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Summary

Common genetic variants predispose to obesity with varying contribution by age.
We incorporated known genetic variants into genetic risk scores (GRSs) and investi-
gated their associations with overweight/obesity and central obesity in preadoles-
cents. Furthermore, we compared GRSs with lifestyle factors, and tested if they
predict the change in body size and shape in a 4-year follow-up. We utilized 1142
subjects from the Finnish Health in Teens (Fin-HIT) cohort. Overweight and obesity
were defined with age- and gender-specific body mass index (BMI) z-score (BMlz),
while central obesity by the waist-to-height ratio (WHtR). Background data on paren-
tal language, eating habits, leisure-time physical activity (LTPA) and sleep duration
were included. Genotyping was performed with the Metabochip platform. Weighted,
standardized GRSs were derived. Of thel1-year-old children, 25.5% were at least
overweight and 90.8% had Finnish speaking background. BMI-GRS was associated
with higher risk for overweight with odds ratio (95% confidence interval) of 1.39
(1.20; 1.60) and obesity 1.41 (1.08; 1.83), but not with central obesity. BMI-GRS was
weakly and inversely associated with the changes in BMIz and WHtR in the 4-year
follow-up. Waist-to-hip ratio-GRS was not related to any obesity measures at base-
line nor in the follow-up. The effect of BMI-GRS is similar to that of low LTPA on
overweight. An interaction between parental language and BMI-GRS was noted
(P = .019): BMI-GRS associated more strongly with overweight in Swedish than in
Finnish speakers. We further identified two suggestive genetic variants near
LOC101926977 and LOC105369677 associated with BMIz in preadolescents which
were replicated in the adult population. In preadolescents, known genetic
predisposing factors induce a risk for overweight comparable to low LTPA. However,

the GRS was poor in predicting short-term changes in BMI or WHtR.
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1 | INTRODUCTION

The world is in the midst of an epidemic of obesity, and the number
of obese children worldwide has increased to 124 million in 2016.
Data from the prospective Finnish Health in Teens (Fin-HIT) cohort in
2011 to 2014 showed that about 12.7% of 9- to 12-year-old Finnish
children were overweight, while 2.6% were obese? and similar preva-
lence was maintained in the follow-up 3 to 5 years later. Children with
overweight have a higher risk for non-communicable diseases that
might also appear at a younger age than in normal-weight peers.®*
Since early prevention of weight gain is of great importance,® any
tools for early identification of persons at risk are valued.

The aetiology of obesity is complex, with many factors involved in
its development, for example, lifestyle factors, other environmental
factors, genetic susceptibility, and likely their interactions. The era of
genome-wide association studies (GWASs) has increased our knowl-
edge of common genetic variants together explaining about 6% of the
variation in adult body mass index (BMI).® Critically considered, the
GWASs have not added to our knowledge of predicting BMI beyond
maternal BMI,” or other well-characterized conventional factors, for
example, family income, birth weight, high-sensitive c-reactive pro-
tein.® In turn, several other studies have witnessed that many of the
same genetic variants contribute to the variation in child BMI and
BMI trajectories from childhood.”** However, their contribution may
appear and vary with age and in different stages of life.1112

BMI is a measure of body size reflecting fat accumulation and
overall adiposity, while body shape in terms of waist circumference or
waist-to-hip ratio (WHR) distinguishes fat distribution and serves as
markers of central obesity. WHR is independently of BMI associated
with an elevated risk for chronic diseases including type 2 diabetes
and cardiovascular diseases.'® Despite the crudeness of these anthro-
pometric measures, these traits and some of their associated genetic
loci have been validated against more sophisticated phenotypes (body
fat content or local fat distribution by magnetic resonance imag-
ing).*1> During puberty, body size and fat distribution change dra-
matically. It is shown that overweight, especially during puberty,
modifies the risk of type 2 diabetes in adulthood, while normalization
of BMI before puberty may reduce this risk.*

In the present study we investigated associations of genetic loci
with body size and shape in 1142 Finnish preadolescents and created
genetic risk scores (GRSs) for BMI and WHR based on the litera-
ture.r”1® We hypothesize that the GRSs identify persons with ele-
vated risk for obesity and central obesity. In addition, we compared
GRSs with other lifestyle factors and tested if the GRSs predict

change in body size and shape in a 4-year follow-up study.

2 | MATERIALS AND METHODS

2.1 | Study design and population

Material collected in the Fin-HIT cohort was utilized in the present

study. The cohort is described elsewhere in detail.? Shortly, the Fin-

HIT is a prospective cohort consisting of over 11 000 9- to 12-year-
old (born between 1998 and 2006) children and their parents, of
which over 90% are participants' biological mothers. Several regions
of Finland were represented in the cohort, including Uusimaa,
Varsinais-Suomi, Hame, Pirkanmaa, Keski-Suomi, Pohjois-Savo and
Pohjois-Pohjanmaa. Topics covered by child and parent question-
naires are listed on the study website (http://www.finhit.fi/data/).
The material collection was conducted at school.

Households with a participating adult and child were invited to
the first active follow-up in 2015 to 2016 when the adolescents were
13- to 15-year-old. The follow-up was conducted with an online ques-
tionnaire allowing participation at home. All participants gave written
informed consent, and the Coordinating research Ethics Committee of
the Hospital District of Helsinki and Uusimaa approved the study

protocol.

2.2 | Age, gender and language

Information on gender, date of birth and parental language spoken at
home (Finnish, Swedish or other), was obtained from the consent
forms or questionnaires and confirmed by linkage with the National
Population Information System at the Population Register Centre.
Parental language mirrors genetic substructure of the Finnish
population. Genetically, the Swedish speakers resembles more
closely to European population than Finnish speakers do.*? In addi-
tion, parental language is a proxy of socioeconomic status with some

limitations.2%-21

2.3 | Anthropometry/measures of body size and
shape

At baseline, trained field workers measured subject's height to the
nearest 0.1 cm with a portable stadiometer (Seca model 217) and
weight to the nearest 0.01 kg with a portable digital scale (CAS model
PB), as explained in detail elsewhere.? BMI was calculated as weight
(kg) divided by the square of height (m?), and it mirrors body size. BMI
was derived into age- and gender-specific BMI z-score (BMIz)
according to equations of the International Obesity Task Force
(IOTF).22 BMIz cut-offs for underweight, normal-weight, overweight
and obesity were less than —2, between —2 and +1, over +1 and over
+2, respectively.

Waist circumference was assessed midway between the hip bone
and the ribs to the nearest 0.1 cm with a measuring tape as previously
described.? Waist-to-height-ratio (WHtR) was calculated by dividing
the waist circumference (cm) by the height (cm), and it illustrates body
shape. In children, WHtR mirrors cardiovascular risk factors more
accurately than a combination of BMI and waist.2® A cut-off of 0.5 is
used for central obesity.?42>

In the follow-up, the child's height, weight and waist were self-
measured and -reported by a parent. We have previously reported

the validity of the self-reported anthropometry.2
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2.4 | Questionnaire data
2.4.1 | Eating habits

Subjects filled in a 16-item food frequency questionnaire covering the
preceding month. The selected food items were adopted from Health

7 and these

Behaviour in School-Aged Children Study protoco
included fruits, fresh or cooked vegetables, sugary soft drinks, dark
grain bread, milk or soured milk, fresh juice, water, pizza, hamburger
or hot dog, biscuits/cookies, ice cream, chocolate or sweets, salty
snacks and sugary juice drinks. Children reported the frequency of
consumption for each item on a 7-point scale ranging from 0O (not con-
sumed) to 6 (consumed several times per day).

Based on food item frequencies, eating habit variable was created
utilizing a factor and cluster analyses as explained more in depth else-
where.?® The cluster analysis confirmed three eating habits in the
cohort: unhealthy eating habit (loaded with pizza, hamburger or hot
dog, baked goods, salty snacks and sugary drinks), fruit and vegetable
avoider (avoided unhealthy food items, fruit, berries and vegetables in
all forms) and healthy eating habit (loaded with dark grain bread, milk,

fruits, berries and vegetables in all forms).

2.5 | Leisure-time physical activity

Duration of leisure-time physical activity (LTPA) was assessed with
the question: “How many hours a week do you normally exercise or
do sports during your free time?” with 10 response options ranging
from “An hour a week or less” to “Around ten hours a week.” We cate-
gorized the responses into two categories, less than 7 hours per week
or at least 7 hours per week, to mimic the adherence to current

guidelines.??

2.6 | Sleep duration

The subjects replied the time asleep on school nights with the ques-
tion: “When do you usually fall asleep in the evenings on a school
night?” with 12 response options. Correspondingly, the waking up on
school days was asked: “When do you usually wake up on school
days?” with seven response options. Sleep duration on school nights
was calculated and categorized into three groups: (a) less than rec-
ommended, (b) recommended and (c) more than recommended
according to the age-specific Childhood Sleep Guidelines by the
American Academy of Pediatrics®: children between 6 and 12 years
should sleep daily 9 to 12 hours on a regular basis to promote optimal
health. Since we had only three observations in the third category,

these subjects were combined into the recommended category.

2.7 | DNA extraction, genotyping and quality control

All participants of the Fin-HIT study provided saliva samples using the
Oragene DNA Self-Collection Kit (OG-500, DNAgenotek). DNA was
extracted using an automated protocol with the chemagic DNA Saliva
Kit (PerkinElmer, Wellesley, Massachusetts). Altogether 1368 salivary

DNA samples were then randomly selected from the Fin-HIT cohort
and genotyped with the Cardio-Metabochip (lllumina, Inc., San Diego,
California) at the Finnish Institute for Molecular Medicine (FIMM)
Technology Centre (Helsinki, Finland). Of these 1368 samples, a total
of 216 samples were removed after genotyping due to either low
sample call rate (<95%) (n = 12), inconsistent gender information
(n = 9), duplicate samples/twins (n = 14), relatedness (n = 8) or missing
clinical data (n = 173).

After sample quality control (QC), we performed QC on the
~200 000 single nucleotide polymorphisms (SNPs) included on the
Metabochip platform. Of these SNPs, we received 195 884 success-
fully genotyped SNPs from the FIMM Technology Centre. We further
excluded 70 697 SNPs that were either mitochondrial or on X/Y chro-
mosome (N = 250), had a low call rate (<95%; N = 4646), deviated
from the Hardy-Weinberg equilibrium (P < 107™%; N = 514) or had a
low minor allele frequency (MAF < 0.01; N = 65 287). Thus, the final
analysis set consisted of 125 187 SNPs.

Next, principal component (PC) analysis was performed on the
Metabochip SNPs that passed QC to identify ethnicity outliers and to
compute PCs to adjust for population stratification. Before calculating
PCs, we pruned the SNPs based linkage disequilibrium (LD) using a
window size of 1000 kb and a pairwise r? of 0.3 and including only
SNPs with MAF >5%. We also removed regions with high levels of LD
prior to pruning.332 The LD pruning resulted in 39 502 variants,
which were used to calculate 20 PCs. The PCs were assessed graphi-
cally, and ethnicity outliers were defined as £55D of the mean of PC1,
which explained a majority of the genetic variation in the data. After
removal of the ethnicity outliers (n = 10), PCs were recalculated and
used in analyses to control for the remaining population stratification.

The number of individuals and SNPs included in the final analysis
after QC was thus 1142 and 125 187 with a total genotyping rate of
99.9%. Of these 1142 individuals, 573 (50.2%) were females and
569 males (49.8%). Follow-up data on BMI and waist circumference
was additionally available for 727 individuals (63.7%). QC was per-
formed using plink v 1.09 and R software v 3.5.2.

2.8 | Creation of genetic risk scores

We selected 32 SNPs for BMI and 32 SNPs for WHR based on the
large GWASs performed on these traits at the time of study design in
2010, reflecting also the selection of SNPs to the Metabochip
genotyping platform.”*8 Of the 32 BMI-SNPs, 21 were directly avail-
able on the Metabochip platform, and a good proxy SNP was available
for nine SNPs (r* > 0.80, MAF > 5% or r* = 1.00 if MAF < 5%). Proxy
SNPs were derived using LDlink's LDproxy tool, and Finnish popula-
tion data.®® Two BMI SNPs (rs4771122 and rs4836133) were not
available and had no good proxies. Thus, the final BMI-GRS consisted
of 30 SNPs (Table S1). Of the 32 WHR SNPs, two were not available
on the Metabochip platform (rs9687846 and rs12608504) and had no
proxies, and thus, 30 SNPs were included in the WHR-GRS.

We created weighted GRSs using the score function in Plink
v1.09, which calculates an average score per non-missing SNP. This

score is calculated by multiplying the weight of each SNP with the
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number of risk alleles for that SNP. As weights, we used the effect
sizes from the original publications for BMI (Speliotes et al,’
Table S1) and WHR (Heid et al,*® Table $2). Finally, we standardized
the GRS using the mean and SD in the sample. Since there were more
recent and larger GWASs available®”** than the one of Speliotes

1,Y” we reconstructed BMI-GRSs based on the different sources

et a
and compared their performance in our sample (Table S3). As the
BMI-GRS based on Speliotes et al explained the highest amount of
variance in the BMIz with the smallest P-value, we used it solely in

the further analyses.

2.9 | Statistical analyses
2.9.1 | Genetic association analyses

We performed metabochip-wide association studies for BMIz and
standardized residuals of WHtR after adjusting for age and gender.
The association was tested individually for each SNP with an addi-
tive model (coded as the number minor alleles [0, 1, 2]) for BMI
and WHtR against the outcome variable using linear regression. The
first two PCs mirroring the genetic substructure of the population
were included as covariates in the model. The genetic associations
were tested in Plink v.1.09. Power analyses were conducted in R
using package “pwr.” To determine the P-value threshold for
metabochip-wide significance, SNPs were LD pruned (window size:
1000 kb, pairwise r? of 0.8, MAF > 1%) in order to calculate the
number of independent SNPs (n = 68 183). The P-value threshold
for a significant finding was thus 7.0 x 1077, which is a 5%
Bonferroni-corrected threshold for 68 183 independent SNPs. We
defined a suggestive hit as P < 1.0 x 107

2.9.2 | Other statistical analyses

The normal distribution of variables was visually inspected, and trans-
formations applied when needed. Comparison of baseline characteris-
tics between two groups was performed with independent samples
t test in case of a continuous variable, and with chi-square test for cat-
egorical variables.

Logistic regression was used to study the association of GRSs with
overweight (BMlz > +1), obesity (BMIlz > +2) and central obesity
(WHtR > 0.5) in two models: first GRS alone adjusted for PC1 and
PC2, and a second multivariate model including GRS with all
covariates, and adjusted for age, PC1 and PC2. Covariates in the anal-
ysis were gender, parental language, LTPA, sleep duration, and eating
habits. Female gender, Finnish language, LTPA >7 hours per week,
recommended sleep duration and healthy eating habit were consid-
ered as reference categories in the analysis. The associations were
reported as odds ratio (OR) with 95% confidence interval (Cl).

We had missing values in several covariates: parental language
(n = 33), LTPA (n = 11), eating habit (n = 109) and sleep (n = 59). The
missing values were replaced in logistic regression analysis using the
multiple imputation procedure in SPSS, in order to maintain the full

sample size. The imputation method was “fully conditional

specification,” which suits for arbitrary missing data. Multiple vari-
ables, for example, all covariates, GRSs and outcome measures in orig-
inal scale, were included in the imputation process.

Associations of covariates (gender, parental language, LTPA, sleep
duration, eating habit) with the two GRSs were tested with t test or
analysis of variance.

Association of GRSs with changes in BMIz and WHtR from base-
line to 4-year follow-up were investigated with linear regression in a
subgroup of 727 subjects. Model 1 was adjusted for gender, age,
sleep duration, eating habit, LTPA, parental language, PC1 and PC2.
Model 2 included an additional adjustment for baseline BMIz
or WHtR.

Interactions between covariates and GRSs were tested with log-
likelihood ratio comparing models with and without interaction terms.

All statistical analyses were conducted using the IBM SPSS pro-
gram for Windows, version 22 (IBM, Chicago, lllinois). The statistical

significance level was set at 5%.

3 | RESULTS

3.1 | Baseline characteristics

Of the total of 1142 subjects, 8 (0.7%) were categorized as under-
weight, 843 (73.8%) normal weight, 230 (20.1%) overweight and
61 (5.3%) obese based on IOTF age- and gender-specific BMIz. A
combined prevalence of overweight and obesity was more common in
boys than in girls (29.7% vs 21.3%, P = 0.001), while the prevalence
did not differ by parental language: 25.2%, 30.8% and 20.8% with
Finnish, Swedish and other language family background, respectively
(P = .732). The subjects were recategorized into two groups combin-
ing under- and normal-weight into “UW/NW” (BMlz < +1) and over-
weight and obese into “OW/OB” (BMlz > +1) (Table 1). As expected,
weight, waist, BMI, WHtR and parental BMI were higher in OW/OB
than in UW/NW group, while no differences were observed in height
or age. Male subjects and lower physical activity level were more
commonly seen in OW/OB than UW/NW group.

Follow-up measurements were available from 727 subjects, and
their baseline characteristics were similar to those of 1142 subjects
(Table S3). During the follow-up, weight increased similarly in the two
groups, but a higher increment in height (22.1 vs 20.4 cm, P = .005)
and waist circumference (8.5 vs 5.6 cm, P <.001) were observed in
UW/NW than in OW/OB group. BMIz increased among those in
UW/NW group, while decreased in OW/OB group. In both groups,
the WHtR decreased, but more so in OW/OB group.

3.2 | Genetic risk scores

BMI-GRS was higher in the OW/OB than in the UW/NW group
(P <.001), while no group difference was observed for WHR-GRS
(Table 1). With our sample size we had 81% power to detect an
explained variance (R?) of 1.0% and 95% power to detect R? of 1.5%.
The BMI-GRS in our sample was associated with BMlz (P = 6.2
x 10711) and it explained 3.7% of the variance in BMIz (after adjusting
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TABLE 1
not indicated otherwise

UN/NW (BMilz < +1), n = 851

Background descriptive factors by groups of under-/normal-weight (UW/NW) and overweight/obese (OW/OB) with mean (SD), if

OW/OB (BMlz > +1), n = 291

Mean
Age,y 11.3
Weight, kg 37.1
Height, cm 147.9
BMI, kg/m? 16.9
BMI z-score -0.1
Waist, cm 63.4
Waist-to-height ratio 0.43
Parental BMI, kg/m? (n = 949) 24.4
Weighted GRS of WHR, z-scored 0.01
Weighted GRS BMI, z-scored -0.08
n

Gender

Girls 451

Boys 400
Parental language (n = 1109)

Finnish 753

Swedish 54

Other 19
Eating habit (n = 1033)

Unhealthy 101

Vegetable and fruit avoider 330

Healthy 339
Leisure time physical activity (n = 1131)

<7 h per week 368

7 h per week or more 476
Sleep duration during week (n = 1083)

Less than recommended 26

Recommended 781

More than recommended 2

SD Mean SD P-value®
0.2) 11.3 0.2) 335
(5.0) 50.7 (7.8) <.001
(6.6) 151.2 (6.6) <.001
(1.5) 22.1 (2.4) <.001
(0.7) 1.6 (0.5) <.001
(4.8) 75.8 (8.2) <.001
(0.03) 0.50 (0.05) <.001
(4.3) 26.4 (4.4) <.001
(1.0) -0.04 (1.0) 393
(1.0) 0.23 (1.0) <.001
% n %

.001°
53.0 122 419
47.0 169 58.1

.483°
91.2 254 89.8
6.5 24 8.5
23 5 18

.387°
13.1 38 14.4
429 122 46.4
44.0 103 39.2

019°
43.6 148 51.6
56.4 139 48.4

474°
32 13 47
96.5 260 94.9
0.2 1 0.4

Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; GRS, genetic risk score.

3t test.
bChi-square test.

for PCland PC2). Correspondingly, BMI-GRS was associated with
BMIz at follow-up (P = .018) explaining 0.4% of the variance. The
WHR-GRS was not associated with WHtR at baseline or follow-up
(P = .40,R? = 0.06% and P = .56, R? = 0.02%).

3.3 | Associations of GRSs with overweight, obesity
and central obesity at baseline

Associations of GRSs with overweight (BMIz > +1), obesity (BMlz >
+2) and central obesity (WHtR = 0.5) were tested with logistic regres-
sion in two models (Tables 2 and 3). An SD-increase in weighted BMI-
GRS increased the risk for overweight with an OR of 1.39 (95% ClI:

1.21; 1.60) and obesity with 1.41 (95% Cl: 1.08; 1.83). WHR-GRS was
not associated with any of the obesity estimates.

3.4 | Associations of GRSs with changes in BMI z-
score and weight-to-height ratio

The associations of GRSs with changes in BMIz and WHtR ratio were
examined with linear regression in a sub-sample of 727 subjects with
follow-up data available. For higher BMI-GRS, we observed a smaller
increase in BMIz (P = .012) or in WHtR (P = .042) in the 4-year follow-
up. However, the estimated effect sizes were relatively small, and the

adjusted models were poor (R? < 0.04). An additional adjustment for
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baseline BMIz or WHtR overruled the effects of BMI-GRS. The WHR-
GRS was not associated with changes in BMIz or WHtR (Table S4).

3.5 | Associations of GRSs with covariates

GRSs did not differ by gender (P = .99 and P = .61, for BMI-GRS and
WHR-GRS, respectively), parental language (P = .46 and P = .17), LTPA
(P =.22 and P = .72), eating habits (P = .56 and P = .88) or sleep dura-
tion (P = .23 and P = .46).

3.6 | Interaction with parental language

Interactions were tested between GRSs and sex, parental language,
LTPA, sleep, and eating habits in all models regarding overweight,
obesity and central obesity. An interaction appeared between parental
language and BMI-GRS concerning overweight/obesity (P = .019)
(Figure 1).

3.7 | Top SNPs related to BMI z-score and waist-to-
height ratio in preadolescents

In metabochip-wide association study for BMIz and WHtR, no locus
reached metabochip-wide significance (P <7.0 x 1077). In total,
12 SNPs reached P-value of <1 x 107 for BMIz (Table 4, Figure S1),
and 16 SNPs for WHtR (Table 5, Figure S2) and these were consid-
ered as suggestive hits. Next, we looked up our suggestive SNPs for
BMI in previous large-scale GWASs®”171834 (Taple 4). Of these, rs12
680842 near LOC101926977 and rs10840674 near LOC105369677
were associated with BMI also in the most recent GWAS with
~700 000 adults®: the former reaching genome-wide significance
(Table 4). In addition, nominal associations (P < .05) in GWAS on BMI
and WHR from the adult population was obtained for rs9882235
(ADAMTS9-AS2; P = .0043®) and rs3745010 (SLC14A2; P = 0.004%).
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Finnish Swedish Other
n=1000 n=79 n=24

Parental language

FIGURE 1 Association of BMI-GRS with overweight differs by
parental language; the strongest association was observed in those
with Swedish speaking background. Logistic regression model is
adjusted for gender, age, sleep duration during week, eating habit,
leisure-time physical activity, principal components 1 and 2

None of the variants were associated with BMI in young children in
the EGG Consortium®* (Table 4).

We further tested the correlation between the effect size esti-
mates of the suggestive SNPs found for BMIz in our study and in pre-
vious GWASs on BMI.%73* Borderline significant (r = 0.6, P =.08)
positive correlations were observed with SNP effects in the two adult
population studies, while the effect sizes did not correlate with esti-
mates for BMI in young children from the EGG Consortium (P = .43;
Figure 2).

Of the 16 suggestive SNPs associated with WHtR, variants in or
near LTBP1, PDE1C, GALNT17, DPP6, MAP4K5 and EYA2 were nomi-
nally associated with BMI or WHR in adult population!”:183536
(Table 5). Of these, highly significant replications were marked for
rs3812316, near gene MLXIPL (P = 4.6 x 107*?) and rs1150442 near
gene EYA2 (P = 1.4 x 107%) in the recent study of Pulit et al.*¢

4 | DISCUSSION

Our study shows that a GRS based on well-defined BMI-related SNPs
(BMI-GRS) was associated with overweight and obesity in 1142 Finn-
ish preadolescents. The classification of overweight and obesity was
based on age- and sex-specific BMIz according to IOTF guidelines.??
On the other hand, WHR-GRS was vague and not related to central
obesity defined by the WHtR in the same group. When comparing the
effect of BMI-GRS with lifestyle factors (LTPA, sleep duration and eat-
the effect of BMI-GRS on
overweight/obesity was comparable with low LTPA level.

Recent GWAS studies have resulted in the identification of

numerous common genetic variants, SNPs, which have been linked

ing habits) in preadolescents,

with BMI in large datasets. Recently, over 900 SNPs have been
robustly associated with adult BMI.® However, with the increasing
number of BMlI-related SNPs, the most recent ones demonstrate
smaller effect sizes than the earlier ones.>” In the present study we
utilized Metabochip, a custom genotyping chip for fine-mapping and
replication, which includes altogether 200 000 SNPs from loci that
were associated, or were promising for several complex metabolic
traits for example, type 2 diabetes, cardiovascular diseases, and their
key risk factors: BMI, blood glucose, insulin land lipid concentrations
and blood pressure back in 2012.38 We created BMI-GRSs based on

,Y” and 30 of these 32 SNPs were incorporated

data of Speliotes et a
in Metabochip. The BMI-GRS was associated with risk of overweight
and obesity, and explained as much as 3.7% of BMIz at the baseline,
but was not informative regarding the risk of central obesity. Previ-
ously, GRS applied to paediatric data has been reported to predict
adulthood obesity efficiently 20 to 30 years later.® However, different
genetic factors may affect the short-term changes in BMI, especially
during rapid growth period.*!

Besides body size, we were interested in body shape in terms of
central obesity, which has been linked to cardiovascular diseases and
diabetes more strongly than BMI.X®> While WHR has been used as a
marker of central obesity in adult GWA studies, we utilized WHtR as
a tool for determining central obesity in children in the present
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FIGURE 2 Effect size comparison of the Fin-HIT suggestive SNPs for BMIz in adult population and in young children

study.?® WHtR and waist circumference are considered comparable
predictors of diabetes and cardiovascular disease, both being stronger
than, and independent of, BMI.?® For the WHR-GRS altogether 30 of
the total 32 SNPs characterized by Heid et al*® were located in
Metabochip. However, this GRS was not associated with any obesity
outcomes in the baseline or follow-up. One explanation for our null
finding may be that genes relevant to body shape are activated during
later stages of life. However, obesity and especially body shape are
complex traits, and other factors beyond genetics are also involved.
Fin-HIT cohort is a well-defined epidemiological cohort with mul-
tiple self-reported lifestyle factors. Our analysis was adjusted for gen-

der, parental language, eating habits, sleep duration during the week,

and LTPA. In present study being a male bears a higher risk for excess
weight than the genetic susceptibility. Male gender presented with a
higher risk for overweight, obesity and central obesity compared with
females, which is in accordance with previous results in this age
group®?°: the prevalence of overweight and obesity are reported to
be higher in boys than in girls in Finland. A higher prevalence of over-
weight and obesity in boys than in girls at this age seems a common
observation,* although not consistent across the globe. Differences in
the prevalence of excess weight appear after childhood, suggesting
that growth pattern and hormonal changes play a role, which is also
supported by the fact that similar or even higher prevalence is

reported in girls at younger age groups.*! Sex differences may also be
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related to life-style factors and beliefs in children and their parents.*?
Previously, we have shown that unhealthy eating habit was more
common in boys than in girls, 2 while typically boys are more physi-

cally active at this age*®**

providing no simple explanation for the
phenomenon.

Exercising less than 7 hours per week led to a higher risk for over-
weight and central obesity in our children, which is in line with current
physical activity guidelines.?’ Interestingly, low LTPA and BMI-GRS
have comparable effects on the risk of overweight/obesity. However,
for the risk of central obesity, low exercise level had even greater
effect than BMI-GRS. In these 1142 children, eating habits and sleep
duration were not related to excess weight. Our study was underpow-
ered to dig into interactions between GRS and lifestyle factors, which
are fine-tuning the effect of genetic factors between individuals. Pre-
viously, interactions of alcohol consumption, physical activity, mental
health, and sleeping patterns with GRS affecting BMI have been iden-
tified.*> Of these, physical activity has shown consistent results in var-
ious populations (European ancestry and Latin/Hispanic), suggesting
two things: (a) that individuals with lower physical activity and more
sedentary behaviour present a higher genetic susceptibility to

468 and (b) those with the highest genetic susceptibility to

obesity,
obesity would benefit from increasing physical activity and decreasing
sedentary behaviour.

We observed an interaction between GRSs and parental language.
In the present study, parental language mirrors socioeconomic status
as previously suggested.?*’ Since participants of Fin-HIT are rec-
ruited mostly outside the capital region (Helsinki area), differences in
socioeconomic position (eg. educational level, household income and
poverty) are likely to favour the Finnish speakers. The BMI-GRS
showed the highest risk for excess weight in Swedish speakers,
followed by Finnish speakers, while no association was observed in
those with other language backgrounds. In UK Biobank material,
socioeconomic status was suggested to mimic the obesogenic
environment,*> which emphasized the effect of genetic risk factors,
and corresponding is observed here. Moreover, the association of
GRS appears stronger in the more recent US birth cohort compared
with a previous birth cohort from the same country, highlighting the
role of obesogenic environment as well.> In the present study, 30.8%
of children with Swedish speaking background were at least over-
weight, while the corresponding number for children with Finnish
speaking background was 25.2%. In addition, a higher portion of chil-
dren with Swedish background had low LTPA level than children with
Finnish speaking background (62% vs 44%). Evidently, parental lan-
guage captures several relevant risk factors for overweight in the pre-
sent study.

We were able to incorporate follow-up data of 727 subjects with
an average follow-up time of 4 years. Thus, if the subjects were con-
sidered preadolescent at the age of 11 years, they become adolescent
at the age of 15. Several other studies in children have demonstrated
that comparable BMI-GRSs associate and predict adult weight reli-
ably.81° However, in our study, the BMI-GRS was poor in predicting
short-term changes in BMIz or WHtR. Surprisingly, higher BMI-GRS

was associated with smaller changes in BMI and WHtR, but not after

further adjustment for baseline measures. This is further supported by
our data pointing that during the 4-year follow-up the BMI was to
some extent normalized in overweight/obese group, while this contin-
ued to increase in under-/normal-weight group. This implies that
growth speed varies by age. It seems the overweight/obese had
grown at earlier state compared with under-/normal-weight group, as
suggested before 111

Metabochip was utilized here to discover potential novel genetic
variants for BMIz in preadolescents. Even though our metabochip-
wide association study was underpowered, we identified 12 + 16 sug-
gestive SNPs associated with P < 10~ with BMIz and WHR, respec-
tively. Two BMl-related SNPs (rs12680842 and rs10840674) were
robustly replicated in adult population,® while several other SNPs
reached nominal replication in the adult population as well. Of note,
none of the suggestive SNPs were associated with BMI in the EGG
consortium GWAS in children aged between 2 and 11 years.* Fur-
thermore, the effect size estimates of the suggestive SNPs for BMlIz
correlated with the corresponding ones in the adult population,®” but
not with effect size estimates in young children,* which suggest that
genetic factors related to body size in preadolescents are more similar
to adults than to younger children.

The study had several limitations. The sample size limited the
power of metabochip-wide association analysis, and only suggestive
associations were identified. The Metabochip contained over 65 000
SNPs with MAF < 1% in this Finnish study, and those were excluded
as rare SNPs were not of interest here. The Metabochip platform is
not a fully genome-wide genotyping platform as it contains markers
only in some regions of the genome, for example, regions selected for
fine-mapping and replication based on GWASs on metabolic traits
performed before 2012. Thus, it provides less data required for con-
structing the LD patterns, which is important for genotype imputa-
tion.>? Regarding the phenotype, the secondary trait in our study was
WHIR, which differs from WHR that has been used as a marker of

18 and a discrepancy between the traits

central adiposity in adults,
may cause some inaccuracy. An additional limitation was that we had
follow-up data only on 63% of the participants. At follow-up, the
anthropometric measures were self-assessed, which might cause
some bias. Previously, we have validated the self-reported mea-
sures?®: home-measured mean height, weight and waist circumfer-
ence were slightly higher, but derived BMI lower than measured by
the fieldworker. However, the differences were so small that they had
no impact on weight status. The sampling for Metabochip array was
random, but the participants in the present study showed a somewhat
higher prevalence of overweight/obesity than seen in the entire
cohort, but still comparable with the Finnish population at this
age 3940
We have demonstrated that BMI-GRS is a significant risk factor
for overweight and obesity in preadolescents, but is poor in predicting
short-term changes in body size and shape during puberty. The
associations of BMI-GRS and low physical activity with overweight/
obesity were similar, but somewhat weaker than being a male. An

interaction with socioeconomic status was observed, suggesting that
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predisposing genetic factors appear more strongly in Swedish than in

Finnish speaking children, which still warrants further investigations.

ACKNOWLEDGEMENTS

All authors contributed to study design, additionally T.B.R. and
H.V., ED. RF., and
N.S. contributed to the data analysis, while H.V. and E.D. contributed
the literature search and generated the figures and tables. All authors

EW. were involved in data collection.

participated in data interpretation and were involved in writing of the
paper and approved the submitted version. We want to acknowledge
all the study participants and field workers for the data collection. We
are grateful for financial support from Paivikki ja Sakari Sohlbergin
Saatio, Folkhdlsan Research Foundation, the Swedish Cultural Foun-
dation in Finland, the Academy of Finland (299200) and Medicinska

Understddsforeningen Liv och Halsa for the project.

CONFLICT OF INTEREST

No conflict of interest was declared.

ORCID

Heli Viljakainen
Niina Sandholm

Elisabete Weiderpass

https://orcid.org/0000-0002-7486-3437
https://orcid.org/0000-0003-4322-6942
https://orcid.org/0000-0003-2237-0128

REFERENCES

1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in
body-mass index, underweight, overweight, and obesity from 1975 to
2016: a pooled analysis of 2416 population-based measurement stud-
ies in 128.9 million children, adolescents, and adults. Lancet. 2017;
390:2627-2642.

2. Figueiredo RAO, Simola-Strom S, Rounge TB, et al. Cohort profile: the
Finnish Health in Teens (Fin-HIT) study: a population-based study. Int
J Epidemiol. 2019;48(1):23-24.

3. Word Cancer Research Fund/American Institute for Cancer Research.
Food, nutrition and physical activity and the prevention of cancer: a
global perspective; 2007. https://www.wcrf.org/sites/default/files/
english.pdf. Accessed May 24, 2019.

4. Park MH, Falconer C, Viner RM, Kinra S. The impact of childhood
obesity on morbidity and mortality in adulthood: a systematic review.
Obes Rev. 2012;13:985-1000.

5. Gortmaker SL, Swinburn BA, Levy D, et al. Changing the future of
obesity: science, policy, and action. Lancet. 2011;378:838-847.

6. Yengo L, Sidorenko J, Kemper KE, et al. Meta-analysis of genome-
wide association studies for height and body mass index in approxi-
mately 700000 individuals of European ancestry. Hum Mol Genet.
2018;27:3641-3649.

7. Locke AE, Kahali B, Berndt SI, et al. Genetic studies of body mass
index yield new insights for obesity biology. Nature. 2015;518:
197-206.

8. Seyednasrollah F, Makela J, Pitkanen N, et al. Prediction of adulthood
obesity using genetic and childhood clinical risk factors in the cardio-
vascular risk in young Finns study. Circ Cardiovasc Genet. 2017;10:
e001554. https://doi.org/10.1161/CIRCGENETICS.116.001554.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Elks CE, Loos RJ, Hardy R, et al. Adult obesity susceptibility variants
are associated with greater childhood weight gain and a faster tempo
of growth: the 1946 British Birth Cohort Study. Am J Clin Nutr. 2012;
95:1150-1156.

Makela J, Lagstrom H, Pitkanen N, et al. Genetic risk clustering
increases children's body weight at 2 years of age—the STEPS Study.
Pediatr Obes. 2016;11:459-467.

Warrington NM, Howe LD, Paternoster L, et al. A genome-wide asso-
ciation study of body mass index across early life and childhood. Int J
Epidemiol. 2015;44:700-712.

Graff M, Ngwa JS, Workalemahu T, et al. Genome-wide analysis of
BMI in adolescents and young adults reveals additional insight into
the effects of genetic loci over the life course. Hum Mol Genet. 2013;
22:3597-3607.

Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better
screening tool than waist circumference and BMI for adult car-
diometabolic risk factors: systematic review and meta-analysis. Obes
Rev. 2012;13:275-286.

Kilpelainen TO, Zillikens MC, Stancakova A, et al. Genetic variation
near IRS1 associates with reduced adiposity and an impaired meta-
bolic profile. Nat Genet. 2011;43:753-760.

Monnereau C, Santos S, van der Lugt A, Jaddoe VWYV, Felix JF. Asso-
ciations of adult genetic risk scores for adiposity with childhood
abdominal, liver and pericardial fat assessed by magnetic resonance
imaging. Int J Obes (Lond). 2018;42:897-904.

Bjerregaard LG, Jensen BW, Angquist L, Osler M, Sorensen TIA,
Baker JL. Change in overweight from childhood to early adulthood
and risk of type 2 diabetes. N Engl J Med. 2018;378:1302-1312.
Speliotes EK, Willer CJ, Berndt SI, et al. Association analyses of
249,796 individuals reveal 18 new loci associated with body mass
index. Nat Genet. 2010;42:937-948.

Heid IM, Jackson AU, Randall JC, et al. Meta-analysis identifies
13 new loci associated with waist-hip ratio and reveals sexual dimor-
phism in the genetic basis of fat distribution. Nat Genet. 2010;42:
949-960.

Hannelius U, Salmela E, Lappalainen T, et al. Population substructure
in Finland and Sweden revealed by the use of spatial coordinates and
a small number of unlinked autosomal SNPs. BMC Genet. 2008;9:54.
Hiekkavuo A. Population with foreign background in Helsinki 2016.
Statistics 2017:2. https://www.hel.fi/hel2/tietokeskus/julkaisut/pdf/
17_01_16_Tilastoja_2_Hiekkavuo.pdf. Accessed August 27, 2019.
Hartull C. Essays on Income and Income Poverty of Swedish Speakers
and Finnish Speakers in Finland [PhD dissertation]. Turku: Abo
Academi University; 2018.

Cole TJ, Lobstein T. Extended international (IOTF) body mass index
cut-offs for thinness, overweight and obesity. Pediatr Obes. 2012;7:
284-294.

Garnett SP, Baur LA, Cowell CT. Waist-to-height ratio: a simple
option for determining excess central adiposity in young people. Int J
Obes (Lond). 2008;32:1028-1030.

Savva SC, Tornaritis M, Savva ME, et al. Waist circumference and
waist-to-height ratio are better predictors of cardiovascular disease
risk factors in children than body mass index. Int J Obes Relat Metab
Disord. 2000;24:1453-1458.

McCarthy HD, Ashwell M. A study of central fatness using waist-to-
height ratios in UK children and adolescents over two decades sup-
ports the simple message—'keep your waist circumference to less
than half your height'. Int J Obes (Lond). 2006;30:988-992.

Sarkkola C, Rounge TB, Simola-Strom S, von Kraemer S, Roos E,
Weiderpass E. Validity of home-measured height, weight and waist
circumference among adolescents. Eur J Public Health. 2016;26:
975-977.

Vereecken CA, Maes L. A Belgian study on the reliability and relative
validity of the health behaviour in school-aged children food-
frequency questionnaire. Public Health Nutr. 2003;6:581-588.


https://orcid.org/0000-0002-7486-3437
https://orcid.org/0000-0002-7486-3437
https://orcid.org/0000-0003-4322-6942
https://orcid.org/0000-0003-4322-6942
https://orcid.org/0000-0003-2237-0128
https://orcid.org/0000-0003-2237-0128
https://www.wcrf.org/sites/default/files/english.pdf
https://www.wcrf.org/sites/default/files/english.pdf
https://doi.org/10.1161/CIRCGENETICS.116.001554
https://www.hel.fi/hel2/tietokeskus/julkaisut/pdf/17_01_16_Tilastoja_2_Hiekkavuo.pdf
https://www.hel.fi/hel2/tietokeskus/julkaisut/pdf/17_01_16_Tilastoja_2_Hiekkavuo.pdf

14 of 14 WI LEY—

28.

29.

30.
31

32.

33.
34.
35.
36.
37.
38.
39.

40.

41.

42.

VILJAKAINEN ET AL

de Oliveira Figueiredo RA, Viljakainen J, Viljakainen H, Roos E,
Rounge TB, Weiderpass E. Identifying eating habits in Finnish chil-
dren: a cross-sectional study. BMC Public Health. 2019;19:312.

U.S. Department of Health and Human Services. Physical Activity
Guidelines for Americans. 2nd ed. Washington, DC: U.S. Department
of Health and Human Services; 2018. https://health.gov/paguidelines/
second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf.
Accessed March 22, 2019.

Paruthi S, Brooks LJ, D'Ambrosio C, et al. Recommended amount of
sleep for pediatric populations: a consensus statement of the Ameri-
can Academy of Sleep Medicine. J Clin Sleep Med. 2016;12:785-786.
Price AL, Weale ME, Patterson N, et al. Long-range LD can confound
genome scans in admixed populations. Am J Hum Genet. 2008;;
author reply 135-9;83:132-135.

Weale ME. Quality control for genome-wide association studies.
Methods Mol Biol. 2010;628:341-372.

1000 Genomes Project Consortium, Abecasis GR, Auton A, et al. An
integrated map of genetic variation from 1,092 human genomes.
Nature. 2012;491:56-65.

Felix JF, Bradfield JP, Monnereau C, et al. Genome-wide association
analysis identifies three new susceptibility loci for childhood body
mass index. Hum Mol Genet. 2016;25:389-403.

Shungin D, Winkler TW, Croteau-Chonka DC, et al. New genetic loci
link adipose and insulin biology to body fat distribution. Nature. 2015;
518:187-196.

Pulit SL, Stoneman C, Morris AP, et al. Meta-analysis of genome-wide
association studies for body fat distribution in 694 649 individuals of
European ancestry. Hum Mol Genet. 2019;28:166-174.

Willer CJ, Speliotes EK, Loos RJ, et al. Six new loci associated with
body mass index highlight a neuronal influence on body weight regu-
lation. Nat Genet. 2009;41:25-34.

Voight BF, Kang HM, Ding J, et al. The metabochip, a custom
genotyping array for genetic studies of metabolic, cardiovascular, and
anthropometric traits. PLoS Genet. 2012;8:e1002793.

Vuorela N, Saha MT, Salo MK. Change in prevalence of overweight
and obesity in Finnish children—comparison between 1974 and
2001. Acta Paediatr. 2011;100:109-115.

Maiki P, Lehtinen-Jacks S, Vuorela N, Levilahti E. Register of Primary
Health Care Visits (Avohilmo) as data source for monitoring the prev-
alence of overweight among Finnish children. 2017;4:209-215.
https://www julkari.fi/bitstream/handle/10024/131894/SLL42017-
209.pdf?sequence=2. Accessed January 16, 2018.

Ahrens W, Pigeot |, Pohlabeln H, et al. Prevalence of overweight and
obesity in European children below the age of 10. Int J Obes (Lond).
2014;38(suppl 2):599-5107.

Wang VH, Min J, Xue H, et al. What factors may contribute to sex dif-
ferences in childhood obesity prevalence in China? Public Health Nutr.
2018;21:2056-2064.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U.
Global physical activity levels: surveillance progress, pitfalls, and pros-
pects. Lancet. 2012;380:247-257.

Pearce MS, Basterfield L, Mann KD, et al. Early predictors of objec-
tively measured physical activity and sedentary behaviour in 8-10
year old children: the Gateshead Millennium Study. PLoS One. 2012;
7:€37975.

Tyrrell J, Wood AR, Ames RM, et al. Gene-obesogenic environment
interactions in the UK Biobank Study. Int J Epidemiol. 2017;46:
559-575.

Rask-Andersen M, Karlsson T, Ek WE, Johansson A. Gene-
environment interaction study for BMI reveals interactions between
genetic factors and physical activity, alcohol consumption and socio-
economic status. PLoS Genet. 2017;13:e1006977.

Moon JY, Wang T, Sofer T, et al. Objectively measured physical
activity, sedentary behavior, and genetic predisposition to obesity
in U.S. Hispanics/Latinos: results from the Hispanic Community
Health Study/Study of Latinos (HCHS/SOL). Diabetes. 2017;66:
3001-3012.

Ahmad S, Rukh G, Varga TV, et al. Gene x physical activity interac-
tions in obesity: combined analysis of 111,421 individuals of
European ancestry. PLoS Genet. 2013;9:e1003607.

Saarela J, Finnas F. Interethnic wage variation in the Helsinki area.
Finnish Economical Paper. 2004;17:35-48.

Walter S, Mejia-Guevara |, Estrada K, Liu SY, Glymour MM. Associa-
tion of a genetic risk score with body mass index across different
birth cohorts. JAMA. 2016;316:63-69.

Li A, Robiou-du-Pont S, Anand SS, et al. Parental and child genetic
contributions to obesity traits in early life based on 83 loci validated
in adults: the FAMILY study. Pediatr Obes. 2018;13:133-140.

Verma SS, de Andrade M, Tromp G, et al. Imputation and quality con-
trol steps for combining multiple genome-wide datasets. Front Genet.
2014;5:370.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Viljakainen H, Dahlstrom E,
Figueiredo R, Sandholm N, Rounge TB, Weiderpass E. Genetic
risk score predicts risk for overweight and obesity in Finnish
preadolescents. Clin Obes. 2019;9:€12342. https://doi.org/10.

1111/cob.12342


https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://www.julkari.fi/bitstream/handle/10024/131894/SLL42017-209.pdf?sequence=2
https://www.julkari.fi/bitstream/handle/10024/131894/SLL42017-209.pdf?sequence=2
https://doi.org/10.1111/cob.12342
https://doi.org/10.1111/cob.12342

	Genetic risk score predicts risk for overweight and obesity in Finnish preadolescents
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study design and population
	2.2  Age, gender and language
	2.3  Anthropometry/measures of body size and shape
	2.4  Questionnaire data
	2.4.1  Eating habits

	2.5  Leisure-time physical activity
	2.6  Sleep duration
	2.7  DNA extraction, genotyping and quality control
	2.8  Creation of genetic risk scores
	2.9  Statistical analyses
	2.9.1  Genetic association analyses
	2.9.2  Other statistical analyses


	3  RESULTS
	3.1  Baseline characteristics
	3.2  Genetic risk scores
	3.3  Associations of GRSs with overweight, obesity and central obesity at baseline
	3.4  Associations of GRSs with changes in BMI z-score and weight-to-height ratio
	3.5  Associations of GRSs with covariates
	3.6  Interaction with parental language
	3.7  Top SNPs related to BMI z-score and waist-to-height ratio in preadolescents

	4  DISCUSSION
	ACKNOWLEDGEMENTS
	  CONFLICT OF INTEREST
	REFERENCES


