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ABSTRACT

Objective: To assess in which period during infancy and childhood, growth is most associ-

ated with overall and abdominal adiposity in adolescence, and with associated metabolic 

traits. Furthermore, we aimed to assess if these associations differ depending on smoking 

during pregnancy.

Population & methods: We obtained repeated anthropometric measurements from birth 

to mean age of 16.2 years on 772 girls and 708 boys in a population-based cohort. At age 

16.2 years, weight, height, skinfold thicknesses, %BF, waist circumference, blood pressure, 

glucose, insulin, and lipids were measured.

Results: Weight gains between age 2 to 4 and age 4 to 7 years were most strongly associ-

ated with higher BMI, sum of skinfolds, %BF and waist circumference at age 16.2 years. 

Increases were +1.01 to +1.42 SDs per SD in weight gain (all p<0.001). Increases in risks 

of being overweight or obese at age 16.2 years (odds ratios) were 23.9 to 32.5 per SD 

in weight gain (p<0.001). Gains in these periods were also associated with a less favor-

able metabolic syndrome score. If mothers smoked during pregnancy, these weight gains 

were stronger associated with adiposity measurements at age 16.2 years (0.33 – 0.38 SDS 

higher; all p<0.05) than if mothers did not smoke during pregnancy.

Conclusions: Strong increases in weight SDS from ages 2 to 7 years predispose to overall 

and abdominal adiposity and their associated metabolic traits in adolescence. In ado-

lescents whose mothers smoked during pregnancy, associations with weight gain during 

these years is even more pronounced.
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INTRODuCTION

Overweight is associated with an increased risk of cardiovascular morbidity, such as 

diabetes, hypertension, and dyslipidemia. These problems start early in life. It has been 

hypothesized that critical time periods exist in which accelerated growth constitutes a risk 

factor for subsequent adiposity and its associated metabolic complications.1 Specifically, 

these include gestation, early infancy, the period of adiposity rebound, and adolescence. 

Systematic reviews have focused mainly on rapid weight gain in infancy (from birth to 2 

years of age).2-4 These concluded that although populations, definitions of exposure and 

outcome variables, and included confounders varied greatly, consistent positive associa-

tions of rapid infant (or early childhood) growth with subsequent overweight in adoles-

cence and adulthood were found. The period of adiposity rebound, i.e. between ages 4 to 

7 years, has also been described as important in the development of overweight in later 

life.5 Timing of the adiposity rebound is associated with adult overweight, independent of 

the BMI at the start of the adiposity rebound.5

It is difficult to evaluate which of these critical time periods is most important both from 

a practical and from a statistical point of view. Contemporary cohorts in which longitudinal 

data in childhood and adolescence have been obtained are scarce; and most of the studies 

on rapid growth have concentrated on infant weight gain without taking further child-

hood weight gain into account.6 Moreover, most of the studies that evaluated multiple 

anthropometric measurements used BMI as outcome measure. Although BMI is easy to 

obtain and very reliable, it does not differentiate between lean body mass and fat mass.7 

It has been suggested that rapid weight gain especially leads to increased fat mass.8 From 

a statistical point of view, collinearity is an intrinsic problem, rendering it impossible to 

simply adjust growth during adjoining periods for each other to evaluate which period 

is most important.9 Moreover, the association between rapid weight gain in childhood 

and subsequent adiposity may be affected by other variables, either confounders, e.g. 

socioeconomic status (SES) and pubertal stage, or effect modifiers, e.g. smoking during 

pregnancy.2,10 If such an effect modification exists, it may have important additional conse-

quences for targeting of preventive measures to high-risk groups.

The primary aim of our study was to assess in which period during infancy and childhood 

growth is most associated with overall and abdominal adiposity in adolescence, and with 

associated metabolic traits. Furthermore, we aimed to assess if these associations differ 

dependent on smoking during pregnancy.
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METhODS

Study population

Our study was performed in the TRAILS cohort (n=2230).11 Children were recruited through 

community registers and schools to obtain a representative sample of the three northern 

provinces of the Netherlands. Three assessment visits, which included weight and height 

measurements, have been performed in 2001-2002, 2003-2004 and 2005-2007, at mean 

ages (± SD) of 11.1 ± 0.6, 13.5 ± 0.6, and 16.2 ± 0.7 years, respectively. Data on previous 

growth were collected of 1669 participants, which represent 74.8% of the cohort. Reasons 

for attrition were that records could not be traced (n=239, 10.7%) or that consent of par-

ticipants to extract these data lacked (n=322, 14.4%). We only included children of whom 

growth data were available and who participated in all TRAILS assessment visits (n=1593) 

and we excluded children born prematurely (gestational age <37 weeks, n=90) and chil-

dren whose gestational age was unknown (n=23), resulting in a population of n=1480. All 

procedures were approved by the Dutch Central Committee on Research Involving Human 

Subjects (CCMO). Written informed consent was obtained from parents or custodians.

Measures

Weight and height

All infant and childhood growth data, including birth weight and length reported by par-

ents, were extracted from records of the well-child clinics. These clinics are attended by 

95% of the Dutch population. Children attend at 1, 2, 3, 4, 6, 9, 11, 14, and 18 months, 

and at 2, 3, 4, 5, 10, and 13 years of age. During all visits weight and length/height were 

measured by trained nurses.12-14 At the TRAILS assessment visits, weight was measured 

with a calibrated scale (Model 770, Seca, Hamburg, Germany) and height with a calibrated 

stadiometer (Model 214, Seca, Hamburg, Germany). In total, 18 (IQR, 14-21) measure-

ments of weight and height were available per participant.

From weight and length/height, BMI was calculated in kg/m2. We defined overweight 

and obesity according to international age- and sex-adjusted BMI criteria.15

Measures of abdominal adiposity and associated metabolic traits

At a mean age of 16.2 years, triceps, biceps, subscapular, and supra-iliac skinfold thick-

nesses were obtained with a Harpenden skinfold caliper (CMS instruments, London, UK), 

from which we calculated sum of four skinfolds. Waist circumference was measured mid-

way between the lower costal margin and the iliac crest. We performed all measurements 

in duplicate; and if the difference between these measurements exceeded a predefined 

value, a third measurement was performed. All available measurements were used to 
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calculate means. We performed hand-to-foot bioelectrical impedance analysis (BIA 101, 

Akern®, Italy) to calculate %BF with the use of the Deurenberg equation.16

SBP and DBP were measured in duplicate with the use of a Dinamap Critikon 1846SX 

(Critikon Inc., Tampa, FL, USA) and the mean of the two readings was calculated. Glucose, 

insulin, LDLC, and HDLC were determined from a fasting blood sample according to stan-

dard laboratory procedures.

Covariates

Information on smoking during pregnancy was obtained by parental questionnaires at 

age 11.1 years, which showed good agreement with data from the well-child clinics.17 

We used parental questionnaire data in our analyses, because less data were missing. 

At age 16.2 years, questionnaires were filled out by child and parents on pubertal stage 

(Physical Development Scale questionnaire),18 ethnicity, and SES. SES was calculated as the 

mean of SDSs on family income, mother’s and father’s level of education and occupation 

based on the International Standard Classification of Occupations.19 The 25% lowest, 50% 

intermediate, and 25% highest were considered to represent low, medium, and high SES, 

respectively.

Data analysis

Weight, BMI, skinfolds, waist circumference, SBP, insulin, and triglycerides were ln-

transformed to obtain a better approximation of the normal distribution, before calculat-

ing age- and sex-specific SDSs with the use of means and standard deviations. Analyses 

using SDSs calculated according to a national reference population (available only for BMI, 

skinfolds, and waist circumference)20,21 provided similar results to analyses using the SDSs 

calculated within our own population. We decided to present results from analyses using 

these latter SDSs because this was applicable to all outcome measures.

All available weight and BMI data were standardized and used to construct growth 

curves from birth to age 18 years, because many participants were measured after the 

mean age of 16.2 years (n=570, 40.9%). Based on previous literature,1,22-25 time intervals 

were defined as birth to 6 months, 6 months to 1 year, 1 to 2, 2 to 4, 4 to 7, 7 to 11, and 

11 to 15 years of age. Growth was analyzed in the SD scale. We assumed that growth is 

characterized by a straight line within each interval. These lines connect at the breakpoints 

in age mentioned above and visually resemble a “broken stick”.26 The procedure resulted 

in 8 estimates per person (1 for each breakpoint in age) which together describe the per-

son’s trajectory. Change scores per period were calculated as the difference between the 

estimates of successive breakpoints in age.

Our first aim was to assess the influence of changes in weight SDS between birth and age 

15 years on overall and abdominal adiposity, and their associated metabolic traits. We used 

linear and logistic regression models to predict BMI, skinfolds, %BF, waist circumference, 
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SBP, DBP, glucose, insulin, HDLC, LDLC, and triglycerides SD scores, overweight/obesity, 

and a composite score of the metabolic syndrome27 at mean age 16.2 years. In all analyses, 

we entered weight SDS at the end of each age period. Next, we entered change in weight 

SDS in this age period to estimate the additional effect of weight change during the period. 

We calculated the increase in variance explained after adding the change in weight to the 

model. Larger increases in explained variance indicate that growth rate during this age 

period is more strongly associated with overweight, compared with growth rates in other 

age periods. Choosing the end of the age period instead of the start disentangles the effect 

of change in weight SDS and time effect, i.e. the natural progression in correlation that oc-

curs because the end of each age period is always closer in time to the age of the outcome.

In addition, we evaluated smoking during pregnancy as possible effect modifier by add-

ing a multiplicative term to the models. In all analyses, we adjusted for pubertal stage and 

SES in a subgroup of participants with available data on these covariates (n=1381). We 

repeated all analyses using changes in BMI SDSs as predictors.

The individual parameters of the broken stick model were fitted as randomly varying 

slopes in a linear multilevel model by the S Plus 8.0 function “lme”.28 All other statistical 

analyses were performed in SPSS version 16.0 (SPSS, Chicago IL, USA). The level of statisti-

cal significance was set at p<0.05.

RESuLTS

Our population consisted of 772 girls and 708 boys, with a mean (± SD) age at the last visit 

of 16.2 ± 0.7 years. All social classes were represented (22.2%, 48.2%, and 29.7% in low, 

middle and high SES categories, respectively); and 88.4% of the population was Caucasian. 

11.9% of our population was overweight and 2.6% was obese (Table 1). Changes in weight 

SDS over time showed that participants who were overweight or obese at age 16.2 years 

started at a higher birth weight SDS (B=0.14; 95% CI, 0.09 – 0.19; p<0.001), then grew par-

allel to normal weight children until age 1 and gradually crossed weight centiles (Figure 1).

Changes in childhood weight SDS and adiposity in adolescence

Weight gain in the age periods between 1 and 15 years was significantly associated with 

higher BMI, sum of skinfolds, %BF and waist circumference at age 16.2 years (Table 2). 

Weight gain from birth to 0.5 and from 0.5 to 1 year was associated with lower anthro-

pometric measurements at age 16.2 years, but not in all analyses significantly. We found 

a consistent pattern of large increases in explained variances of all outcome measures by 

adding weight gain from 2 to 4 and 4 to 7 years (Table 2). One SDS of weight gain during 

these periods was associated with increases of +0.82 to +1.47 SD in BMI, sum of skinfolds, 

%BF and waist circumference at age 16.2 years (all p<0.001). Weight gain from 2 to 4 and 
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4 to 7 years was associated with a higher risk of being overweight/obese at age 16.2 years 

(odds ratios (ORs) per SDS: 35.7 (95% confidence interval (95% CI), 18.0 – 70.9) and 24.8 

(95% CI, 12.7 – 48.2), respectively). Weight gains between age 2 to 4 and 4 to 7 years were 

also associated with higher SBP, insulin, LDLC, triglycerides, and metabolic syndrome score 

(+0.31 to +0.73 SD); and with lower HDLC (-0.24 to -0.28 SD) (Supplemental tables 1a&b). 

Gains in the age period between 11 and 15 years were also associated with large increases 

in explained variance of these metabolic traits. After adjustment for current BMI SDS, es-

timates for all metabolic parameters were substantially reduced to nonsignificant effects.

The use of gain in BMI instead of weight yielded weaker, but significant results: +0.42 to 

+0.89 SD for adiposity measures (all p<0.001) (Supplemental table 2). One unit change in 

BMI SDS between age 4 and 7 years increased the risk of overweight/obesity at age 16.2 

years 20-fold (OR, 20.5; 95% CI, 10.6 – 39.9).

Adjustment for pubertal stage and SES had only minor effects on the results (see Supple-

mental table 3 for the association between weight gain and BMI SDS). All results were also 

similar after exclusion of all non-Caucasian participants (n=171, 11.6%); and also after 

excluding the second child of all twin pairs (n=9, 0.6%).

Table 1. Sociodemographic and anthropometric characteristics according to sex; data refer to age 16.2 years 
unless otherwise indicated.

All girls Boys
Sex 

effect

n P-value

Age (yrs) 1480 16.2 ± 0.68 16.3 ± 0.70 16.2 ± 0.66 0.33

Smoking in pregnancy (% yes)* 1478 30.2 31.5 28.7 0.24

Pubertal stage (% in 3 
categories)**

1381 15.8 / 28.3 / 55.9 0.7 / 0.4 / 98.9 32.9 / 59.9 / 7.3 <0.001

Weight (kg) 1480 62.9 (57.1 – 69.9) 60.7 (55.4 – 66.3) 65.5 (59.8 – 73.6) <0.001

Height (cm) 1480 174.0 ± 9.0 168.8 ± 6.6 179.6 ± 7.7 <0.001

BMI (kg/m2) 1480 20.77 (19.18 – 22.62) 21.24 (19.53 – 23.10) 20.32 (18.77 – 22.09) <0.001

Overweight/obese (%) 1473 11.9 / 2.6 13.8 / 2.3 9.8 / 3.0 0.10

Sum of skinfold thicknesses 
(mm)

1464 47 (32 – 65) 59 (47 – 73) 33 (26 – 45) <0.001

Body fat (%) 1433 28.3 ± 5.7 31.4 ± 4.5 24.9 ± 4.8 <0.001

Waist circumference (cm) 1458 73.8 (69.9 – 78.7) 73.9 (69.8 – 79.1) 73.6 (70.2 – 78.3) 0.94

All data are means ± SD or median (interquartile range) unless otherwise indicated.
* Based on a parental questionnaire.
**  Measured by the Physical Development Scale questionnaire, divided into pre/early pubertal, midpubertal and 

late/post pubertal.
P-value from  chi-square test for smoking in pregnancy, pubertal stage, and overweight or obese; 

t test for age, height, and % body fat; 
Mann-Whitney U test for weight, BMI, sum of skinfold thicknesses, and waist circumference.
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Smoking during pregnancy

We evaluated smoking in pregnancy as possible effect modifier in the age periods in 

which changes in weight and BMI SDS were most strongly associated with anthropometric 

measurements at age 16.2 years. We found significant interaction terms in most of the 

models (Supplemental tables 4a&b). Additional adjustment for SES and pubertal stage did 

not affect the results.

We constructed separate models for adolescents who had been exposed to smoking 

during pregnancy and for adolescents who had not. In the former group, the influence of 

changes in weight and BMI on all anthropometric traits was consistently larger than in the 

latter group (Supplemental tables 4a&b). For example, each unit increase in weight SDS 

between 2 to 4 years was associated with an increase of 1.72 (95% CI, 1.46 – 1.98) in BMI 

SDS at age 16.2 years in adolescents whose mothers smoked during pregnancy, compared 

with 1.30 (95% CI, 1.11 – 1.49) in the other adolescents. The growth curve for overweight/

obese participants at age 16.2 years whose mothers smoked during pregnancy, showed 

that they start with a relatively lower birth weight and grow fast between ages 2 to 7 years 

(Figure 2). However, adjustment for birth weight did not alter the results substantially.
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Figure 1. Weight SDS according to age in normal weight versus overweight/obese participants.
■ overweight/obese
● normal weight
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DISCuSSION

We assessed the influence of changes in weight and BMI SDS on adolescent overweight. 

We found that particularly changes in weight and BMI SDS between age 2 to 4 and age 4 to 

7 years were associated with increased SD scores of BMI, sum of skinfolds, %BF and waist 

circumference at age 16.2 years, with a substantially increased risk of being overweight or 

obese at age 16.2 years, and with associated metabolic traits. In addition, gains between 

11 and 15 years had a strong influence on adiposity associated metabolic characteristics, 

specifically SBP, insulin, HDLC, LDLC, triglycerides, and a metabolic syndrome score. The 

effect of weight gain on these characteristics was significantly reduced after correction for 

current BMI SDS.

Our study comprises a large range in age, yielding findings that contrast with some 

earlier studies, but confirm many others. Some earlier studies that generally evaluated 

only infant growth found positive associations with subsequent adiposity,2,4 whereas we 

Table 2. Associations (regression coefficients (B) and 95% confidence intervals) between weight SDS changes 
and anthropometric traits at age 16.2 years.

 Changes in weight SDS
B weight change  (95% CI)

D explained variance, p

Age period BMI SDS*

(n=1480)
SF SDS*

(n=1467)
%BF SDS
(n=1433)

wC SDS*

(n=1476)

0 – 0.5 yr
-0.07 (-0.12 – -0.01) -0.06 (-0.12 – -0.01) -0.02 (-0.08 – 0.04) -0.07 (-0.12 – -0.01)

0.003, 0.02 0.003, 0.03 <0.001, 0.49 0.003, 0.02

0.5 – 1 yr
-0.07 (-0.17 – 0.02) -0.13 (-0.22 – -0.03) -0.07 (-0.17 – 0.03) -0.10 (-0.20 – -0.01)

0.001, 0.14 0.004, 0.01 0.001, 0.17 0.003, 0.03

1 – 2 yrs
0.78 (0.62 – 0.94) 0.53 (0.36 – 0.71) 0.60 (0.42 – 0.77) 0.65 (0.49 – 0.82)

0.048, <0.001 0.022, <0.001 0.028, <0.001 0.034, <0.001

2 – 4 yrs
1.47 (1.32 - 1.63) 1.24 (1.07 – 1.42) 1.30 (1.12 – 1.48) 1.29 (1.14 – 1.45)

0.145, <0.001 0.101, <0.001 0.113, <0.001 0.112, <0.001

4 – 7 yrs
1.11 (0.97 – 1.25) 1.08 (0.92 – 1.24) 1.18 (1.02 – 1.34) 0.82 (0.57 – 0.96)

0.089, <0.001 0.083, <0.001 0.101, <0.001 0.048, <0.001

7 – 11 yrs
0.47 (0.36 – 0.57) 0.56 (0.43 – 0.68) 0.61 (0.48 – 0.73) 0.19 (0.08 – 0.31)

0.023, <0.001 0.033, <0.001 0.04, <0.001 0.004, <0.001

11 – 15 yrs
0.99 (0.88 – 1.10) 0.79 (0.64 – 0.94) 0.67 (0.51 – 0.83) 0.83(0.70 – 0.96)

0.061, <0.001 0.038, <0.001 0.027, <0.001 0.044, <0.001

BMI SDS = body mass index SD score; SF SDS = sum of skinfolds SD score; %BF SDS = percentage body fat SD score; 
WC SDS = waist circumference SD score.
B’s (95% CI), explained variances, and p-values are reported from multiple linear regression analyses adjusted for 
weight at the end of the age period.
Large changes in explained variances and corresponding age periods are in bold.
* Ln-transformed before calculation of SD scores to obtain a better approximation of the normal distribution.
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found that weight gains in infancy were associated with lower BMI, sum of skinfolds, %BF, 

and waist circumference SD scores, although effect sizes were small and not consistently 

significant. Our findings are consistent with other reports assessing both infant and child-

hood growth.29-31 Childhood growth (using varying definitions of age 21 months to 5 years, 

age 3 to 6 years, and age 3 to 7 years) showed a stronger association than infant growth 

with adult BMI, fatness, and waist circumference. Moreover, a Finnish study on growth 

curves from birth to age 13 years showed that growth started to deviate at age 2-3 for 

children who were overweight at age 13 years.32 A study on adult outcomes using a similar 

methodology as ours, identified the age period of 2 to 6 years as the most critical in the 

development of adult overweight.33 Our findings are also in line with the null findings 

reported by Wells and colleagues on the association between infancy weight gain and 

fatness,34 and with the previously described ‘gap’ in the association between growth and 

subsequent BMI for weight gain between ages 6 to 24 months.29,35,36 Finally, adolescents 

who were overweight at age 16.2 years already started with a higher birth weight. This is 

consistent with previous studies that showed an association between high birth weight 

and increased risk of subsequent overweight.37,38
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Figure 2. Weight SDS according to age in overweight/obese versus normal weight participants whose 
mothers did or did not smoke during pregnancy.
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Smoking during pregnancy modified the association between childhood weight gain and 

adolescent adiposity. In adolescents who had been exposed to smoking during pregnancy, 

changes in weight and BMI SDS were associated with larger increases in adiposity related 

measures at age 16.2 years than in adolescents who were not exposed, independent of 

SES. We constructed separate growth curves for overweight adolescents who had or had 

not been exposed to smoking during pregnancy (Figure 2). Overweight adolescents who 

had been exposed had a relatively low birth weight and catch-up growth between ages 

2 and 7 years. From age 7 years, their growth curve was similar to that of overweight 

adolescents who were not exposed. Adjustment for birth weight did not change these 

results, suggesting that birth weight does not affect the modifying effect of smoking 

during pregnancy. Others have found a similar influence of smoking during pregnancy, 

also independent of SES,10 which renders a socioeconomic explanation for these and our 

findings unlikely. We cannot rule out the possibility that our findings are due to residual 

confounding, for example unhealthy diets or lower physical activity levels among children 

whose parents smoke.39

Main strengths of our study are the multiple measurements of weight and height from 

early infancy to adolescence available in a large contemporary cohort that has been thor-

oughly assessed with regard to measures of overall and abdominal overweight at age 16.2 

years and possible confounders including SES and smoking during pregnancy. A potential 

limitation is that these measurements of weight and height were performed by various 

professionals in the well-child clinics. This could result in increased measurement error, 

which might lead to underestimation of the strength of the associations. However, others 

have described robust findings using such routine examinations.40,41 Secondly, we used 

SDSs obtained from cross-sectional data to model our longitudinal data, which does have 

its limitations. It could explain the fact that a large part of the growth curve of the normal 

weight participants is situated below SD=0.

In conclusion, we found that increases in weight and BMI SDS between ages 2 to 7 

years predispose to overall and abdominal adiposity in adolescence. In adolescents whose 

mothers smoked during pregnancy, the influence of weight gain during these years is more 

pronounced. Our findings support the idea that preventive strategies should commence 

early, at the age of 2 years; and that in focusing on high risk groups, they should especially 

target children whose mothers smoked during pregnancy. This offers important clues to 

influence the overweight epidemic, even though the effectiveness of interventions in this 

age-period requires additional study.
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SuPPLEMENTARy TABLES

Supplemental table 1a. Associations (regression coefficients (B) and 95% confidence intervals) between 
weight SDS changes and metabolic traits at age 16.2 years.

 Changes in weight SDS
B weight change  (95% CI)  

D explained variance, p

Age period SBP SDS* DBP SDS* glucose SDS insulin SDS*

0 – 0.5 yr
0.02 (-0.03 – 0.08) 0.04 (-0.01 – 0.10) -0.01 (-0.08 – 0.06) -0.02 (-0.09 – 0.05)

<0.001, 0.42 0.002, 0.13 <0.001, 0.88 <0.001, 0.59

0.5 – 1 yr
-0.04 (-0.13 – 0.06) -0.03 (-0.13 – 0.06) 0.08 (-0.04 – 0.19) -0.08 (-0.19 – 0.04)

<0.001, 0.42 <0.001, 0.49 0.002, 0.20 0.002, 0.20

1 – 2 yrs
0.26 (0.08 – 0.44) 0.08 (-0.10 – 0.26) 0.10 (-0.12 – 0.31) 0.16 (-0.05 – 0.37)

0.005, 0.01 0.001, 0.38 0.001, 0.38 0.002, 0.13

2 – 4 yrs
0.48 (0.29 – 0.68) 0.15 (-0.05 – 0.35) 0.14 (-0.10 – 0.38) 0.73 (0.49 – 0.96)

0.015, <0.001 0.002, 0.13 0.001, 0.27 0.035, <0.001

4 – 7 yrs
0.35 (0.16 – 0.53) 0.15 (-0.04 – 0.34) 0.01 (-0.21 – 0.23) 0.61 (0.39 – 0.83)

0.009, <0.001 0.002, 0.12 <0.001, 0.94 0.029, <0.001

7 – 11 yrs
0.09 (-0.06 – 0.24) 0.04 (-0.11 – 0.20) -0.02 (-0.21 – 0.16) 0.35 (0.17 – 0.53)

0.001, 0.25 <0.001, 0.58 <0.001, 0.80 0.014, <0.001

11 – 15 yrs
0.31 (0.11 – 0.51) -0.04 (-0.24 – 0.17) 0.32 (0.07 – 0.58) 0.70 (0.46 – 0.94)

0.006, 0.002 <0.001, 0.72 0.006, 0.01 0.029, <0.001

SBP SDS = systolic blood pressure SD score; DBP SDS =  diastolic blood pressure SD score.
B’s (95% CI), explained variances, and p-values are reported from multiple linear regression analyses adjusted for 
weight at the end of the period.
Large changes in explained variances and corresponding age periods are in bold.
* Ln-transformed before calculation of SD scores to obtain a better approximation of the normal distribution.
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Supplemental table 1b. Associations (B (95% CI)) between weight SDS changes and metabolic traits at age 
16.2 years.

 Changes in weight SDS
B weight change  (95% CI) 

D explained variance, p 

Age period hDLC SDS* LDLC SDS* Triglyceride SDS Metabolic syndrome score*

0 – 0.5 yr
0.02 (-0.05 – 0.09) 0.02 (-0.04 – 0.09) 0.01 (-0.06 – 0.08) -0.01 (-0.05 – 0.03)

<0.001, 0.56 <0.001, 0.53 <0.001, 0.73 <0.001, 0.68

0.5 – 1 yr
-0.01 (-0.13 – 0.10) -0.12 (-0.23 – 0.00) -0.12 (-0.24 – -0.01) -0.03 (-0.09 – 0.03)

<0.001, 0.82 0.004, 0.05 0.004, 0.04 0.001, 0.34

1 – 2 yrs
-0.07 (-0.28 – 0.14) 0.04 (-0.18 – 0.25) 0.07 (-0.14 – 0.28) 0.18 (0.07 – 0.29)

<0.001, 0.53 <0.001, 0.74 <0.001, 0.51 0.009, 0.002

2 – 4 yrs
-0.24 (-0.48 – 0.00) 0.26 (0.02 – 0.50) 0.27 (0.03 – 0.50) 0.49 (0.36 – 0.61)

0.004, 0.05 0.004, 0.03 0.005, 0.03 0.053, <0.001

4 – 7 yrs
-0.28 (-0.50 – -0.06) 0.22 (-0.002 – 0.45) 0.19 (-0.03 – 0.41) 0.37 (0.26 – 0.48)

0.006, 0.01 0.004, 0.05 0.003, 0.10 0.035, <0.001

7 – 11 yrs
-0.15 (-0.33 – 0.03) 0.21 (0.03 – 0.39) 0.09 (-0.09 – 0.27) 0.16 (0.06 – 0.25)

0.002, 0.11 0.005, 0.03 0.001, 0.32 0.009, 0.001

11 – 15 yrs
-0.28 (-0.53 – -0.03) 0.21 (0.03 – 0.39) 0.38 (0.13 – 0.63) 0.48 (0.36 – 0.60)

0.005, 0.03 0.010, 0.001 0.009, 0.03 0.048, <0.001

HDLC SDS = high density lipoprotein cholesterol SD score; LDLC SDS = low density lipoprotein cholesterol SD score.
B’s (95% CI), explained variances, and p-values are reported from multiple linear regression analyses adjusted for 
weight at the start of the period.
Large changes in explained variances and corresponding age periods are in bold.
* Ln-transformed before calculation of SD scores to obtain a better approximation of the normal distribution.
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Supplemental table 2. Associations between BMI SDS changes and anthropometric traits at age 16.2 years.

Changes in BMI SDS
B weight change  (95% CI) 

D explained variance, p

Age period BMI SDS*

(n=1480)
SF SDS*

(n=1467)
%BF SDS
(n=1433)

wC SDS*

(n=1476)

0 – 0.5 yr
-0.19 (-0.26 – -0.11) -0.14 (-0.21 – -0.06) -0.08 (-0.16 – -0.01) -0.16 (-0.23 – -0.08)

0.016, <0.001 0.008, <0.001 0.003, 0.03 0.011, <0.001

0.5 – 1 yr
-0.13 (-0.21 – -0.04) -0.18 (-0.27 – -0.09) -0.13 (-0.22 – -0.04) -0.12 (-0.21 – -0.04)

0.006, 0.003 0.011, <0.001 0.006, 0.004 0.005, <0.001

1 – 2 yrs
0.33 (0.22 – 0.44) 0.27 (0.15 – 0.38) 0.28 (0.17 – 0.39) 0.25 (0.14 – 0.36)

0.021, <0.001 0.013, <0.001 0.015, <0.001 0.012, <0.001

2 – 4 yrs
0.47 (0.39 – 0.56) 0.42 (0.31 – 0.52) 0.43 (0.33 – 0.54) 0.45 (0.35 – 0.55)

0.044, <0.001 0.033 <0.001 0.036, <0.001 0.039, <0.001

4 – 7 yrs
0.79 (0.69 – 0.90) 0.87 (0.74 – 1.01) 0.89 (0.75 – 1.02) 0.69 (0.56 – 0.82)

0.056, <0.001 0.067, <0.001 0.071, <0.001 0.042, <0.001

7 – 11 yrs
0.22 (0.13 – 0.31) 0.50 (0.38 – 0.62) 0.47 (0.35 – 0.59) 0.18 (0.06 – 0.31)

0.005, <0.001 0.023, <0.001 0.021, <0.001 0.003, 0.004

11 – 15 yrs
0.71 (0.63 – 0.79) 0.54 (0.39 – 0.68) 0.45 (0.31 – 0.60) 0.047 (0.32 – 0.61)

0.030, <0.001 0.017, <0.001 0.012, <0.001 0.013, <0.001

BMI SDS = body mass index SD score; SF SDS = sum of skinfolds SD score; %BF SDS = percentage body fat SD score; 
WC SDS = waist circumference SD score.
B’s (95% CI), explained variances, and p-values are reported from multiple linear regression analyses adjusted for 
BMI at the end of the period.
Large changes in explained variances and corresponding age periods are in bold.
* Ln-transformed before calculation of SD scores to obtain a better approximation of the normal distribution.
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Supplemental table 3. Associations between weight SDS changes and BMI at age 16.2 years with stepwise 
adjustment for possible confounders. 

BMI SDS (n=1381)
B weight change  (95% CI)

Δ explained variance, p

Age period Adjusted for weight SDS at end of age 
period

Adjusted for pubertal stage* and 
socioeconomic status**

0 – 0.5 yr
-0.05 (-0.11 – 0.004) -0.06 (-0.12 – -0.01)

0.002, 0.07 0.003, 0.03

0.5 – 1 yr
-0.04 (-0.13 – 0.06) -0.04 (-0.14 – 0.05)

<0.001, 0.45 <0.001, 0.40

1 – 2 yrs
0.81 (0.64 – 0.98) 0.79 (0.63 – 0.96)

0.054, <0.001 0.052, <0.001

2 – 4 yrs
1.50 (1.34 – 1.66) 1.46 (1.30 – 1.62)

0.152, <0.001 0.142, <0.001

4 – 7 yrs
1.13 (0.99 – 1.28) 1.09 (0.94 – 1.23)

0.094, <0.001 0.085, <0.001

7 – 11 yrs
0.50 (0.39 – 0.61) 0.47 (0.36 – 0.58)

0.028, <0.001 0.024, <0.001

11 – 15 yrs
0.95 (0.83 – 1.06) 0.94 (0.82 – 1.05)

0.059, <0.001 0.058, <0.001

BMI SDS = body mass index SD score;  BMI was ln-transformed before calculation of SD scores to obtain a better 
approximation of the normal distribution.
Large changes in explained variances and corresponding age periods are in bold.
Explained variances, B’s (95% CI), and p-values are reported from multiple linear regression analyses.
* Physical Development Scale questionnaire, divided into pre/early pubertal, midpubertal and late/post pubertal.
** Based on questionnaires and classified as low, medium, and high socioeconomic status.
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Supplemental table 4a. Smoking during pregnancy as potential effect modifier in the associations between 
weight changes and anthropometric traits at age 16.2 years.

BMI SDS*

(n=1593)
SF SDS*

(n=1573)
%BF SDS
(n=1543)

wC SDS*

(n=1589)

weight change 2 – 4 yrs 
(SDS)

B interaction (95% CI), p 0.42 (0.10 – 0.74), 
0.01

0.28 (-0.08 – 0.64), 
0.12

0.33 (-0.03 – 0.69), 
0.08

0.39 (0.07 – 0.72), 
0.02

B weight change (95% CI), p
in model for non-smoking 
exposure

1.30 (1.11 – 1.49), 
<0.001

1.12 (0.91 – 1.33), 
<0.001

1.16 (0.94 – 1.38), 
<0.001

1.13 (0.94 – 1.32), 
<0.001

B weight change (95% CI), p
in model for smoking 
exposure

1.72 (1.46 – 1.98), 
<0.001

1.40 (1.11 – 1.69), 
<0.001

1.49 (1.19 – 1.78), 
<0.001

1.53 (1.26 – 1.79), 
<0.001

weight change 4 – 7 yrs 
(SDS)

B interaction (95% CI), p 0.22 (-0.07 – 0.50), 
0.14

0.18 (-0.14 – 0.51), 
0.27

0.07 (-0.27 – 0.40), 
0.70

0.38 (0.08 – 0.68), 
0.01

B weight change (95% CI), p
in model for non-smoking 
exposure

1.01 (0.84 – 1.18), 
<0.001

1.00 (0.80 – 1.19), 
<0.001

1.13 (0.94 – 1.33), 
<0.001

0.66 (0.49 – 0.84), 
<0.001

B weight change (95% CI), p
in model for smoking 
exposure

1.22 (0.99 – 1.46), 
<0.001

1.18 (0.91 – 1.45), 
<0.001

1.20 (0.93 – 1.47), 
<0.001

1.05 (0.80 – 1.29), 
<0.001

BMI SDS = body mass index SD score; SF SDS = sum of skinfolds SD score; %BF SDS = percentage body fat SD score; 
WC SDS = waist circumference SD score.
B’s (95% CI), and p-values are reported from multiple linear regression analyses adjusted for BMI at the end of the 
period.
Similar results were obtained after adjustment for pubertal stage and SES.
* Ln-transformed before calculation of SD scores to obtain a better approximation of the normal distribution.
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Supplemental table 4b. Smoking during pregnancy as potential effect modifier in the associations between 
BMI changes and anthropometric traits at age 16.2 years.

BMI SDS*

(n=1593)
SF SDS*

(n=1573)
%BF SDS
(n=1543)

wC SDS*

(n=1589)

BMI change 4 - 7 yrs (SDS)

B interaction (95% CI), p 0.38 (0.15 – 0.61), 
0.001

0.46 (0.16 – 0.76), 
0.002

0.37 (0.08 – 0.67), 
0.01

0.56 (0.27 – 0.85), 
<0.001

B BMI change (95% CI), p
in model for non-smoking 
exposure

0.67 (0.55 – 0.79), 
<0.001

0.73 (0.57 – 0.89), 
<0.001

0.77 (0.61 – 0.93), 
<0.001

0.52 (0.36 – 0.68), 
<0.001

B BMI change (95% CI), p
in model for smoking 
exposure

1.05 (0.85 – 1.25) 
<0.001

1.19 (0.94 – 1.45), 
<0.001

1.14 (0.89 – 1.40), 
<0.001

1.08 (0.83 – 1.33), 
<0.001

BMI SDS = body mass index SD score; SF SDS = sum of skinfolds SD score; %BF SDS = percentage body fat SD score; 
WC SDS = waist circumference SD score.
B’s (95% CI), and p-values are reported from multiple linear regression analyses adjusted for BMI at the end of the 
period.
Similar results were obtained after adjustment for pubertal stage and SES.
* Ln-transformed before calculation of SD scores to obtain a better approximation of the normal distribution.




