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Abstract

Background—Genome-wide association studies (GWAS) identified single nucleotide 

polymorphisms (SNPs) involved in adult fat distribution. Whether these SNPs also affect 

abdominal and organ-specific fat accumulation in children is unknown.

Methods—In a population-based prospective cohort study among 1 995 children (median age: 

9.8 years, 95% range 9.4;10.8), We tested the associations of six genetic risk scores based on 

previously identified SNPs for childhood BMI, adult BMI, liver fat, WHR, pericardial fat mass, 

visceral- and subcutaneous adipose tissue ratio (VAT/SAT ratio), and four individual SAT and VAT 

associated SNPs, for association with SAT (N=1 746), VAT (N=1 742), VAT/SAT ratio (N=1 738), 

liver fat fraction (N=1 950), and pericardial fat mass (N=1 803) measured by Magnetic Resonance 

Imaging.

Results—Per additional risk allele in the childhood BMI genetic risk score, SAT increased 0.020 

standard deviation scores (SDS), (95% confidence interval (CI) 0.009;0.031, p-value:3.28*10-4) 

and VAT increased 0.021 SDS, 95% CI:0.009;0.032, p-value:4.68*10-4). The adult BMI risk score 

was positively associated with SAT (0.022 SDS increase, CI:0.015;0.029, p-value:1.33*10-9), VAT 

(0.017 SDS increase, CI:0.010;0.025, p-value:7.00*10-6), and negatively with VAT/SAT ratio 

(-0.012 SDS decrease, CI:-0.019;-0.006, p-value:2.88*10-4). The liver fat risk score was associated 

with liver fat fraction (0.121 SDS, CI:0.086;0.157, p-value:2.65*10-11). Rs7185735 (SAT), was 

associated with SAT (0.151 SDS, CI:0.087;0.214, p-value:3.00*10-6) and VAT/SAT ratio (-0.126 

SDS, CI:-0.186;-0.065, p-value:4.70*10-5). After stratification by sex the associations of the adult 
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BMI risk score with SAT and VAT and of the liver fat risk score with liver fat fraction remained in 

both sexes. Associations of the childhood BMI risk score with SAT, and the adult BMI risk score 

with VAT/SAT ratio were present among boys only, whereas the association of the pericardial fat 

risk score with pericardial fat was present among girls only.

Conclusion—Genetic variants associated with BMI, body fat distribution, liver and pericardial 

fat already affect body fat distribution in childhood.
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Introduction

Childhood overweight and obesity are related to short- and long-term complications, such as 

type 2 diabetes and cardiovascular disease (ref.1,2,3,4). Besides body mass index (BMI), 

body fat distribution is also considered to be important (ref.5). Especially abdominal fat, 

which can be stored as either subcutaneous (SAT) or visceral adipose tissue fat (VAT), is 

gaining interest (ref.6,7,8). In preadolescence on average lower levels of SAT and VAT are 

present than in adolescence and adulthood (ref.9). Previously, BMI was shown to be a 

relatively good measure for predicting SAT, but less so for VAT (ref.10,11). Also, fat 

accumulation in the liver and around the heart are suggested to play a role in metabolic 

disease (ref.12,13). A fatty liver is associated with dyslipidemia and dysglycemia, whereas 

pericardial fat is associated with coronary artery disease (ref.14,15). All four fat 

accumulation sites are heritable with heritability estimates of ranging from 30-60% (ref.

11,16,17,18). Thus, fat distribution in particular areas, besides BMI, may affect the risk of 

metabolic disease and has a clear genetic component.

Recent large genome-wide associations studies (GWAS) have identified 97 single nucleotide 

polymorphisms (SNPs) associated with adult BMI and 15 SNPs associated with childhood 

BMI (ref.19,20,21). We have previously reported that genetic risk scores based on these 

SNPs were associated with infant growth and childhood adiposity measures determined 

using Dual-energy X-ray absorptiometry and ultrasound (ref.22). Although these 2-

dimensional imaging techniques can estimate preperitoneal fat as a proxy of VAT, they are 

unable to accurately determine SAT, VAT, liver fat fraction, and pericardial fat (ref.23). 

Magnetic Resonance Imaging (MRI) can distinguish SAT, VAT, liver fat fraction, and 

pericardial fat more precisely and accurately by 3-dimensional measurements (ref.23,24). 

Other GWAS have identified SNPs for adult waist-hip ratio (WHR), SAT, VAT, VAT/SAT 

ratio, liver fat, and pericardial fat (ref.11,17,25,26,27). The genetic background of body fat 

distribution in children is largely unknown.

We hypothesized that genetic variants associated with childhood and adult BMI and more 

specific fat measures in adults are associated with fat accumulation in children. We tested in 

a population-based prospective cohort among 1 995 children whether genetic risk scores 

based on known variants are associated with SAT, VAT, liver fat fraction and pericardial fat 

assessed by MRI.
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Methods

Study design and population

This study was embedded within the Generation R Study, a prospective population-based 

cohort in Rotterdam, the Netherlands (ref.24). All pregnant women residing in Rotterdam 

with a delivery date between April 2002 and January 2006 were invited to participate. The 

Medical Ethical Committee of Erasmus MC approved the study and an informed consent 

was obtained for all children. A total of 5 862 children participated in the follow-up at age 

ten years. GWA scans were available for 3 692 children (ref.28). Of these, MRI scans were 

available for 2 593 children (70%). All twins were excluded and only one non-twin sibling 

was selected per mother, based on data completeness or, if equal, randomly. The current 

study was limited to children with information on at least one of the outcomes (N= 1995). 

Figure 1 shows a participant flow chart.

Genetic risk scores and separate SNPs

DNA was isolated from cord blood or, for a small subgroup without cord blood samples, 

from blood samples taken at age 6 years (ref.28). For genome-wide association analysis the 

Illumina 610 and 660W Quad platforms were used (ref.24). Stringent quality checks were 

performed excluding individuals with low sample call rates or sex mismatches. Imputation 

of genotypes to the cosmopolitan panel of HapMap ii (release 22) was done using MACH 

software (ref.29,30). Prior to imputation, SNPs with a call rate <98%, significant deviations 

from Hardy-Weinberg equilibrium (P<1*10-6), or minor allele frequencies <0.1% were 

excluded. Information about the SNPs for the present study was extracted from our GWAS 

dataset. We constructed a total of four weighted and two unweighted risk scores. Each score 

summed the number of outcome increasing risk alleles from the GWA dosage data, and 

SNPs were weighted individually using effect sizes from the original GWAS (ref.22). For 

BMI, we constructed two weighted genetic risk scores, combining 15 childhood BMI SNPs 

in one and 97 adult BMI SNPs in the other (ref.20,21). For the 15 childhood SNPs, weights 

were recalculated from the previous GWAS meta-analysis excluding the Generation R Study 

data, as these were part of the discovery dataset (ref.21). For one of the 15 childhood BMI 

SNPs, rs1421085, no information was available in our GWA dataset. We used rs3751812 as 

a proxy (R2=0.93, D’=0.97). For four of the 97 adult BMI SNPs we used proxies (all 

R2>0.96, D’=1): rs13012571 was used as a proxy for rs13021737, rs1978487 for rs9925964, 

rs6445197 for rs2365389, and rs9636202 for rs17724992. The other two weighted risk 

scores were created for WHR and liver fat (ref.25,26). For 46 of the 49 WHR SNPs 

information was available in the GWA dataset. Rs4607103 was used as a proxy for 

rs2371767 (R2=0.90, D’=1). For the WHR SNPs rs8042543 and rs6556301 no good proxy 

was available leading to 47 WHR SNPs. As no effect estimates from previous GWAS were 

available for the pericardial fat mass and VAT/SAT ratio associated SNPs, unweighted risk 

scores were constructed based on three SNPs each for pericardial fat mass and VAT/SAT 

ratio (ref.27). A list of the SNPs included in the scores, a matrix listing the overlapping 

SNPs, and a matrix presenting the Pearson correlations between the risk scores are provided 

in the supplemental material (Supplemental material: Tables S1a, S1b, S1c). Previous 

GWAS identified one SNP for each of SAT (rs7185735), VAT and VAT adjusted for BMI 

(VATadjBMI) (rs2842895), SAT in women (rs2123685), and VAT and VATadjBMI in 
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women (rs10060123) (ref.27). For these phenotypes, we could therefore not create risk 

scores and we tested these SNPs separately.

Measures of adiposity at 10 years

MRI has been described as an accurate and reproducible technique and is considered the 

gold standard for the measurement of intra-abdominal and organ fat deposition (ref.

23,31,32,33). Adiposity measures were obtained from MRI scans as described previously 

(ref.24). All children were scanned using a 3.0 Tesla MRI (MR 750w, GE Healthcare, 

Milwaukee, WI, USA) using standard imaging and positioning protocols. Pericardial fat 

imaging in short axis orientation was performed using an ECG triggered black-blood 

prepared thin slice single shot fast spin echo acquisition (BB SSFSE) with multi-breath-hold 

approach. An axial 3-point Dixon acquisition for fat and water separation (IDEAL IQ) was 

used for liver fat and liver fat fraction imaging an axial abdominal scan from lower liver to 

pelvis and a coronal scan centered at the head of the femurs were performed with a 2-point 

DIXON acquisition (LavaFlex) (ref.34).

The obtained fat scans were analyzed by the Precision Image Analysis company (PIA, 

Kirkland, Washington, United States), using the sliceOmatic (TomoVision, Magog, Canada) 

software package. All extraneous structures and any image artifacts were removed manually 

(ref.23). Pericardial fat included both epicardial- and paracardial fat directly attached to the 

pericardium, ranging from the apex to the left ventricular outflow tract. Total subcutaneous 

and visceral fat volumes ranged from the dome of the liver to the superior part of the femoral 

head. Fat masses were obtained by multiplying the total volumes by the specific gravity of 

adipose tissue, 0.9 g/ml. Liver fat fraction was determined by taking four samples of at least 

4 cm2 from the central portion of the hepatic volume. Subsequently, the mean signal 

intensities of these four samples were averaged to generate an overall mean liver fat fraction 

estimation. A more extensive description of the MRI measurement protocols can be found in 

the supplemental materials (Supplemental material; Additional file 2). BMI (kg/m2) was 

calculated from height and weight measured without shoes and heavy clothing (ref.35).

Statistical analysis

To examine whether the genetic risk scores were associated with the childhood adiposity 

measures we used linear regression analyses. To facilitate comparison of the effect estimates 

we created standard deviation (SD) scores for all outcomes. Sex- and age-adjusted SD scores 

(SDS) were constructed for BMI using the Dutch reference growth curves (Growth Analyser 

Research Calculation Tools, Version 4.0 http://www.growthanalyser.org). In order to make 

all outcomes except liver fat fraction independent of height, we estimated the optimal 

adjustment by log-log regression analyses (ref.36). All MRI adiposity measures except liver 

fat fraction and height were log-transformed, using natural logarithm (ln). Log-MRI 

adiposity measures were regressed on log-height. The regression slope then corresponds to 

the power to which height should be raised to calculate an index uncorrelated with height. 

Thus, we divided subcutaneous fat mass by height4, visceral fat mass by height3, and 

pericardial fat mass by height3. All height-adjusted outcomes approached a normal 

distribution after ln-transformation. All models were adjusted for sex and age except models 

with BMI as an outcome since BMI SDS were already adjusted for sex and age. All models 
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included the first four genetic principal components to adjust for ancestry. A sensitivity 

analysis was performed adjusting all outcomes for BMI by conditional regression analysis to 

examine whether the associations were independent of BMI. Standardized residuals were 

obtained for each fat outcome from the regression of those outcomes on BMI. These 

standardized residuals were then used as outcome measures (ref.37). In addition, we 

repeated the analyses for SAT and VAT adjusting for VAT and SAT, respectively. Since body 

fat distribution may be different among boys and girls we planned a priori to stratify on sex 

(ref.38,39). Sex-specific associations were examined by adding the interaction term for the 

risk score with sex to the models. The variance explained by the risk scores was considered 

to be the increase in the unadjusted R2 between the model containing all covariates and the 

risk score or individual SNP, and the same model without the risk score/SNP. We applied 

Bonferroni correction to account for multiple testing, correcting for all ten exposures. We 

considered a p-value of smaller than 0.05/10=0.005 significant. All analyses were performed 

using the Statistical Package for the Social Sciences (SPSS) version 21.0 for Windows 

(IBM, Chicago, IL, USA). A power calculation was performed for all risk scores on the 

smallest and largest sample size used for analyses using a one sample, two sided test in R 

version 3.3.2, library ‘pwr’ (Supplemental material: Table S2).

Results

Participant characteristics

Characteristics of the participants are listed in Table 1. MRI scans were performed at a 

median age of 9.8 years (95% range 9.4;10.8). The median BMI of the children was 16.9 

kg/m2 (95% range 14.0;24.0).

Genetic risk scores and adiposity measures

The risk score for childhood BMI was associated with an increase in SAT, and VAT (Table 

2). The adult BMI risk score was associated with an increase in SAT and VAT, and with a 

decrease in VAT/SAT ratio. The adult fatty liver risk score was solely associated with an 

increase in liver fat fraction, showing a relatively large increase of 0.121 SDS (95% CI 

0.086;0.157) in liver fat fraction per additional average risk allele in the risk score. No 

associations were observed for the VAT/SAT ratio and pericardial fat risk scores (Table 2). 

Both the childhood and the adult BMI risk scores were associated with childhood BMI. 

Unweighted risk scores showed comparable results, except for the childhood BMI risk score 

for which the effect estimates were around twice as high as for the weighted risk score for 

all outcomes other than pericardial fat mass (Supplemental material, Supplemental table S3). 

Rs7185735 (SAT) was associated with an increase in SAT, and a decrease in VAT/SAT ratio 

and was also associated with childhood BMI (Table 2). The childhood and adult BMI risk 

scores, the WHR and VAT/SAT ratio risk scores and the VAT/SAT ratio and fatty liver risk 

scores were correlated (Supplemental material, Supplemental table S1c).

After adjusting the outcomes for BMI the associations of the BMI risk scores with the 

outcomes were no longer present (Supplemental material, Supplemental table S4). The adult 

fatty liver risk score remained associated with liver fat fraction (0.128 SDS increase in liver 

fat percentage per additional risk allele, CI:0.095;0.161) and a new association was observed 
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for the adult pericardial fat risk score with pericardial fat (0.074 SDS increase, CI: 

0.028;0.120). Rs7185735 (SAT) remained associated with SATadjBMI albeit with a lower 

effect estimate (Supplemental material, Supplemental table S4). Associations of the risk 

scores and individual SNPs with SAT adjusted for VAT and with VAT adjusted for SAT are 

shown in Supplemental table S5.

There was a nominally significant interaction with sex only for the associations of the liver 

fat risk score with SAT and VAT/SAT ratio, for rs7185735 (SAT) with VAT/SAT ratio, and 

for rs10060123 (VAT and VATadjBMI in girls) with liver fat (data not shown). After 

stratification by sex the associations that remained in both sexes were those of the adult BMI 

risk score with SAT and VAT, with a slightly higher effect estimate for SAT in boys 

compared to girls, and for the liver fat risk score with liver fat fraction, with a higher effect 

estimate in girls (Table 3). The childhood and adult BMI risk scores remained associated 

with BMI in both sexes, with a slightly higher effect estimate for the childhood BMI risk 

score in boys compared to girls. Associations in boys only were those of the childhood BMI 

risk score with SAT and of the adult BMI risk score with VAT/SAT ratio. Associations in 

girls only were those of the pericardial fat risk score with pericardial fat and of rs7185735 

(SAT) with BMI (Table 3).

The highest variance explained for the MRI fat measures was 2.2%, for the adult liver risk 

score with liver fat fraction in the full group. This was even higher for girls (3.1%) 

(Supplemental material: Tables S6, S7). A power calculation showed limited power to detect 

small effect estimates. The smallest effect that could be detected per additional risk allele 

with 80% power was 0.013 for the adult BMI risk score (N=1 993) (Supplemental material: 

Table S2).

Discussion

In this study a higher childhood BMI genetic risk score was associated with a higher SAT 

and VAT. The adult BMI genetic risk score was additionally associated with a lower 

VAT/SAT ratio. A higher adult liver fat risk score was associated with a higher liver fat 

fraction. Rs7185735, previously associated with SAT in adults, was associated with SAT and 

VAT/SAT ratio. The associations of the adult BMI risk score with SAT and VAT, and of the 

liver fat risk score with liver fat fraction were found in both boys and girls. The association 

of the adult BMI risk score with VAT/SAT ratio remained significant in boys only, whereas 

stratification by sex revealed an association for the pericardial risk score with pericardial fat 

mass in girls only. The associations of rs7185735 (SAT) with SAT and VAT/SAT ratio were 

significant in girls only.

Interpretation of main findings

Childhood overweight and obesity are risk factors for later cardiometabolic disease (ref.

1,2,3,4). Previous studies have shown, that SNPs associated with BMI in adulthood already 

exert their effects during childhood, although sometimes smaller or even in the opposite 

direction (ref.20,21,22,40). In addition to BMI the distribution and storage of fat in specific 

locations may also contribute to the cardiometabolic risk (ref.5). Understanding the 

pathophysiology of body fat distribution from early life onwards may give insight into the 
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mechanisms underlying cardiometabolic disease. The SNPs identified specifically for adult 

WHR, SAT, VAT, liver fat, and pericardial fat may also play a role in the distribution of body 

fat from early life onwards. To the best of our knowledge, our study is the first to investigate 

associations of adult body fat SNPs with childhood fat distribution assessed by MRI.

In this study we observed that the childhood and adult risk scores for BMI, a general 

adiposity measure, were associated with both SAT and VAT, but not with the more specific 

liver fat fraction or pericardial fat mass. This is not surprising, as a higher BMI is often 

accompanied by an increased SAT and/or VAT (ref.6). A stronger association was observed 

for the adult BMI risk score with BMI than with SAT and VAT, suggesting that not all SNPs 

identified to play a role in BMI necessarily play a role in SAT and/or VAT and that these 

represent different phenotypes. The risk of cardiometabolic disease is not the same for SAT 

and VAT. SAT is deemed less pathogenic than VAT (ref.41). The adult BMI risk score was 

additionally associated with VAT/SAT ratio. The direction of effect was opposite to that 

expected, suggesting that a genetic risk for increased BMI is associated with a lower 

VAT/SAT ratio. Possibly this inversed effect is caused by the stronger association of the 

adult BMI risk score with SAT than with VAT. This is also reflected in the analyses of 

SATadjVAT and VATadjSAT, where the adult BMI risk score showed an association with 

SATadjVAT, but not with VATadjSAT. It is known that SNPs in BMI-associated genetic 

regions, for example the FTO and MC4R regions, may have opposite or null effects on BMI 

in early childhood (ref.42). This is supported by the fact that the childhood BMI risk score 

was not associated with VAT/SAT ratio in our dataset, although we had limited power to 

detect a small effect size. Both BMI risk scores were associated with BMI, which is in line 

with previous results in younger children (ref.22). This indicates that the effect of the risk 

score on overall BMI is positive at this age, but that the relative effects on specific sites of fat 

accumulation in children may differ from those in adults.

The use of BMI as an overall measure of adiposity does not take into account body fat 

accumulation in specific locations (ref.5,7). The exact location and extent of fat 

accumulation in the body may provide a more precise determination of metabolic risk (ref.

5). Waist-hip ratio is considered more representative than BMI for abdominal adiposity, 

which includes SAT and VAT (ref.38). We did not observe associations of the adult WHR 

risk score with the childhood adiposity measures, although the association with VAT/SAT 

ratio was nominally significant. Contrary to our expectations, we did not observe any 

associations for the VAT/SAT ratio risk score with any of the MRI measures. This may be 

because the effect of the SNPs included in this score is null in childhood, because our power 

to detect a small effect size was limited, or because only an unweighted risk score was 

available for this phenotype. However, the difference in effect estimates between weighted 

and unweighted risk scores was shown to be small in most analyses, except for the 

childhood BMI risk score. Therefore, we do not expect the use of the unweighted risk score 

to have a strong effect on the results. A higher adult fatty liver risk score was associated with 

an increased liver fat fraction indicating that at least some of the SNPs in the risk score 

affect liver fat fraction from childhood onwards. We could not draw this conclusion for the 

adult pericardial fat risk score with any of the MRI measures, which may again be due to the 

risk score being unweighted, the relatively young age of the children or limited power. After 

adjusting the outcomes for BMI the associations of the BMI risk scores with the abdominal 
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fat measures were no longer present suggesting that the BMI associated SNPs affect overall 

fat accumulation and may not represent fat accumulation in these specific sites. By adjusting 

our outcomes for BMI we may also have lost some power which possibly hampered our 

ability to detect small effect sizes. We also found associations of the adult fatty liver risk 

score with liver fat fraction only and of the adult pericardial fat risk score with pericardial fat 

only, indicating that these risk scores seem to affect fat accumulation specifically in the liver 

and pericardium already in childhood and that these phenotypes are established via 

biological pathways distinct from those involved in more general adiposity measures. This is 

in line with the correlations between the genetic risk scores of the general adiposity 

measures. The weak but significant correlation of the VAT/SAT ratio and fatty liver risk 

scores is likely caused by one overlapping locus indicating some shared genetic background, 

which is biologically plausible but not reflected in the associations with the phenotypes (ref.

43).

Multiple previous GWAS have identified SNPs for SAT and VAT (ref.11,27). For the current 

study we used the largest GWAS on SAT and VAT to date which revealed four separate 

SNPs for these phenotypes (ref.27). Rs7185735, associated with SAT in adults, was also 

associated with SAT and VAT/SAT ratio in children. After adjusting our outcomes for BMI 

the association with SAT remained but showed a lower effect estimate. The association with 

VAT/SAT ratio attenuated and remained borderline significant. Rs7185735 is located in the 

genetic region coding for FTO. This region was the first robustly identified region associated 

with BMI, which is also reflected with the observed association of rs7185735 with BMI (ref.

44). More recently, it was suggested that SNPs located in FTO actually influence the 

expression of IRX3 and IRX5 that are involved in adipocyte lipid accumulation (ref.45,46).

Sex is associated with body fat distribution (ref.38,39). To examine this in more detail, we 

stratified our analyses on sex. Results showed a difference for the associations of the adult 

BMI risk score with VAT/SAT ratio, which remained in boys only, and for rs7185735 (SAT) 

which seemed to affect SAT, VAT/SAT ratio, and BMI in girls only. Previous work has 

shown sexual dimorphism for adiposity measures such as an increased VAT/SAT ratio, but 

this was not observed in children below the age of 16 (ref.47). We also showed that the 

association of the adult BMI risk score with VAT/SAT ratio in the full group was driven by 

the association in boys. The associations for the pericardial fat risk score with pericardial fat, 

and for rs7185735 (SAT) with VAT/SAT ratio were present in girls only. No associations 

were found for the individual SNPs identified by GWAS for VAT, or SAT and VAT in girls 

only. This may be due to limited power or because these specific SNPs have little or no 

effect in children. We also observed slightly higher effect estimates for some of our 

associations in either boys or girls, indicating that some adiposity associated SNPs may 

affect the accumulation of body fat differently in boys and girls.

Further research should be performed to examine whether the current associations can be 

replicated in other cohorts. Larger study populations may reveal additional associations. A 

larger study population will also provide more power to be able to investigate which 

individual SNPs in the risk scores are specifically affecting certain measures of body fat 

distribution.
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Methodological considerations

Genetic information was available in 63% of our total sample size. Children without genetic 

information had a slightly lower VAT (p-value=0.001), and pericardial fat mass (p-

value<0.001). We consider it unlikely that these differences have influenced our results. We 

did not find any differences regarding the other adiposity outcomes (p-value>0.05) (data not 

shown). Children without MRI measurements had a higher BMI and lower height than 

children with MRI measurements (p-value<0.05). Both children without genetic data and 

children without MRI measurements had a slightly lower gestational age at birth and a lower 

socio-economic status (p-value<0.05) than children with these data. These differences might 

reduce the generalizability of our findings. Not all SNPs were available in our GWAS 

dataset. We used a limited number of proxy SNPs for both BMI and the WHR risk scores in 

very high linkage disequilibrium (LD). Given the high number of SNPs available and the 

high LD for the proxies, both risk scores are considered a good representation of the original 

set of SNPs (ref.20,21,26). Although our population was relatively large, power may still 

have been limited, therefore our (lack of) findings with some of the adiposity outcomes 

should be interpreted with caution.

Conclusion

Our results suggest that genetic variants associated with childhood and adult BMI, adult 

body fat distribution, liver and pericardial fat already affect body fat distribution in 

childhood. We also found that adiposity associated genetic variants may regulate the 

distribution of fat in the body differently in boys and girls already before puberty.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of participants
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Table 1

Characteristics of the study population. (N=1 995)

Characteristics

Birth

Boys (%) 979 (49.1)

Gestational age at birth (weeks) 40.1 (36.3; 42.3)

Weight at birth (grams) a 3 466 (510)

Childhood

Age at visit (years) 9.8 (9.4; 10.8)

Height (cm) a 141.8 (6.6)

Weight (kg) a 35.3 (7.0)

Body mass index (kg/m2) 16.9 (14.0; 24.0)

Overweight (%) b 273 (13.7)

Obese (%) b 55 (2.8)

Subcutaneous adipose tissue (grams) 1 291 (603; 5 246)

Visceral adipose tissue (grams) 369 (161; 981)

Liver fat fraction (%) 2.0 (1.3; 4.9)

Pericardial fat mass (grams) 11 (5; 23)

Values are medians (95% range) unless otherwise specified

a
Means (standard deviations)

b
The IOTF-classification was used to define overweight and obesity
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