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Objective:  We  investigated  the  association  of IRX3  SNP rs3751723  with  anthropometric  characteristics
related  to adiposity  and  potential  relationships  with  FTO  SNP  rs9939609  in  a  population  of Brazilian
children  and  adolescents.
Methods: A  total  of 871  children  and  adolescents  between  7 and  17  years  of  age  were  recruited.  Adi-
posity  measurements  and  biochemical  parameters  were  assessed.  The  variants  were  genotyped  by
real-time  PCR.  Analysis  of multiple  linear  regression,  multiple  logistic  regression,  and  generalised  mul-
tifactor dimensionality  reduction  (GMDR)  adjusted  for  sex,  age  and  ethnicity  were  applied  to  test  the
polymorphisms  association  with  obesity-related  phenotypes  and  the  interaction  between  them.
Results:  The  analyses  showed  that  IRX3 was  associated  with  obesity  and  fat percentage  (BF%).  An  asso-
ciation  of  FTO  rs9939609  with  body  mass  index  (BMI)  Z-Score  and  with  waist  circumference  (WC)  was
detected.  The  odds  ratios  (OR)  showed  that  IRX3  rs3751723  was  associated  with  risk  of  obesity  in addi-
tive  model  (p = 0.017),  recessive  model  (p =  0.016)  and  with  high  BF%  in all models.  FTO  rs9939609  was
associated  with  risk  of obesity  in  additive  model  (p  =  0.031),  recessive  (p  =  0.033)  and  with  altered  WC  in

all  models.  GMDR-based  predictive  models  for the  risk  of  obesity,  altered  WC  and  high  BF%  adjusted  by
age,  ethnicity  and  sex  suggested  no  interaction  of the  two  loci.
Conclusions:  The  genetic  variants  rs3751723  and  rs9939609  have  an  influence  on the  characteristics  of
adiposity;  however,  the  effects  of IRX3  and  FTO  investigated  polymorphisms  are  independent  in relation
to  adiposity  parameters.

©  2019  Published  by  Elsevier  Ltd  on behalf  of  Asia  Oceania  Association  for  the  Study  of  Obesity.
ntroduction

Obesity is one of the greatest health problems in the world

1] It is linked to increases in the risk of hypertension, car-
iovascular diseases, type 2 diabetes, and other diseases [2,3].
urthermore, obesity is complex phenotype [4] with heritability

Abbreviations: BMI, body mass index; BF%, body fat percentage; FTO, fat mass and
besity; GMDR, generalised multifactor dimensionality reduction; GWAS, genome-
ide association studies; IRX3, iroquois homeobox 3; SNP, single nucleotide
olymorphisms; TC, total cholesterol; TG, triglycerides; WC,  waist circumference;
HO, World Health Organisation.
∗ Corresponding author at: Department of Basic Health Sciences, Federal Univer-

ity of Health Sciences of Porto Alegre, Rua Sarmento Leite, 245/403, CEP 90050-170,
orto Alegre, RS, Brazil.

E-mail address: mariluf@ufcspa.edu.br (M.  Fiegenbaum).

ttps://doi.org/10.1016/j.orcp.2019.01.005
871-403X/© 2019 Published by Elsevier Ltd on behalf of Asia Oceania Association for th
estimates between 40 and 70%. Several genes that have expres-
sion in the hypothalamus and that play roles in regulating appetite,
as well as diverse energy metabolic pathways, are known to be
involved [5]. Genome-wide association studies (GWAS) showed
reproducible associations of fat mass and obesity (FTO) intronic
gene variants with a higher risk of obesity [6,7]. Although the
molecular mechanisms that link FTO noncoding variants with obe-
sity were not immediately obvious, subsequent studies in mice
showed that FTO expression levels influence body composition
phenotypes [8,9].

A recent study showed that noncoding sequences within the
FTO gene associated with obesity are functionally connected at a

500 kb downstream distance with the homeobox 3 Iroquois (IRX3)
gene [10]. IRX3 gene is located on 16q12.2 and has four exons [11],
is expressed in the neural tube, lateral mesoderm and early embry-

e Study of Obesity.
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nic tissues [12]. However, its expression has also been functionally
mplicated in long-distance susceptibility loci associated with obe-
ity [13]. Recently, it was demonstrated that FTO SNPs associated
ith obesity (especially rs8050136, rs1421085, rs9939609 and

s17817449) are within a region that regulates the IRX3 gene [14].
 subsequent study with the variant rs3751723 which is located

n the 5’UTR region of the IRX3 gene, showed a strong linkage
isequilibrium between FTOrs17817449-IRX3rs3751723, and also,

 high-order gene-gene interaction for obesity (FTOrs9939609,
TOrs17817449 and IRX3rs3751723) [15].

In Brazil, the prevalence of overweight and obesity among adults
s 52.5% [16]. This scenario is not different among children and ado-
escents, reaching 41% prevalence [17]. Brazil is a high admixture
ountry, with Europeans, Africans and Native Americans [18] repre-
enting the main ethnic contributions. The population of southern
razil, where this study occurs, is composed mainly of European
escent, with a contribution of 8 to 13% of Africans [19]. The effect
f the FTO gene on obesity in children and adolescents was shown
n Brazilian populations [20,21], but none investigated the effect
f IRX3 and FTO gene variants. Considering that FTO SNPs effects
n obesity may  be linked to genetic variation of IRX3 gene, our
tudy aimed to analyse the association of IRX3 SNP rs3751723 with
nthropometric characteristics related to adiposity and its relation
ith the FTO rs9939609 in a population of Brazilian children and

dolescents.

aterials and methods

tudy design and subjects

Participants were recruited between March 2014 and December
015. The participants were 871 children and adolescents between

 and 17 years of age attending public and private schools in Santa
ruz do Sul, Rio Grande do Sul, Brazil and members of the Phase III
chool Health Study [22]. All students were invited to participate
n the survey, and their parents or guardians signed a free informed
onsent form. The study included apparently healthy subjects, who
id not have restrictions for blood collections. The study protocol
as approved by the Research Ethics Committee of the University

f Santa Cruz do Sul (UNISC) under number 714 216/14 and by
he Federal University of Health Sciences of Porto Alegre (UFCSPA)
nder number 995 205/15. This cross-sectional study has a sample
ize representative of the total number of students enrolled in the
th Regional Education Coordination of Rio Grande do Sul and the
unicipal Department of Education of Santa Cruz do Sul. For the

ample size calculation, the Nea Research Division [23] formula was
pplied: s = X2 NP(1 − P)/d2 (N − 1) + X2P(1 − P), was  used. Where s
s the required sample size, X2 is the value of chi-square for one
egree of freedom, N is the population size, P is the population pro-
ortion, and d is the degree of accuracy expressed as a proportion.
he calculation suggested that, for the 20.380 students enrolled,
he sample should consist of 392 students, with an error of 5%.

The population from Southern Brazil is ethnic mixed [24]; thus,
he ethnicity determination was made according to Parra et al. [25]
ased on an evaluation of the following phenotypic characteristics:
kin color in the medial part of the arm; color and texture of hair;
nd the shape of the nose and lips. In this framework, 75% of the
ubjects were determined to be European descendants.

nthropometric and biochemical measurements
Birth weight was recruited nominally through a questionnaire
elf-referred by parents or guardians. The height (coupled sta-
iometer) and body weight were measured using a Welmy  scale
Welmy: 15416, Santa Bárbara D’Oeste-SP, Brazil). Using the for-
 Clinical Practice 13 (2019) 137–142

mula BMI  = weight/height2 (kg/m2), the BMI  of each participant
was calculated. The body mass index (BMI) Z-score were analysed
according to the World Health Organisation criteria based on sex
and age, was categorised as ≤+1SD, normal; >+1SD, overweight;
and >+2SD obese [26].

Waist circumference (WC) was measured using the parameters
established by Taylor et al. [27], classified as the normal circum-
ference (percentile ≤80) and the altered (percentile >80). Body fat
percentage (BF%) was  measured using a Lange

®
(Beta Technology

Incorporated, Cambridge, USA) compass to measure triceps and
subscapular cutaneous skin folds. Then, the equation of Slaugh-
ter et al. [28] was  applied (considering sex, age and puberty) and
the values were classified according to the criteria established
by Lohman [29], in two  classifications: (1) normal (boys <20%,
girls <25%) and (2) high (boys ≥20%, girls ≥25%). The technicians
responsible for the anthropometric measurements were previously
trained by physical education professionals and remained the same
throughout the collection.

Blood was  collected by venipuncture after 12 h of fasting. Mea-
surements of total cholesterol (TC), HDL-C cholesterol, triglycerides
(TG) and glucose were performed using commercial kits from
Kovalent (Kovalent do Brazil Ltda, São Gonç alo, Rio de Janeiro).
The Friedewald equation [30] was used for the calculation of
LDL-C cholesterol. Total cholesterol, LDL-C and TG were classified
as normal and high (TC >199.9 md/dL, LDL-C >129.9 md/dL, TG
>99.9 md/dL ≤9 years and >129.9 md/dL ≥10 years), while HDL-
C was  classified as normal and low (<39.9 md/dL) [31]. Glucose was
considered normal at ≤99 mg/dL and as prediabetes at levels of
99.9 mg/dL to 125.9 mg/dL [32].

Genotyping

The salting-out method was  used to extract DNA [33] from
500 �l of each blood sample. Subsequently, it was  quantified
in the NanoDrop 2000c spectrophotometer (Thermo Scien-
tific, Wilmington, USA). TaqmanTM allelic discrimination assays
(Applied Biosystems, Foster City, CA, USA) for genotyping the FTO
polymorphisms rs9939609 and IRX3 rs3751723 were performed
according to the manufacturer’s instructions. Genotype calling was
performed with the Taqman Genotyper Software v1.3 (Applied
BiosystemsTM). TaqManTM assays C 27476879 10 (rs3751723) and
C 30090620 10 (rs9939609) and Master Mix  PCR Universal were
purchased from Applied Biosystems (Foster City, CA, USA).

Statistical analyses

Continuous variables were expressed as the mean (±standard
deviation). Allele frequencies were estimated by gene count-
ing. The allelic and genotype distribution between groups and
Hardy-Weinberg equilibrium were tested using the chi-square
test. Linkage disequilibrium (D′ and r2) between polymorphisms
was calculated using Haploview 4.2 software [34]. Multiple linear
regression adjusted for sex, ethnicity and age was  used to evaluate
the risk of IRX3 and FTO genotypes on adiposity (BMI Z-Score, WC
and BF%). Multiple logistic regression was carried out to estimate
the FTO and IRX3 genotypes risk for obesity-related phenotypes
(obesity, altered WC and high BF%). Additive, dominant and reces-
sive models were tested. Statistical analyses were performed using
SPSS 23.0 for Windows (SPSS, Chicago, USA). To examine poten-
tial FTO-IRX3 interaction, we  applied the generalised multifactor
dimensionality reduction (GMDR) approach and the model that

maximised testing accuracy and cross-validation consistency (CVC)
was choose as the best model (version 0.9, http://www.ssg.uab.
edu/gmdr/). A p-value <0.05 was considered statistically signifi-
cant.

http://www.ssg.uab.edu/gmdr/
http://www.ssg.uab.edu/gmdr/
http://www.ssg.uab.edu/gmdr/
http://www.ssg.uab.edu/gmdr/
http://www.ssg.uab.edu/gmdr/
http://www.ssg.uab.edu/gmdr/
http://www.ssg.uab.edu/gmdr/
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Table  1
Qualitative and quantitative anthropometric and biochemical features of the participants (n = 871).

Variables N (%) IRX3 rs3751723 P

GG GT TT

Sex 0.340
Female 481 (55.2) 196 (40.7) 233 (48.4) 52 (10.8)
Male 390 (44.8) 171 (43.8) 170 (43.6) 49 (12.6)

Age  range 0.086
Child (7–9 years) 202 (23.2) 93 (46.0) 94 (46.5) 15 (7.4)
Adolescent (10–17 years) 669 (76.8) 274 (41.0) 309 (46.2) 86 (12.9)

Ethnicity 0.071
European ancestry 481 (71.4) 193 (40.1) 226 (47.0) 62 (12.9)
Other ancestry 193 (28.6) 86 (44.6) 94 (48.7) 13 (6.7)

Birth weight (kg)a 0.195
Normal 698 (90.2) 292 (41.8) 331 (47.4) 75 (10.7)
Overweight 76 (9.8) 37 (48.7) 28 (36.8) 11 (14.5)

BMI  Z-scoreb 0.103
Normal weight 489 (56.2) 194 (39.7) 232 (47.4) 63 (12.9)
Overweight 219 (25.2) 90 (41.1) 104 (47.5) 25 (11.4)
Obese 162 (18.6) 83 (51.2) 66 (40.7) 13 (8.0)

Waist circumference/WC (cm)c 0.532
Normal 687 (78.9) 283 (41.2) 322 (46.9) 82 (11.9)
Altered 184 (21.1) 84 (45.7) 81 (44.0) 19 (10.3)

Body fat percentage (BF%)d 0.031
Normal 561 (64.4) 222 (39.6) 264 (47.1) 75 (13.4)
High 310 (35.6) 145 (46.8) 139 (44.8) 26 (8.4)

Total Cholesterol (TC) (mg/dL)e 0.380
Normal 484 (56.1) 201 (41.5) 233 (48.1) 50 (10.3)
High 379 (43.9) 164 (43.3) 167 (44.1) 48 (12.7)

LDL  Cholesterol (mg/dL)f 0.715
Normal 712 (82.5) 303 (42.6) 326 (45.8) 83 (11.7)
High 151 (17.5) 62 (41.1) 74 (49.0) 15 (9.9)

HDL Cholesterol (mg/dL)g 0.509
Normal 853 (98.8) 359 (42.1) 397(46.5) 97 (11.4)
Low  10 (1.2) 6 (60.0) 3 (30.0) 1 (10.0)

Triglycerides (TG) (mg/dL)h 0.133
Normal 615 (71.3) 250 (40.7) 288 (46.8) 77 (12.5)
High 248 (28.7) 115 (46.4) 112 (45.2) 21 (8.5)

Glucose (mg/dL)i 0.701
Normal 813 (94.2) 341 (41.9) 379 (46.6) 93 (11.4)
High 50 (5.8) 24 (48.0) 21 (42.0) 5 (10.0)

p-Value Chi-square test.
Significance of bold values P < 0,05.

a Birth weight: normal ≤3999 kg, Overweight ≥4000 kg.
b BMI  Z-score: Low/Normal Weight <+1SD, Overweight >+1SD, Obese >+2SD.
c WC  (according to sex and age): normal percentile ≤80 and altered percentile >80.
d Body fat percentage (BF%): normal (boys <20%, girls <25%) and high (boys ≥20%, girls ≥25%).
e high Total Cholesterol (TC) >199.9 mg/dL.
f high LDL Cholesterol >129.9 mg/dL.
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g low HDL Cholesterol <39.9 mg/dL.
h high Triglycerides (TG) >99.9 mg/dL (<9 years) and >129.9 mg/dL ( >10 years).
i high Glucose: ≥100 mg/dL.

esults

Socio-demographic, anthropometric and biochemical variables
re described for all samples and according to IRX3 genotypes in
able 1. The predominant sex was female (55%) and the majority
ere adolescents (76%). Overall, 43.8% of subjects were classified

s overweight or obese using BMI  Z-score cut-off values. Hyperc-
olesterolemia (measured by total cholesterol levels) was  found in
3.9% of the study sample. In this initial analysis, the IRX3 TT geno-
ype was more frequently observed among subjects with normal
ody fat percentage (BF%) (p = 0.031).

Genotypic distributions for IRX3 rs3751723 and FTO rs9939609
ere in agreement with Hardy-Weinberg equilibrium. No link-

ge disequilibrium was detected between IRX3 rs3751723 and FTO
s9939609 SNPs (D′ = 0.07, r2 = 0).

A multiple linear regression model was constructed to identify

he effect of the SNPs studied on the anthropometric character-
stics of adiposity (Table 2). This analysis revealed that age was
ignificantly associated with the three parameters of adiposity
p < 0.05) and that sex was associated with WC  (p = 0.020) and BF%
(p < 0.001). Ethnicity was not associated with obesity-related phe-
notypes (data not shown). The test also confirmed the association
of IRX3 rs3751723 with BF% (GG genotype  ̌ = 2.341, p = 0.014).
An association of FTO rs9939609 with BMI  Z-Score (TA genotype:

 ̌ = 0.217, p = 0.037 and AA genotype:  ̌ = 0.383, p = 0.014) and with
WC (AA genotype:  ̌ = 3.233, p = 0.008) was  detected. No interaction
was observed between IRX3 rs3751723-FTO rs9939609 polymor-
phisms (p = 0.576 for interaction on BMI  Z-Score; p = 0.647 for WC
and p = 0.599 for BF%) (data not shown).

Table 3 shows the adjusted odds ratios (OR) for obesity,
altered WC  and high BF% according FTO and IRX3 genotypes.
IRX3 rs3751723 was  associated with risk of obesity in additive
model (GG genotype, OR = 2.61, 95%CI = 1.18–5.76, p = 0.017), reces-
sive model (GG × GT + TT genotypes, OR = 1.62, 95%CI = 1.09–2.39,
p = 0.016) and with high BF% in all models (additive, dominant
and recessive). FTO rs9939609 was  associated with risk of obe-

sity in additive model (AA genotype, OR = 1.89, 95%CI = 1.06–3.73,
p = 0.031), recessive model (AA × AT + TT genotypes, OR = 1.77,
95%CI = 1.05–3.00, p = 0.033) and with altered waist circumference
in all models (additive, dominant and recessive models). No inter-
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Table  2
Multiple linear regression of BMI  Z-Score, WC and BF% with sex, age and IRX3 and
FTO  SNP genotypes.

Variable � ± Standard error P

BMI  Z-Scorea

Constant 1.815 ± 0.297 <0.001
Female sex −0.036 ± 0.097 0.709
Age  (years) −0.103 ± 0.017 <0.001
IRX3 rs3751723

GT 0.214 ± 0.161 0.183
GG  0.296 ± 0.163 0.069

FTO rs9939609
TA 0.217 ± 0.104 0.037
AA  0.383 ± 0.155 0.014

WC  (cm)b

Constant 50.996 ± 2.336 <0.001
Female sex −1.793 ± 0.766 0.020
Age (years) 1.412 ± 0.136 <0.001
IRX3 rs3751723

GT 1.440 ± 1.265 0.256
GG  1.692 ± 1.283 0.188

FTO rs9939609
TA 1.294 ± 0.817 0.114
AA  3.233 ± 1.220 0.008

BF%c

Constant 6.346 ± 1.737 <0.001
Female sex 5.953 ± 0.569 <0.001
Age  (years) 0.280 ± 0.101 0.006
IRX3 rs3751723

GT 1.242 ± 0.941 0.187
GG  2.341 ± 0.954 0.014

FTO  rs9939609
TA 0.536 ± 0.607 0.377
AA  1.361 ± 0.907 0.134

�: Coefficient of regression beta corresponding to an increase or a decrease in the
analysed variables.
Reference genotypes: TT (IRX3 rs3751723) and TT (FTO rs9939609).
Significance of bold values P < 0,05.

a Model r2 = 0.067; FTO TA partial r2 = 0.006; FTO AA partial r2 = 0.009.
b Model r2 = 0.151; FTO AA partial r2 = 0.010.
c Model r2 = 0.163; IRX3 GG partial r2 = 0.009.

Table 3
Multiple logistic regression for obesity, altered waist circumference (WC) and high body 

Genotypes OR (95% CI) obesity P OR (95%

IRX3
TT 1 1 

GT  1.77 (0.80–3.93) 0.158 1.34 (0.
GG  2.61(1.18–5.76) 0.017 1.55 (0.

Dominant
TT  1 1 

GT  + GG 1.62 (1.09–2.39) 0.016 1.21 (0.
Recessive

TT  + GT 1 1 

GG  2.15 (0.99–4.63) 0.051 1.44 (0.

FTO
TT  1 1 

TA  1.12 (0.73–1.72) 0.599 1.49 (0.
AA  1.89 (1.06–3.73) 0.031 2.21 (1.

Dominant
TT  1 1 

TA  + AA 1.27 (0.85–1.90) 0.247 1.63 (1.
Recessive

TT  + TA 1 1 

AA  1.77 (1.05–3.00) 0.033 1.76 (1.

Interaction model
FTO AA (recessive) 2.25 (1.11–4.54) 0.023 2.10 (1.
IRX3  GG (recessive) 1.77 (1.15–2.71) 0.009 1.29 (0.
FTO  x IRX3 0.59 (0.20–1.73) 0.339 0.62 (0.2

Obesity: >+2SD, altered WC:  percentile >80, high body fat percentage (BF%): boys ≥20%, g
IRX3  rs3751723; FTO rs9939609. 95% CI, 95% confidence interval; OR, odds ratio OR adjus
 Clinical Practice 13 (2019) 137–142

action between FTO rs9939609- IRX3 rs3751723 was  observed
(Table 3).

Additionally, we tested GMDR-based predictive models for the
risk of obesity, altered WC and high BF% adjusted by age, ethnicity
and sex. The predictive model for the risk of obesity (BMI Z-score
>+2SD), altered WC (p > 80) and high BF% (boys ≥20% and girls
≥25%), suggested no interaction of the two  loci. Single locus models
(model with the smallest number of attributes) showed the highest
cross validation consistency (CVC) and nearby the highest accuracy
(Table 4).

Discussion

In the present study, we explored the association of the SNP IRX3
rs3751723 with anthropometric characteristics associated with
adiposity and potential relationships with the SNP FTO rs9939609
in a population of Brazilian children and adolescents. To the best of
our knowledge, this study is the first to report the association of the
IRX3 gene with adiposity measurements in this population. In our
results, it was  possible to verify that IRX3 rs3751723 was associated
with obesity and BF%, whereas FTO rs9939609 was  associated with a
higher BMI  Z-Score, obesity and WC.  No linkage disequilibrium was
observed between the analysed SNPs, and there is no interaction
effect of these SNPs on anthropometric evaluated parameters.

The prevalence of obesity grows alarmingly in Brazil [16].
According to the national school health survey conducted in 2015
[35], 31.5% of the youngsters were overweight and obese. Among
the Brazilian regions the highest index was in the southern region
(38.4%) [35]. An earlier study with the same population of the
present study showed prevalence of overweight and obesity of
41.3% in boys and 38.9% in girls [22]. The growth is evident, since
43.8% of the participants in the present study were overweight and
obese.

The functional role of IRX3 in obesity remains undefined. A study

of IRX3 deficient mice showed a marked reduction in adiposity
with lower fat deposits as well as a reduction in adipocyte size
and darkening of white adipose tissue [10]. A recent study with
1777 young Chinese showed that 17 rare variants of this gene were

fat percentage (BF%).

 CI) altered WC P OR (95% CI) High BF% P

1
68–2.65) 0.388 1.73 (0.96–3.10) 0.065
78–3.06) 0.207 2.24 (1.24–4.06) 0.007

1
83–1.76) 0.315 1.42 (1.03–1.96) 0.032

1
75–2.76) 0.281 1.96 (1.11–3.43) 0.019

1
98–2.27) 0.062 1.09 (0.77–1.54) 0.594
25–3.89) 0.006 1.24 (0.75–2.06) 0.395

1
09–2.43) 0.016 1.13 (0.81–1.56) 0.469

1
06–2.92) 0.029 1.18 (0.71–1.89) 0.181

08–4.06) 0.028 1.48 (0.79–2.73) 0.215
86–1.96) 0.214 1.52 (1.08–2.15) 0.017

3–1.85) 0.430 0.59 (0.22–1.54) 0.284

irls ≥25%.
ted for sex, ethnicity and age.
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Table  4
GMDR analysis for IRX3 rs3751723 and FTO rs9939609 for obesity-related phenotypes.

Anthropometrics Model Testing accuracy (%) CVC OR (95% CI) P

Obesity
IRX3 55.6% 10/10 1.78 (0.27–11.72) 0.441
IRX3xFTO  56.4% 10/10 1.90 (0.28–12.83) 0.439

Altered WC
FTO 55.2% 10/10 2.00 (0.33–12.10) 0.389
IRX3xFTO  51.8% 10/10 1.44 (0.25–8.20) 0.492

High  BF%
IRX3 54.2% 10/10 1.62 (0.36–7.41) 0.363
IRX3xFTO 54.5% 10/10 1.73 (0.38–7.74) 0.345
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besity: >+2SD, altered WC:  percentile >80, high body fat percentage (BF%): boys ≥
5% CI, 95% confidence interval; OR, odds ratio; CVC, Cross-validation consistency.

ssociated with human obesity. In addition, most of these variants
re highly conserved among several species, which implies func-
ional importance of the IRX3 protein [36]. This may  explain the
nfluence of IRX3 on obesity and BF% found in the present study,
upporting the idea that IRX3 participates in body mass composi-
ion regulation. In our study, we observed an association between
ncreased risk for obesity and BF%, especially in patients with the
G genotype. A study carried out in Malaysia also found asso-
iation of GG genotype with greater risk for obesity (OR = 1.72,
5%CI = 1.02–2.91) [37]. However, studies with the Indian popu-

ation showed that the TT genotype (OR = 3.3; 95%CI = 1.8–3.6) was
ssociated with a higher risk for obesity [38], with T allele more fre-
uently observed among obese (15.4%) than in non-obese subjects
6.9%) [15]. Another study with 333 Chinese adolescents identified
ther variants of IRX3 (rs8053360 and rs1126960) that were asso-
iated with birth weight, a higher BMI  and metabolism of AST/ALT
ransaminases [13]. Such data support the idea that the IRX3 gene

ay  be associated with the development of obesity.
In previous studies [10,13,37–39], IRX3 rs3751723 and FTO

s9939609 were associated with obesity-related phenotypes. In
razil, only FTO gene polymorphisms were investigated. A study
ith 16 thousand children and adolescents showed association

f the FTO SNP rs9939609 with higher BMI  (p = 4.7 × 10−10) [20],
he same was observed with BMI  Z-Score (p = 0.036) in one study
ith children in southern Brazil [21], but no study addressed the

RX3 gene in our country. In our evaluation of the combination of
he IRX3 rs3751723 and FTO rs9939609 genotypes, IRX3 and FTO
ere independently associated with to obesity parameters. In con-

rast, a study with 480 adults of Indian origin analysed gene-gene
nteraction using GMDR, showing genotypic combinations of IRX3
s3751723, FTO rs9939609 and FTO rs17817449 SNPs interacting
or obesity risk (OR = 3.5, 95%CI = 2.1–5.9, p < 0.001) [15]. The cause
f this discrepancy with our results may  be due to age, ethnic
ifferences between populations, different linkage disequilibrium
etween IRX3-FTO gene variants and non-combination with FTO
s17817449 variant. In addition, these controversial results indicate
he existence of other factors that may  be related to the effect of FTO
nd its relation with neighboring genes. Landgraf et al. [40] showed
hat only lean children who carry risk haplotypes of FTO for obesity
ad a reduction in the expression of IRX3. This shows that there may
e a relationship between genes and that the environmental con-
ext may  interfere. Additionally, it is speculated that a set of factors
uch as lifestyle (alcohol consumption and fast-food intake) and
enetic outlook appear to be important components to be mutu-
lly considered in population study designs of overweight obesity
anagement programs [37]. In this sense, additional genetic sus-

eptibility and gene expression studies are needed to clarify the
esponsible genes. Furthermore, the effect of the IRX3 protein on

uman metabolism needs to be resolved.

This study is the first to analyse a variant of the IRX3 gene in a
oung Brazilian population; however, some limitations are recog-
irls ≥25%.

nised. The sample size is representative of this population, but some
studies use larger sample sizes in this type of study. We  conclude
that the genetic variants rs3751723 and rs9939609 influence the
characteristics of adiposity in a sample of Brazilian children and
adolescents. Although the FTO gene has been identified in several
association studies in diverse populations, its role in the develop-
ment of obesity still needs to be clarified. This study showed that the
effect of IRX3 and FTO investigated SNPs are independent predic-
tors of adiposity parameters in this population. Additional research
is needed to clarify the interaction between these genes.
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