable to better approximate the BMI
trajectory, but would have required a larger number of repeated measurements for
each subject. To estimate a growth model through infancy and childhood, the BMI
was used as single measure for adiposity. This on the one hand eased interpretation
but on the other hand complicated comparisons with previous studies that often used
the ponderal index for birth or early infancy. Although non-linear models (e.g.
fractional polynomial models) may result in a better approximation of growth in
relation to age, associations between respective model estimates and an outcome
are not clinically relevant [14]. The linear-spline model is a compromise between
precision of growth modelling and interpretable estimates of BMI trajectories. They
further reduce the dimensionality of data and hence the collinearity problem and may
even reduce measurement error that could occur when trying to group exposures to
common ages [34]. However, it should be noted that it does not take the uncertainty
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in the estimates of BMI at birth and rates of BMI change in step 1 into account, so
standard errors may be underestimated [47]. A recent paper by Sayers et al. [47]
showed in a simulation study that the 2-step model provides consistent conditional
estimates when linearly relating all exposures to an outcome but reported biased
estimates for unconditional associations where the magnitude of the bias depends on
the measurement error in the repeated measurements. Multivariate growth models
(joint models) were suggested to solve this issue [47, 48] and may be a promising
field for future investigations.

The IDEFICS survey was conducted setting-based and not intended to provide
nationally representative samples. Although this approach enabled equal enrolment
of all social groups, non-response bias resulting from over-representation of certain
subgroups cannot be precluded where in particular socio-economic status is a key
factor associated with participation as well as with health outcomes. In the present
study, attrition effects, that are often observed in cohort studies, should play a minor
role as participation in TO and T1 was not a requirement for inclusion. The
sophisticated statistical methodology, the longitudinal study design, the large number
of repeated measurements in a European dataset of young children, the
standardised covariate assessment and detailed assessment of disease risk using a
continuous MetS score based on newly derived reference values are further
strengths of this study.

Conclusions

Sophisticated statistical models were applied to investigate BMI growth during
infancy and childhood in relation to later metabolic risk measured based on a
continuous MetS score. Higher BMI growth during all periods under investigation,
especially in the period from 9 mths to 6 yrs, was related to a higher metabolic risk
independent of prior BMI growth, BMI at birth and confounding factors. BMI growth in
early periods may not only directly be associated with metabolic factors, but also
indirectly through its impact on later BMI status.
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Fig. 1: Flow chart for number of children (N) and BMI measurements (Obs) included in final

study sample




Sample with basic covariate information

Sample with full covariate information

< 6 years 2 6 years Total <6 years >= 6 years Total
(N=368; 16.3%) (N=1896; 83.7%) (N=2264) (N=171; 12.4%) (N=1210; 87.6%) (N=1381)
N % N % N % N % N % N %
Boys 183 49.7 986 52.0 1,169 51.6 81 47.4 623 51.5 704 51.0
Girls 185 50.3 910 48.0 1,095 48.4 90 52.6 587 48.5 677 49.0
ISCED Level 0,1,2 49 13.5 262 13.9 311 13.8 12 7.0 131 10.8 143 10.4
ISCED Level 3,4 194 53.4 973 51.5 1,167 51.8 82 48.0 602 49.8 684 49.6
ISCED Level 5,6 120 33.1 656 34.7 776 34.4 77 45.0 476 39.4 553 40.1
Missing ISCED 5 - 5 - 10 - 0 - 1 - 1 -
Full-term delivery 237 64.4 1295 68.3 1,532 67.7 109 63.7 793 65.5 902 65.3
Pre-term delivery (= 1 week) 131 35.6 601 31.7 732 32.3 62 36.3 417 34.5 479 34.7
Italy 63 171 188 9.9 251 111 22 12.9 98 8.1 120 8.7
Cyprus 1 0.3 36 1.9 37 1.6 0 0.0 8 0.7 8 0.6
Belgium 36 9.8 201 10.6 237 10.5 2 1.2 147 12.1 149 10.8
Germany 166 451 847 447 1,013 447 63 36.8 460 38.0 523 37.9
Hungary 4.0 1.1 178 9.4 182 8.0 3 1.8 117 9.7 120 8.7
Spain 98 26.6 446 23.5 544 24 81 47.4 380 31.4 461 33.4
Thin at last measurement 37 10.1 148 7.8 185 8.2 15 8.8 98 8.1 113 8.2
Normal weight at last 280 76.1 1307 68.9 1587 70.1 135 78.9 823 68.0 958 69.4
measurement
Overweight at last measurement 38 10.3 325 17.1 363 16.0 15 8.8 212 17.5 227 16.4
Obese at last measurement 13 3.5 116 6.1 129 5.7 6 3.5 77 6.4 83 6.0
Mean Mean Mean Mean Mean Mean
(99% CI) (99% CI) (99% CI) (99% CI) (99% Cl) (99% CI)
MetS Score 0.1 0.5 0.4 -0.1 0.5 0.5
(-0.3;0.4) (0.4,0.7) (0.3;0.6) (-0.5;0.4) (0.3;0.7) (0.3;0.6)
Waist circumference (cm) 50.8 57.3 56.3 51.0 57.6 56.7
(50.3;51.4) (56.9;57.8) (55.9;56.7) (50.2;51.8) (56.9;58.2) (56.2;57.3)
Systolic blood pressure (mm Hg) 97.4 102.7 101.8 98.2 102.9 102.4
(96.4;98.4) (102.1;103.2) (101.3;102.3) (96.7;99.6) (102.3;103.6) (101.7;103.0)
Diastolic blood pressure (mm Hg) 62.3 64.1 63.8 63.0 64.4 64.2
(61.5;63.1) (63.7;64.5) (63.5;64.2) (61.8;64.1) (63.9;64.9) (63.8;64.7)
Triglycerides [mg/dL] 58.8 58.1 58.3 56.6 57.3 57.2
(55.6;62.0) (56.6;59.5) (56.9;59.5) (52.0;61.1) (55.6;59.0) (55.6;58.8)
Triglycerides [mmol/L] 0.7 0.7 0.7 0.6 0.6 0.6
(0.6;0.7) (0.6;0.7) (0.6;0.7) (0.6;0.7) (0.6;0.7) (0.6;0.7)



HDL cholesterol [mg/dL] 49.1 54.6 53.7 50.3 54.7 54 1
(47.3;50.9) (53.7;55.4) (52.9;54.5) (47.6;53.0) (53.6;55.7) (53.2;55.1)
HDL cholesterol [mmol/L] 1.3 14 14 1.3 14 14
(1.2,1.3) (1.4,1.4) (1.4,1.4) (1.2,1.4) (1.4,1.4) (1.4,1.4)
HOMA index* 0.9 1.3 1.2 0.8 1.3 1.2
(0.7;1.0) (1.2;1.3) (1.1;1.2) (0.6;0.9) (1.2;1.3) (1.1;1.3)
Age at outcome assessment 5.1 8.5 7.9 52 8.5 8.1
(5.0;5.2) (8.4;8.6) (7.8;8.0) (5.1;5.3) (8.4,8.6) (8.0;8.2)
Covariates
MVPA in minutes/day 40.8 44.8 44.3
(36.9;44.8) (43.1;46.4) (42.7;45.8)
Breast feeding duration [mth] 5.1 5.2 52
(3.7;6.4) (4.7;5.7) (4.7;5.6)
Fruits/vegetables [times/week] 18.6 18.3 18.3
(16.3;20.9) (17.4;,19.1) (17.5;19.1)
Junk food [times/week] 8.3 10.1 9.9
(6.8;9.8) (9.4;10.9) (9.2;10.6)

Table 1: Description of the study population; means and 99% confidence intervals of covariates, metabolic risk score and its components by age group for the

study population with basic (left; N=2264) and complete covariate information (right; N=1381)

*HOMA was calculated as fasting insulin (uU/ml) x fasting glucose (mmol/1)/22.5



Basic adjustment (N=2264) MetS score Blood pressure HOMA z-score LIPIDS z-score Waist z-score
z-score

B 99% ClI B 99% ClI B 99% ClI B 99% ClI B 99% ClI
< 6 yrs (N=368)
BMI at birth 0.48 (0.17;0.79) 0.00 (-0.12; 0.11) 0.12 (-0.02; 0.26) 0.00 (-0.10; 0.09)  0.37 (0.21; 0.53)
BMI change 0-9 mths (S1) 0.90 (0.46;1.34) 0.02 (-0.15; 0.19) 0.19 (-0.01; 0.40) -0.04 (-0.19;0.10) 0.73 (0.52; 0.94)
BMI change 9 mths -6 yrs (S2) 1.33  (1.03; 1.64) 0.18 (0.05; 0.31) 0.29 (0.13; 0.45) 0.00 (-0.11;0.12)  0.86 (0.73; 0.99)
Current BMI z-score* 1.40 (1.07;1.74) 0.19 (0.05; 0.34) 0.29 (0.11; 0.46) -0.04 (-0.17;0.08)  0.97 (0.84;1.10)
>= 6 yrs (N=1896)
BMI at birth 0.62 (0.47;0.78) 0.06 (0.01; 0.11) 0.05 (-0.01; 0.12) 0.03 (-0.01;0.08) 0.47 (0.40; 0.55)
BMI change 0-9 mths (S1) 0.29 (0.05; 0.53) 0.10 (0.02;0.17) -0.02  (-0.11; 0.08) 0.08 (0.02; 0.15) 0.13 (0.01; 0.25)
BMI change 9 mths -6 yrs (S2) 1.78  (1.66; 1.90) 0.17 (0.12; 0.22) 0.43 (0.37;0.48) 0.16 (0.11; 0.20) 1.03 (0.97; 1.08)
BMI change 6 to <12 yrs (S3) 1.06 (0.88; 1.24) 0.18 (0.10; 0.26) 0.29 (0.19; 0.38) 0.05 (-0.03;0.12)  0.55 (0.47; 0.63)
Current BMI z-score* 1.16  (0.96; 1.38) 0.17 (0.07; 0.27) 0.24 (0.13; 0.36) -0.04 (-0.13;0.05) 0.79 (0.70; 0.88)
Girls; < 6 yrs (N=185)
BMI at birth 0.53 (0.09; 0.97) 0.04 (-0.11; 0.19) 0.03 (-0.17; 0.24) 0.04 (-0.10; 0.19)  0.41 (0.18; 0.64)
BMI change 0-9 mths (S1) 0.82 (0.20; 1.44) -0.08 (-0.29; 0.14) 0.24 (-0.04; 0.53) -0.05 (-0.26;0.15)  0.70 (0.40; 1.00)
BMI change 9 mths -6 yrs (S2) 1.26  (0.81; 1.71) 0.12 (-0.05; 0.30) 0.34 (0.11; 0.57) 0.02 (-0.15;0.19) 0.78 (0.58; 0.98)
Current BMI z-score* 1.44  (0.94;1.93) 0.16 (-0.03; 0.36) 0.37 (0.11; 0.62) -0.01 (-0.19;0.18)  0.91 (0.70;1.13)
Girls; >= 6 yrs (N=910)
BMI at birth 0.61 (0.37;0.85) 0.07 (0.00; 0.15) 0.14 (-0.05; 0.14) 0.02 (-0.05; 0.09) (0.35; 0.59)
BMI change 0-9 mths (S1) 0.14 (-0.26; 0.54) 0.10 (-0.02;0.22) 0.22 (-0.24; 0.07) 0.07 (-0.04;0.18) 0.47  (-0.15;0.25)
BMI change 9 mths -6 yrs (S2) 1.92  (1.76; 2.09) 0.18 (0.11; 0.24) 0.24 (0.39; 0.55) 0.19 (0.13; 0.26) 0.05 (1.01; 1.15)
BMI change 6 to <12 yrs (S3) 0.90 (0.61;1.18) 0.11 (-0.02; 0.23) 0.22 (0.13; 0.42) 0.02 (-0.09;0.13)  1.08 (0.38; 0.62)
Current BMI z-score* 113  (0.77;1.49) 0.07 (-0.09; 0.23) 0.21 (0.09; 0.46) -0.08 (-0.22;0.06) 0.50 (0.72;1.00)
Boys; < 6 yrs (N=183)
BMI at birth 0.44 (-0.02; 0.90) -0.04 (-0.22; 0.13) 0.20 (0.00; 0.41) -0.04 (-0.18;0.10)  0.32 (0.09; 0.55)
BMI change 0-9 mths (S1) 0.99 (0.33;1.64) 0.10 (-0.16; 0.37) 0.17 (-0.13; 0.48) -0.04 (-0.25;0.17)  0.75 (0.44;1.07)
BMI change 9 mths -6 yrs (S2) 1.41  (0.98; 1.83) 0.23 (0.02;0.43) 0.26 (0.03; 0.49) -0.01 (-0.17;0.15)  0.93 (0.77;1.09)
Current BMI z-score* 1.39  (0.93; 1.85) 0.22 (0.01; 0.43) 0.23 (-0.02; 0.47) -0.06 (-0.23;0.11)  1.01 (0.84; 1.17)
Boys; >= 6 yrs (N=986)
BMI at birth 0.64 (0.44;0.83) 0.05 (-0.01; 0.12) 0.06 (-0.01; 0.14) 0.04 (-0.02;0.10) 0.48 (0.38; 0.57)
BMI change 0-9 mths (S1) 043 (0.13;0.73) 0.10 (0.00; 0.21) 0.03 (-0.09; 0.15) 0.10 (0.01; 0.19) 0.19 (0.04; 0.34)
BMI change 9 mths - 6 yrs (S2) 1.62  (1.45; 1.79) 0.16 (0.09; 0.24) 0.37 (0.29; 0.45) 0.12 (0.06; 0.19) 0.96 (0.89; 1.04)
BMI change 6 to <12 yrs (S3) 1.18  (0.95; 1.41) 0.24 (0.13; 0.35) 0.29 (0.17; 0.41) 0.07 (-0.03;0.17)  0.59 (0.49; 0.69)
Current BMI z-score* 1.20 (0.92;1.47) 0.24 (0.11; 0.37) 0.23 (0.09; 0.37) -0.02 (-0.13;0.10) 0.74 (0.63; 0.86)

Table 2: Associations (effect estimates and 99% confidence intervals) of BMI at birth, rates of BMI change during childhood and current BMI with the
metabolic risk score and its single components estimated based on linear regression models (step 2) by age group and sex. Exposure variables (except
current BMI z-score) were obtained from the linear-spline mixed-effects model (step 1). All models were adjusted for age, sex, country and previous periods of
BMI change and BMI at birth. For current BMI z-score as exposure, the last period of change was not added to the model as the current BMI lies in this period.



Exposure variables were standardised prior to analysis. The coefficients for BMI at birth and current BMI z-score represent the standard deviation change in the outcome
associated with a one standard deviation increase in BMI at birth or current BMI z-score, respectively. The coefficients for BMI change in the different periods represent the
standard deviation change in the outcome associated with a one standard deviation increase in the rate of BMI change in the specific period.

*z-score calculated based on the extended IOTF criteria [30]

99% Cl: 99% confidence interval



Full adjustment (N=1381) MetS score Blood pressure HOMA z-score LIPIDS z-score Waist z-score
z-score

B 99% ClI B 99% CI B 99% ClI B 99% ClI B 99% CI

<6 yrs (N=171)

BMI at birth 0.51 (0.20; 0.82) 0.00 (-0.11; 0.12) 0.13 (-0.01; 0.27) 0.00 (-0.09;0.11) 0.38 (0.10; 0.43)

BMI change 0-9 mths (S1) 0.93 (0.44; 1.43) 0.04 (-0.15; 0.23) 0.22 (-0.02; 0.46) -0.08 (-0.15;0.07) 0.75 (0.37;0.70)

BMI change 9 mths - 6 yrs (S2) 1.32 (0.99; 1.66) 0.17 (0.03; 0.32) 0.29 (0.11; 0.47) 0.02 (-0.14;0.21) 0.83 (0.66; 1.04)

Current BMI z-score* 1.41 (0.88; 1.94) 0.14 (-0.07; 0.36) 0.32 (0.04; 0.60) 0.01 (-0.19; 0.18) 0.93 (0.74; 1.14)
>=6 yrs (N=1210)

BMI at birth 0.61 (0.46; 0.76) 0.06 (0.01; 0.11) 0.05 (-0.01; 0.11) 0.03 (-0.01;0.07) 0.47 (0.39; 0.55)

BMI change 0-9 mths (S1) 0.31 (0.06; 0.57) 0.10 (0.02; 0.18) 0.00 (-0.10; 0.10) 0.09 (0.01; 0.16) 0.13  (0.00; 0.26)

BMI change 9 mths - 6 yrs (S2) 1.72 (1.59; 1.85) 0.16 (0.10; 0.21) 0.40 (0.34; 0.47) 0.14 (0.09; 0.19) 1.02 (0.97; 1.08)

BMI change 6 to <12 yrs (S3) 1.19 (0.96; 1.42) 0.20 (0.09; 0.30) 0.32 (0.21; 0.44) 0.05 (-0.04;0.15) 0.61 (0.52;0.71)

Current BMI z-score* 1.28 (1.00; 1.55) 0.20 (0.07; 0.32) 0.31 (0.17; 0.45) -0.04 (-0.14;0.07) 0.81 (0.70; 0.92)

Table 3: Associations (effect estimates and 99% confidence intervals) of BMI at birth, rates of BMI change during childhood and current BMI with the
metabolic risk score and its single components estimated based on linear regression models (step 2) by age group. Exposure variables (except current BMI z-
score) were obtained from the linear-spline mixed-effects model (step 1). All models were adjusted for age, sex, country, maximum ISCED level of parents,
previous periods of BMI change and BMI at birth. For current BMI z-score as exposure the last period of change was not added as covariate to the model as
the current BMI lies in this period. Breast feeding duration, junk food frequency, fruit/veg frequency, minutes per day spent in moderate-to-vigorous physical
activity and current height (for blood pressure as outcome only) were added if occurring at the same time or prior to the exposure.

Exposure variables were standardised prior to analysis. The coefficients for BMI at birth and current BMI z-score represent the standard deviation change in the outcome
associated with a one standard deviation increase in BMI at birth or current BMI z-score, respectively. The coefficients for BMI change in the different periods represent the
standard deviation change in the outcome associated with a one standard deviation increase in the rate of BMI change in the specific period.

*z-score calculated based on the extended IOTF criteria [30]

99% Cl: 99% confidence interval



Supplementary material Al: Bornhorst et al. Associations between early body mass index trajectories and later metabolic risk factors in European children:
The IDEFICS Study. European Journal of Epidemiology (Correspondence: Claudia Bornhorst, Leibniz-Institute for Prevention Research and Epidemiology - BIPS,
Bremen, Germany; email: boern@bips.uni-bremen.de)

Total number Children with 4,5,..., 210 BMI measurements Total number of

Country of children measurements
4 5 6 7 8 9 210

Italy 347 140 164 43 . . . ) 1630
Cyprus 73 1 : 4 1 4 6 57 801
Belgium 422 2 7 12 37 80 91 193 3950
Germany 1534 36 58 118 199 351 417 355 12 731
Hungary 240 10 11 7 8 29 39 136 2407
Spain 685 7 10 14 26 43 63 522 7899
Total 3301 196 250 198 271 507 616 1263 29418

Table A1: Numbers of children and numbers of available BMI measurements during childhood by country (used in the growth model; step 1)
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Supplementary material A2: Bornhorst et al. Associations between early body mass index trajectories and later metabolic risk factors in European children:
The IDEFICS Study. European Journal of Epidemiology (Correspondence: Claudia Bornhorst, Leibniz-Institute for Prevention Research and Epidemiology - BIPS,
Bremen, Germany; email: boern@bips.uni-bremen.de)

Description of the linear-spline growth model
The general growth model was defined as follows:

BMI;j = (Bo +ujo+ &)+ (B1+ui1)S1j + (B2 +u;2)S2;; + (B3 +u;3)S3;; + Ba(boy;)
+ Bs(boy)S1;; + Be(boy;)S2;; + B;(boy;)S3;; + Bg(preterm;) + Po(preterm;)S1;; + Bio(preterm;)S2;; + B11(preterm;)S3;;

+ 12 (sourcei,j),

where BMI; ; denotes the /s BMI measurement of child /, the fixed coefficient g, describes the average intercept for girls delivered full-term, g; is
the average predicted linear change (slope) in BMI per year for the first period (S1=0 to 9 mths), B, the average linear change for the second
period (S2=9 mths to 6 yrs) and S5 the average linear change for the third period (S3= 6 yrs) in girls delivered full-term, g, the difference in
average intercept between boys and girls, s, s and S, denote the difference in average slopes between boys and girls, Bg the difference in
average intercept between full-term and pre-term delivered children, B, 5,0, and ,; denote the differences in average linear slopes between full-
term and pre-term delivered children, and f;, describes the average difference in intercept between self-reported and routinely measured birth
weights/heights.

The random coefficients u; ,, k=1,2,3, indicate the deviation of individual / from the average slope between knot points k-7 and k and u;
describes the deviation of individual /’s intercept from the average intercept.

An unstructured covariance matrix was modelled for the random effects. This means that variances/covariances could take the value that the
data demand. The model further accounts for changes in variances of BMI during childhood by defining heterogeneity by age group in the
covariance structure of the measurement errors.
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Supplementary material A3: Bornhorst et al. Associations between early body mass index trajectories and later metabolic risk factors in European children:
The IDEFICS Study. European Journal of Epidemiology (Correspondence: Claudia Bornhorst, Leibniz-Institute for Prevention Research and Epidemiology - BIPS,
Bremen, Germany; email: boern@bips.uni-bremen.de)

Table A3 shows the results of the BMI growth model (step 1), i.e. estimates of mean BMI at birth and growth velocities in the different periods by
age group and sex. The table further includes sample mean values of current BMI and BMI z-scores as well as the mean ages at last
measurement. Estimated BMI at birth as well as growth velocity between 0 to 9 mths (S1) was slightly lower in girls compared to boys. As
expected, the growth velocity between 9 mths and 6 yrs (S2) was negative (age before adiposity rebound), where the decrease was higher in
boys compared to girls. In the third period (= 6 yrs), the BMI velocity was again positive and almost equal for boys and girls.

<6 years >= 6 years
Girls Boys Girls Boys
Growth velocity of BMI (model estimates) Mean SE Mean SE Mean SE Mean SE
BMI at birth (kg/m?) 13.97 0.080 14.14 0.077 13.88 0.040 14.23 0.039
Velocity 0 to 9 mths (kg/m? per yr) (S1) 3.88 0.150 4.21 0.145 4.07 0.078 4.18 0.076
Velocity 9 mths to 6 yrs (kg/m? per yr) (S2) -0.26 0.026 -0.35 0.025 -0.25 0.013 -0.34 0.013
Velocity 6 to <12 yrs (kg/m? per yr) (S3) 0.67 0.022 0.66 0.021
Current status (sample estimates) Mean SD Mean SD Mean SD Mean SD
Current BMI 15.91 1.58 15.79 1.51 17.31 3.00 17.16 2.81
Current BMI z-score 0.32 0.99 0.13 1.04 0.49 1.08 0.42 1.09
Age at last BMI measurement 512 0.67 5.09 0.68 8.50 1.34 8.45 1.40

Table A3: BMI at birth and BMI velocities until 12 years of age from linear-spline mixed-effects models; sample mean of current BMI and BMI z-score
according to extended IOTF criteria *
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Supplementary material A4: Bornhorst et al. Associations between early body mass index
trajectories and later metabolic risk factors in European children: The IDEFICS Study.
European Journal of Epidemiology (Correspondence: Claudia Bérnhorst, Leibniz-Institute for
Prevention Research and Epidemiology - BIPS, Bremen, Germany; email: boern@bips.uni-

bremen.de)

Table A4 displays the correlations between the random intercepts (BMI at birth) and
slopes (rates of BMI change in S1, S2 and S3) estimated by the linear-spline mixed-
effects model stratified by age group. Negative correlations were observed for BMI at
birth with rate of BMI change in S2 and for BMI change in period S1 with rate of BMI
change in S2. BMI at birth and change in S3 as well as BMI changes in S2 and S3
were positively correlated.

Estimate SE p-value
< 6y
Variance(BMI at birth) 0.50 0.09 <.0001
Covariance(BMI at birth, S1) 0.13 0.14 0.345
Variance(S1) 2.32 0.33 <.0001
Covariance(BMI at birth, S2) -0.07 0.02 0.000
Covariance (S1, S2) -0.17 0.04 <.0001
Variance(S2) 0.10 0.01 <.0001
2 6 years
Variance(BMI at birth) 0.34 0.05 <.0001
Covariance(BMI at birth, S1) 0.14 0.08 0.072
Variance(S1) 215 0.18 <.0001
Covariance(BMI at birth, S2) -0.03 0.01 0.008
Covariance(S1, S2) -0.12 0.02 <.0001
Variance(S2) 0.12 0.00 <.0001
Covariance(BMI at birth, S3) 0.05 0.02 0.006
Covariance(S1, S3) 0.02 0.04 0.614
Covariance(S2, S3) 0.06 0.01 <.0001
Variance(S3) 0.20 0.01 <.0001

Table A4: Variances and covariances of random effects estimated in course of the linear-
spline growth models (step 1) stratified by age group

BMI at birth: Random intercept for body mass index

S1: Random slope for body mass index between 0 and 9 mths
S2: Random slope for body mass index between 9 mths and 6 yrs
S3: Random slope for body mass index between 6 and <12 yrs
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Supplementary material A5: Bornhorst et al. Associations between early body mass index trajectories and later metabolic risk factors in European children:
The IDEFICS Study. European Journal of Epidemiology (Correspondence: Claudia Bornhorst, Leibniz-Institute for Prevention Research and Epidemiology - BIPS,
Bremen, Germany; email: boern@bips.uni-bremen.de)

MetS score Blood pressure HOMA z-score LIPIDS z-score Waist z-score
z-score

B 99% CI B 99% ClI B 99% CI B 99% ClI B 99% CI

Full-term delivery
< 6 yrs (N=237)

BMI at birth 0.43 (0.03;0.84) -0.02 (-0.16;0.13) 0.10 (-0.09;0.28) 0.00 (-0.13;0.12) 0.36 (0.15;0.57)
BMI change 0-9 mths (S1) 1.22 (0.67;1.78) 0.09 (-0.12;0.31) 0.37 (0.11;0.63) -0.03 (-0.22;0.15) 0.80 (0.52;1.07)
BMI change 9 mths - 6 yrs (S2) | 1.34 (0.96;1.71) 0.11 (-0.06;0.28) 0.31 (0.12;0.51) 0.00 (-0.15;0.14) 0.92 (0.77;1.07)
Current BMI z-score* 1.33 (0.93;1.74) 0.11 (-0.07;0.29) 0.30 (0.09;0.52) -0.07 (-0.22;0.09) 0.99 (0.83;1.14)
>= 6 yrs (N=1295)

BMI at birth 0.66 (0.47;0.84) 0.08 (0.02;0.14) 0.07 (-0.01;0.14) 0.04 (-0.01;0.10) 0.47 (0.37;0.56)
BMI change 0-9 mths (S1) 0.28 (-0.01;0.58) 0.08 (-0.01;0.18) -0.02 (-0.13;0.10) 0.08 (0.00;0.16) 0.13 (-0.01;0.28)

BMI change 9 mths - 6 yrs (S2) | 1.75 (1.61;1.89) 0.15 (0.09;0.21) 0.44 (0.37;0.50) 0.14 (0.09;0.20) 1.02 (0.96; 1.08)
BMI change 6 to <12 yrs (S3) | 1.11 (0.89;1.33) 0.20 (0.10;0.30) 0.29 (0.18;0.41) 0.06 (-0.03;0.15) 0.55 (0.46; 0.65)
Current BMI z-score* 1.15 (0.89;1.42) 0.17 (0.05;0.29) 0.23 (0.10;0.37) -0.04 (-0.14;0.07) 0.79 (0.69; 0.89)

Pre-term delivery
< 6 yrs (N=131)

BMI at birth 0.51 (0.01;1.00) 0.01 (-0.17;0.19) 0.15 (-0.09;0.38) -0.01 (-0.17;0.16) 0.36 (0.10;0.61)
BMI change 0-9 mths (S1) 0.52 (-0.21;1.26) -0.10 (-0.38;0.18) -0.07 (-0.43;0.28) -0.04 (-0.29;0.21) 0.74 (0.40;1.09)
BMI change 9 mths - 6 yrs (S2) | 1.20 (0.65;1.74) 0.30 (0.08;0.52) 0.18 (-0.11;0.48) -0.03 (-0.24;0.17) 0.74 (0.51;0.98)
Current BMI z-score* 1.39 (0.77;2.02) 0.33 (0.07;0.58) 0.23 (-0.11;0.56) -0.04 (-0.28;0.20) 0.88 (0.62;1.14)
>= 6 yrs (N=601)

BMI at birth 0.55 (0.28;0.82) 0.03 (-0.06;0.12) 0.03 (-0.07;0.14) 0.00 (-0.08;0.08) 0.49 (0.35;0.62)
BMI change 0-9 mths (S1) 0.31 (-0.12;0.74) 0.12 (-0.02;0.27) -0.02 (-0.19;0.15) 0.08 (-0.05;0.21) 0.12 (-0.10;0.34)

BMI change 9 mths - 6 yrs (S2) | 1.88 (1.66;2.11) 0.22 (0.12;0.32) 0.41 (0.30;0.52) 0.20 (0.11;0.29) 1.06 (0.96;1.16)

BMI change 6 to <12 yrs (S3) | 1.00 (0.68;1.32) 0.13 (-0.02;0.28) 0.28 (0.12;0.44) 0.03 (-0.11;0.16) 0.56 (0.42;0.70)

Current BMI z-score* 1.19 (0.79;1.59) 0.18 (0.00;0.37) 0.26 (0.06;0.46) -0.05 (-0.21;0.12) 0.79 (0.61;0.96)
Table AS5: Effect estimates (and 99% confidence intervals) of BMI at birth, changes of BMI during childhood and current BMI on the metabolic risk score and
its single components estimated based on a linear regression (step 2) by age group and by in-time vs. per-term delivery. Exposures (except current BMI z-
score) were obtained from the linear spline model (step 1). All models were adjusted for age, sex, country and previous periods of BMI change and BMI at
birth; blood pressure models were additionally adjusted for height. When regarding current BMI z-score as exposure the last period of change was not added
to the model as the current BMI lies in this period.

*z-score calculated based on the IOTF criteria [30]
99% Cl: 99% confidence interval
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