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ABSTRACT: Obesity is affected by genetic factors and environmental influences. This research was undertaken
to identify single nucleotide polymorphisms (SNPs) related to obesity and physical fitness and then to analyse
and compare interactions between physical fitness and obesity-associated genotypes. To investigate relationships
between physical fitness and major SNPs previously reported to be related to obesity, 68 SNPs in 32 genes
were genotyped in 71 Korean children. Tests were conducted to evaluate five elements of physical fitness
(speed, aerobic endurance, muscular endurance, muscular strength, and flexibility). The results obtained showed
significant (P<0.02) differences in physical fitness scores for the following genotypes: CNR7 (rs1049353; GG),
LEP (rs7799039; AA+AG), HHEX (rs1111875; TT), GC (rs16847015; TG+GG), LRP5 (rs4988300; GG+ GT),
NPY2R (rs2880415; CT+CC), PPY (rs231472; GG), UCP2 (rs660339; CT+TT), CDKN2B (rs10811661; AA+AG),
and ADIPOQ (rs266729; CG+GG). Ten physical fitness-related genotypes were newly identified during the
present study. This study suggests that classification of genotypes by physical fitness level could be used as an
index for predicting the risk of obesity and for selecting individuals for intervention programmes. Furthermore,
the study shows that even children participating in the same physical fitness improvement programme can
exhibit different genotype dependencies.
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TIN'T RO D U C T 1O N 1500

Obesity and its related chronic diseases profoundly affect physical
fitness, and conversely physical fitness significantly prevents and
reduces the risk of obesity [1,2]. In addition, people with higher
levels of physical activity or physical fitness have lower risk factors
for the development of cardiovascular disease, which suggests that
a lack of physical fitness is an important cause of chronic diseas-
es [3-5]. Physical fitness is affected by hereditary and acquired
factors, and interactions between genes and lifestyle factors, such
as physical activity, have been shown to affect obesity [6,7]. Physi-
cal fitness improvement programmes can have quite different impacts
on the prevention or management of obesity, and these impacts ap-
pear to depend on hereditary diversity, which suggests that hereditary
factors need to be considered when developing physical fitness pro-
grammes for the management of obesity. Recently, obesity-related
and physical performance and fitness-related human genes were

identified [8,9]. The authors supposed that obesity-related hereditary
factors might be associated with physical fitness, and carried out
comparisons to identify overlapping genes related to obesity. One
hundred and twelve of 127 candidate genes were found to be re-
lated to exercise and physical fitness, and 42 were commonly involved
in both phenotypes. Thus, it appears that these genes may be re-
lated to degree of obesity and to differences in levels of physical
fitness, such as endurance, muscle strength and training response.
In another study, the effects of genetic variants of the FTO gene (fat
mass and obesity associate gene) were found to be suppressed by
exercise, which suggested that exercise can reduce an inherited
propensity to become obese [7]. Furthermore, these findings indicate
that physical fitness programmes might suppress the expressions of
genotypes associated with the risk of becoming obese with high
levels of physical fitness, and that medical management programmes
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should be favoured for those with genotypes associated with the risk
of becoming obese and low levels of physical fitness.

Although genetic and environmental factors contribute to the de-
velopment of obesity and/or physical fitness, gene-environmental
interactions remain elusive. Children seem to be more appropriate
than adults for evaluations of the effects of hereditary factors on
physical fitness, because environmental factors have less influence
on children [7]. However, few studies on relations between genes
and performance and health-related fitness have been conducted
with children [10]. Therefore, we hypothesized that some genes are
related to both obesity and physical fitness, and that genotypes of
these genes can be classified by degree of obesity and physical fitness
in children. In the present study, we attempted to identify single
nucleotide polymorphisms (SNPs) related to obesity and physical
fitness, and then conducted comparative analysis on interactions
between physical fitness and obesity-associated genotypes in children.

MATERIALS AND METHOD'S 1
Subjects

This study was performed using a cross-sectional design between
March 2013 and November 2013, in a tertiary hospital (Yangsan,
South Korea). The study participants were children who volunteered
to participate in this study in response to a poster advertisement
placed in a primary school (Busan, South Korea). The study was
approved by the Institutional Review Board of Kyungnam University
(2015-041-HR-03), and complied with the 1964 Declaration of
Helsinki. Informed consent was obtained from all parents and par-
ticipants. Participants received financial reimbursement. The study
exclusion criteria were as follows: obesity secondary to hypothyroid-
ism or Cushing’s disease, a severe debilitating disease, or treatment
with any anti-obesity agent or experience of weight loss during the
previous 6 months. The study population was composed of 71 ten-
year-old children (31 boys and 40 girls). Children were allocated to
a low group or a high group using physical fitness profile cut-off
scores as described in the National Survey of Physical Fitness con-
ducted by the Korea Institute of Sport Science in 2004 [Ministry of
Culture and Tourism. (2004). A national survey on physical activity
participation in Korea. Seoul, South Koreal. The data collected in-
cluded age, gender, anthropometric measurements, physical fitness
profiles, and polymorphism genotypes.

Anthropometric measurements

Heights and weights were measured using an automatic height-weight
scale to the nearest 0.1 cm and 0.1 kg, respectively, and body mass
index (BMI) values were calculated by dividing weight (kg) by height
squared (m?).

Measurements of physical fitness

Physical fitness profiles were determined using five measuring instru-
ments: (a) 50-meter sprint, (b) 1000-metre run, (c) one-minute
sit-up, (d) standing long jump, and (e) a sit and reach flexibility test,

22 .

Sang Yeoup Lee et al.

that is, using measures of speed, aerobic endurance, muscular endur-
ance, muscular strength, and flexibility, respectively. Fifty-metre sprints
and 1000-metre runs were recorded in 0.1 and 1 second increments,
respectively. One-minute sit-up scores were calculated using the
number of sit-ups performed in one minute. For this test, the par-
ticipant lay supine on the floor with knees bent at a 45-degree angle.
A full sit-up started from the supine position, and ended with par-
ticipants sitting with a vertical trunk and elbows touching the knees.
Standing long jump distance was measured from a take-off line to
the nearest point of contact on landing (back of the heels). The
longest distance jumped for three attempts was recorded. For the
sit-and-reach flexibility test, participants, sitting barefoot on the floor
with legs out straight ahead, were instructed to lean forward slowly
as far as possible, toward a graduated ruler held on the box from -25
to +25 cm, without bending their knees, and to hold maximum
stretch for 2 s [11]. Scores were recorded as distances reached
before or beyond the toes. The test was repeated twice with a rest
period of 10 s [12], and the best results were recorded to the near-
est 1.0 cm. All measurements were made by skilled testers.

Genotyping of polymorphisms

Approximately 20 ml of ethylenediaminetetraacetic acid-treated whole
blood was obtained for DNA extraction from an antecubital vein in
the morning after a 12-h overnight fast, and then centrifuged at
3000 rpm for 10 minutes at 4°C. Supernatants were transferred to
Eppendorf tubes and stored at -70°C until required for DNA extrac-
tion, which was conducted using 1-2 ml supernatant samples using
an AccuPrep Genomic DNA Extraction Kit (Bioneer, Seoul, Korea)
according to the manufacturer’s instructions. The final elution volume
for DNA extraction was 60 ul and the amount of plasma DNA used
for mutation testing was 30 ng. 68 SNPs in 32 genes were selected
after carefully reviewing previous studies for gene variants associ-
ated with obesity [9]. As a representative example, children
with CNR1 genotype (GG) had a significantly higher BMI than
children with CNR1 genotype (AG+AA) (17.2 + 2.2 kg/m? vs.
20.5 + 3.6 kg/m?, P=0.0001). SNPs were genotyped using SNP-IT
assays and the SNPstream 25K System (Orchid Biosciences,
Princeton, NJ, USA): NPY2R (rs12507396, rs6857715, rs1047214,
rs33977152, rs6857530, rs2880415), GC (rs16847015,
rs17467825, rs3733359, rs705117, rs222003, rs1491711,
rs222020, rs222042), CNR1 (rs1535255, rs806379, rs2938392,
rs1175542, rs9353527, rs806370, rs1049353), ADIPOQ
(rs2241766, rs1501299, rs266729), LEPR (rs1137100,
rs1137101, rs1805096), LEP (rs7799039), LRP5 (rs4988300),
ADRB2 (rs1042714, rs1042717, rs1042718, rs1042719), PPY
(rs231471, rs231472, rs162430, rs1058046, T323C), INSIG2
(rs7566605), POMC (rs1866146, rs1009388), PPARG (rs3856806,
rs1801282), ENPP1 (rs1044498, rs7754561, rs1799774),
IGF2BP2 (rs4402960, rs1470579), GAL (rs3136540, rs1042577),
GHRL (rs34911341, rs4684677), SLC30A8 (rs13266634),
FLJ39370(rs17044137), BBS2 (rs4784675), BBS4 (rs7178130),




Polymorphisms, obesity, and physical fitness

BBS6 (rs6108572), UCPI (rs1800592), UCP2 (rs660339), HHEX
(rs1111875), SCG3 (rs3764220), MCHR1 (rs133074), PKN2
(rs6698181), TCF7L2 (rs7903146), APOAS (rs662799), CDKN2B
(rs10811661), CDKALI (rs7754840), and rs16846971.

Briefly, genomic DNA regions spanning the polymorphic site of
interest were amplified using one phosphorothioate primer and one
regular PCR primer. Amplified PCR products were then digested with
exonuclease (Amersham Biosciences, Uppsala, Sweden). One prim-
er containing phosphorothioate linkages at its 5’ end was used to
protect one strand of PCR products from exonuclease digestion, which
resulted in the generation of a single-stranded PCR template. The
single-stranded PCR template generated by exonuclease digestion

was overlaid on a 384-well plate precoated covalently with primer
extension primers (SNP-IT primers), which were designed to hybrid-
ize immediately adjacent to polymorphic sites. After hybridizing
template strands, SNP-IT primers were extended by a single base
using DNA polymerase at polymorphic sites of interest. The extension
mixtures contained two labelled terminating nucleotides (FITC, and
biotin) and two unlabeled terminating nucleotides. The identities of
the incorporated nucleotide were determined using serial colorimet-
ric reactions using anti-FITC-AP (Roche, Basel, Switzerland) and
streptavidin-horseradish peroxidase (HRP) (Pierce, Rockford, IL, USA).
Development of yellow or blue colour was analysed using an ELISA
reader and final genotyping calls were made using QCReview software.

TABLE 1. Demographic and anthropomorphic characteristics of the study participants.

Variables Mean SD Range
Age (years) 10.6 0.5 1.0

Height (cm) 147.1 6.8 27.2
Weight (kg) 44.1 10.7 49.9
Body mass index (kg/m?) 19.3 3.5 15.3

TABLE 2. Relations between physical fitness and obesity-related genotypes.

i Genotype Frequency (%)
Physical Gene SNP ype Tredteney 7 P (P)
Fitness LG HG
GG 18(66.7) 40(90.9) .
Speed CNR1 rs1049353 6.574 0.010
AG+AA 9(33.3) 4(9.1) (0.016)
AA+AG 56(96.6 10(76.9
LEP rs7799039 ( ) ( ) 6.250 0.012
Aerobic GG 2(3.4) 3(23.1) (0.016)
endurance CC+CT 26(44.8 11(84.6
HHEX rs1111875 ( ) ( : 6.737 0.009
T 32(55.2) 2(15.4) (0.016)
T 0( 0.0) 3(13.0) 0.013
GC rs16847015 6.134
TG+GG 47(100) 21(87.0) (0.016)
GG+GT 47(100) 21(87.0)
Muscular LRP5 154988300 6.007 0.014
endurance T 0(0.0) 3(13.0) (0.016)
TT 22(46.8 20(83.3
NPY2R rs2880415 ( ) ( ) 8.772 0.003
CT+CC 25(53.2) 4(16.7) (0.015)
GG 33(63.5 6(31.6
PPY rs231472 ( ) ( ) 5.714 0.017
Muscular CG+CC 19(36.5) 13(68.4) (0.017)
strength cC 13(25.0 12(63.2
ucp2 rs660339 ( : ( ) 8.881 0.003
CT+TT 39(75.0) 7(36.8) (0.015)
AA+AG 36(92.3) 22(68.8) 0.011
CDKN2B rs10811661 6.522
o GG 3(7.7) 10(31.2) (0.016)
Flexibility
CC 13(34.2) 21(67.7) 0.006
ADIPOQ rs266729 7.680
CG+GG 25(65.8) 10(32.3) (0.016)

LG: low fitness level group, HG: high fitness level group. Bold characters indicate significantly high frequency genotypes.
P for raw P values; (P) for false discovery rate (FDR)-adjusted P values
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Statistical analyses

Data are presented as means = SDs or as frequencies (%). The chi-
square test was used to test differences between the low and high
groups for each SNP genotype and allele. Multivariate multiple lo-
gistic regression was used to control for possible confounding by age
and gender. SPSS 13.0 for Windows (SPSS, Inc., Chicago, IL) was
used for the analysis, and P values of < 0.02 were deemed signifi-
cant because of the comparatively small size of the study population.
Raw P values were adjusted using the Benjamini and Hochberg
method [13] to control for the false discovery rate (FDR). All statis-
tical tests were two-sided.

RS U LTS 15
Relations between the five elements of physical fitness and the
68 obesity-related genotypes were analysed. Table 1 summarizes
the basic characteristics of the study sample.

Speed

Fifty-meter sprint test scores were used to measure speed and ac-
celeration. Table 2 shows the relation between speed and the obe-
sity-related genotype. In particular, the CNR1 (rs1049353) genotype
(GG, AG+AA) was found to be significantly associated with dash
test scores (FDR-adjusted P=0.016). Children with the GG genotype
had significantly better speeds and accelerations.

Aerobic endurance

Endurance test scores were used to measure aerobic endurance and
fitness. Table 2 shows relations between aerobic endurance and
obesity-related genotypes. In particular, the LEP (rs7799039)
(AA+AG, GG) and HHEX (rs1111875) (CC+CT, TT) genotypes were
found to be significantly associated with endurance scores (FDR-
adjusted P=0.016 for both). Children with the AA+AG genotype of
LEP (rs7799039) or the TT genotype of HHEX (rs1111875) had
poorer aerobic endurances and fitness.
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Muscular endurance

One-minute sit-up scores were used to measure the strength and
endurances of abdominal and hip-flexor muscles. Table 2 shows
relations between muscular endurance and obesity-related genotypes.
The GC (rs16847015) genotype (TT, TG+GG), the LRPS (rs4988300)
genotype (GG+GT, TT), and the NPY2R (rs2880415) genotype (TT,
CT+CC) were found to be associated with sit-up scores (P<0.02).
Children with the TG+GG genotype of GC (rs16847015), the GG+GT
genotype of LRP5 (rs4988300), or the CT+CC genotype of NPY2R
(rs2880415) showed poorer abdominal and hip flexor strength and
endurance.

Muscular strength

The standing-long-jump test was used as a measure of leg muscle
muscular strength and explosive power. Table 2 summarizes relations
between standing-long-jump scores and obesity-related genotypes.
In particular, the PPY (rsrs231472) (GG, CG+CC) and the UCP2
(rs660339) genotypes (CC, CT+TT) were found to be significantly
associated with standing-long-jump scores (P<0.02). Children with
the GG genotype of PPY (rs231472) or the CT+TT genotype of UCP2
(rs660339) had poorer performances than those with the CG+CC
genotype of PPY or the CC genotype of UCP.

Flexibility

Sit-and-reach flexibility test scores were used as a measure of lower
back and hamstring muscle flexibilities. Table 2 shows relations
between sit-and-reach scores and obesity-related genotypes. The
CDKN2B (rs10811661) (AA+AG, GG) and ADIPOQ (rs266729)
(CC, CG+GG) genotypes were associated with test scores (P<0.02).
Children with the GG genotype of CDKN2B (rs10811661) or the CC
genotype of ADIPOQ (rs266729) had significantly better scores than
those with the AA+AG genotype of CDKN2B or the CG+GG genotype
of ADIPOQ.

TABLE 3. Classification of genotypes by obesity risk and physical fitness levels.

Risk of Obesity*

Physical fitness

Low High
High CNR1I (rs1049353; GG)
GC (rs16847015; TG+GG) LEP (rs7799039; AA+AG)
PPY (1s231472: GG) HHEX (rs1111875; TT)
Low ' LRP5 (rs4988300; GG+GT)

UCP2 (rs660339; CT+TT)
ADIPOQ (rs266729; CG+GG)

NPY2R (rs2880415; CT+CC)
CDKN2B (rs10811661; AA+AG)

*Gene variants were divided into low and high risk of obesity groups as previously described [6].
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Classification of genotype by obesity and physical fitness

Table 3 provides a classification of genotypes by obesity and physical
fitness. To summarize, CNR1 (rs1049353; GG) was found to be
associated with a low risk of obesity and high physical fitness, where-
as LEP (rs7799039; AA+AG), HHEX (rs1111875; TT), LRP5
(rs4988300; GG+GT), NPY2R (rs2880415; CT+CC), and CDKN2B
(rs10811661; AA+AG) were associated with a high risk of obesity
and low physical fitness. GC (rs16847015; TG+GG), PPY (rs231472;
GG), UCP2 (rs660339; CT+TT) and ADIPOQ (rs266729; CG+GQ)
were related to a low risk of obesity and low physical fitness.

DISCU'S'S 1O N /5
The present study was undertaken to identify physical fitness-related
SNPs and to analyse the relationship between physical fitness and
major obesity-related genotypes in Korean children. The study revealed
significant (P<0.02) differences between the scores of the five
physical fitness elements for genotypes of CNRI (GG, P=0.010),
LEP (AA+AG, P=0.012), HHEX (TT, P=0.009), GC (TG+GG,
P=0.013), LRP5 (GG+GT, P=0.014), NPY2R (CT+CC, P=0.003),
PPY (GG, P=0.017), UCP2 (CT+TT, P=0.003), CDKN2B (AA+AG,
P=0.011) and ADIPOQ (CG+GG, P=0.006).

ACTN3, a speed gene, is known to be associated with athletic
status and muscle phenotypes [14]. However, ACTN3 genotype was
not included in the present study, because the genotype has not been
reported to be related to obesity or BMI. On the other hand, we found
a relation between speed and the CNR1 (rs1049353) genotype in
children; that is, the children with the GG genotype of CNR1 had
better speeds and accelerations. This association could be partially
explained by the ameliorative effect of cannabinoid agonists on mo-
tor symptoms of multiple sclerosis in both humans and animal mod-
els [15]. For aerobic endurance, obesity is associated with imbal-
ances in fatty acid trafficking between and within tissues and
cells [16]. Also, obese individuals have more type Il muscle fibres
than type | muscle fibres, which may reduce oxygen uptake. De
Araujo et al. [17] reported that children with a higher BMI have
lower maximal oxygen consumption levels. In the present study, we
observed that LEP and HHEX are related to aerobic endurance and
fitness, which is consistent with the findings of the previous stud-
ies [18, 20, 21]. Walsh et al. [18] found that leptin genetic variants
are associated with habitual vigorous or light intensity physical activ-
ity. Lakka et al. [19] found that polymorphic variations in the LEP
gene are associated with the magnitudes of the effects of regular
exercise on glucose homeostasis, and Zhao et al. [20] showed that
endurance exercise activates the signalling pathways induced by
leptin in the rat hypothalamus. Furthermore, it has been reported
that the HHEX gene exhibits differential DNA methylation and mRNA
expression in human adipose tissue in response to exercise [21].
Obesity has also been shown to be correlated with greater absolute
maximum muscle strength, which may be caused by chronic fat
mass overload on antigravity muscles. On the other hand, if maximum
muscular strength is normalized with respect to body mass, obese

people appear to be weaker [22]. In fact, in a Brazilian study, more
than 40% of obese children had a poor muscular strength/endur-
ance [23]. Tomlinson et al. [24] reported that high BMI and high
percentage of body fat are associated with lower skeletal muscle
contractile capacity in whole muscle and fascicular levels. Tomlinson
et al. [22] suggested that this relative weakness may be caused by
reduced mobility, neural adaptations, and changes in muscle mor-
phology. Kiel et al. [25] reported that polymorphisms in the low-
density lipoprotein receptor-related protein (LRP5) gene modulated
the relationship between physical activity (as determined using a
self-administered questionnaire) and bone mineral density. Neuro-
peptide Y (NPY) regulates appetite, and thus influences the develop-
ment of obesity. NPY was shown to be released after intense physi-
cal exercise [26], and neuropeptide Y mRNA expression was related
to recovery times after moderate-intensity and high-intensity exer-
cise [27]. Buemann et al. [28] found that a polymorphism in the
UCP2 gene was related to energy consumption-related exercise ef-
ficiency during acute exercise, and suggested that the UCP2 gene
not only affects basal metabolic rate but also influence energy con-
sumption during exercise. It was also reported that UCP2 affects
human physical performance by negatively regulating mitochondrial
ATP synthesis [29]. Interestingly, we also found an association be-
tween flexibility measurement and obesity-related physical fitness
genotypes. Our results parallel those of previous studies, which re-
ported that obese or overweight children show physically and func-
tionally lower flexibilities [30,31]. These studies demonstrate that
the different genotypes have unique functions with respect to the
control of insulin, bone mineral density, and energy consumption
during exercise, and our findings support the results of these previous
studies.

A comparison between the physical fitness-related SNPs identified
in the present study and the genes previously reported to be associ-
ated with performance and health-related fitness phenotypes, by
Rankinen et al. [9] and Bray et al. [8], revealed no common factors.
In the present study, we identified ten novel SNPs associated with
physical fitness from among 68 genes previously identified by the
systematic genome-wide functional screening of genes related to
physical fitness. In these previous studies, it was suggested that the
expression of CNR1 (GG), GC (TG+GG), PPY (GG), UCP2 (CT+TT)
and ADIPOQ (CG+GG) genotypes might lower the risk of obesity by
reducing fat mass [31-35], whereas the expression of LEP (AA+AG),
HHEX (TT), LRP5 (GG+GT), NPY2R (CT+CC), and CDKN2B
(AA+AG) genotypes was suggested to increase the risk of obesity by
reducing energy consumption [36-41]. The present study suggests
that children with the CNR1 genotype (GG) might achieve a high
level of physical fitness by steady exercise, and thus long-term exer-
cise programmes might be expected to benefit children with this
genotype. On the other hand, physical fitness was low in children
with the GC (TG+GG), PPY (GG), UCP2 (CT+TT), ADIPOQ (CG+GG),
LEP (AA+AG), HHEX (TT), LRP5 (GG+GT), NPY2R (CT+CC), or
CDKN2B (AA+AG) genotypes, which suggests children with these
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genotypes might not achieve satisfactory improvements in physical
fitness from long-term participation in exercise programmes.

Previous studies have reported that physical fitness reduces the
risk of chronic disease development, and that physical fitness-relat-
ed genomic factors should be considered in the management of
obesity [1,2]. In the present study, it was also found that physical
fitness related SNPs were associated with obesity. In other words,
our findings suggest that physical fitness is an important consideration
for the prevention and treatment of obesity, and that it is possible to
predict the efficacy of physical fitness using physical fitness-related
genotypes.

Table 3 provides a classification of SNPs with respect to physical
fitness and obesity risk. No genotype was found to be associated
with a high level of physical fitness and a high risk of obesity. How-
ever, associations were observed between CNR 1 genotype (GG) and
a low risk of obesity and a high level of physical fitness. This finding
indicates that children with CNR1 genotype (GG) are at low risk of
becoming obese because they have high exercise efficiencies. Some
SNPs, such as the LEP (AA+AG), HHEX (TT), LRP5 (GG+GT), NPY2R
(CT+CC), and CDKN2B (AA+AG) genotypes, were detected in the
low physical fitness/high obesity risk subgroup. Exercise programmes
are usually recommended for the prevention and management of
obesity in children, but this finding suggests that children with these
genotypes are predisposed to obesity despite exercise.

Our study is limited by its cross-sectional study design, and thus
a further cohort study is warranted. The present study was under-
taken on children based on the presumption that they are less af-
fected by their environments than adults. However, even if a child
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carries a particular gene, the gene may unavailable, as this depends
on the timing of its expression, and thus determined relations between
physical fitness and genotype may not fully reflect the effects of a
gene. The study was also limited by the relatively small sample size.
We attempted to overcome this and to avoid selection bias by ac-
cepting significance for P values of < 0.02 rather than < 0.05 and
using the method devised by Benjamini and Hochberg [13] to control
for FDRs. Furthermore, the present study was not designed to anal-
yse relationships between genotypes and physical fitness improve-
ments after exercise, and thus we are not in a position to predict
changes in physical fitness according to the presences of physical
fitness-related genes.

CONCLU SO /N S 5
In conclusion, 10 new physical fitness-related genotypes were iden-
tified among the 68 genotypes examined, that is, CNR1 (rs1049353;
GG), LEP (rs7799039; AA+AG), HHEX (rs1111875; TT),
GC (rs16847015; TG+GG), LRP5 (rs4988300; GG+GT), NPY2R
(rs2880415; CT+CC), PPY (rs231472; GG), UCP2 (rs660339;
CT+TT), CDKN2B (rs10811661; AA+AG), and ADIPOQ (rs266729;
CG+GG), which suggests that these genotypes influence the devel-
opment of physical fitness. We suggest that classification of genotypes
according to the achievement of physical fitness by exercise could
be used to predict the risk of obesity and to select appropriate inter-
vention programmes. These findings suggest that children participat-
ing in the same physical fitness improvement programme achieve
results that are dependent on genotypes. Further research is needed
to confirm our findings.
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