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ABSTRACT. Depressive and anxiety disorders have been associated
with body mass index (BMI), since mesolimbic reward circuits, such
as dopamine secretion and the expression of dopamine neuronal
receptors, have been related to weight in people with mental issues.
However, few studies have analyzed polymorphisms of genes of the
dopaminergic system in healthy populations. We evaluated
association of BMI with four polymorphisms of genes related to the
dopaminergic system, DRD4, DAT1, BDNF, and COMT, in young
adults without depression or anxiety disorders. Blood samples of 62
subjects were analyzed for polymorphisms of VNTR DRD4 and
DAT1 by PCR, and the SNPs of BDNF and COMT genes by Sanger
sequencing, as well as their score in the Beck Depression and Beck
Anxiety inventories. We also measured the level of physical activity,
height (cm), weight (kg), and calculated BMI. Multivariate linear
regression was used to analyze associations between BMI and
polymorphisms. Allelic frequencies of the four genes in the sample
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studied were in Hardy-Weinberg equilibrium. BMI was higher in
male subjects (p<0.05). Multivariate linear regression did not show
an association between the polymorphisms with BMI after adjusting
by sex. The BMI of young adults without depression and anxiety
disorders was not found to be associated with polymorphisms of the
3rd exon of DRD4, 3°’UTR of DAT1 genes, rs6265 BDNF, or rs4680
COMT.

Key words: Body index mass; Single nucleotide polymorphism; VNTR
gene polymorphism; Mental health

INTRODUCTION

Mental disorders such as anxiety and depression have been associated with higher
body mass index (BMI) (Luppino et al., 2010); BMI is an indicator of the health state of a
person concerning their weight and adiposity (Stice et al., 2010). In 2016, the BMI of the
world population indicated that 39% and 13% were overweight and obese, respectively
(World Health Organization, June 9, 2021). BMI can be influenced by mental health and
other factors such as diet, physical activity, and genetic factors (40-70% heritability)
(Herrera and Lindgren, 2010). Different genetic variants such as variable number tandem
repetitions (VNTR) (Ariza et al., 2012; Sikora et al., 2013; Gonzalez-Giraldo et al., 2018)
and single nucleotide polymorphisms (SNPs) (Beckers et al., 2008; Skledar et al., 2012)
related to the dopaminergic system have been associated with BMI (Balcioglu and
Wurtman, 1998; Fuemmeler et al., 2008) and mental disorders (Alfimova et al., 2014;
Hosang et al., 2014; Gafarov et al., 2021).

Among the genes related to the dopaminergic system that have been associated with
BMI in different populations are VNTRs of 48-bp repeats in exon 3 of the dopamine D4
receptor gene (DRD4) (Ariza et al., 2012; Stice et al., 2010), the VNTR of 40 bp in the
UTR-3' region of dopamine transporter gene (DAT1) gene (Sikora et al., 2013; Gonzélez-
Giraldo et al., 2018); the SNP Val66Met (rs6265) in human brain-derived neurotrophic
factor (BDNF) (Beckers et al., 2008); and the SNP Vall158(rs4680) in Metcatechol-o-
methyltransferase gene (COMT) (Kring et al., 2009). However, most studies that have
studied the relationship between BMI and polymorphism in DRD4, DAT1, BNDF, and
COMT genes (Kring et al., 2009; Ariza et al., 2012; Sikora et al., 2013; Zamani et al., 2019)
have not taken into account the mental state of the participants, which can be a confounding
factor. Therefore, the objective of this study was to determine if BMI is associated with
polymorphisms of genes related to the dopaminergic system DRD4, DAT1, BDNF, and
COMT, in young adults without depression or anxiety disorders.

MATERIAL AND METHODS

We performed a cross-sectional study in the city of Santiago de Cali-Colombia to
evaluate association of BMI with four polymorphisms of genes related to the dopaminergic
system, DRD4, DAT1, BDNF, and COMT, in young adults without depression or anxiety.
We recruited a total of 143 subjects, of which 62 met inclusion criteria: 1) undergraduate
students, 2) ages between 18 and 25 years. The exclusion criteria were: 1) consumption of
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psychoactive substances such as marijuana, cocaine, hallucinogens, tranquilizers, and
stimulants, 2) daily consumption or weekly alcohol drinkers, and 3) diagnosis of psychiatric
or neurological disorders. All participants signed an informed consent, approved by the
institutional ethics committee, in accordance with resolutions 8430 of 1993 and 2378 of
2008 of the Colombian legislation, and with the international declaration of Helsinki.

Anthropometric and physical activity

Body weight was measured with a digital scale to the nearest 0.1 kg, and height was
measured using a stadiometer; BMI was calculated as weight in kilograms divided by the
height in meters squared. BMI between 25 to 30 was considered overweight and BMI<18
was considered underweight. The International Physical Activity Questionnaire (IPAQ) was
used to estimate the level of physical activity and to classify subjects as sedentary (low
level) or active (moderate and high level).

Evaluation of anxiety and depression

To establish the level of anxiety and depression symptoms, a professional
psychologist applied the Beck Depression Inventory (BDI) and the Beck Anxiety Inventory
(BAI) respectively (Beck et al., 2011; Beck and Steer, 2011). BDI levels below 19 and BAI
levels below 15 were the cut-off points to rule out depression and anxiety in the subjects.

DNA extraction and genotyping

DNA was isolated from peripheral blood leukocytes obtained in anticoagulated
tubes with EDTA and stored at -80°C. DNA extraction was performed with the DNeasy
Blood and Tissue Kit (Cat No. 69506 QIAGEN). The concentration was determined
spectrophotometrically, measuring absorbance (A) at 260 nm, with the following formula:
[DNA ng / pL] = A260nm x 50 ng / pL. The purity of the DNA was estimated with the ratio
A260nm / A280nm. Then DNA was stored at -30°C.

To genotype the VNTR in exon 3 of the DDR4 gene, we used the primers F:5’-
GCGACTACGTGGTCTACTCG-3', R:5’-AGGACCCTCATGGCCTTG-3' (Balcioglu and
Wurtman, 1998). PCR reaction included 20—40 ng of genomic DNA, 0.5 M of each primer,
and 1x GoTaq Green Master (Thermo Scientific, Catalog No. M 7128). The amplification
program consists of initial denaturation at 95°C for 4 min, followed by 35 cycles of 95°C
for 30 sec, 54°C for 1 min, and 72°C for 1 min, and a final extension at 72°C for 5 min. For
the VNTR in region UTR 3’ of the DAT-1 gene, the DNA was amplified using primers
F:5-TGTGGTGTAGGGAACGGCCTGAG-3' and
R:5'CTTCCTGGAGGTCACGGCTCAAGG-3 (Waldman et al., 1998). The reaction for
PCR contained 100 ng of genomic DNA, 1x amplification buffer, 0.2mM dNTPs, 0.1 - 0.15
MM of each primer, 1.5 - 2.5mM MgCI2 and 0.2 - 0.33 IU of DNA polymerase Taq Phusion
(Thermo Scientific, Catalog No. F553L) The initial denaturation was at 98°C for 30 seg,
followed by 35 cycles at 95° C for 30 seg, the annealing and extension step was performed
in a single step at 72° C for 35s, and the final extension was at 72° C for 10 min. To
evaluate the VNTRSs, the PCR products were separated on a 2% agarose gel for 90 min at
70V and stained with Fluorescent Staining Dye (Smobio); then the bands were visualized to
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260 nm on a photo-documenter. The size of VNTRs was established by comparison
with a molecular weight standard of 50bp.

The SNPs of COMT rs4680 and BDNF rs6265 were genotyped by the Sanger
sequencing method. DNA fragments of COMT were amplified by PCR using the
following primers: F: 5’- CCAACCCTGCACAGGCAAGAT-3' and R: 5’-
CAAGGGTGACCTGGAACAGCG- 3' (Vijayakumari et al., 2015). For BDNF rs6265,
the DNA was amplified with the primers F: 3’-ACTCTGGAGAGCGTGAAT-5', R: 5'-
ATACTGTCACACACGCTC-3' (Chen et al., 2011). For each reaction, we used 20 ng
of genomic DNA, 0.2 mM of dNTPs, 1.5 mM of MgCI2, 1x Taq buffer HF, 0.02 U Taq
DNA polymerase (Phusion™ High-Fidelity DNA Polymerase, Thermo Scientific,
Catalog No. F553L) and 0.25 uM (COMT) — 0.2 uM (BDNF) of concentration each
primer. The amplification for both genes was carried out in a thermo-cycler (BIORAD),
with an initial denaturation at 98°C for 30 sec, followed by 30 cycles of 98°C for 10
sec., 66°C for the COMT gene or 59°C for the BDNF gene for 30 sec, and 72°C for 30
sec., and a final extension at 72°C for 10 min for both genes. After the amplification,
the purity and size of the bands were confirmed by gel electrophoresis. The PCR
products were sent to Macrogen Inc. (Seoul, South Korea) for the Sanger method
sequencing. The sequences were aligned and analyzed with the program Sequencher
5.4.6 (Corperation, n.d.).

Statistical analysis

The continuous variables are described as mean + standard deviation (SD) and
the categorical variables as relative frequencies in percentage. The Kolmogorov-
Smirnov test and Q-Q plots were used to test the normal distribution of the continuous
variables. The mean differences and frequency by sex were estimated with the unpaired
t-test and Chi-square (x2) test respectively. The deviation of the polymorphisms from
Hardy-Weinberg equilibrium was tested with a multi-allelic exact test (Graffelman and
Weir, 2018). Multivariate linear regression was used to analyze the association between
BMI with polymorphisms in DRD4, DAT-1, BDNF, and COMT. Due to the low
frequency of certain polymorphisms, homozygotes of minor alleles and heterozygotes
were grouped and compared with the major allele homozygotes. The analysis was
performed with R programming language with R-studio platform version 4.0.2(Team,
2019). A P-value <0.05 was considered significant.

RESULTS

The anthropometric characteristics and physical activity of the subjects are
presented in Table 1. The men had higher weight, height, and BMI, as well as
overweight frequency of when compared to women (P < 0.05). There were no
differences in the levels of physical activity by sex. The women and the men showed a
mean of 9.2 £ 5.3 and 7.2 £ 3.7 in the BDI and 8.41 + 4.85 and 6.50 £ 3.72 in the BAI
respectively. Both sexes showed low levels of depression and anxiety as is expected for
an apparently healthy population.

Genetics and Molecular Research 23 (1): gmr19161 ©FUNPEC-RP www.funpecrp.com.br


https://paperpile.com/c/Ml3mB7/qmaCh
https://paperpile.com/c/Ml3mB7/XHuLh
https://paperpile.com/c/Ml3mB7/q2keE
https://paperpile.com/c/Ml3mB7/vOR3N
https://paperpile.com/c/Ml3mB7/vOR3N
https://paperpile.com/c/Ml3mB7/uOBQq
https://paperpile.com/c/Ml3mB7/uOBQq

Dopaminergic genes not associated with BMI in young people 5

Table 1. Descriptive analysis of the anthropometric parameters and physical activity of study participants.

Total population Men Women

(62 (n=30) (n=32) p-value
Age (years) 20.1+1.4 20.4+15 20+1.3 0.203
Height (m) 1.67+0.87 1.73+0.66 1.56+0.29 35x10™
Weight (Kg) 64.1+11.5 71.4£10 57.4+85 1.9x10°
BMI (m*/Kg) 22.6+4 23.8+2.6 22.3+2.7 0.025
BMI Classification
Normal weight (n/%) 44 (36%) 18 (40%) 26 (60%) 0.07°
Overweight (n/%) 17 (27.4%) 12 (71%) 5 (29%) 0.03
Underweight (n/%) 1 (1.6%) 0 1 (100%) 0.49°
Physical activity
Sedentary (n/%) 13 (21%) 5 (17%) 8 (25%)
Active (n/%) 49 (79%) 25 (83%) 24 (75%) 0.44°

Chi-squared test.

The analysis of the distribution of polymorphism for DRD4, DAT1, BDNF, and
COMT showed that the population was in Hardy-Weinberg equilibrium (Table 2). For the
DRD4 gene, we identified five VTNR alleles (2R, 3R, 4R, 6R, 7R), the 4R allele was the
most frequent in the homozygous genotype, while the 3R allele was less frequent.
Regarding the DAT1 gene, four alleles were found (6R, 9R, 10R, 11R), with the 10R and
9R alleles being the most frequent, and the 11R and 6R alleles were rare variants in the
population studied. The SNPs with the highest frequency for the rs6265 BDNF and rs4680
COMT genes were G/G and G/C, respectively.

Table 2. Distribution of DRD4, DAT-1, BDNF and COMT-1 genetic polymorphisms in study participants.

Total population Men Women P-value
(n=62) (n=30) (n=32) Hardy-Weinberg
VTNR DRD-4
2R/2R 1.6% 3.3% 0%
4R/4R 41.9% 33.3% 50%
4R/2R 8.1% 13.3% 3.1%
4R/6R 4.8% 6.6% 3.1% 0.0958
4RITR 35.5% 36.7% 34.4% ’
6R/TR 3.2% 6.6% 0%
7RI2R 3.2% 0% 6.3%
6R/3R 1.6% 0% 3.1%
VTNR DAT-1
10R/10R 56.5% 50% 63%
10R/9R 33.9% 38% 30%
9R/9R 6.5% 9% 3.5% 0.844
10R/6R 1.6% 0% 3.5%
10R/11R 1.6% 3% 0%
SNPs BDNF (rs6265)
GIG 68.5% 70.4% 66.7%
AIA 3.7% 3.7% 3.7% 0.887
GIA 27.8% 25.9% 29.6%
SNPs COMT-1 (rs4680)
GIG 6.8% 8.7% 4.4%
C/iC 34.1% 21.7% 43.5% 0.112
GIC 59.1% 61.6% 52.2%
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The regression analysis showed an association between BMI and sex (f=1.54, 95%
Cl: 0.19; 2.89; P = 0.025) but did not show a relationship with the level of physical activity
(B=0.22, 95% CI: -1.44; 1.88) After adjusting the model for sex, no association was found
between BMI and genotypes 7R/7R of the DRD4 gene, 9R/10R of DAT1, and the SNPs
rs4680 of COMT and rs6265 BDNF (Table 3).

Table 3. Multiple regression to BMI for sex, age, and genotype DAT1, DRD4, BDNF, and COMT-1 in
study participants.

Non-adjusted models Sex adjusted models

B 95% ClI rAzd’“3ted Pvalue B 95% ClI rAzd’““ed P-value
Sex (masculine) 154 0.19; 2.89 0.065 0.02 - - - -
Age (years) 030 -0.17;0.79  0.009 0.208 0.30 -0.25;0.70  0.009 0.348
Physical Activity 056  -1.14;2.28  -0.009 0.51 0.37 -1.29;2.05  0.05 0.659
VTNR DDR4 (7R) 0.46 -1.11; 2.03 -0.012 0.559 0.32 -1.18;1.81 0.089 0.672
VNTR DAT1 (9R/10R) -0.56  -2.07;0.93 -0.007 0.45 -0.24  -1.70;1.22 0.078 0.743
COMT-1 (rs4680) -0.18  -1.77;1.42  -0.021 0.822 0.11 -1.35;1.58 0.146 0.877
BNDF (rs6265) 0.22  -1.44;1.88  -0.017 0.791 0.29  -1.30;1.89 0.179 0.714

DISCUSSION

The purpose of this study was to investigate the relationship between
polymorphisms of DRD4, DAT1, BDNF, and COMT1 genes with BMI in young subjects
without depression and anxiety disorders. We found several allelic variants, which, when
adjusted for sex and age, were not associated with BMI.

Among the allelic variants studied, we observed that VNTR 9R and 10R in the
DAT1 gene were the most frequent, which is in agreement with the results of studies in the
Colombian population (Fonseca et al., 2015; Ortega-Rojas et al., 2017; Gonzélez-Giraldo et
al., 2018), and other Latin populations such as Mexico (Martinez-Levy et al., 2013), and
Chile (Vieyra et al., 2003). The VNTR 9R of DATL1 has been associated with higher BMI
(43.6 £ 6.8) in Caucasian women (n=506) aged 18-84 years old (Sikora et al., 2013) and has
also been associated with low BMI (22.9 + 0.4) in young Colombian university students
aged 18-30 years old (n=232) (Gonzalez-Giraldo et al., 2018). However, our results for
DAT1 agree with what was reported in a sample of young healthy people from Turkey
(n=382), where no association of BMI was found with any of the VNTRs of the DATL1 gene
(Uzun et al., 2015).

The most frequent VNTR for the DRD4 gene was 4R, a finding that is similar to
that reported for Latin America (Vieyra et al., 2003; Fonseca et al., 2015; Gonzalez-Giraldo
et al., 2015;) and the European population (Ariza et al., 2012; Uzun et al., 2015). The
VNTR homozygous 4R has been related to low BMI (24.7 £ 2.8) ( Sikora et al., 2013;
Gonzalez-Giraldo et al., 2018). In contrast, the 7R allele has been associated with higher
BMI in adolescent girls (n= 44, age= 15.6 £ 0.96 years old)(Stice et al., 2010), adult women
with bulimia nervosa (n=163, age= 19-40 years old) (Ariza et al., 2012), and women with
the seasonal affective disorder (n=108, age= 20- 65 years old) (Levitan et al., 2004).
However, our results indicate that VNTRS 7R is not associated with BMI in the same way
as was reported in Hispanic-American adolescents between 12 and 18 years old, diagnosed
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with psychiatric disorders (n=2600) (Guo et al., 2007; Levitan et al., 2004), and by (Uzun et
al., 2015) in Turkish obese young people.

The SNP rs6525 for BDNF was the most representative allele, which has been
reported with similar frequency in Latin American (Fonseca et al., 2015; Ortega-Rojas et
al., 2017; Gonzalez-Giraldo et al., 2018); German (Kalenda et al., 2018) and Pakistani
populations (Zamani et al., 2019). The association of BMI with the BDNF SNP rs6525 is
controversial, some studies report a positive relationship such as (Beckers et al., 2008) in
women between 18-55 years old (n=729), (Martinez-Ezquerro et al., 2017) in Mexican
children (n=498) and (Skledar et al., 2012) in Croatian children (n=300). In contrast, they
did not observe an association in German children (n=370) with attention deficit
hyperactivity disorder and eating disorders (Friedel et al., 2005). On the other hand,
(Zamani et al., 2019) reported a positive relationship between the plasma level of BDNF
and BMI of Iranian adults (n=208, age = 28-40 years old), however, they found no
association with the rs6525 polymorphism. Goldfield et al (2021) reported in obese youth
(14-18 years) that SNP rs6525 (G/A, A/A) is associated with increased intake of both
calories, proteins and lipids, along with alterations in cardiometabolic markers, this could be
related to the location of BDNF in areas of the brain involved in appetite regulation and
(Lebrun et al., 2006) lipid and carbohydrate metabolism (Matthews et al., 2009). In
addition, other SNPs in the BDNF gene region have been linked to psychiatric disorders,
eating behaviors and BMI (Thorleifsson et al., 2008). Studies that have not found an
association with this SNP suggest that environmental factors and interactions with other
variants of the BDNF gene (rs925946 and rs7481311) could modulate the effect of this
polymorphism on BMI (Marti et al., 2009; Rana et al., 2018).

For the SNP rs4680 of the COMT gene, we found that the G allele is more frequent,
similar to those reports in the Colombian (Ortega-Rojas et al., 2017) and Caucasian
populations (Need et al., 2006). However, the relationship between this SNP and BMI has
not been widely studied. (Kring et al., 2009) found an association of the GG genotype of
this SNP with higher BMI in adult men (n=1562, age = 46-49 years old). However, in UK
women (n=1150) between 21-71 years, this relationship was not observed (Need et al.,
2006).

Behavioral conditions such as physical activity and food intake have been suggested
as factors related to the variation of BMI and with the development of overweight in
Mexicans young (n= 1028)(Saucedo-Molina et al., 2015). BMI has also been associated
with sociodemographic characteristics, such as ethnicity, sex, marital status, and salary
(Guo et al., 2007; Fuemmeler et al., 2008; Garcia & Katheryne, 2021). Several genes
expressed in the central nervous system (SLC6A4, MAOA, TMEM18, INSIG2, FAIM2/
BCDIN3, GNPDA2, and MC4R) have been associated with BMI, suggesting that multiple
gene variants may be determinants of BMI in humans (Fuemmeler et al., 2008). Therefore,
we suggest that future studies consider behavioral, and sociodemographic characteristics as
well as other genetic variants that may influence BMI.

A limitation of our study was the lack of characterization of lifestyle factors such as
nutrition and medication consumption; the sample size was also small; however, other
studies with fewer participants (n= 44), found an association between BMI and
polymorphisms as DRD4 (Stice et al., 2010). The strengths of our study were the
simultaneous analysis of four polymorphism genes related to the dopaminergic system in
samples of healthy young Latin Americans without depression and anxiety disorders, which
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ensured that the participants did not present behavioral deviations that could be related to
BMI.

The relationship between body composition and the polymorphisms of DRD4,
DAT1, COMT, and BDNF could be mediated by mental disorders such as anxiety and
depression, as previous research suggests (Alfimova et al., 2014; Hosang et al., 2014;
Gafarov et al., 2021) as well as with BMI (Luppino et al., 2010). Hence, we recommend
new studies that evaluate the relationship between BMI and these genes study subjects with
anxiety and depression and without these disorders, which would allow knowing if the
effect of VNTR of DRD4, DAT1, and SNP of COMT, and BDNF on BMI can be mediated
by the mental states, such as anxiety and depression.

We found that BMI was not associated with polymorphisms of DRD4, DAT1,
BDNF, and COMT1 genes in young subjects without depression and anxiety disorders.
Other factors such as lifestyle, environmental factors, behavioral variables,
sociodemographic and ethnic origins, and interactions with other genetic variants could
modulate the influence of these polymorphisms on BMI; therefore, future studies should
simultaneously consider biological, social, and psychological factors to understand the role
of polymorphisms on BMI.
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