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IMPORTANCE Genome-wide association studies have identified genetic loci influencing Editorial
obesity risk in children. However, the importance of these loci in the associations with weight
reduction through lifestyle interventions has not been investigated in large intervention trials.

OBJECTIVE To evaluate the associations between various obesity susceptibility loci and
changes in body weight in children during an in-hospital, lifestyle intervention program.

DESIGN, SETTING, AND PARTICIPANTS Long-term Effects of Lifestyle Intervention in Obesity
and Genetic Influence in Children (LOGIC), an interventional prospective cohort study,
enrolled 1429 children with overweight or obesity to participate in anin-hospital lifestyle
intervention program. Genotyping of 56 validated obesity single-nucleotide variants (SNVs)
was performed, and the associations between the SNVs and body weight reduction during
the intervention were evaluated using linear mixed-effects models for each SNV. The LOGIC
study was conducted from January 6, 2006, to October 19, 2013; data analysis was
performed from July 15, 2015, to November 6, 2016.

EXPOSURES A 4- to 6-week standardized in-hospital lifestyle intervention program (daily
physical activity, calorie-restricted diet, and behavioral therapy).

MAIN OUTCOMES AND MEASURES The association between 56 obesity-relevant SNVs and
changes in body weight and body mass index.

RESULTS Of 1429 individuals enrolled in the LOGIC Study, 1198 individuals (mean [SD] age,
14.0 [2.2] years; 670 [56%] girls) were genotyped. A mean (SD) decrease was noted in body
weight of -8.7 (3.6) kg (95% Cl, -15.7 to -1.8 kg), and body mass index (calculated as weight
in kilograms divided by height in meters squared) decreased by -3.3 (1.1) (95% Cl, -5.4 to -1.1)
(both P < .05). Five of 56 obesity SNVs were statistically significantly associated with a
reduction of body weight or body mass index (all P < 8.93 x 10™* corresponding to Bonferroni
correction for 56 tests). Compared with homozygous participants without the risk allele,
homozygous carriers of the rs7164727 (LOCI00287559: 0.42 kg: 95% Cl, 0.31-0.53 kg,

P =4.00 x 10™*) and rs12940622 (RPTOR: 0.35 kg; 95% Cl, 018-0.52 kg; P = 1.86 x 10™>) risk
alleles had a lower reduction of body weight, whereas carriers of the rs13201877 (IFNGRT:
0.65 kg; 95% CI, 0.51-0.79 kg; P = 2.39 x 107), rs10733682 (LMXI1B: 0.45 kg; 95% Cl,
0.27-0.63 kg; P = 637 x 107%), and rs2836754 (ETS2: 0.56 kg; 95% Cl, 0.38-0.74 kg;

P =1.51 x 107*) risk alleles were associated with a greater reduction of body weight after
adjustment for age and sex.

CONCLUSIONS AND RELEVANCE Genes appear to play a minor role in weight reduction by
lifestyle in children with overweight or obesity. The findings suggest that environmental,
social, and behavioral factors are more important to consider in obesity treatment strategies.
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hehigh prevalence of childhood obesity is a major health
challenge. In high-income countries, almost 25% of boys
and girls are overweight or obese.! Obesity in childhood
often carries over into adulthood, predisposing individuals to
additional comorbidities, such as hypertension, dyslipidemia,
diabetes, and/or heart disease. Obesity is a multifactorial dis-
ease associated with environmental, social, behavioral, physi-
ologic, psychological, and genetic factors.? The interaction
between genetics and unhealthy lifestyle contributes to the com-
plex cause of obesity. Results from twin, family, and adoption
studics have shown that the heritability of obesity ranges from
30% to 70%.> Genome-wide association studies (GWAS) have
identified several gene loci, which seem to be relevant for body
weight regulation. The most recent large GWAS meta-analysis
with outcome body mass index (BMI) by the Genetic Investi-
gation of Anthropometric Traits Consortium included data from
339224 individuals and 125 GWAS on BMI. The study identi-
fied 97 loci that are associated with a higher BMI.* Associa-
tionsbetween several of these genes and obesity have beeniden-
tified among children.>
Evidence has shown a wide interindividual response to
obesity treatment with inconsistent results regarding the role
of genetics in successful weight loss during childhood and
adolescence.?® Reasons for this inconsistency have been that
most of these studies have (1) not strictly adhered to a stan-
dardized lifestyle program, but rather conducted the inter-
vention in an outpatient setting; (2) focused on only a few
candidate genes, such as the FTO (fat mass and obesity-
associated protein [OMIM: *610966]) gene or the MC4R (mela-
nocortin 4 receptor [OMIM: *155541]) gene; and (3) included
only relatively small sample sizes. The study with the largest
population included 684 individuals.!® The aim of this study
was to investigate existing associations between various obe-
sity susceptibility loci and changes in age- and sex-adjusted
body weight during an inpatient, standardized lifestyle inter-
vention program in a large cohort of children and adolescents
with overweight or obesity. We hypothesized that children
with a genetic predisposition for obesity would achieve an
overall lower amount of weight lost than children without
the predisposition.

Methods

The Long-term Effects of Lifestyle Intervention in Obesity and
Genetic Influence in Children (LOGIC) study was conducted
from January 6, 2006, to October 19, 2013, and included 1429
individuals aged 6 to 19 years who were referred to a German
rehabilitation center for inpatient weight loss treatment. Ex-
clusion criteria for the LOGIC Study were secondary obesity;
monogenetic diseases, such as Prader-Willi syndrome; and early
withdrawal from the inpatient program (<3 weeks). The study
design has been described in detail elsewhere.!® Previous pub-
lications reported on cardiometabolic risk parameters,2° qual-
ity of life and physical activity,? adipokines,?* and physical
fitness.?? In a subgroup of 310 children, the association of the
melatonin receptor 1 B(MTNRIB [OMIM: *600804]) variant with
weight reduction during the inpatient therapy was examined.
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Key Paints

Question Are genes associated with obesity treatment success in
children with obesity?

Findings In this interventional genetic association study that
included 1198 children with overweight or obesity, 5 of 56 obesity
single-nucleotide variants were statistically significantly associated
with changes in body weight, however, only to aminor degree.

Meaning In this study, environmental, sodal, and behavioral
factors seem to play a substantial role in obesity treatment
strategies in children.

MTNRIB is a protein coding gene, which is associated with fast-
ing glucose level and type 2 diabetes.!® All parents provided writ-
teninformed consent for their children and adolescents for study
participation. The participants did not receive financial com-
pensation. The study was conducted according to the Declara-
tion of Helsinki?* and approved by the ethics committee of the
School of Medicine of the Technical University of Munich, Mu-
nich, Germany. The study was followed the Strengthening the
Reporting of Genetic Association Studies (STREGA) reporting
guideline.

In brief, the standardized, nonpharmacologic weight loss
program was conducted for 4 to 6 weeks, depending on health
insurance allowances, and was performed identically and stan-
dardized during the whole study period. The program fo-
cused on a calorie-restricted diet, increases in the level of physi-
cal activity, and behavior therapy. The intervention was
conducted according to the German guidelines for inpatient
weight loss programs.?®

Anthropometric Examinations

All clinical examinations were conducted by trained medical
staff according to standardized procedures. At the baseline ex-
amination, body height was measured barefoot, with mini-
mal clothing, to the nearest 0.5 cm using a rigid scale. At base-
line and once weekly during the intervention, body weight was
measured with minimal clothing to the nearest 0.1 kg using a
digital scale (Tanita BC-420 P MA Profi; Tanita Europe BV). Ow-
ingto personnel or logistical reasons, the weekly weight mea-
surements were not performed in every participant at every
time point. Body mass index was calculated as the individu-
al’s body weight in kilograms divided by the square of body
height in meters. Overweight was defined as a BMI above the
90th percentile and obesity was defined as a BMI above the
97th percentile, using population-specific data.?®?” The de-
gree of obesity was additionally described using the least-
square means method developed by Cole,?® which normal-
izes the BMI-skewed distribution and expresses BMI as an SD
score (SDS), in combination with national German reference
data.?”

Genotyping and Quality Control

Genomic DNA for all participants had been extracted from
EDTA blood samples following a standard protocol. For the ge-
netic analysis, only children who were overweight or obese
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Figure1. Flowchart

1429 Screened for LOGIC study (2006-2013)

16 Did not meet general inclusion criteria
9 Therapy duration <3 wk
4 Age>19y
3 Normal weight

1413 Included in the LOGIC study

215 Excluded
133 Not genotyped
55 Siblings
16 <2 Data points
11 Population stratification

1198 Genotyped
908 Cardio-MetaboChip
290 MassARRAY

LOGIC indicates Long-term Effects of Lifestyle Intervention in Obesity and
Genetic Influence in Children.

were included. If siblings were enrolled, the child with com-
plete genotyped data or, if that was not possible, the young-
est sibling, was included. From 1429 children enrolled into the
program, 908 were genotyped with a custom-designed SNV
chip that allows for an array-wide analysis of lipid and other
metabolic and cardiovascular traits (Cardio-MetaboChip;
Ilumina).?® Furthermore, owing to later recruitment, an ad-
ditional 290 children were genotyped (MassARRAY system
with iPLEX chemistry; Agena) (Figure 1). To investigate popu-
lation stratification, SNVs that are related to the QT interval
were selected, and a joint principal component analysis on the
1000 genomes and LOGIC data was performed. The QT inter-
val SNVs were chosen because they provide a set of SNVs that
are not associated with the analysis traits of interest, in con-
trast to most of the genotypes on the Cardio-MetaboChip. QT
interval SNVs that violate the Hardy-Weinberg equilibrium
(P < .05)were excluded. Children who were identified as popu-
lation outliers based on visual inspection were removed from
the analysis to avoid population stratification. To study the ge-
netic variants that are known to affect body weight and body
mass, we defined a candidate pool of 97 SNVs from previous
publications.*

For the MassARRAY system with iPLEX chemistry, the
blood samples were analyzed in a matrix-assisted laser de-
sorption ionization time of flight (MALDI-TOF) mass spec-
trometer (Bruker Daltonik GmbH). The resulting mass spec-
tra were analyzed automatically for peak identification using
the SpectroTYPER RT, version 4.0 software (Sequenom). For
quality control, the spectra were checked by 2 independent
persons.

After quality control inspection and combining quality-
controlled genotype data covered by Cardio-MetaboChip (90
SNVs) and by MALDI-TOF from the MassARRAY (60 SNVs), 56
SNVs remained for analysis in the whole cohort. A schematic
outline of the SNV selection is provided in the eFigure in the
Supplement.
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Statistical Analysis
The distributions of body weight, BMI, and BMI-SDS at the dif-
ferent study time points were investigated using quantile-
quantile plots and found to be approximately normal. Single-
nucleotide variant associations were modeled as effect perrisk
allele (additive genetic model). All analyses were performed
with R, version 3.1.1 (R Core Team, 2014). Data analysis was
performed from July 15, 2015, to November 6, 2016. Genes were
provided according to Illumina annotation.>°

To assess the associations of known obesity SNVs and
changes in body weight, BMI, and BMI-SDS in the LOGIC Study,
we fitted alinear mixed-effect model with random participant-
specific intercept for each SNV:

weight;; = B + B, x time;; + B, x SNV, + B3 x time;; x SNV +
bio + &5

BMI; = Bo + By x time;; + B, x SNV, + B3 x timey; x SNV + byg +

€, and

BMI-SDS;; = By + By x time;; + B, x SNV, + B3 x time;; x SNV + by
+ &, where time denotes the number of weeks in therapy when
BMI was measured; b;,, a subject-specificintercept; and €;;, the
error term for participant i at time point j. Restricted maxi-
mum likelihood estimation was used.

Since changes in body weight and BMI also depend on age
and sex, we fitted 2 additional models with adjustment for age
and sex at baseline:

weighty; = Bo + By x timey + By x SNV; + B3 x age; + B, x sex; +
Bs x timey; x SNV, + By x time;; x age; + B, x time;; x sex; + b
+ &, and
BMI; = Bo + By x time;; + By x SNV; + B3 x age; + By » sex; +
Bs x time;; x SNV + B x timey; x age; + B, x timey; x sex; +
bip + €5

P values were subjected to multiple testing correction using
the Bonferroni method, resulting in a significance threshold
of 0.000893 for 56 tests.

|
Results

0f 1429 individuals enrolled in the LOGIC Study, 1198 chil-
dren (mean [SD] age, 14.0 (2.2) years; 670 [56%] girls) were
genotyped (Figure 1). There were no statistically significant dif-
ferences between the included and excluded children regard-
ing sex or anthropometric characteristics (eTable 1 in the
Supplement).

The characteristics of the study sample at baseline and at
the different time points are reported in Table 1. Thirty per-
cent of the participants completed the treatment after 4 weeks,
according to the therapy plan. Mean (SD) reductions were noted
from baseline to the end of the intervention in body weight
(-8.7[3.61kg; 95% CI, -15.7 to -1.8 kg), BMI(-3.3[1.1]; 95% ClI,
-5.4to-1.1),and BMI-SDS (-0.38 [0.14]; 95% CI, -0.65 to —0.11)
(all P < .05).

There were no statistically significant cross-sectional as-
sociations between obesity-related SNVs and body weight, BMI,
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Table 1. Characteristics of the Study Participants Before the Start of the Intervention and at the Weekly Measurement Time Points®

Sex, No. (%) Mean (SD)

Time No. Girls Boys Body weight, kg BMI BMI-SDS

Baseline 1198 670 (56) 528 (44) 922 (23.1) 33.8(5.8) 2.76 (0.54)
Week 1 1179 660 (56) 519 (44) 88.7 (22.3) 32.6(5.7) 2.60 (0.57)
Week 2 1170 657 (56) 513(44) 87.2(21.9) 32.0(5.6) 2.56 (0.58)
Week 3 1157 651 (56) 506 (44) 86.1 (21.5) 31.6 (5.5) 2.50 (0.59)
Week 4 1131 644 (57) 487 (43) 84.8 (21.3) 312(5.4) 2.45 (0.60)
Week 5 825 484 (59) 341(41) 85.4 (20.5) 312(5.4) 2.45(0.61)
Week 6 820 474 (58) 346 (42) 84.3 (20.1) 30.8(5.2) 2.40 (0.61)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); BMI-SDS, BMI-standard deviation score.

? Mean (SD) age at baseline was 14.0 (2.2) years.

Table 2. Statistically Significant Associations Between SNVs and Changes in Body Weight, BMI, and BMI-SDS per Week During the Intervention

Effect  Other Corr P Effect allele
SNV Chr  Position allele* allele P Coefficient (95% CI)® P value value frequency Gene30< No.
SNV association with body weight change
rs13201877 6 137.717.234 G A -0.073 (-0.106 to -0.039) 2.39x107°  .001 0.210 IFNGR1 1184
rs10733682 9 128.500.735 A G -0.041 (-0.065 to -0.018) 6.37 %107 .04 0.516 LMX1B 1194
rs7164727 15 70.881.044 T C 0.047 (0.021 t0 0.073) 4.02x107% .02 0.633 LOC100287559 1194
rs12940622 17 76.230.166 G A 0.054 (0.029 to 0.078) 1.86 x 1075 001 0.565 RPTOR 1194
rs2836754 21 39.213.610 C T -0.047 (-0.072 to -0.023) 1.51x 10 .01 0.575 ETS2 1190
SNV association with BMI change
rs13201877 6 137.717.234 G A -0.022 (-0.034 to -0.011) 1.48 %104 .01 0.210 IFNGR1 1184
rs2836754 21 39.213.610 C T -0.015 (-0.024 to -0.007) 2.84x107% .02 0.575 ETS2 1190
SNV association with BMI-SDS change
rs13078960 3 85.890.280 G T 0.003 (0.002 to 0.005) 2.52 %107 .001 0.268 CADM2 1047
rs13107325 4 103.407.732 T C 0.004 (0.002 to 0.006) 1.67x10% 01 0.139 SLC39A8 1191
rs11170468 12 37.716.315 A C 0.003 (0.001 to 0.004) 1.05x 10 .01 0.700 CPNES 1197
rs9925964 16  31.037.396 A G -0.002 (-0.003 to -0.001) 348 %107 .02 0.584 KAT8 1186

Abbreviations: A, adenosine; BMI, body mass index; C, cytosine;
Chr, chromosome; Corr, corrected; G, guanine; SDS, standard deviation score;
SNV, single-nucleotide variant; T, thymine.

2 Provides the effect estimates against the other alleles, which serves as

reference.
" Standardized regression coefficient.

¢ Genes were provided according to lllumina annotation.

or BMI-SDS at baseline. Table 2 reports the statistically signifi-
cant longitudinal associations between obesity-related SNVs
and changes in body weight, BMI, and BMI-SDS. eTables 2, 3,
and 4 in the Supplement present the associations with all of
the investigated SNVs.

To illustrate these associations, Figure 2 and Figure 3 show
the mean changes in body weight or BMI between weeks O and
6 for carriers of the different genotypes of the SNVs 1513201877,
rs10733682, 1s7164727, rs12940622, and rs2836754.
The nearest genes of these are IFNGR! (interferon y receptor 1
[OMIM: *107470]) for rs13201877, LMX1B (LIM homeobox 14
transcription factor 1, beta [OMIM: *602575]) for rs10733682,
LOC100287559 [no OMIM ID available] for rs7164727, RPTOR
(regulatory-associated protein of MTOR, complex 1 [OMIM:
*607130]) for rs12940622, and ETS2 (ETS proto-oncogene
2, transcription factor [OMIM: *164740]) for rs2836754. Com-
pared with homozygous participants without the risk allele,
homozygous carriers of the rs7164727 (LOC100287559: 0.42
kg; 95% CI, 0.31-0.53 kg; P = 4.00 x ~#)and thers12940622 (RP-
TOR: 0.35kg; 95% CI, 0.18-0.52 kg; P = 1.86 x 107°) risk alleles

JAMA Pediatrics January2021 Volume 175, Number 1

had alower reduction of body weight, whereas carriers of the
1s13201877 (IFNGR1: 0.65 kg; 95% CI, 0.51-0.79 kg;
P =2.39 x %), rs10733682 (LMXIB: 0.45 kg; 95% CI, 0.27-
0.63kg; P = 6.37 x ~%),and rs2836754 (ETS2: 0.56 kg; 95% CI,
0.38-0.74 kg; P = 1.51 x “#)risk alleles had a greater reduction
of body weight after adjustment for age and sex (Figure 2).

|
Discussion

To our knowledge, this is the largest interventional study in
children and adolescents with overweight or obesity investi-
gating the association of genetics with the outcome of a stan-
dardized lifestyle intervention program. Our findings sug-
gest that 5 of 56 obesity-related SNVs are associated with body
weight and/or BMIreduction during the intervention. We were
able to support our hypothesis of the presence of obesity risk
alleles, which were associated with lower body weight reduc-
tion for 2 SNVs (rs12940622 and 1s7164727); however, the ef-
fect size was low. Our data revealed that 3 obesity-associated
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Figure 2. Changes in Body Weight and Genotypes
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Figure 3. Changes in Body Mass Index (BMI) and Genotypes
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SNVs (1513201877, rs10733682, and rs2836754) were instead
associated with greater weight reductions. We could not find
any associations between weight loss and the most widely in-
vestigated obesity susceptibility loci MC4R, TMEM-18 (OMIM:
*613220), or FTO. However, this lack of association refers es-
pecially for FTO caused by low coverage because the tag SNVs
(defined as an SNV that proxies for a set of SNVs in 4 linkage
disequilibriums with itself) of FTO were not available in our
data set owing to technicalreasons. Nevertheless, in the Cardio-

jamapediatrics.com

MetaboChip subset we could analyze other FTO SNVs
(rs17817449 and rs3751812) noted no association with weight
loss. Of SN'Vs, that have been reported as having genome-
wide significance in children with overweight or obesity,® only
one could be confirmed in our sample. This SNV was located
in the protein coding gene LMX1B, which functions as a tran-
scription factor and is essential, among others, for the dopa-
minergic and serotonergic neurons. Hypodopaminergic func-
tion is related to abnormal eating behavior, which might explain
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the association of LMXIB with weight change in our study.®
Likewise, the function of the RPTOR gene could explain the
observed associations. This gene encodes a componentofa sig-
naling pathway that regulates cell growth in response to nu-
trientand insulin levels, which in turn influence body weight.32
However, the other SNVs that showed statistically significant
associations with weight changes in our study do not have a
clearly defined role explaining why they might affect body
weight, as is the case for most obesity-related genes identi-
fied by GWAS. For example, genetic variants in IFNGRI are as-
sociated with susceptibility to mycobacterial discase.3® The
gene ETS2 encodesa transcription factor, which regulates genes
involved in development and apoptosis.?* Overall knowl-
edge about the gene LOC100287559 is scarce.

Our data are in accordance with previous observations im-
plying that gene variations associated with body weight (ie,
obesity genes) do not necessarily influence longitudinal
changes in body weight.?>>® In this context, our study re-
vealed different results regarding the use of BMI-SDS com-
pared with the age- and sex-adjusted body weight or BMI. BMI
z-scores, also called BMI-SDS, are measures of body weight ad-
justed for children’s age and sex. Even though z-scores are op-
timal for assessing adiposity on a single occasion, it is not nec-
essarily the best scale for measuring change in adiposity, as the
within-child variability over time depends on the child’s level
of adiposity. Therefore, the use of BMI is recommended for lon-
gitudinal analyses instead of BMI-SDS*? and this might also be
the reason for the different results in our study.

Several studies have also examined the associations be-
tween obesity-related SNVs and lifestyle interventions in chil-
dren and adolescents.®"!8 All of these studies analyzed only a
few SN'Vs on selected candidate genes, mostly FTO and MC4R.
Only 3 studies involved more than 2 genes in their analysis, >"**
the largest number being 12 loci.? Most of these studies were
performed in an outpatient setting with limited sample sizes
ranging from 207 to 401 individuals.®*® Only 2 studies were
conducted in an inpatient, and thereby more controlled,
setting.!%'718 [n 357 Czech children with overweight or obe-
sity, statistically significant associations between the SNVs
1517817449 of the FTO gene and 1517782313 of the MC4R gene
and a reduction of BMI was observed after a 1-month inpatient
lifestyle intervention program.!” A recent investigation within
the same study showed no association between the SNVs
rs6971091 of the NYD-SP18 gene or rs4854344 of the TMEM18
gene and weight reduction in 684 children.'® A previous inves-
tigation conducted within our LOGIC study examined associa-
tions between an MTNRI1B variant and weight loss in 310 chil-
dren with overweight or obesity during the 4- to 6-week
inpatient therapy program and could not find statistically sig-
nificant associations with regard to short-term weight loss.!®

Overall, all previous association studies have shown incon-
sistent results. For the obesity-related polymorphism rs17817449
of the FTO gene, statistically significant associations were found
with regard to weight loss during the weight loss intervention
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in a study by Zlatohlavek et al.”” However, 7 studies reported
no statistically significant associations®12:141518 or only a trend
regarding a genetic predisposition to weight loss.* In 2 studies
involving 10 or more SNVs, variants of SDCCAG8 (OMIM:
*613524) were associated with reduced weight loss during an
outpatient lifestyle intervention.®'* Likewise, there is incon-
sistency regarding acute weight loss vs weight maintenance af-
ter follow-up. Reinehr et al'* did not find an association be-
tween FTO and weight loss during 1 year of outpatient
intervention, but observed an association with weight regain
over 1 year of follow-up. Similarly, Hinney ct al® reported that
variants of SDCCAG8 were associated with reduced weight loss
during an outpatient lifestyle intervention, but there were no
associations with weight regain after 1 year of follow-up.

Strengths and Limitations

In contrast to the studies involving 168 to 684 children,’*® our
sample size exceeded 1000 children. In addition, we assessed
a large number of obesity-related SNVs based on the results of
current GWAS instead of selected candidate genes. Moreover,
the highly controlled inpatient standardized setting of our
intervention is optimal for investigating the associations
between genetics and body weight changes.

This study has limitations. It was not a randomized clini-
cal trial because such a trial was believed to be ethically ques-
tionable by randomizing treatment-seeking overweight and
obese individuals into a no-treatment group or wait-list con-
trol group. Thus, the results cannot determine causality. Ow-
ing to technical reasons we had to limit our main analysis to
56 SNVs which were analyzed in the whole cohort. Because FTO
variants were covered in three-quarters of our study, we can-
not exclude an association with this locus. However, the as-
sociations with weight loss seem weak, as we saw no indica-
tion for an association in the available data. Furthermore, 2
different systems were used for genotyping. For about one-
quarter of the participants the Cardio-MetaboChip was not ap-
plicable for genotyping at that time because production had
been stopped. However, the error rate was assumed to be simi-
lar between the 2 systems, especially when applying strict qual-
ity control thresholds. Both technologies are reliable, well-
established genotyping methods. The MALDI MassARRAY
system has been developed as a diagnostic tool, which is used
to determine specific disease-causing SNVs,*°

|
Conclusions

Our study offers evidence showing that genes susceptible to obe-
sity play aminor role in treatment success in children who are
overweight or obese. Further studies are needed to determine
whether other non-obesity-related genes may impact weight
reduction. This study suggests that environmental, social, and
behavioral factors play the mostimportant role in obesity treat-
ment strategies in children, whereas genetics are secondary.
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