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Background: The brain-derived neurotrophic factor (BDNF) has been considered as an
important candidate gene in bipolar disorder (BD); this association has been derived from several
genetic and genome-wide studies. A polymorphic variant of the BDNF (Val66Met) confers
some differences in the clinical presentation of affective disorders. In this study, we evaluated
a sample population from Mexico City to determine whether the BDNF (1s6265) Val66Met
polymorphism is associated with the body mass index (BMI) of patients with BD.

Methods: This association study included a sample population of 357 individuals recruited
in Mexico City. A total of 139 participants were diagnosed with BD and 137 were classified
as psychiatrically healthy controls (all individuals were interviewed and evaluated by the
Diagnostic Interview for Genetic Studies). Genomic DNA was extracted from peripheral blood
leukocytes. The quantitative polymerase chain reaction (qQPCR) assay was performed in 96-well
plates using the TagMan Universal Thermal Cycling Protocol. After the PCR end point was
reached, fluorescence intensity was measured in a 7,500 real-time PCR system and evaluated
using the SDS v2.1 software, results were analyzed with Finetti and SPSS software. Concern-
ing BMI stratification, random groups were defined as follows: normal <25 kg/m?, overweight
(Ow) =25.1-29.9 kg/m?, and obesity (Ob) >30 kg/m?.

Results: In the present work, we report the association of a particular BMI phenotype with the
presence of the Val66Met allele in patients with BD (P=0.0033 and odds ratio [95% confidence
interval] =0.332 [157-0.703]), and correlated the risk for valine allele carriers with Ow and
Ob in patients with BD.

Conclusion: We found that the methionine allele confers a lower risk of developing Ow and Ob
in patients with BD. We also confirmed that the G polymorphism represents a risk of developing
Ow and Ob in patients with BD. In future studies, the haplotype analysis should provide additional
evidence that BDNF may be associated with BD and BMI within the Mexican population.
Keywords: brain-derived neurotrophic factor, bipolar disorder, single nucleotide polymorphism,
body mass index

Background

Bipolar disorder (BD) is a mental disease affecting behavior, commonly characterized by
manic-depressive episodes. The personal and social impact is frequently very high for the
afflicted person, even individuals under treatment can suffer relapse and become disabled.
BD can also have other consequences, such as an economic impact or increased risk of
suicide, which can vary from 25% to 50%.' This disease has a high heritability, its strong
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genetic component ranks in 80%—85%, which results in familial
aggregation.? The existent risk in first-degree relatives is of ~9%,
nearly ten times higher than in the general population.?

An elevated number of candidate genes have been studied
regarding this disease; one of such is the brain-derived neu-
rotrophic factor (BDNF) gene.** BDNF is a neurotrophin
involved in diverse functions of the brain, for example,
neuronal development, maturation, differentiation, migra-
tion, survival, signaling during neurodevelopment, synaptic
plasticity, and dendrite growth.®

The BDFN gene is located in 11p13—14; this region has
been linked to BD in previous studies.”® The BDNF gene
has nine exons with independent promoters and with few
alternative splicing forms. Messenger RNAs are translated
into a protein called pro-BDNF and later posttranslationally
modified to produce a mature BDNF protein. Several single
nucleotide polymorphisms (SNPs) have been identified
within the gene; in this study, we evaluated the rs6265 G/A
(Val66Met) polymorphism found in pro-BDNF. This SNP
apparently affects messenger RNA and protein traffic and it
has been associated with psychiatric diseases’ (Figure 1).

The relevance of BDNF as a candidate gene involved in
BD has been shown in past reports, although their results
have been found controversial because of sample ethnicity
and affliction level.'”'? Patients carrying the methionine
(Met) allele had overall smaller hippocampus volume than
healthy control patients.’* On the other hand, the Met/Met
genotype was significantly associated with severe depres-
sive episodes in patients with BD." This gene has been
previously linked with BD, specifically when presenting the
Val66Met polymorphism.”® In a UK population, this SNP
was also associated with susceptibility to the rapid-cycling
subset of BD."* In cognitive performance, Val66Met was also
associated with BD, thus demonstrating its involvement in
cognitive executive function deficit.'®

Some environmental factors have a direct influence on
the body mass index (BMI) of an open population, such as an
inadequate diet, sedentary way of life and stress, and adding
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Figure | BDNF gene structure.
Note: Val66Met is located in pro-BDNF region.
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the genetic component. Moreover, in patients with BD, disease
itself, and prescription of antipsychotics and/or mood stabi-
lizers have been proved as important predisposition factors
for overweight (Ow) and obesity (Ob) development as well
as metabolic syndrome, whose risk is elevated almost twice
compared with general population.'’”!* Disease complexity
is increased as a consequence, and the patients, now under a
complicated course, show a poor response to treatment which
makes it more difficult to overcome BD."

In animal models, BDNF gene has been strongly associ-
ated with weight regulation; its expression takes place in the
hypothalamic nuclei, which is related to eating behavior, food
intake, and body weight.'”?* In human studies, BDNF has
been associated with BMI. As an example, healthy persons
carrying the BDNF Met/Met genotype could have lower
BMI than people with other polymorphisms.?’ However,
Caucasian Met allele carriers were more obese than people
lacking this allele.?? Regardless, another study did not reveal
any association between BDNF and BMI;* therefore, no
conclusive outcome was attained.

Furthermore, the prescription of antipsychotics could
increase the development risk of metabolic syndrome in
patients afflicted with eating disorders and mental illness.?**
The association between Ob and psychiatric disorders has
been observed earlier,”® and some clinical cases have been
reported about gene abnormalities in BDNF and Ob. To date,
the association between BDNF and BMI in the Mexican
population afflicted with BD has not yet been determined.
Therefore, we propose the hypothesis that the BDNF (1s6265)
Val66Met polymorphism may be associated with BMI in
patients with BD. To test this hypothesis, we stratified a
Mexican population sample exhibiting BD and evaluated
the association between BDNF and BMI.

Materials and methods

Characteristics of the samples
We performed an association study using blood samples
collected from mestizo individuals residing in Mexico

SNP G/A (Val66Met)

l
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Abbreviations: BDNF, brain-derived neurotrophic factor; SNP, single nucleotide polymorphism; Met, methionine; Val, valine.
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City, 139 were diagnosed with BD (49 with BD type 1 with
psychosis, 90 with BD type 1 without psychosis) (n=84
females and 55 males). Inclusion criteria can be reviewed
elsewhere.?”” One hundred and thirty-seven psychiatrically
healthy individuals were used as controls (n=75 females
and 62 males) (best estimated; all individuals were directly
interviewed by the Diagnostic Interview for Genetic Stud-
ies and Diagnostic and Statistical Manual of Mental Dis-
orders IV criteria). All of the participants gave a written
informed consent. The present study used existing data
from the Genetics of Bipolar Disorder in Latino Popula-
tions studies, a multicenter study designed to investigate
the genetic determinants of BD.?” All of the participating
subjects in this study provided written informed consent.
The project and the consent were reviewed and approved
by the Institutional Review Board at the Ethics Commit-
tee at Carracci Medical Group and at the INMEGEN, in
accordance with the principles of the Helsinki Declaration
of 1975 and in compliance with the Code of Ethics of the
World Medical Association.

Obesity measure

The patients were classified in either Ow or Ob categories
based on their BMI, which was calculated as follows: weight
(kg)/height (m)?, this method has been previously used in a
Mexican population. The cutoff values were of 25-29.9 kg/m?
for Ow and 30 kg/m? or more for Ob. The value assigned for
a normal (N) BMI status was <25 kg/m?2.%8

Genotyping

The genomic DNA from both patients and healthy controls
was extracted from peripheral white blood cells by conven-
tional methods. The nucleic acids obtained were quantified
by spectrophotometry using a NanoDrop (Thermo Fisher
Scientific, Waltham, MA, USA), working dilutions were
at a concentration of 10 ng/uL. Genotyping was performed

using the TagMan 5" exonuclease method (Thermo Fisher
Scientific), characterization of the BDNF gene SNP rs6265
was performed following the manufacturer’s instructions.
The quantitative polymerase chain reaction was done in a
7,500 AB real-time system with SDS v2.1 software (Thermo
Fisher Scientific). Afterward, the allelic discrimination was
determined to genotype each sample. For quality control,
duplicate samples were genotyped randomly.

Statistical analysis

Sociodemographic characteristics were evaluated as follows: the
initial comparison between male and female subjects was ana-
lyzed with a chi-square test for categorical variables and a -test
for independent samples for continuous variables (Table 1).

In the analysis of the patient subgroups (normal
weight, Ow, and Ob), an analysis of variance followed by
Bonferroni’s correction was performed. The significance
cutoff value was set at P<<0.05 and to address multiple
comparisons, the significance level for Bonferroni’s test was
established at P=0.016 (0.05/3) (Table 2).

The association analysis between allelic and geno-
typic frequencies was obtained using the programs Finetti
(http:/ihg.gsf.de/cgi-bin/hw/hwal.pl) and SPSS v2.1 soft-
ware (SPSS, Chicago, IL, USA); we used a chi-square test,
which retrieved the odds ratio (OR), with a 95% confidence
interval and P-values (P<<0.05), which were statistically

significant. The analysis included multivariate logistic regres-
sion, with sex and age as covariates.

Results

Patients diagnosed with BD were grouped according to
sociodemographic characteristics such as sex, age and age
of onset, years of education, substance abuse, psychotic
episodes, BMI, and other characteristics shown in Table 1.
We observed some peculiar characteristics in patients with
BD when separated by sex; for instance, tobacco abuse was

Table | Sociodemographic and clinical characteristics of Mexican patients with BD

Characteristic Male Female Total F P-value
Mean SD Mean SD Mean SD
Age (years) 34.96 14.63 37.14 14.22 36.29 14.37 0.05 0.80
Age of onset (years) 22.43 10.50 21.59 7.23 21.93 8.65 1.89 0.17
Years of education 12.54 4.08 12.83 3.64 12.72 3.81 1.06 0.30
Body mass index (kg/m?) 26.51 4.36 26.42 5.44 26.47 5.08 2.53 0.1
n % n % n % r P-value
Tobacco user 36 65.5 41 48.8 77 55.4 3.72 0.05
Alcohol user 32 58.2 23 27.4 55 39.6 13.18 <0.001
Drugs user 19 345 Il 13.1 30 21.6 9.04 0.003
Psychotic episodes 23 41.8 26 31.0 49 36.3 1.71 0.19
Suicide behavior 18 32.7 40 47.6 58 41.7 3.03 0.08
Notes: Bold indicates statistical significance at P<<0.05.
Abbreviations: BD, bipolar disorder; SD, standard deviation.
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Table 2 Patients with BD distributed according to sex and body mass index

Characteristic Body mass index Total sample r P-value
Normal weight (n=56) Overweight (n=49) Obesity (n=34)

Sex

Male (%) 20 (35.7) 22 (44.9) 13 (38.2) 55 (39.6) 0.95 0.62

Female (%) 36 (64.4) 27 (55.1) 21 (61.8) 84 (60.4)

F P-value

Age (years)

Mean (SD) 30.57 (11.34) 38.98 (14.87) 41.88 (14.92) 36.30 (14.32) 8.82 <0.001
Education

Years of education 12.93 (3.61) 12.73 (3.53) 12.35 (4.55) 12.72 (3.81) 0.23 0.78

Notes: Bold indicates statistical significance at P<<0.05.
Abbreviations: BD, bipolar disorder; SD, standard deviation.

higher in females than in males (P=0.05). In the case of alco-
hol and substance abuse, males presented a higher index than
females (P<<0.001 and P=0.003, respectively) (Table 1).

We also observed a positive correlation between BMI
and age regardless of sex (P<<0.001) (Table 2). Post hoc
analysis showed that patients with normal weight were found
within a lower age range than those presenting Ow (P<<0.05)
or Ob (P<0.05).

There was no direct association between BD and BDNF
rs6265 (P=0.81). Although, when comparing the patients
with BD stratified by BMI, adding the Met allele carrier
groups, we found a statistically significant association
between BD and BDNF rs6265 (Table 3).

A higher frequency of the Met/Met genotype, or a single
Met allele, was present in patients with BD with normal
weight when compared with individuals with Ob and Ow.
Interestingly, all the cases of Met/Met genotype were found
in individuals with normal weight only (Table 3).

Discussion
BDNF is an important neurotrophin involved in neurode-
velopment and neuron maintenance; therefore, it has been

studied at length. This protein has been correlated with diverse
mental illnesses such as depression, anxiety, schizophrenia,
and BD.?3! Moreover, this gene and its protein product
has also been related to eating disorders, Ob, and metabolic
syndrome. Within this the gene, a number of different SNPs
have been described and analyzed in association studies, one
of them analyzing the nucleotide change G/A producing a
Val to Met amino acid change in position 66; this change
has been studied in numerous mental diseases.*

In the present study, when analyzing the BDNF SNP
1s6265, we found an existent association between patients
with BD and their BMI. We show that the SNP Met allele
genotype confers lower risk of developing Ow and Ob. So far,
this is the first report showing this effect in the analysis of
BMI and BDNF Val66Met in Mexican patients with BD.

There is evidence suggesting that the prescription of
antipsychotics elevates the risk of metabolic syndrome, but
we found this to be true only if associated with the Met allele
in male schizophrenics.?* Chronic schizophrenia in patients
prescribed with different antipsychotics is correlated with
weight gain and the Met allele.® The existing controversy
concerning the effect of BDNF in mental diseases is still in

Table 3 Contingency table of patients with BD association analysis stratified by BMI

Genotype N Oow Ob N vs Ow N vs Ob N vs Ow + Ob
or allele n=60 n=50 n=29
n (%) n (%) n (%) P-value OR (95% Cl) P-value OR (95% Cl) P-value OR (95% ClI)

Genotype

Val/Val 34 (56.66) 38(76) 25(86.2) Val/Valvs  0.0337 0413 0.0057  0.209 0.0033 0332
Val/Met + (0.18-0.94) (0.065-0.676) (0.157-0.703)
Met/Met

Val/Met 23(3833) 12(24) 4(13.79)

Met/Met 3(5) 0 (0) 0 (0)

Allele

Val 91 (75.83) 88(88) 54(93.1) Valvs 0.021 0.428 0.0054  0.232 0.00164 0.354
Met (0.205-0.891) (0.078-0.69) (0.182-0.687)

Met 29 (24.16) 12(12) 4 (6.89)

Notes: Bold indicates statistical significance at P<<0.05.

Abbreviations: BD, bipolar disorder; BMI, body mass index; Cl, confidence interval; Met, methionine; N, normal; Ob, obese; OR, odds ratio; Ow, overweight; Val, valine.
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discussion among the scientific community, mainly because
of differences in the genetic structure of the studied popula-
tions. This aspect must be considered in future association
studies.®

It must be highlighted that we also found an existing asso-
ciation between the G polymorphism and the risk of develop-
ing Ow and Ob in the studied patients with BD (P=0.00164,
OR =2.828 [1.455-5.498]), in contrast with other reports
performed in different populations, such as by Zhang et al,*
where an A polymorphism resulted in an increased impact to
BMI during treatment with antipsychotics; this could prob-
ably be due to the studied population’s ethnicity.*?

This polymorphism has been studied in some psychi-
atric illnesses in Mexican populations, such as in people
of Mexican-American descendant living in Los Angeles,
USA, whose GG genotype was associated with a higher risk
of developing major depression symptoms.?! On the other
hand, the Val/Val genotype was associated with an increased
risk of developing an obsessive—compulsive disorder® and
with suicidal tendencies in BD.** Concerning Ob, a higher
G polymorphism incidence has been associated with this
disease in a healthy Boston population from Puerto Rican
descent.® Also, an association between a GG genotype and
higher BMI and weight was found in males from the same
population.3>3¢

Similar to our results, but in healthy adults, Gunstad et al*!
reported an association between low BMI and BDNF Met/
Met when compared against Val/Met and Val/Val genotypes.
However, no association has been observed in patients with
schizophrenia or depression.’’#

In future studies, some aspects need to be taken into
account. The BDNF gene presents other reported polymor-
phisms, which need to be studied within the Mexican popula-
tion for the construction of haplotypes, thus increasing the
power of the study. Also, it is necessary to conduct a study in
an increased sample size to correlate the genotype depending
on the drug prescribed (before and after treatment), and to
evaluate the quantity of serum BDNF, which would improve
our understanding of BD pathogenesis in a Mexican sample
population.

Conclusion

We found a significant correlation between an increased BMI
and the presence of the Val66Met allele in a BD Mexican
sample population. On the other hand, we also found that
the Met allele confers a lower risk of developing Ow and
Ob in Mexican patients with BD. We also confirm that the
G polymorphism represents a significant risk of developing
Ow and Ob in Mexican patients with BD.

Disclosure
The authors report no conflicts of interest in this work.
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